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Simple Summary: Primary skin-cancer-prevention campaigns among young children are important
as this is the age when individuals are developing behaviors. Our aim was to evaluate sun-protection
knowledge and behavior among caregivers in daycare centers and kindergartens and to determine if
educational lectures are positively influential. In daycare centers, we discovered that measures of
sun protection (e.g., hat, sunscreen, and shaded areas) are more likely to be available when compared
to kindergartens. Knowledge regarding sun safety has improved following our initial presentation,
however, not significantly. Sun safety policies did not exist in any of the facilities, presenting an
urgent need for their implementation.

Abstract: Avoidance of ultraviolet (UV) exposure in early childhood is important for reducing the
lifetime risk of developing skin cancer. The goal of the present prospective, multicenter pilot study
was to assess the sun-protection practices in kindergartens and daycare centers and to evaluate sun
protection knowledge and behavior among caregivers employed in the surveyed facilities. The study
consisted of two parts. A baseline questionnaire was completed by the caregivers in relation to
knowledge regarding basic sun protection and sun protection practices of the participating facilities.
Afterward, a thirty-minute presentation was hosted in reference to this topic. Six months following
the presentation, a follow-up questionnaire was distributed among the caregivers, evaluating the
attitude-related and behavioral changes towards children. A total of 153 caregivers from five daycare
centers (children between 6 months and 3 years of age) and sixteen kindergartens (children between
3 and 7 years of age) willfully participated in our study. According to our results, the main source of
information regarding sun protection originated from different types of media. We found that staying
in shaded areas and the use of protective clothing were not frequent in the facilities. Following
our presentation regarding skin types and sunscreen use, protective measures improved, but not
significantly (p = 0.222). The majority (92.31%) of caregivers distributed the information throughout
their environment and also to parents. Sun protection knowledge is necessary; however, motivation
among caregivers and parents and involvement of children is also relevant. Hence, a continuous,
repetitive educational program regarding sun-smart behavior is deemed essential.

Keywords: primary prevention; children; daycare centers; kindergarten; ultraviolet radiation

1. Introduction

The incidence of melanoma and non-melanoma cancers has shown a persistent in-
crease worldwide in recent decades [1,2], placing an increasing burden on the health care
system. Recently, incidence rates of melanoma were documented as high as 35 cases in
100,000 in Australia and around 14 cases in 100,000 in both the USA and UK [1]. In 2019,
24 new melanoma cases per 100,000 inhabitants were diagnosed in Hungary according
to the National Health Insurance Fund of Hungary (NHIF) [3]. A recent study found

1



Cancers 2021, 13, 3873

significant changes in melanoma incidence trends in Hungary. Between 2011 and 2015, a
significant mean annual increase was detected in the overall melanoma incidence, while
between 2015 and 2019, a relevant mean annual decrease was seen. The authors assumed
that joining the Euromelanoma campaign supported existing Hungarian seasonal screening
programs to reach a wider population leading to the decline [3].

Solar and artificial UV exposure is the main risk factor for the development of
melanoma and non-melanoma skin cancers. UV exposure in childhood and adolescence
elevates the individual’s lifetime risk of developing skin cancer more than exposure in
adulthood [4]. The majority of lifetime sun exposure occurs from early childhood to
adolescent ages, and 50% to 80% of lifetime cumulative sun exposure occurs prior to 18
years of age [5]. In particular, early-childhood sun exposure and blistering sunburn prior
to the age of 20 have been shown to be a determinant risk factor regarding malignant
melanoma [6–8], and it may increase the risk by nearly two-fold [9]. Children spend more
time outdoors, toddlers are harder to restrict to shaded areas during outdoor activities,
and the skin of small children is more vulnerable to the effects of UV radiation (biological
vulnerability) [10–13]. Other risk factors are also involved in skin tumor formation such
as genetic predisposition, fair skin, the presence of atypical melanocytic naevi, and high
numbers of melanocytic naevi (latter two in melanoma) [14–16]. Among all the risk factors,
UV radiation is the only exogenous factor and therefore the one targeted for modification.

Since the 1980s, several health-education campaigns and skin-cancer-prevention pro-
grams have evolved worldwide [17]; however, few studies are available referencing the
very young, pre-school-aged children [18,19]. As of this writing, no organized primary
skin-cancer-prevention program exists in Hungary for pre-school-aged children.

Health education campaigns can be effective in terms of improving knowledge, atti-
tude, and behavior among young children [20,21]. Adult health behavior is often estab-
lished during childhood. According to recent publications, proper sun-protection habits of
the mother led to less sun exposure among children [7,9,22,23].

The effectiveness of melanoma prevention is dependent upon how it is accepted
by the population. Fun and at the same time deterrent examples are often used in cam-
paigns [21,24–26]. Educational purposes can be achieved through environmental interven-
tion (brochures, handouts, and books), presentations, and behavioral intervention (role
play, and games), the latter of which has proven effective regarding children [15,26].

In many EU countries (including Hungary), the use of tanning booths is prohibited to
minors [27]; however, there is a lingering misconception according to which acquiring a
suntan indoors offers protection from skin cancer and the harmful effects of UV light [28].
We find it immensely important to educate children, parents, and caregivers, to set a
positive example by shunning the use of artificial UV light.

All three stakeholders (caregivers, parents, and children) should be targeted to achieve
effective implementation of sun-safe behavior [29]. A study in German childcare centers
demonstrated a significant improvement in knowledge of sun-related issues among staff
members and parents following a relatively brief training session. Children were also
taught sun safety messages through a playful approach. The effectiveness regarding
children’s learning was not assessed in the study, yet 82% of caregivers believed that
children learned something beneficial regarding sun protection [30,31].

No data were available in reference to sun-protection policies and habits applied in
Hungarian daycare centers and kindergartens when the study was designed. Therefore,
our primary aim was to survey any existing sun-safety measures among the two types of
institutions. Our secondary goal was to evaluate the knowledge of caregivers regarding
sun-safety and whether educational presentations can improve such knowledge, since they
spend eight to ten hours among our youngest ones five days out of a week.
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2. Materials and Methods
2.1. Participating Facilities

The study was conducted in the year 2017 and included five daycare centers (children
between 6 months and 3 years) and sixteen kindergartens (children between 3 and 7 years).
All childcare institutions were located in the city of Pécs, in the southern part of Hungary,
with a Mediterranean climate. The sunshine duration in Pécs between May and August
varies between 245 and 289 h. The yearly average sunshine duration is 2080 h [32].

The kindergartens were all “green kindergartens”, implying that they follow an
environmentally conscious education program. All facilities are financed by the city
government and located in neighborhoods with average-income households.

Throughout our investigation, two self-administered questionnaires and a multi-
media presentation were used, which were developed by the authors of this article. All
institutions were personally visited by the authors. Participation of the staff members was
voluntary and anonymous.

2.2. Questionnaires and Educational Intervention

The baseline questionnaire consisted of twenty-eight questions. The first questions
(Q3-13) of this questionnaire evaluated the caregivers’ knowledge regarding basic sun
protection information. The second part assessed the sun protection practices of the
kindergarten or daycare center (e.g., the time frame, when children are taken outside
during the summer, availability of shaded areas, and the use of sunscreen, sunhat, and
sunglasses) and the knowledge of correct sunscreen use by caregivers (Figure S1).

Following our assessment of the first questionnaire, an approximately thirty-minute-
long presentation was hosted by a dermatologist (one of the authors). The lecture high-
lighted information regarding the basics of the physical properties (ambient UV exposure
via reflectance of UV radiation, glass, and water penetration), and the human biological
effects of UV radiation including its cancerogenic and photoaging effects (highlighted
with clinical pictures). The different skin types, UV index, knowledge regarding ozone
depletion and sun protection skills were presented, along with a special emphasis in
reference to shade seeking, wearing proper clothing (broad-brimmed hats, sunglasses,
and long-sleeved clothing with ultraviolet protection factor—UPF) and the proper use of
sunscreens. The importance of avoiding sunbeds, avoiding midday hours spent in direct
sunlight, and successful primary prevention campaigns were also mentioned (SunSmart
and SunWise programs).

Six months (including summer months) following our presentation, a follow-up
questionnaire was distributed to the caregivers of the same institutions in early autumn,
who participated in our presentations. This questionnaire evaluated the attitudinal and
behavioral change in relation to children and of themselves concerning sun safety and the
acquired knowledge regarding sun protection skills. Positive environmental changes in the
proportion of shaded areas in surveyed institutions were also evaluated (Figure S2).

The tests were scored to determine knowledge regarding two topic areas prior to and
following the presentation. Knowledge regarding skin types was measured by a match-test
question in which correct answers were awarded with one point out of a maximum six
points. Proper sunscreen application was scored with single choice test questions, and
correct answers were also awarded one point. Questions regarding UV light properties were
measured using single-choice test questions (Q3-6-7-8-9) in the first test and multiple-choice
test in the second questionnaire (Q2). Correct answers were awarded with one point each,
in which the percentage of correct answers was compared with various knowledge traits.
The pre-test was filled out by 153 participants (57 daycare workers and 96 kindergarten
employees). The post test was completed by staff members who attended the intervention,
a total of 143 participants (56 daycare workers and 87 kindergarten employees). The total
number of answerers depicted in the tables vary, since not all questions were answered by
all participants.
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2.3. Statistical Analyses

The responses were analyzed, and odds ratios were calculated. Samples were tested
for normality using the Kolmogorov–Smirnov test, and hypotheses were tested with
independent t-test, Mann–Whitney U test, and chi-square tests, as appropriate. A 95%
confidence interval was used (p = 0.05) to determine statistical significance (p-values are
also provided).

3. Results
3.1. Baseline Questionnaire

One hundred and fifty-three female caregivers (daycare center n = 57, kindergarten
n = 96) completed our first questionnaire. The mean age of the respondents of the first
questionnaire was 46.5 years (21–62 years), (daycare centers, 43.5 years (21–60 years);
kindergartens, 48.4 years (25–62 years)).

3.1.1. Source of Information Regarding Sun Protection

Analysis of the results of the first questionnaire on basic sun protection knowledge
revealed that virtually none of the participants received any form of education on sun
protection during their training—not even in the “green kindergartens”.

The most common (68.37%) source to gather information regarding sun protection
was the different means of media (TV, radio, internet, and the newspaper). The caregivers
employed in the nurseries were more likely to acquire information from a healthcare
professional as compared to kindergartens (from general practitioners (GPs) 28.07% vs.
9.38%, from dermatologists 45.61% vs. 35.42%, respectively) (Figure 1).
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3.1.2. Knowledge Regarding UV Light Properties and Sun Protection

Correct answers were given by 75.8% of the caregivers to the questions on the effects
of UV radiation on the skin, UV index, the time interval that should be avoided while
exposed to direct sunlight, and sun protection practices. However, caregivers experienced
difficulties determining the different skin types: only 32.0% (n = 49) of all caregivers were
able to identify all of them. Caregivers employed in daycare centers scored better results:
42.11% reached maximum points, while in kindergartens it was 26%. In ascertaining the
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knowledge regarding sunscreen use, only 11.9% of all caregivers reached the maximum
points allocated. A larger proportion of caregivers in the daycare centers (15.69%) achieved
maximum points in this section of the questionnaire than caregivers in kindergartens
(9.64%) (Table 1). The average knowledge regarding sun safety of caregivers in the day-
care centers was slightly increased (mean of ranks: 72.3 in daycare centers vs. 64.5 in
kindergartens), although the difference was not significant (p = 0.228) (not shown in table).

Table 1. Improvement in different knowledge traits, from baseline to follow-up questionnaire.

Daycare Center Kindergarten Total p-Value *

Knowledge of
sunscreen use

Baseline
(n = 51)

Follow-up
(n = 56)

Baseline
(n = 83)

Follow-up
(n = 87)

Baseline
(n = 134)

Follow-up
(n = 143)

mean performance (%) 67.2 62.5 61.5 65.1 64.0 49.2 0.222

performance 100% n (%) 8 (15.7) 5 (8.9) 8 (9.6) 16 (18.4) 16 (11.9) 21 (14.7)

Knowledge of skin type Baseline
(n = 57)

Follow-up
(n = 56)

Baseline
(n = 96)

Follow-up
(n = 87)

Baseline
(n = 153)

Follow-up
(n = 143)

mean performance (%) 61.0 73.0 39.0 58.0 47.0 64.0 0.307

performance 100% n (%) 24 (42.1) 31 (55.4) 25 (26.0) 33 (37.9) 49 (32.03) 64 (44.8)

* Mann–Whitney test.

3.1.3. Sun-Protection Practices in the Facilities

According to the directors of all institutions, no written sun protection policy existed
in the facilities. Analysis of the sun-protection practices in the institutions revealed that
children stay outdoors between 09:00 and 11:00 and between 15:00 and 17:00 h. Additionally,
if the outdoor temperature rises above 30 ◦C, children stay inside. This practice is verbally
communicated to the staff.

All centers named trees as the main source of shading within their own institutions.
Almost all (98%) caregivers claimed that the institution yard is properly shaded but staff
members only rated shade over play structures rather than the entire outdoor area. In
contrast, the authors noted that most of these institutions lack properly shaded areas. On
average, half of the entire outdoor area in the daycare centers was shaded, while in the
kindergartens it was only one-third. However, daycare centers were smaller in size, and on
average, the number of attending children is 50 or less, while 100–150 children are cared for
in the surveyed kindergartens. In evaluating the availability of sun-protection measures in
the facilities, we found that the prevalent measures used in sun protection among children
were distributed as follows: in most of the centers only a few of the children wear sunglasses
(daycare centers: 1.75% and kindergartens: 15.63%), a larger proportion of children have
sunhats in the daycare centers (daycare centers: 89.74%, kindergartens 73.96%), and the
availability of sunscreens are more common in the daycare centers (daycare centers: 68.42%,
kindergartens 36.5%) (Table 2). The general availability of sunhat and sunscreen differed
significantly between daycare centers and kindergartens (p < 0.001, chi-square test), and a
similar difference is indicated in sunglasses availability as well (p = 0.007). Sunglasses are
often considered hazardous to young children and their use is not encouraged; the latter
was communicated by several of the staff members as a side note (Table 2).

Nearly all caregivers help those in their care in putting on hats (100%) and aid in
applying sunscreen (98.7%) when going outdoors, if indeed, and generally, the child
comes equipped with his/her own personal hat and sunscreen. The majority of caregivers
encourage parents to bring a hat and sunscreen to the child centers (sunhat 86.3% and
sunscreen 88.9%).

The authors were interested in knowing if children having skin types I and II are more
likely to have access to sun-protection measures provided by their parents. Less than half
of the staff members believed there is a correlation (daycare centers: 45.61%, kindergartens:
45.83%) (Figure 2).
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Table 2. Availability of sunscreen, sunhat, and sunglasses based on the judgment of caregivers.

Daycare Center (n = 57) Kindergarten (n = 96) Total (n = 153)

Availability of sunhat to children, n (%)

Almost every child 36 (63.2) 15 (15.6) 51 (33.3)
Approx. half of the children 15 (26.3) 56 (58.3) 71 (46.4)

A few children 3 (5.3) 23 (24.0) 26 (17.0)

Availability of sunscreen to children, n (%)

Almost every child 25 (43.9) 2 (2.1) 27 (17.6)
Approx. half of the children 14 (24.6) 33 (34.4) 47 (30.7)

A few children 18 (31.6) 57 (59.4) 75 (49.0)

Availability of sunglasses to children, n (%)

Almost every child 0 (0.0) 2 (2.1) 2 (1.3)
Approx. half of the children 1 (1.8) 13 (13.5) 14 (9.2)

A few children 54 (94.7) 79 (82.3) 133 (86.9)
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Ninety-eight percent of all caregivers believe sun safety is important; however, the
willingness to learn more regarding sun safety was only 65.4%.

3.2. Follow-Up Questionnaire

One hundred and forty-three caregivers (daycare centers n = 56, kindergartens n = 87)
participated in our presentation and filled out the second questionnaire. The mean age of
the responders of the second questionnaire was 43.7 years (22–60 years) (daycare centers,
39.8 years (22–57 years): kindergartens, 46.6 years (24–60 years)). Distinctly, 91.6% of all
caregivers found the presentation educative and useful in the second questionnaire.

3.2.1. Knowledge Regarding UV Light Properties, Sun Protection, and Changes
in Behavior

A total of 80.4% of all caregivers achieved at least 60% correct answers in the second
questionnaire regarding the properties and biological effects associated with UV light.
The knowledge of the meaning of UV index was shown to be accurate, as 91.5% correctly
responded (daycare center: 82.7% and kindergarten: 93.7%).
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In general, caregivers scored higher levels of accuracy regarding questions about sun-
screen use (14.7%), yet the improvement was not significant (baseline test 11.9%, p = 0.222).
Additionally, an insignificant improvement was detected regarding the identification of
the different skin types: 44.7% of all caregivers reached maximum points in the second
questionnaire (baseline test 32%, p = 0.307) (Table 1).

A total of 40.6% (n = 58) of caregivers claimed to have changed their sun-protection
habits, including giving up sunbathing, confining themselves to shady areas, using the
appropriate amount of sunscreen, donning sunhats and sunglasses and/or protective
clothing. A total of 43.1% (n = 25) of these caregivers changed one, two (27.6%, n = 16),
three (22.4%, n = 13), and four (3.4%, n = 2) of their sun protection habits, respectively
(Table 3).

Table 3. Changes in sun-protection habits among caregivers in child centers.

Daycare Center
(n = 56)

Kindergarten
(n = 87) Total n = 143, n (%)

positive change in
behavior 21 37 58 (40.6)

no sunbathing 16 25 41 (28.67)

stay in shade 6 10 16 (11.19)

used hat and
sunglasses 7 14 21 (14.68)

used sunscreen 5 3 8 (5.59)

appropriate
sunscreen use 6 11 17 (11.89)

against efforts was
sunburnt 1 0 1 (0.70)

no change in behavior 35 49 84 (58.7)

never tanned before 11 19 30 (20.98)

tans anyway 16 23 39 (27.27)

no answer 0 1 1 (0.70)

Eighty-four (58.5%) caregivers did not alter their sun-protection habits, among those
resolute in keeping to their former habits. Thirty (20.9%) reportedly had never tanned,
and 27% (n = 39) continued sunbathing despite the newly acquired information. Fifteen
(17.86%) caregivers did not specify the reason for their unaltered sun-protection habit;
however, respondents claimed they kept doing it since they enjoy outdoors, including
exposure to the sun, they have no history of sunburn, and make adequate use of sunscreens.
Almost all caregivers stated that they shared the acquired information on sun safety with
family, friends, and colleagues (92.3%). The majority of caregivers raised awareness in
regard to parents highlighting the major factors of sun safety (68.5%).

3.2.2. Sun-Protection Practices in the Facilities

The majority (95.8%) of caregivers in daycare centers and kindergartens both agreed
that they consciously paid more attention to the sun safety of children, with an emphasis
on restricting play to shaded areas of the yard and using sunhats and sunscreens.

All directors stated they were not able to develop the proportion of shaded area as
large as they wanted. The most common cause was the lack of financial support.

4. Discussion

There are a substantial number of studies evaluating the effect of sun-protection pro-
grams targeting preschool-aged children and caregivers and showing favorable results in
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education and awareness [19,25,26,30,31], although there is a paucity of such programs ac-
cording to literature data in Eastern Europe; therefore, the authors find it important to survey
and help to develop conscious and sun-safe behavior in caregivers and small children.

This manuscript provides preliminary results of our primary skin cancer prevention
program. Our primary prevention program sets the goal of educating the proper form
of sun protection first among caregivers and later the parents of children aged between
6 months and to the end of the kindergarten years, as well as the goal of involving children
in the learning process in a playful way. It is important that caregivers (including parents)
in charge of the youngest children are thoroughly educated regarding sun protection since
their actions and behaviors set the foundation for lifelong correct sun-protection practices
for children within their care [11,17,23,33,34].

Additionally, recent studies underline the necessity of primary prevention awareness
campaigns targeting children, since even adults in risk groups (sailors and agriculture
employees) show a lack of information and disinterest in sun protection measures [35,36].

In our study, we found that no education program in reference to sun protection
currently exists for training caregivers of preschool children in the surveyed facilities.
However, similarly to previous studies [22,28], our results demonstrated that caregivers
possessed relatively accurate knowledge regarding the biological effects of UV light. How-
ever, this premise does not necessarily translate into appropriate sun-safe behavior [37].
The knowledge level regarding different skin types improved following our presentation,
but the difference was not significant. These results are in agreement with the German
“Sun-Pass” project, on which the percentage of staff members naming the skin types cor-
rectly increased only slightly [31]. Daycare center caregivers achieved higher scores on
the queries regarding sunscreen use and skin type. This insignificant difference may be
explained by data that show that caregivers in daycare centers are more likely to acquire
their information from doctors compared to employees in kindergartens. On the other
hand, post-intervention scores regarding sunscreen use decreased in the daycare centers,
which may be biased by the number of responders (51 pre-test vs. 56 post-test). Overall,
the knowledge of sunscreen use did not significantly improve, suggesting the correct
form of sunscreen use has yet to be taught, as has been previously emphasized in another
study [38]. In our study, the average knowledge regarding sun safety of caregivers in
the daycare centers showed a slight increase; however, the difference was not significant.
Not being able to demonstrate a significant change after intervention, as shown by other
studies [30,31], might have been influenced by the fact that the duration of time between
the two tests was too long (6 months), and therefore recurring education is necessary within
six months or less. As a part of an Italian primary prevention program among primary
school children, parents were asked to complete pre- and post-intervention tests regarding
the use of sun-protection measures. No significant difference was stated concerning the
investigated factors, with the exception of a slight increase in the use of sunhats and sun-
glasses (elapsed time between the two tests was approx. 6 months). However, the authors
were able to document a slight improvement regarding behavior and reduced sunburn
rates over almost two decades [39].

Additionally, in our study, we found that less than half of the staff members believed
that there is a correlation between sunscreen availability for fair-skinned children provided
by their parents (daycare centers: 45.61%, kindergartens: 45.83%). Our results can be com-
pared with a survey conducted in the USA involving parents of preschool-aged children;
in that study, 72.6% of parents’ children who sunburn easily used sunscreen, compared to
42.1% of those who tan more easily, and only 12% of parents of African-American children
used sunscreen [38]. A 2001 Florida study found that parents of light-skinned children
scored higher on UV-related knowledge than parents of children with darker skin types
(74% vs. 26%, p < 0.05) [40]. Therefore, we recommend that some educational materials
should directly target fair-skinned individuals to achieve a maximal sun-protection benefit.
The identification of the Fitzpatrick skin type might be an easily applicable useful tool by
caregivers and parents alike to identify higher-risk children [14,16,41].

8



Cancers 2021, 13, 3873

The most common source to gather information regarding sun protection was the
different means of media in our surveyed—all female participants—population at 68.4%.
This is in accordance with previous findings, where it was found that the common sources
of information among the surveyed individuals were television (79%), magazines (52%),
newspapers (49%), health professionals (35%), and family and friends (31%). In addition,
female participants showed heightened awareness of skin protection information [17]. This
premise underscores the necessity and responsibility of professionals to use different media
sources as means of sharing information. Today, as social media and apps are widely
used, their application in primary prevention campaigns may increase campaign efficacy,
although this has yet to be investigated. These channels can be used to deliver and promote
the most important messages (e.g., self-skin examination method) population-wide and
may be prioritized in the near future [42–44].

None of the participating childcare facilities had a sun safety policy, which would be
much needed in order to standardize sun safety measures in centers caring for our young
ones, as mentioned in former studies [19,45]. Interestingly, sun protection practices were
superior in institutions with written policies [19,30,45].

Although knowledge regarding UV index was shown to be high among caregivers in
both daycare centers and kindergartens, no UV index policies regulated playtime outdoors
in any of the surveyed facilities. Similar findings were recently published [46]. However,
caregivers were attentive in keeping children indoors during midday hours.

Most of the institutes lack a proper shaded area, and access to good-quality sunscreen
is considerably limited, as stated in a previous study [22]. We found among the surveyed
kindergartens that outdoor playing areas are shaded to a lesser extent compared to the
daycare centers. This phenomenon may be affected by the generally larger size of kinder-
gartens and increased protective attitude towards younger age groups in daycare centers.
While most caregivers at first thought yards belonging to child centers were properly
shaded, many facilities erected sun sails and planted trees following our presentation.
Shade is an important UV minimizing method and is needed in all outdoor areas where
children gather (not only over “play areas” such as sandboxes). To create an effective
shaded area, shade audits are promoted to assess the proper size and the location of the
area for maximum protection and taking factors into account that influence shade UV
protection (e.g., UV reflectivity). Such audits and documents regarding shade planning
have been developed for child care centers and schools, e.g., in the United States and
Australia [47–49]. Emphasizing the importance of this component of sun protection in
educational materials and in primary prevention campaigns is important to enhance sun
safety. Lack of funding to deploy shade can be a hurdle as stated in previous studies [45].
Similarly, in several locations in our study, caregivers cited that necessary changes cannot
be executed due to the lack of financial support.

We also ascertained that the availability of sunscreens, sunglasses, and protective
clothing was limited in the facilities. Wearing sunhats (79.7%) and applying sunscreens
(48.4%) were more common in daycare centers and kindergartens than the use of sunglasses
(10.5%), although the general availability of these items was significantly higher in daycare
centers based on the caregivers’ judgment (p < 0.001). In Germany, a recently conducted
study found that caregivers in nearly all institutions use sunscreen (98.8%) and sunhats
(98.4%), and the usage of sunglasses was 2.4%. The results were based upon the referral of
the directors of the nurseries [45]. The differences in the results between the two institutions
we examined in our study might be explained by the more intense preventive attitude of
caregivers (including parents) towards children under the age of three.

None of the child centers surveyed in this study supply sunscreen to children on a
regular basis, due to its high cost. It falls mostly to families to provide sunscreen or, on
occasion, sponsors who supply sunscreen products to facilities. According to our results,
the knowledge regarding sunscreen use (re-applying and application of sufficient amount)
is not appropriate among caregivers. Building sun shelters, remaining in shaded areas,
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and wearing hats and long-sleeved clothes are the pillars regarding sun protection, since
sunscreen use alone is deemed insufficient and plants a false sense of security [22,38].

It is important to develop a general sun-safety policy that should be effectively im-
plemented in the facilities promptly. Ideally, such a policy will not only issue guidance
and set the rules regarding how and when children are taken outdoors, yet also focus on
the availability of sufficient shaded areas proportionately sized to the number of children
enrolled at the facility. It can be one of the first steps towards increasing sun protection
awareness among governmentally funded Hungarian child care centers. Based on our
results, we observed, among facilities taking care of younger children (daycare centers) the
availability of sun-protection measures (e.g., hat, and sunscreen) are higher, and typically
provided by the parents, the proportion of shaded areas is generally higher also compared
to kindergartens.

Our study experienced several limitations, such as the reliance on self-reporting
and the representativeness of the data. Even though the study was multicentric and
took place in the fifth-largest city in Hungary, we cannot conclude that the sample was
representative for all daycare centers and kindergartens in the region. Furthermore, the
child care centers were situated in areas with average incomes, but the caregivers were
not asked to divulge their place of residence. Currently, Hungarian institutions caring for
pre-school-aged children encounter significant staff fluctuations, which also shows in our
sample size obtained in a half-year time interval; this may also explain the stagnation and
limited improvement in our results. Furthermore, privately funded institutions did not
participate, although access to sun-protective measures is not only determined by financial
support [45].

In conclusion, sun protection knowledge is required; however, in itself, it is not suffi-
cient for the successful implementation of proper sun-protection behavior in kindergartens
and daycare centers. According to our results, over one fourth (27%) of the caregivers did
not change their sun protection habits and professed to bask in the sun despite the infor-
mation presented, which is in accordance with a recent Danish study, where, after the first
measures of the campaign, sunbed use was only slightly reduced (odds ratio (OR) = approx.
0.9 versus OR = approx. 0.3 after eight years of repetition) [42]. However, forty percent of
the participants changed something in their habits, and the majority of caregivers passed
along their information regarding sun protection to the parents. Furthermore, employees
paid more attention to the sun safety of children after the presentation. These findings
show a positive effect on sun-safety behavior, but most importantly, highlight the relevance
of continuous education on this topic from reliable sources [39,42,50,51].

To improve and stabilize sun-protection behavior in child care centers in our region,
in addition to the implementation of written institutional sun-safety policies (including
shading), the availability of private and institutional funds and an incorporated repetitive
educational program for caregivers is needed. In consideration of training, published
literature, multi-media presentations, and online workshops with periodical mandatory
testing can be used to promote and verify sufficient and lasting knowledge. The contin-
uing education should be taught by a reliable individual, such as a well-trained nurse,
repeated each spring and provided memos regarding sun protection sent to caregivers
every 3–4 months. Furthermore, the motivation and involvement of parents is necessary
as they play an important role in enhancing sun safety among children [7,9,22,40,50]. This
study documented the limited knowledge and practices regarding sun safety, helped to
increase awareness in caregivers, and allowed for recommendations for improving sun
protection outcomes for children in our region.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/cancers13153873/s1, Figure S1: Baseline questionnaire, Figure S2: Follow-up questionnaire.
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Simple Summary: Skin cancers (SC) are a frequent type of malignancy in white populations and
include malignant melanoma and non-melanoma skin cancer. Due to their increasing incidence rate
worldwide, aggressive behavior, and usually late diagnosis, they represent an important challenge
for health care systems. Therefore, identifying new biomarkers suitable for diagnosis, as well as
for prognosis and targeted therapy is mandatory. Nicotinamide N-methyltransferase (NNMT) is
an enzyme that plays a key role in the progression of several malignancies. There is increasing
evidence that NNMT is also involved in the malignant behavior of SC. Therefore, this review aims
to summarize the current state of the art regarding NNMT role in SC and to support future studies
focused on exploring the diagnostic and prognostic potential of NNMT in skin malignancies, as well
as its suitability for targeted therapy.

Abstract: Skin cancers (SC) collectively represent the most common type of malignancy in white
populations. SC includes two main forms: malignant melanoma and non-melanoma skin cancer
(NMSC). NMSC includes different subtypes, namely, basal cell carcinoma (BCC), squamous cell
carcinoma (SCC), Merkel cell carcinoma (MCC), and keratoacanthoma (KA), together with the two
pre-neoplastic conditions Bowen disease (BD) and actinic keratosis (AK). Both malignant melanoma
and NMSC are showing an increasing incidence rate worldwide, thus representing an important
challenge for health care systems, also because, with some exceptions, SC are generally character-
ized by an aggressive behavior and are often diagnosed late. Thus, identifying new biomarkers
suitable for diagnosis, as well as for prognosis and targeted therapy is mandatory. Nicotinamide
N-methyltransferase (NNMT) is an enzyme that is emerging as a crucial player in the progression of
several malignancies, while its substrate, nicotinamide, is known to exert chemopreventive effects.
Since there is increasing evidence regarding the involvement of this enzyme in the malignant behav-
ior of SC, the current review aims to summarize the state of the art as concerns NNMT role in SC and
to support future studies focused on exploring the diagnostic and prognostic potential of NNMT in
skin malignancies and its suitability for targeted therapy.

Keywords: skin cancer; melanoma; non-melanoma skin cancer; nicotinamide
N-methyltransferase; biomarker
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1. Introduction

Skin cancers (SC) are the neoplasms with the highest incidence in white populations,
and their incidence has gradually intensified in the last decade [1,2]. The term “skin cancer”
identifies two main forms, namely, malignant melanoma and non-melanoma skin cancer
(NMSC). NMSCs include several subtypes, such as basal cell carcinoma (BCC), squamous
cell carcinoma (SCC), Merkel cell carcinoma (MCC), and the two pre-neoplastic conditions
Bowen disease (BD) and actinic keratosis (AK) [1,3].

Among all SC, malignant melanoma, that arises from altered pigment cells i.e., the
melanocytes, is considered to be the most aggressive type [4]. In fact, while malignant
melanoma represents only 1% of all SC, it is responsible for the majority of SC-related
deaths [5]. Although the predominant part of malignant melanomas involves the skin, in
particular, 25% of cutaneous melanomas affects the head and neck, the neoplasm may also
arise in mucosal surfaces, the meninges, and the uveal tract [6]. Due to its aggressiveness,
it is extremely important to diagnose malignant melanoma when it is in early stages, since
the 5-year survival rate is 99% if the disease is diagnosed when still localized, while it drops
to 27% if the disease is already metastatic at the time of diagnosis [5,7]. Several risk factors
have been associated with malignant melanoma development such as a family history of
SC, male sex, fair skin, amount of moles, and age, while the main environmental risk factor
is ultraviolet (UV) exposure [7–13]. Indeed, cutaneous melanoma develops primarily in
Caucasian people as the consequence of chronic sun exposure [14,15].

A diagnosis of malignant melanoma is facilitated by the ABCDEF criteria, which
include lesion Asymmetry, Border irregularity, Color variegation, Diameter > 6 mm, Evo-
lution of a nevus, and a nevus characteristic of Looking Funny, describing a malignant
nevus that does not match in appearance with the other nevi variants displayed by a
patient [16]. Upon diagnosis, the stage of malignant melanoma is identified considering
the rules created by the American Joint Committee on Cancer (AJCC) to manage patient
treatment and prognosis. Following these rules, melanomas are classified into five distinct
stages, from 0 (melanoma in situ) to IV (metastatic melanoma), distinguished by a wors-
ening prognosis [17]. A variation of the classical TNM system is used by AJCC criteria to
characterize melanoma (from early-stage to late-stage) by analyzing the tumor thickness
with or without ulceration, nodal involvement, and presence of metastasis [17]. Once diag-
nosed, surgical resection represents the best opportunity for the definitive cure of a primary
melanoma. Other therapeutical options include radiotherapy, chemotherapy, immunother-
apy, and targeted therapies [7,18–23]. However, while surgery can achieve 99% of success
if the diagnosed melanoma is in situ, melanomas at advanced stages are problematic to be
treated [24]. This occurs due to the presence of metastases (lymph nodes, lungs, brain, liver,
and bone are the most frequent metastatic sites), to an intrinsic resistance towards most of
the therapies available nowadays, and to the high genomic heterogeneity that characterizes
melanocytic tumors [25]. In this regard, the identification of novel biomarkers that could
be used as prognostic or predictive markers and as objectives of targeted therapies is of
utmost importance. Although, in the last years, several biomarkers have been proposed
(e.g., microphthalmia-associated transcription factor, cyclooxygenase-2, chondroitin sulfate
proteoglycan 4, human melanoma black-45), none of them has become of routine use
in the clinical practice, with the exception of BRAF and MEK that are targets of specific
inhibitors used with success in the clinical practice, but to only a small subset of patients
responds [26].

BCCs arise from basal keratinocytes and account for approximately 75–80% of NMSCs
but they are characterized by a more benign behavior, having a very limited metastatic
potential [27]. However, it is the most common malignancy in humans, and several
histological subtypes have been described, each of them characterized by different clinical
features, outcomes, and prognosis [28,29]. The nodular subtype is the most common
type, distinguished by the presence of large nodules of tumor cells within the dermis, and
represents a low-risk type.
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On the contrary, infiltrating BCC is a more aggressive variant, consisting of narrow
tumor cords and nests of atypical basaloid cells with an infiltrative growth pattern. Since
it displays a high risk of recurrence, this variant requires a more careful approach with
an accurate evaluation of its surgical margins [3]. Regardless of the subtype, due to the
fact that aging is one the main risk factors, and given that the global population age is
increasing, an increase in its related morbidity and local recurrence rates is expected [30].

SCC develops from stratum spinosum keratinocytes and is classified as well, moder-
ately and poorly differentiated. Analogously to BCC, the increase in the average population
age and in the exposure to UV light is resulting in an increase in SCC diagnosis [31,32].
SCC occurs often in the head and neck region, where it emerges as an erythematous scaling
nodule and plaque, eventually ulcerated. SCC can be classified in several subtypes that
differ for their histological appearance and prognosis. The most common subtype displays
atypical keratinocytes invading the dermis [33,34]. Depth of invasion (tumor thickness
>2 mm), tumor size (diameter >2 cm), acantholysis, perineural and vascular involvement
are considered negative prognostic factors. Furthermore, an association between the site of
the primary tumor and prognosis was demonstrated, since head and neck SCCs are more
prone to metastasize compared to tumors that arises on the extremities or trunk [35,36]. In-
deed, despite the fact that surgical excision is curative for most of SCCs, a subset of patients
will undergo relapse and eventually will develop metastasis. Hence, the identification of
biomarkers with a prognostic value that could support SCC treatment and promote an
adjuvant targeted therapy is a primary goal.

Keratoacanthoma (KA) is a malignancy displaying a bi-phasic growth pattern char-
acterized by a fast growing phase generally followed by involution. As most of the other
SCs, UV exposure is a risk factor, since KA mostly occurs on sun-damaged skin [37]. There
is not a consensus among authors on whether KA is a variant of SCC or a separate entity;
however, a certain differential diagnosis between these two malignancies is of primary
need, since KA, unlike SCC, is characterized by a good prognosis due to its inclination to
spontaneous involution [37,38].

As concerns BD, it is believed to be an in situ SCC, whereas AK can be considered a pre-
cancerous lesion which may develop in SCC. Although both diseases exhibit a close associ-
ation with SCC, they are characterized by different histopathological characteristics [39].

MCC is usually present as erythematous nodule characterized by rapid growth. In
the past, MCC was considered to derive from skin Merkel cells, and this explains its name.
However, nowadays it is believed that MCC arises from skin precursors of epithelial,
lymphoid, or fibroblastic type. Although it represents <1% of all NMSCs, it displays a very
aggressive behavior reflected by the presence of clinical or pathological node disease in up
to 48% of the patients at diagnosis, while 10% of them already display a metastatic stage at
diagnosis [40]. The combination of surgery and radiotherapy is considered the first line of
treatment; nonetheless, since recurrence rates are high, about 40% of patients will undergo
recurrence within 2 years of diagnosis [41].

Since early and accurate diagnosis and prognosis have a crucial impact on the outcome
of these diseases, clinical practice is constantly looking for new genetic and molecular
markers that could facilitate an early diagnosis or an accurate setting of the prognosis for
both cancerous and non-cancerous diseases, in order to reduce morbidity and improve
patients’ survival [30,42–46]. This is particularly relevant for SC, since the number of new
cases is expected greatly increase in the next future due to increasing UV exposure and
population age [1,47,48].

2. Nicotinamide (NAM) in SC

NAM is a form of vitamin B3 largely utilized for the management of several chronic
dermatoses, which includes rosacea, acne, blistering immune disorders, atopic dermatitis,
and cutaneous neoplasms [49]. NAM is the precursor of nicotinamide adenine dinucleotide
(NAD+), a co-enzyme of redox reactions crucial for the production of adenosine triphos-
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phate (ATP). For this reason, it is a master influencer of cellular metabolism, regulating
multiple pathways involved in both cellular survival and apoptosis [50].

UV exposure induces damage of cellular DNA, triggering strand breaks, crosslinks,
and base modifications that are repaired by various repair systems, which in turn consume
ATP [51,52]. Therefore, UV exposure leads to ATP consumption, which in turn induces
a kind of cellular energy crisis, and, since repair systems need high levels of ATP to
work properly, the consequence is an accumulation of molecular aberrations and genome
instability [53]. Therefore, it was reported that NAM exerts UV protective effects due
its involvement in cellular energy pathways, as a precursor of NAD+ [54]. In detail, UV
irradiation causes the block of glycolysis by activating poly-ADP-ribose-polymerase 1
(PARP-1), and this event ultimately inhibits NAD+ production [55,56]. Furthermore, NAM
inhibits skin carcinogenesis regulating the proteins p53 and sirtuins. Indeed, when DNA
damage is too extensive, p53 is activated by NAD+ and triggers cell cycle arrest and
apoptosis. Since NAM is able to restore the intracellular levels of NAD+, it was reported
that NAM can modulate the p53 pathway [57]. Moreover, NAM was proposed to be a
negative regulator of SIRT1, a NAD+-dependent histone deacetylase able to inhibit p53,
thus preventing apoptosis [58,59].

NAM was demonstrated to play a key role in preventing skin carcinogenesis by
counteracting UV-induced immunosuppression. Indeed, UVB-induced DNA damage
stimulates cutaneous antigen-presenting cells (APC) to produce interleukin (IL)-10, which
downregulates the immune response [60]. According to this hypothesis, the topic use
of NAM in UV-irradiated mice could counteract the cutaneous carcinogenesis process.
NAM supplementation through the diet was able to decrease SC incidence in UV-exposed
mice with a dose-dependent effect [61]. Another study demonstrated that a group of
people taking oral nicotinamide had a minor diminution of delayed-type hypersensitivity
when exposed to UV light for three consecutive days compared to the placebo group. The
protective effect of NAM was ascribable to its activity of counteracting immunosuppression
by restoring the sufficient energy levels demanded by cells for repairing DNA damage and
preventing PARP overactivation [62].

In order to evaluate the chemopreventive effect of NAM in high-risk patients, the
Phase III double-blind ONTRAC Study was designed [63]. In this study, patients were
selected for having had two or more NMSC in the last 5 years. In the period of treatment,
which lasted 12 months, the mean incidence of NMSC observed in the nicotinamide-treated
group was 1.8, while that in the placebo group was 2.4. In particular, the mean number
of BCCs was 1.3 in the nicotinamide-treated group and 1.9 in the placebo group, with a
smaller rate of 20% after adjustment for medical center of treatment and 5-year BCC history.
The mean number of SCCs was 0.5 in the nicotinamide-treated group and 0.7 in the placebo
group, with a smaller rate of 30% after adjustment for center and 5-year SCC history [63].

As regards malignant melanoma, studies performed in vitro demonstrated that NAM
is able to improve the repair rate of the nucleotide excision system and can increase the
percentage of melanocytes undergoing DNA repair after UV exposure [64]. Subsequent
in vitro studies on melanoma cell lines demonstrated that NAM supplementation, equal to
the orally administered doses utilized in the ONTRAC study, did not boost cell viability,
proliferation, or invasiveness. Nonetheless, NAM was able to induce an immune response
directed to the existing melanomas in vivo [65]. Taken together, these findings led to the
hypothesis that oral NAM does not worsen melanoma pathogenesis but, on the contrary,
might be useful in melanoma chemoprevention.

3. Nicotinamide N-Methyltransferase

Nicotinamide N-methyltransferase (NNMT) is an enzyme that catalyzes the N-methylation
of nicotinamide, using S-adenosyl-L-methionine (SAM) as a methyl donor, thus yielding
N1-methylnicotinamide (MNA) as a product and releasing S-adenosyl-L-homocysteine
(SAH) [66]. Since it can also methylate other pyridines and other structural analogs, it plays
a pivotal role not only in nicotinamide homeostasis but also in the biotransformation and
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detoxification of several xenobiotic compounds [67,68]. Furthermore, it was demonstrated
that NNMT takes part also in several crucial metabolic pathways.

Nicotinamide is the precursor of nicotinamide adenine dinucleotide (NAD+), a co-
enzyme of redox reactions required for ATP production. Therefore, the amount of nicoti-
namide inside the cell available for energy metabolism can be regulated by NNMT activity
(Figure 1), and therefore, the catalytic activity of the enzyme can affect and modulate
multiple pathways of cellular survival and apoptosis [50]. In addition, by influencing the
SAM/SAH ratio inside the cell, it can indirectly impact gene expression [69]. In the last
two decades, NNMT has been the focus of a number of studies that demonstrated the
involvement of this enzyme in the progression of numerous malignancies including oral
squamous cell carcinoma (OSCC), papillary thyroid cancer, lung cancer, gastric cancer,
pancreatic cancer, colorectal cancer, clear cell renal cell carcinoma (ccRCC), breast cancer,
bladder urothelial carcinoma (BUC), and ovarian clear cell carcinoma [70–85].
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Figure 1. Nicotinamide (NAM) metabolism. NAM can be methylated by nicotinamide N-
methyltransferase (NNMT) utilizing S-adenosyl-L-methionine (SAM) as a methyl donor, which in
turn is converted to S-adenosyl-L-homocysteine (SAH). NNMT activity can affect NAD+ biosynthesis
and thus ATP production, since it can regulate the amount of NAM converted into NAD+. Further-
more, by modulating the intracellular SAM/SAH ratio, it can indirectly impact gene expression.

The analysis of NNMT expression levels in ccRCC demonstrated that the amount of
upregulated enzyme is inversely correlated with tumor size, suggesting that the enzyme
could play a role in cancer progression [86]. Similar results were obtained in OSCC, for
which NNMT upregulation was negatively correlated with the parameters pT, lymph
node metastasis, pathological and histological grading; this evidence led to hypothesize its
potential involvement in tumor growth and differentiation [87,88].

NNMT expression levels were also found to be notably upregulated in exfoliated
cells isolated from the urine of BUC patients compared to that of controls, and an inverse
correlation between enzyme expression and histological grade was demonstrated, an
observation that suggested the remarkable diagnostic accuracy of a urine test based on
the detection of NNMT levels [83]. Consistently with these findings, an increased level of
NNMT was detected in saliva samples of OSCC patients compared to controls, a finding
that suggested the use of NNMT as a salivary biomarker for the early and non-invasive
diagnosis of oral cancer [89]. Taken together, these studies demonstrate that the NNMT
enzyme has a remarkable potential as a diagnostic and prognostic biomarker in a wide
spectrum of malignancies.

4. Involvement of NNMT in SC

Given the increasing evidence that NNMT relevantly contributes to cancer progression,
several studies have been performed in order to explore its potential involvement also in
SC. A summary of the results of all studies is reported in Table 1.
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Table 1. Summary of studies exploring the role of NNMT in SC.

Type of Skin
Cancer

Diagnostic
Potential

Prognostic
Potential

Therapeutical
Target Reference

Cutaneous
malignant
melanoma

Yes Yes (inverse
correlation) N.A. [89]

Cutaneous
malignant
melanoma

Yes Yes (inverse
correlation) N.A. [90]

Oral malignant
melanoma No Yes (positive

correlation) N.A. [90]

Human
malignant

melanoma cell
lines

N.A. N.A. Yes [91]

Basal cell
carcinoma Yes Yes (inverse

correlation) N.A. [92]

Squamous cell
carcinoma No Yes (inverse

correlation) N.A. [92]

Keratoacanthoma Yes Yes (inverse
correlation) N.A. [93]

Human skin
squamous

carcinoma cell
lines SCC12/13

N.A. Yes N.A. [94]

Ganzetti et al. were the first authors to investigate the role of NNMT in malignant
melanoma. In this retrospective study, a total of 34 primary melanomas and 34 melanocytic
non-congenital non-atypical compound and dermal nevi, used as the control group, were
analyzed by immunohistochemistry. In this work, a significantly higher NNMT expression
level was found in cutaneous malignant melanoma samples compared to benign nevi [90].
An analysis of NNMT expression in melanoma samples from the Pan-Cancer Analysis of
Whole Genomes (PCAWG) (https://www.ebi.ac.uk/gxa/home) (accessed on 14 September
2021) confirmed these findings, showing that the enzyme displayed an expression level of
26 transcript per million (TPM), while in other types of cancers, characterized by a marked
overexpression of NNMT, such as bladder, lung, and breast cancer, an expression level of
21, 161, and 71 TPM, respectively, was detected. These results demonstrate that NNMT
overexpression in melanoma is remarkable. Furthermore, Ganzetti et al. demonstrated that
the NNMT levels measured in the melanoma samples resulted to be inversely correlated to
Breslow thickness, Clark level, the presence and number of mitoses, and ulceration, thus
suggesting that the enzyme has a good potential to be used as a prognostic biomarker [90].
A subsequent immunohistochemical study regarding NNMT expression levels in cutaneous
melanoma confirmed these findings [91]. In the same study, the authors also analyzed
the enzyme expression level in samples of patients with oral malignant melanoma, an
exceptionally rare and aggressive variant of the neoplasm of the head and neck region,
which notoriously displays a poor prognosis. The immunohistochemical analysis revealed
that NNMT expression was significantly higher in cutaneous malignant melanoma sam-
ples, but oral malignant melanoma samples exhibited more strongly stained cells, thus
suggesting a potential involvement of NNMT in oral malignant melanoma. Furthermore,
the findings presented in this work indicated that NNMT levels, measured in both oral
malignant melanoma and cutaneous melanoma samples, showed a potential association
with the presence of ulcers, which was contrasting in the two neoplasms, since the staining
intensity was higher in ulcerated oral malignant melanoma samples, while the ulcerated
cases of cutaneous melanoma displayed a reduction of NNMT levels. Finally, statistical
analysis revealed an inverse correlation between the percentage of NNMT-positive cells in
the tumor samples and the disease-free survival time in oral malignant melanoma patients,
indicating that NNMT could be an efficient prognostic factor for this malignancy [91].
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In another study, the functional role of NNMT was investigated through shRNA-
mediated silencing of the enzyme in the melanoma cell lines A375 and WM-115 [92].
Following NNMT knockdown, cell proliferation, migration, and chemosensitivity were
evaluated. The data obtained revealed that enzyme silencing triggered a significant re-
duction of cell proliferation and migration in A375 melanoma cells. Furthermore, enzyme
downregulation sensitized melanoma cells to the chemotherapeutic dacarbazine. In addi-
tion, similar effects on cell proliferation and chemosensitivity were obtained in WM-115
melanoma cells, upon enzyme silencing. These findings led to the hypothesis that NNMT
might be involved in promoting mechanisms of chemoresistance. A subsequent study
explored the role of NNMT also in NMSC. A total of 79 specimens (40 BCC and 39 SCC
cases) were subjected to immunohistochemical analysis to evaluate the enzyme expression
levels, with the healthy tissue margins used as a control [94]. In the BCC cohort, NNMT
expression was significantly higher in tumor specimens than in normal tissue margins.
Interestingly, immunopositivity was higher in nodular BCC compared to the infiltrative
BCC subtype. This expression pattern was also exhibited by BCCs displaying both nodular
and infiltrative features within a single tumor. Therefore, the obtained data suggest an
inverse correlation between NNMT expression and tumor aggressiveness [94].

Regarding SCC, the study analyzed both tumor samples from the head and neck
region and lesions affecting the rest of the body. Unexpectedly, the findings reported in this
study showed a significant lower NNMT expression in cancer cells compared to healthy
margin tissues. Interestingly, the fraction of immuno-positive cells was markedly higher
in SCC specimens excised from extremities and trunk compared to specimens from the
head and neck, thus reinforcing the hypothesis of an inverse correlation between enzyme
expression and tumor aggressiveness [94]. Altogether, these findings suggest that NNMT
may be a potential prognostic biomarker for these neoplasms.

A subsequent study analyzed differences in protein expression between the human
skin squamous carcinoma cell lines SCC12 and SCC13, with the aim to identify which
genes determine the high invasive potential displayed by the SCC12 cell line compared
with the poorly invasive SCC13 cell line [93].

Using matrix-assisted laser desorption/ionization time-of-flight mass spectrometry
(MALDI–TOF-MS), the authors identified NNMT as an upregulated protein in the SCC12
cell line. Therefore, shRNA silencing of the enzyme was performed in order to evaluate
the impact of NNMT knockdown on cell proliferation, migration, and invasion. NNMT
downregulation strongly inhibited the proliferation and density-dependent growth of
SCC cells, as well as their migration and invasion. Furthermore, the impact of NNMT
knockdown on epithelial–mesenchymal transition (EMT)-associated gene expression was
investigated through the RT2 Profiler PCR Array. The results showed that NNMT silencing
was able to downregulate 10 of the 84 EMT-related genes analyzed, namely the genes
coding for MMP9, SPP1, and versican core protein (VCAN), which play a role in the
modulation of extracellular matrix (ECM) structure and function. Furthermore, the mRNA
expression level of Slug, a key effector of EMT, was also repressed by NNMT silencing.
In the light of the above-mentioned findings, NNMT was proposed as a novel prognostic
biomarker and therapeutic target for patients with SCC [93].

Another study evaluated the differential expression of NNMT in cutaneous KA and
SCC on 48 samples through immunohistochemistry [95]. The reported results demon-
strated a significantly higher NNMT expression level in KA compared to SCC. In detail, the
percentage of NNMT-positive cells was significantly lower in head and neck SCC compared
to SCC samples from the rest of the body. It is noteworthy that, according to previous stud-
ies, tumors with a less favorable prognosis displayed reduced NNMT levels [86,87,90,94].
Since KA and well-differentiated SCC are difficult to be distinguished from a histopatho-
logical perspective, the observed differences in NNMT expression may be exploited to
perform a prompt differential diagnosis between these two pathological conditions. Indeed,
while KA is characterized by an excellent prognosis due to its natural tendency to involute,
SCC is characterized by a very aggressive behavior. Therefore, these findings reinforce
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the idea that NNMT may be a novel biomarker suitable for both the early diagnosis and
prognosis of these neoplasms, and for designing targeted therapeutic strategies.

5. Conclusions and Future Perspectives

Even though the contribution of NNMT to the cancer progression was demonstrated
in a large number of malignancies, the effective role of this enzyme in cancer cells still
needs to be fully elucidated.

The above-mentioned studies demonstrated that NAM exerts a positive role in coun-
teracting carcinogenesis. On the other hand, the enzyme NNMT, the master regulator
of intracellular NAM, seems to be involved in tumor progression. Notably, given the
chemopreventive role of NAM, it is conceivable that NNMT may exert a primary role in
the first step of carcinogenesis, irreversibly methylating NAM, thus generating MNA. Since
overexpression of NNMT was reported in most SC, the enzyme activity may determine
a drop in the intracellular levels of NAM, resulting in UV sensitization of cells and im-
pairing the mechanisms involved in cycle cell arrest and DNA repair, as discussed above.
All these events may be responsible for neoplastic cell transformation over time. In this
regards, further studies are required in order to elucidate whether NNMT overexpression
is responsible for the neoplastic transformation of cells or whether it is a consequence of
the altered gene expression pattern of the neoplastic cell.

Nevertheless, it clearly appears that NNMT might be an excellent candidate as a
diagnostic and prognostic marker in skin cancers. The studies performed to date are
promising, but further analyses are required in order to widen the cohort of patients taken
into consideration, thus confirming the suitability of the enzyme as a biomarker in the
clinical practice.

A large number of studies were focused on exploring the impact of NNMT down-
regulation in several cancer models, leading to the discovery that the suppression of this
enzyme prevents cancer cell proliferation, invasion, and metastasis, as well as chemoresis-
tance [50,92]. Moreover, it was suggested that the enzyme may contribute to the radioresis-
tance of cancer cells [96,97]. In the light of the above-mentioned considerations, NNMT
can also be considered a promising molecule for targeted therapy.

One of the encouraging frontiers that has recently drawn much attention is the develop-
ment of specific inhibitors of the enzyme, which are providing encouraging results [98–103].
It remains to be seen whether the strong preclinical evidence of small-molecule inhibitors
against NNMT could still be translated in clinical practice for patients’ treatment. Therefore,
appropriate studies should be performed in this direction.
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Simple Summary: We investigated 225 patients with 304 primary basal cell carcinomas (BCCs)
and we conducted a retrospective, morphological, cohort study aimed at evaluating patients’ de-
mographics and tumors’ clinical and dermatoscopic characteristics. Our main objectives were the
detection of risk factors for multiple BCCs in individual patients and the description of clinical and
dermatoscopic features of low and high risk for local recurrence tumors. The rising incidence of
BCC and the occurrence of multiple tumors in individual patients poses BCC as a major issue for
health systems. To the best of our knowledge, this is one of the first studies to attempt to unveil
clinical and dermatoscopic features of low-/high-risk neoplasms beyond histopathology and take
into equal account parameters, such as anatomic location and size of the lesion. We strongly sup-
port that profiling of multiple patients with BCCs and a thorough knowledge of high-risk tumors’
clinico-dermatoscopic morphology could provide physicians with important information towards
prevention of this neoplasm.

Abstract: Introduction: Basal cell carcinoma (BCC) quite frequently presents as multiple tumors in
individual patients. Neoplasm’s risk factors for local recurrence have a critical impact on therapeutic
management. Objective: To detect risk factors for multiple BCCs (mBCC) in individual patients
and to describe clinical and dermatoscopic features of low- and high-risk tumors. Materials &
Methods: Our study included 225 patients with 304 surgically excised primary BCCs. All patients’
medical history and demographics were recorded. Clinical and dermatoscopic images of BCCs
were evaluated for predefined criteria and statistical analyses were performed. Results: Grade II-III
sunburns before adulthood (OR 2.146, p = 0.031) and a personal history of BCC (OR 3.403, p < 0.001)
were the major predisposing factors for mBCC. Clinically obvious white color (OR 3.168, p < 0.001)
and dermatoscopic detection of white shiny lines (OR 2.085, p = 0.025) represented strongly prognostic
variables of high-risk BCC. Similarly, extensive clinico-dermatoscopic ulceration (up to 9.2-fold) and
nodular morphology (3.6-fold) raise the possibility for high-risk BCC. On the contrary, dermatoscopic
evidence of blue-black coloration had a negative prognostic value for high-risk neoplasms (light OR
0.269, p < 0.001/partial OR 0.198, p = 0.001). Conclusions: Profiling of mBCC patients and a thorough
knowledge of high-risk tumors’ clinico-dermatoscopic morphology could provide physicians with
important information towards prevention of this neoplasm.

27



Cancers 2021, 13, 3208
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1. Introduction

Basal cell carcinoma (BCC) represents the most common type of skin cancer and hu-
man malignancy overall [1]. Demographics, etiopathogenesis, risk factors, histopathology,
and clinico-dermatoscopic presentation of this tumor are well-described in the current
literature [2–4]. Despite its extremely rare metastatic potential, the rising incidence of
this neoplasm poses a major health issue for patients and healthcare systems [5]. Surgical
excision is the treatment of choice for skin cancers. However, there are several efficient,
guideline-approved, non-surgical, therapeutic options for specific subtypes of BCC (e.g.,
superficial) [2,3,6]. Current evidence shows that the classification of BCC as low or high
risk for local recurrence, based on several clinical and histopathological characteristics (e.g.,
lesion’s maximum diameter, anatomic location, histologic subtype, etc.) can be decisive for
the selection of treatment in everyday clinical practice [4,6].

Moreover, BCC quite frequently presents as multiple (>1) tumors in individual patients.
In addition, a personal history of at least one BCC yields a 17-fold risk for a subsequent
BCC [5]. Multiple BCC patient risk factors (e.g., sex, age, etc.) have been investigated in the
literature [7–10]. Further studies on the clinical features of multiple tumors and patients’
profiling could provide physicians with important knowledge towards prevention of this
neoplasm.

Dermatoscopic examination is a non-invasive, safe, and patient-friendly procedure
that enhances a physician’s diagnostic accuracy. The use of this method for diagnosing
BCC has been thoroughly investigated [11–14]. In addition to its diagnostic role, der-
matoscopy can help as a follow-up measure for size reduction of locally advanced BCC
under neo-adjuvant systemic treatments [15]. Of note is the correlation of currently ac-
cepted dermatoscopic criteria with histological subtypes of BCC [16–19].

Our study had a double primary objective, i.e., to detect risk factors for multiple BCC
in individual patients and to describe clinical and dermatoscopic features of low and high-
risk tumors in a population of 225 patients with 304 primary BCCs. As a secondary goal,
we investigated the dermatoscopic findings in a subgroup analysis among solitary BCC
and multiple BCCs, as well as high-risk tumors with histologically aggressive subtypes.

2. Materials and Methods

This was a retrospective, morphological, cohort study conducted by the 2nd Derma-
tology Department of the “ATTIKON” University Hospital of Athens (waiver decision
by Ethics Committee 1248/19-1-2016). Informed consent was obtained from all subjects
involved in the study.

The inclusion criterion was patients with a histopathological diagnosis of primary
BCC that was surgically excised. The exclusion criteria were: (1) Gorlin–Goltz syndrome
patients, (2) severely immunocompromised patients (i.e., patients under immunosuppres-
sive treatment for autoimmune diseases or internal malignancies and HIV patients), (3)
patients with locally recurrent tumors from prior treatments, and (4) patients that did
not give their consent for data collection for the purposes of the study. The enrollment
period was between January 2016 and January 2018. All selected patients had a thorough
physical skin examination and a full report of their medical history. In addition, a detailed
history of sun exposure habits, previous cutaneous diseases, and past treatments for skin
malignancies were recorded. Clinical and dermatoscopic images of the suspicious lesions
were both captured at the initial medical visit before surgical excision using a Nikon J1
camera (Tokyo, Japan) and a handheld Dermlite Hybrid II dermatoscope (3Gen Inc, San
Juan Capistrano, CA, USA). All the clinical and dermatoscopic characteristics of tumors
were retrospectively evaluated for predefined criteria (Supplementary Table S1) [20] by two
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investigators non-blinded to the final diagnosis (D.S. and A.K.). The cohort was divided
into two groups of patients, i.e., those with solitary neoplasms and those with more than
one synchronous tumors (solitary vs. multiple BCC). The tumors were classified into low-
and high-risk tumors for recurrence based on three factors: (1) tumor size, (2) anatomic
location, and (3) histological subtype (Table 1) [6]. Of note, we did not include the “clinical
margins criterion” as a risk factor for tumor classification, since we planned to investigate
it as an independent clinical feature. Statistical analysis with uni- and multivariate logistic
regression was performed for demographic factors along with clinical and dermatoscopic
features for the above-mentioned groups of patients and tumors.

Table 1. Risk factors for low and high risk for recurrence BCC 1.

Risk Factors Low-Risk BCC High-Risk BCC

Location/size Trunk, extremities
< 2 cm

Trunk, extremities ≥2 cm
Cheeks, forehead, scalp, neck and pretibial any size

“Mask areas” of face 2, genitalia, hands and feet

Histopathology Nodular, superficial Aggressive growth pattern 3

1 Any risk factor places the patient in the high-risk category; 2 center of face, eyelids, eyebrows, periorbital, nose,
lips (cutaneous and vermilion), chin, mandible, pre- and post-auricular skin/sulci, temple, and ear; 3 infiltrative,
basosquamous, morpheaform, micronodular, mixed, sclerosing/carcinosarcomatous features, perineural invasion.
This table was adapted by Schmultz, C., Blitzblau, R., et al. Basal Cell Skin Cancer Version 2.2021 in NCCN
Clinical Practice Guidelines in Oncology, available online at https://www.nccn.org/professionals/physician_
gls/pdf/nmsc.pdf (accessed on 25 February 2021).

Statistical Analysis Methods

The Shapiro–Wilk and Shapiro–Francia tests were used for normality of distribution.
Continuous variables following a normal distribution are presented as a mean ± standard
deviation, whereas not normally distributed variables are presented as a median with
interquartile range (25th and 75th percentiles). For categorical variables, the frequencies
and percentages were used. Chi-squared and Fischer’s exact tests were used for the
comparison of categorical variables, while unpaired t-tests and Mann–Whitney U tests
were applied depending on the distributions of the continuous variables. Univariate
and multivariate logistic regression was also performed. All statistical calculations were
based on a two-sided hypothesis, and a p-value of <0.05 was considered to be statistically
significant. All statistical analyses were performed using Stata/IC version 15.1 (StataCorp,
Lakeway Drive, Texas, USA).

3. Results
3.1. Solitary (sBCC) and Multiple BCCs (mBCC): Patients’ Demographics

In total, 225 patients with 304 primary BCCs were included. There were 172 patients
(76.4%) who presented with a solitary tumor and 53/225 patients (23.6%) were diagnosed
with ≥2 tumors at the initial evaluation visit. The male sex prevailed in both groups of
patients with 105/172 (61.1%) and 38/53 (71.2%) for sBCC and mBCC, respectively. The
median age for the entire group of patients was 73 years. However, patients with mBCC
(median age 75) were older than sBCC patients (median age 72.5). Skin exposure habits and
chronic solar damage were more prominent in the group of patients with mBCC rather than
the solitary neoplasms group. In specific, 24/53 patients (45.3%) reported occupational
sun exposure, 19/53 patients (35.9%) had a history of at least one severe sunburn (≥grade
II) during childhood-adolescence and 33/53 patients (62.3%) were diagnosed with actinic
keratoses as compared with 58/172 (33.7%), 38/172 (22.1%) and 84/172 (48.8%) patients,
respectively, for the sBCC group. A personal history of any type of skin cancer and history
of at least one previous BCC were two independent risk factors, more prevalent in the group
of multiple tumors (24/53 (45.3%) and 23/53 (43.4%) patients, respectively) as compared
with the sBCC group (41/172 (23.8%) and 33/172 (19.2%) patients). All the aforementioned
results can be seen in Table 2.
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Table 2. Patients’ demographics with solitary BCC and multiple BCCs (n = 225).

Total (n = 225) Solitary BCC
(n = 172)

Multiple BCCs
(n = 53)

Age, median years (range) 73 (28–94) 72.5 (28–91) 75 (37–94)
Sex, n (%)

Males 143 (63.6) 105 (61) 38 (71.7)
Females 82 (36.4) 67 (39) 15 (28.3)

Fitzpatrick skin phototype, n (%)
I 0 0 0
II 47 (20.9) 34 (19.8) 13 (24.5)
III 126 (56) 96 (55.8) 30 (56.6)
IV 52 (23.1) 42 (24.4) 10 (18.9)

Occupational sun exposure, n (%) 82 (36.4) 58 (33.7) 24 (45.2)
History of sunburns, n (%) * 57 (25.3) 38 (22.1) 19 (35.9)

Actinic keratosis, n (%) 117 (52) 84 (48.8) 33 (62.3)
Personal history of skin cancer, n (%) 65 (28.9) 41 (23.8) 24 (45.3)
Family history of skin cancer, n (%) 24 (10.7) 19 (11.1) 5 (9.4)

Personal history of BCC, n (%) 56 (24.9) 33 (19.2) 23 (43.4)
* Grade II/III sunburns < 18 years old.

Univariate logistic regression showed that a personal history of BCC (3.2-fold), a per-
sonal history of skin cancer (2.6-fold), sunburns grade II–III (<18 years old) (1.9-fold), and
the presence of actinic keratosis (1.7-fold) were important risk factors for mBCC. However,
the multivariate analysis revealed that severe sunburns during childhood-adolescence and
a personal history of BCC were the two most critical risk factors for the development of ≥2
BCC in an individual patient with a 2.1-fold and 3.4-fold risk, respectively (Table 3).

Table 3. Uni- and multivariate logistic regression for multiple BCCs vs. solitary BCC.

Univariate p-Value OR 95% CIs

Age 0.453

Sex 0.159

Fitzpatrick skin phototype 0.611

Occupational Sun Exposure 0.126

Personal history of skin cancer 0.003 2.644 1.388–5.038

Family history of skin cancer 0.74

Personal history of BCC 0.001 3.229 1.665–6.265

Actinic keratosis 0.089 1.729 0.92–3.248

History of sunburns 0.046 1.971 1.011–3.84

Multivariate p-Value OR 95% CIs

Personal history of BCC <0.001 3.403 1.732–6.685

History of sunburns 0.031 2.146 1.073–4.295
For the final model, a fitness of good control was performed based on Hosmer–Lemeshow criterion (p-value = 0.648).

3.2. Solitary BCC and Multiple BCCs: Tumors’ Clinical and Histological Features

In total, 172 patients presented with one BCC and 53 patients had multiple lesions
(132 overall). Specifically, 38 patients presented with two tumors (38/53, 71.7%) nine
patients with three tumors (9/53, 17.1%), three patients with four tumors (3/53, 5.6%), and
≥5 tumors were detected in three patients (3/53, 5.6%). Regarding important factors of
risk stratification for local recurrence (such as diameter, anatomic site, and histopathology)
no striking difference was recorded between the two groups of patients. Specifically,
sBCC comprised of 46/172 patients (26.7%) with low-risk tumors and 126/172 patients
(73.3%) with high-risk tumors, while mBCC consisted of 46/132 patients (34.9%) with
low-risk tumors and 86/132 patients (65.2%) with high-risk neoplasms. In both groups,
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the head/neck area was the most common anatomic location for the development of BCC
(73.4%), followed by the trunk (19.1%) and extremities 7.6%). The median diameter of
the neoplasms was 0.9 cm. Regarding histologic subtypes of BCC, our results showed
a prevalence of types of indolent biologic behavior (i.e., nodular and superficial, 73.7%)
rather than aggressive growth pattern forms (i.e., infiltrative, morpheaform, basosquamous,
micro-nodular, and mixed, 26.3%). Specific results for the subgroups of sBCC and mBCC
are shown in Table S2.

3.3. Low Risk versus High Risk for Local Recurrence BCC: Clinical Characteristics

Out of the 304 tumors that were included in the study, 92 tumors were classified as
low-risk tumors and 212 tumors were classified as high-risk tumors based on three criteria,
i.e., lesion’s maximum diameter, anatomic location, and histopathology (Table 1). Clinical
margins were investigated as a separate feature. Indeed, well-defined clinical borders
were predominant (78/92, 84.8%) among the subgroup of low-risk BCC, as expected,
although poorly defined clinical margins were not a prevalent characteristic in high-risk
tumors either (82/212, 38.7%). In terms of ulceration, intact epidermis was evident in the
majority of low-risk tumors (49/92, 53.3%), in contrast to high-risk tumors which exhibited
prominent erosion/ulceration (155/212, 73.1%). Clinically, most of the high-risk tumors
presented as nodular lesions (146/212, 68.9%) while 50% (46/92) of low-risk BCC had a
nodular morphology. It is worthwhile mentioning that an important subset of low-risk
tumors was flat (23/92, 25%) as compared with 5.7% (12/212) in high-risk BCC. Concerning
coloration, pink was the most frequently observed color in both subgroups with a total
proportion of 78.6% (239/304). A white color was more evident among high-risk tumors
(54.7% versus 28.3%), while a blue-black color was more commonly encountered among
low-risk BCC (51.1% versus 31.13%) (Table 4).

Table 4. Low-risk and high-risk tumors’ clinical characteristics and multivariate analysis.

Total (n = 304) Low-Risk (n = 92) High-Risk (n = 212) Multivariate
OR (95% CI/p-Value)

Margins, n (%)
Well-defined 208 (68.4) 78 (84.8) 130 (61.3)

Ill-defined 96 (31.6) 14 (15.2) 82 (38.7) 2.007 (0.952–4.23/0.067)
Ulceration, n (%)

None 106 (34.9) 49 (53.3) 57 (26.9)
Erosions 55 (18.1) 21 (22.8) 34 (16.)

Prominent 108 (35.5) 20 (21.7) 88 (41.5) 2.533 (1.243–5.162/0.011)
>90% 35 (11.5) 2 (2.2) 33 (15.6) 9.241 (1.79–47.711/0.008)

Clinical presentation, n (%)
Flat 35 (11.5) 23 (25) 12 (5.6)

Elevated 77 (25.3) 23 (25) 54 (25.5) 2.384 (0.892–6.376/0.083)
Nodular 192 (63.2) 46 (50) 146 (68.9) 3.674 (1.502–8.988/0.004)

Colors, n (%)
Pink color 239 (78.6) 75 (81.5) 164 (77.4)

White color 142 (46.7) 26 (28.3) 116 (54.7) 3.682 (1.988–6.819/<0.001)
Blue-black color 113 (37.2) 47 (51.1) 66 (31.1) 0.193 (0.032–1.153/0.071)

Pigmentation intensity, n (%)
None 183 (60.2) 44 (47.8) 139 (65.6)
Light 44 (14.5) 20 (21.7) 24 (11.3)

Partial 36 (11.8) 15 (16.3) 21 (9.9)
Heavy 41 (13.5) 13 (14.2) 28 (13.2) 5.611 (0.771–40.82/0.088)

For the final model, a fitness of good control was performed based on Hosmer–Lemeshow criterion (p-value = 0.547).

Univariate logistic regression for the clinical features of high-risk versus low-risk
BCC is presented in Supplementary Table S3. Multivariate logistic regression showed that
extensive clinical ulceration (>90% of total lesion surface) and prominent ulceration yield a
9.2-fold and 2.5-fold probability for high-risk BCC, respectively. In the same context, white
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color and nodular morphology are strong prognostic factors for a high-risk tumor with
an OR 3.6. On the contrary, clinical blue-black coloration is a negative prognostic factor
for high-risk neoplasms (OR 0.2) (Table 4). A detailed analysis of multivariate logistic
regression is presented in Table S4.

3.4. Low Risk versus High Risk for Local Recurrence BCC: Dermatoscopic Features

Vascular structures were the most striking dermatoscopic finding in both subgroups of
low-risk and high-risk tumors (272/304, 89.5%). Arborizing vessels prevailed in both sub-
groups as well (247/304, 81.2%) followed by telangiectasias and glomerular vessels. Telang-
iectasias were more common among low-risk tumors (38% versus 22.2%) and glomerular
vessels were more frequent in high-risk tumors (14.2% versus 4.4%). As expected, high-risk
tumors were mostly eroded or ulcerated lesions (168/212, 79.3%), while dermatoscopic
erosion/ulceration was also prevalent in low-risk tumors (57/92, 62%). In terms of pigmen-
tation, the majority of high-risk tumors were non-pigmented (115/212, 54.3%), while 71.4%
(66/92) of low-risk BCC had dermatoscopic signs of pigmentation. In specific, all types of
pigmented structures were more frequently observed in low-risk tumors as compared with
high-risk tumors. Finally, dermatoscopic clues for white coloration were more frequently
observed among high-risk tumors; white shiny lines (46.2% versus 27.2%); multiple yellow-
white globules (12.7% versus 7.6%); white circles and yellow clods (25.9% versus 7.6%)
(Table 5).

Table 5. Low-risk and high-risk tumors’ dermatoscopic features and multivariate analysis.

Total (n = 304) Low-Risk
(n = 92)

High-Risk
(n = 212)

Multivariate
OR (95% CI/p-Value)

Vasculature, n (%)
None 32 (10.5) 13 (14.1) 19 (9)

Apparent (<50%) 219 (72.1) 63 (68.5) 156 (73.6)
Prominent (≥50%) 53 (17.4) 16 (17.4) 37 (17.4)

Vessels, n (%)
Arborizing 247 (81.3) 65 (70.7) 182 (85.9)

Telangiectasias 82 (27) 35 (38.) 47 (22.2)
Glomerular 34 (11.2) 4 (4.4) 30 (14.2) 3.314 (1.033–10.626/0.044)

Linear irregular 14 (4.6) 2 (2.2) 12 (5.7)
Dotted 1 (0.3) 0 1 (0.5)
Hairpin 3 (1) 0 3 (1.4)

Polymorphous 14 (4.6) 0 14 (6.6)
Pigmented structures, n (%)

Blue-gray ovoid globules 127 (41.8) 46 (50) 81 (38.2)
Multiple dots 90 (29.6) 40 (43.5) 50 (23.6)
Spoke-wheel 24 (7.9) 15 (16.3) 9 (4.3)

Leaf-like 28 (9.2) 18 (19.6) 10 (4.7)
Concentric 16 (5.3) 10 (10.9) 6 (2.8)

Pigmentation intensity, n (%)
None 141 (46.4) 26 (28.2) 115 (54.2)

Light (<10%) 77 (25.3) 33 (35.9) 44 (20.8) 0.269 (0.13–0.558/<0.001)
Partial (10–50%) 42 (13.8) 18 (19.6) 24 (11.3) 0.198 (0.078–0.5/0.001)
Heavy (>50%) 44 (14.5) 15 (16.3) 29 (13.7) 0.313 (0.105–0.934/0.037)

Pink-whitish background, n (%) 211 (69.4) 71 (77.2) 140 (66) 0.369 (0.158–0.862/0.021)
Diffuse white color, n (%) 11 (3.6) 1 (1.1) 10 (4.7)
White shiny lines, n (%) 123 (40.5) 25 (27.2) 98 (46.2) 2.087 (1.097–3.971/0.025)

Multiple yellow-white globules, n (%) 34 (11.2) 7 (7.6) 27 (12.7)
White circles and yellow clods, n (%) 62 (20.4) 7 (7.6) 55 (25.9)

Ulceration, n (%)
None 79 (26) 35 (38) 44 (20.8)

Erosions 71 (23.3) 30 (32.6) 41 (19.3)
Prominent 121 (39.8) 25 (27.2) 96 (45.3) 2.451 (1.198–5.014/0.014)

>90% 33 (10.9) 2 (2.2) 31 (14.6) 8.042 (1.637–39.505/0.01)

For the final model, a fitness of good control was performed based on Hosmer–Lemeshow criterion (p-value = 0.47).
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Univariate logistic regression for the dermatoscopic findings of high-risk versus low-
risk BCC is presented in Supplementary Table S5. The multivariate analysis revealed that
extensive (8-fold) as well as prominent (2.4-fold) ulceration, glomerular vessels (3.3-fold),
and white shiny linear structures (2-fold) are positive predictive factors for a high-risk
BCC. On the contrary, pink-whitish background (0.37-fold) along with pigmentation of any
extent (0.2–0.3-fold) represent negative prognostic factors for high-risk tumors (Table 5 and
Table S6 and Figures 1 and 2).
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Figure 1. (a) A brown-black plaque on the chest of a 51-year-old female patient. The lesion has a maximum diameter of 0.6
cm. Histology set the diagnosis of a superficial BCC; (b) dermatoscopy confirmed our observations for low-risk neoplasms.
Pigmentation was the striking feature in this tumor with leaf-like structures at the periphery (white asterisks), concentric
structures (white circle), and a hint of telangiectasias (white arrow).
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Figure 2. (a) A pinkish nodule on the left temple of a 66-year-old male patient with dark skin phototype and a maximum
diameter of 1.3 cm, histopathologically diagnosed as a mixed BCC (nodular and metatypical). Due to anatomic location
and size, the lesion was treated as a high-risk tumor for local recurrence; (b) dermatoscopic evaluation was in line with
histology. A combination of arborizing (pink asterisk) and hairpin (black circle) vessels was evident. White, shiny linear
structures (white arrows) were also obvious on the lesion’s surface. Finally, white, perifollicular circles along with central
yellow clods were dermatoscopically apparent (black arrows).

3.5. Dermatoscopic Features in Subgroup Analysis for Solitary BCC and Multiple BCCs and
Aggressive Histologic Subtypes

Dermatoscopic features of BCC in the subgroups of solitary and multiple tumors
can be seen in detail in Supplementary Table S5. No striking differences were detected in
the frequencies of dermatoscopic findings between both subgroups of patients, except for
“white features”. In specific white shiny lines (51.7% versus 25.8%), multiple yellow-white
globules (16.3% versus 4.6%) and white circles and yellow clods (24.41% versus 14.4%)
were more commonly observed in sBCC rather than in the group of multiple tumors.

Supplementary Table S8 shows in detail the dermatoscopic features in aggressive
histologic subtypes of BCC as compared with the group of high-risk tumors. The specific
subtypes can also be seen in Supplementary Table S9. Of note, there are no significant
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differences in the dermatoscopic findings of histologically aggressive tumors as compared
with high-risk BCC apart from a slight prevalence of “white structures” already observed
in the subgroup analysis for solitary tumors (Table S9).

4. Discussion
4.1. Solitary versus Multiple BCCs

BCC morbidity represents a major issue for public health. Despite its extremely low
mortality, the rising incidence of the tumor and the high occurrence of mBCC quantify the
burden of disease comparable with esophageal, ovarian, or thyroid cancer, according to
the WHO [21]. Profiling of patients with multiple tumors, identification of risk factors,
and particular clinico-dermatoscopic features of mBCC could be valuable for the overall
management of the disease.

Our study showed that grade II–III sunburns before adulthood (OR 2.146, p = 0.031)
and a personal history of BCC (OR 3.403, p < 0.001) were the major predisposing factors
for mBCC (Table 3). So far, the personal history of a previously treated BCC is considered
to be a well-established risk factor for a subsequent BCC [10,22,23]. Chronic UV exposure
has also been proven to be an important contributor for non-melanoma skin cancer [5].
However, there was no clear association of the sun exposure pattern with a single BCC
or multiple BCCs [22]. According to our results, at least one severe sunburn during
childhood or adolescence increases the risk for the development of mBCC later in life. Thus,
preventive measures in early life could have a protective role against mBCC.

In our study, we observed that older patients at a slightly higher male/female ratio
comprised the group of mBCC as compared with the sBCC group (Table 2). This finding
was in accordance with the previously published literature [8,9,22]. The distribution of
histological subtypes of the tumor in both groups was similar and corresponded to the
average of the incidence of various forms of the neoplasm [1] (Table S2). This result does
not confirm previously published data that superficial BCC is a more common subtype in
patients with multiple tumors [7–10].

We also performed a subgroup analysis for the dermatoscopic features in sBCC
and mBCC. (Table S7) No clear differences were detected between both groups, apart
from a more frequent representation of white dermatoscopic structures (i.e., white shiny
lines, white peri-follicular circles, multiple yellow and white globules) in the group with
single BCC. White coloration in dermatoscopy of BCC is strongly correlated with collagen
alteration, calcification, and thus deeper infiltration in dermis [24–27]. Our observation
supports that the presence of multiple tumors is not necessarily associated with more
aggressive BCC subtypes.

4.2. High-Risk versus Low-Risk BCC

Due to the extremely rare metastatic potential of BCC, the traditional classification for
neoplasms is not applicable in this type of skin cancer. Thus, the tumors are categorized
accordingly to the risk for local recurrence [3,6]. Our study evaluated BCCs as low/high
risk based on three criteria (i.e., lesion’s diameter, anatomic location, and histology) in
order to investigate predefined criteria for risk stratification as independent variables (i.e.,
clinical margins). Moreover, the exclusion of other factors (i.e., locally recurrent tumor,
mBCC syndromes, and severe immunosuppression) allowed us to detect characteristics of
primary lesions without the statistical bias that may arise from patients’ health status or
physicians’ previous topical treatments (Table 1).

Of note, 69.7% (212/304) of tumors were staged as high risk, although only 26.3%
(80/304) of tumors had a histologic subtype with aggressive behavior. This finding high-
lights the importance of the size and the site of the lesion, as equally significant along
with histopathology, for risk stratification, and therefore treatment selection (Table 4 and
Table S2).

In terms of clinical morphology, low-risk BCC had mostly well-defined clinical mar-
gins (84.8%, 78/92), as expected. Surprisingly, high-risk tumors did not present with
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ill-defined borders as a prevalent feature (38.7%, 82/212) (Table 4). This result could be
suggestive of the fact that a well-defined BCC is not always a low-risk tumor, and there-
fore other risk factors should be considered. Regarding clinically or dermatoscopically
prominent ulceration and nodular presentation, we confirmed current evidence that both
features typically characterize more aggressive subtypes of BCC [4,17–19,28–30] (Table 4,
Table 5, Tables S4 and S6).

Coloration represents quite an interesting finding both clinically and dermatoscopi-
cally. Our results present clinically obvious white color (OR 3.168, p < 0.001) and dermato-
scopically detected white shiny lines (OR 2.085, p = 0.025) as variables strongly prognostic of
high-risk BCC. The latter is in accordance with the pre-existing literature for white dermato-
scopic structures as features correlating with aggressive subtypes of BCC [17–19,24–30].
On the contrary, pigmentation due to melanin elements seems to be inversely associated
with high-risk tumors. In terms of clinically apparent blue-black hue, the multivariate
analysis showed a tendency for low-risk BCC (OR 0.193, p = 0.071). However, dermato-
scopic evidence of blue-black coloration had a negative prognostic value for high-risk
neoplasms (light OR 0.269, p < 0.001/partial OR 0.198, p = 0.001). This finding suggests
that melanin may represent a positive predictive factor for BCC with a higher risk for local
recurrence and supports recently published data on the hypothesis that well-differentiated
non-aggressive BCC could preserve relatively more melanocytes [31] (Table 4, Table 5,
Tables S4 and S6).

Concerning other dermatoscopic observations, we confirmed that arborizing vessels
are typical for BCC and telangiectasias are mostly seen in low-risk tumors (Table 5). Of
note, glomerular vessels in multivariate analysis were prognostic for high-risk BCC (OR
3.314, p = 0.044), another finding in line with the current literature [28,29]. Dermatoscopic
evidence of ulceration also raised the possibility of a high-risk tumor (up to 8-fold) in
accordance with the pre-existing published data [17–20,28–30] (Table 5).

Finally, we performed a subgroup comparative analysis investigating the occurrence
of dermatoscopic variables between high-risk tumors (n = 212) and histologic subtypes of
BCC with a more aggressive growth pattern (n = 80). The results are listed in Supplementary
Table S8 and surprisingly we could not detect any statistically important variations among
the two groups. Our observations support the significance of the current classification
system for BCC in clinical practice and show that factors other than histopathology (i.e.,
tumor’s diameter and anatomic location) have a critical impact on risk stratification, almost
equal to histologic subtype. Thus, from a clinician’s perspective, clinical morphology
and dermatoscopic findings could efficiently negate unnecessary biopsies and prevent
therapeutic pitfalls.

4.3. Limitations

Our study has certain limitations including the “non-blinded to diagnosis” investi-
gators evaluating clinical and dermatoscopic findings, the lack of a control group, and
certain personal history information that were unavailable (e.g., age of first BCC diagnosis)
and are considered by literature significant risk factors for mBCC. Moreover, the current
classification system of BCC does not take into account the different impacts of each risk
factor and this is an additional limitation in our study. Finally, the visit-seeking attitude
of patients with a personal history of BCC and the surveillance plan after diagnosis of an
initial tumor might pose a bias.

5. Conclusions

In conclusion, a personal history of BCC and moderate-to-severe sunburns during
childhood-adolescence are the two most important risk factors for the development of mul-
tiple BCC. The presence of multiple tumors does not seem to be related to more aggressive
subtypes of the neoplasm. Concerning high-risk for recurrence BCC, ill-defined clinical
margins is not an absolute criterion. Nodular morphology, clinical and dermatoscopic
evidence of ulceration, and the color white, either clinically obvious or presented dermato-
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scopically in the form of white shiny lines, serve as strong predictors for high-risk BCC.
On the contrary, pigmentation due to melanin represents a negative prognostic value for
high-risk tumors. To the best of our knowledge, this is one of the first attempts to describe
the dermatoscopic features of locally aggressive BCC beyond the histologic subtype. We
strongly support the need for further studies to unveil important diagnostic clues for BCC.
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Simple Summary: Basosquamous carcinoma is a rare, aggressive non-melanoma skin cancer with
features that lie between those of basal cell carcinoma and squamous cell carcinoma. A lot of con-
troversy has been raised around the classification, pathogenesis, histologic morphology, biologic
behavior, prognosis and management of this tumor. This is a narrative review based on articles
published on PubMed in English language which had in their title the terms “basosquamous car-
cinoma” and/or “metatypical carcinoma of the skin”. The aim of this review was to summarize
and evaluate the latest data of the English literature regarding epidemiology, clinical presentation,
dermoscopic and histopathologic characteristics, as well as the genetics and management of BSC to
better characterize basosquamous skin lesions.

Abstract: Basosquamous carcinoma is a rare, aggressive non-melanoma skin cancer with features
that lie between those of basal cell carcinoma and squamous cell carcinoma. A lot of controversy
has been raised around the classification, pathogenesis, histologic morphology, biologic behavior,
prognosis and management of this tumor. This is a narrative review based on an electronic search of
articles published in PubMed in English language which had in their title the terms “basosquamous
carcinoma” and/or “metatypical carcinoma of the skin”. The aim of this review was to summarize and
evaluate current data regarding epidemiology, clinical presentation, dermoscopic and histopathologic
characteristics, as well as the genetics and management of BSC, in order to shed some more light onto
this intriguing entity. As a conclusion, dermoscopy, deep incisional biopsies and immunohistologic
techniques (Ber-EP4) should be applied in clinically suspicious lesions in order to achieve an early
diagnosis and better prognosis of this tumor. Surgical treatments, including wide excision and Mohs’
micrographic surgery, remain the treatment of choice. Finally, vismodegib, a Hedgehog pathway
inhibitor, must be thoroughly investigated, with large controlled trials, since it may offer an alternative
solution to irresectable or difficult-to-treat, locally advanced cases of basosquamous carcinoma.

Keywords: basosquamous carcinoma; metatypical basal cell carcinoma; diagnosis; treatment; bio-
logic behavior; dermoscopy; histopathology; Mohs’ micrographic surgery; genetics; vismodegib

1. Introduction

Basosquamous carcinoma (BSC) is a rare, relatively aggressive non-melanoma skin
tumor which has raised a lot of controversy regarding its classification, its pathogenesis and
its management since it was first described in the early 20th century. Multiple diagnostic
and treatment challenges arise from the fact that BSC has a variable and non-characteristic
clinical and histologic morphology seated between that of basal cell carcinoma (BCC) and
squamous cell carcinoma (SCC) that is followed by a rather unpredictable biologic behavior.

This article aimed to summarize and evaluate all the latest data of the English language
literature regarding epidemiology, clinical presentation, dermoscopic and histopathologic
characteristics, as well as the genetics and management of BSC, in order to shed some more
light to this intriguing entity.
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2. Materials and Methods

A PubMed search of articles in English was conducted using the term BSC and/or
metatypical BCC alone or with the following subheadings: classification, incidence, epi-
demiology, diagnosis, histopathology, dermoscopy, genetics, biologic behavior, treatment.

Inclusion criteria were: (1) case series or case reports of BSC; and (2) review articles,
meta-analyses and systematic reviews on BSC;

Exclusion criteria were: (1) articles in a language other than English (i.e., French,
German, Spanish, Chinese, etc.); and (2) articles about BSC of organs other than the skin
(i.e., larynx, nasopharynx, lungs, anus, etc.);

Additionally, selected articles that were referenced in the included publications were
used to support the discussion of our review.

3. Results
3.1. Background and Definition

The very first description of this tumor was made by Beadles back in 1894 and it was
considered a type of rodent ulcer [1,2]. He described a lesion with features both of BCC
and SCC which could not be clearly separated [1,2]. Again, in 1910, in a larger series of
rodent ulcers, McCormack wrote about tumors with intermixed basaloid and squamous
features [2,3]. For the first time, in 1928, the term BSC was used by Montgomery in order
to describe 17 out of 119 carcinomas which he believed were transitional between basal
and squamous cell carcinomas [4,5].

In the following years, the origin and the definition of this entity troubled patholo-
gists [6,7]. Some of them considered these lesions as collisions of separate primary BCC and
SCCs, or variants of BCC that form keratin while others believed them to be independent
tumors with features of both BCC and SCC [2,8,9]. Meanwhile, in part of the literature,
BSC were referred to as “metatypical carcinomas” [5,10,11].

In more recent years, the theory of summarization is gaining ground [12]. According
to this, the BSC is derived from a BCC with genetic alterations that undergo squamous dif-
ferentiation [7,11,12]. This theory is reflected in the most recent definition of BSC by World
Health Organization (WHO) in the textbook “WHO classification of skin tumors” which
stated that: “Basosquamous carcinoma is a term used to describe basal cell carcinomas
that are associated with squamous differentiation” [13]. At the same time, the National
Comprehensive Cancer Network (NCCN) states that basosquamous carcinomas have a
metastatic capacity that is more similar to that of SCC than BCC [5,7,14].

3.2. Epidemiology

BCCs and SCCs are the most common non-melanoma skin cancers with a rising
incidence in the general population, while BSC is considered a relatively rare entity [7]. Up
to date, very few small studies have evaluated the specific epidemiologic characteristics of
BSC [5,6,15]. According to previous review papers, the incidence of BSC ranges from 1.7 to
2.7% [5].

Indeed, Shuller et al. reported a BSC incidence of 1.2%, Martin et al. reported a BSC
incidence of 1.4% while Bowman et al.—in a retrospective study of cases treated with Moh’s
micrographic surgery—found an incidence of 2.7% [6,16,17]. A newer retrospective study
by Ciążyńska et al. revealed 180 lesions of BSC during a period of 20 years (1999–2019)
which corresponded to 2.1% of all non-melanoma skin cancers (NMSCs) [7]. However,
Gualdi et al., in a prospective study (2012–2015) which included 6042 NMSCs, reported a
rate of 4.8% for BSCs, a percentage considerably higher than ever before [15].

3.3. Clinical and Demographic Characteristics

The clinical presentation of BSC is nonspecific and it does not present particular
differences as compared to a common BCC (Figure 1a) [5,7]. The most common clinical
scenario in BSC is a long-standing nodule that gradually becomes ulcerated. A similar
clinical course was also described for metastatic BCCs [2,7,18]. Sun-exposed areas of the
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head and neck (82–97%), especially the perinasal area and ears, are the most frequent
anatomic locations of this tumor [2,5–7,17–19]. However, though relatively fewer, BSCs
were also observed in the trunk and extremities [2,5–7,17–19].

Figure 1. (a) Clinical image of a BSC; (b) dermoscopic image of a BSC revealing both a blue-grey ovoid nest and white
circles; and (c) histologic image of a BSC (hematoxylin-eosin, 10×).

Fitzpatrick type I–II and high UVR exposure are considered potent risk factors for
the development of a BSC [11]. The tumor usually develops in elderly individuals (34.4%
of all BSCs are found in patients over 70 years of age) with a strong male preponder-
ance [6,12,15,17].

3.4. Diagnosis of Basosquamous Carcinoma

The early and concise diagnosis of this tumor is crucial due to its potentially ag-
gressive biologic behavior. However, it is a rather intriguing task because there is an
absence of a standardized diagnosing protocol. The differential diagnosis may include
entities such as viral wart, seborrheic keratosis (SK), hyperkeratotic actinic keratosis (AK),
Bowen’s disease (BD), BCC, invasive SCC, as well as amelanotic/hypomelanotic melanoma
(AHM) [6,17,20,21].

3.4.1. Dermoscopy of BSC

Dermoscopy reveals features unrecognizable during naked-eye clinical examination
and it is recommended for the early recognition of skin cancer. In this context, dermoscopy
may raise the suspicion of BSC by the recognition of certain dermoscopic characteristics,
seen in both types of differentiation, namely basaloid and squamoid (Figure 1b).

Unfortunately, due to the rarity of this entity, very few studies evaluating the dermo-
scopic features of BSC have been conducted until now [22,23]. In a study by Giacomel
et al., the dermoscopic pattern of BSCs was characterized by features of both BCCs and
SCCs, mirroring its complicated mixed histopathology [22]. In detail, the commonest
dermoscopic criteria for BSCs were unfocused arborizing vessels, keratin masses, white
structureless areas, scale, ulceration or blood crusts, white structures, blue-grey blotches
and blood spots in keratin masses [22]. Finally, according to the authors, the most im-
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portant dermoscopic clue that should raise suspicion for a possible BSC diagnosis is the
simultaneous presence of at least one feature of both invasive SCC and BCC [22]. The study
of Acay et al., in 2017, also demonstrated that BSC is dermoscopically characterized by
BCC-related polymorphous or monomorphous vasculature, combined with findings of
keratinization [23]. Specifically, a serpentine of branched vessels was the most common
vascular finding while keratin masses, ulceration, and white structureless areas were the
most common non-vascular features [23].

3.4.2. Histopathologic Features of BSC

Biopsy and histologic examination remain the gold standard diagnostic method for
BSC (Figure 1c). The majority of the published literature on the subject, mostly including
case series, retrospective studies, and review articles, describe the presence of both BCC
and SCC histologic characteristics with a transition zone between them. However, there is
a certain controversy regarding how these features are arranged within the lesions [2,5,11].
The transition zone is considered, by most authors, as a tissue which depicts a transitional
stage of differentiation between BCC and SCC cells and not simply an area with atypical
BCC cells [2,5,24]. The BCC component of a BSC usually contains basaloid cells with a small
cytoplasm and large, uniform, pale, nuclei, whilst the SCC element consists of accumula-
tions of polygonal squamous cells containing voluminous eosinophilic cytoplasm, larger
open nuclei with prominent nucleoli and frequent mitosis [2,17,24,25]. These aggregates of
squamoid cells are either found inside the basaloid islands or as the other authors describe,
adjacent to them [2,5,23,24,26,27]. Two entities that may mimic and should be considered in
the histologic differential diagnosis of BSC are a collision tumor and a keratinizing BCC. In
the former case, the BCC and SCC areas are completely separated with no transition zone
and in the latter case, there is abrupt keratinization in the center of a nodular BCC lesion
without the intervening areas of squamoid cells [1,2,28]. Finally, the correct histologic
diagnosis of a BSC can be jeopardized when the biopsy is superficial and not incisional.
In this scenario, the lack of deep areas of the lesion in the sample, where the squamoid
characteristics often lay, may result in the incorrect interpretation of the tumor as a classic
BCC [1,2].

3.4.3. Immunohistologic Features of BSC

The histologic diagnosis of a BSC may be strengthened by the application of an
immunohistochemical criterion such as human epithelial antigen (HEA) expression [20].
Despite the fact that no specific immunohistologic marker for BSCs exists, the Ber-EP4, an
anti-HEA mouse monoclonal antibody, which is usually strongly positive in BCCs and
the epithelial membrane antigen (EMA), which stains positive in SCCs, have proved to
be helpful [2]. In a “typical” BSC, the BCC element is Ber-EP4, cytokeratin (AE1) and
cytokeratin (AE3) positive, whereas the area of SCC is AE1, AE3, and CAM5.2 positive
with variable staining for EMA [2,5,18]. Moreover, the transition zone, though not always
present, is typically characterized by a gradual decline in Ber-EP4 staining as an indication
of transitioning from the area of the basaloid to the area of squamous differentiation [2,5,29].

3.5. Genetics and Pathogenesis

The genetic origin of BSCs has not been fully clarified yet [5]. Although these tumors
share histologic features of both BCCs and SCCs, the exact gene mutations that lead to
their formation is still a matter of controversy [5,30]. On the other hand, the molecular
background of BCC and SCC has been thoroughly studied. BCC derives from the over
activation of the sonic hedgehog (HH) pathway which inhibits a transmembrane protein
called PTCH or activates a transmembrane protein called SMO [31,32]. Other genetic
drivers of BCC include PTEN, MYCN, PPP6C, GRIN2A, GLI1, CSMD3, DCC, PREX2,
and APC [30,33,34]. SCC is characterized by a greater variety of gene mutations which
include mutations in HRAS and disruptions of the TGFBR1, TGFBR2, NOTCH1, and
NOTCH2 genes as well as additional mutations in CASP8, CDKN2A, NOTCH3, KRAS,
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NRAS, PDK1, BAP1, AJUBA, KMT2D, MYH9, TRAF3, NSD1, CDH1, and TP63 [30,35–38].
A recent, very interesting study by Chiang tried to define the genomic alterations that
characterize BSC by using the targeted sequencing of 1641 cancer genes from 20 BSCs,
whole exome sequencing from 16 BCCs, and a mixture of previously published whole-
exome and whole-genome datasets from 52 SCCs [30–39]. According to the findings of
this study, the majority of BSCs had underlying PTCH1 and SMO mutations in addition to
mutations in other known BCC drivers such as MYCN, PPP6C, GRIN2A, CSMD3, DCC,
PREX2, APC, PTEN, and PIK3CA [30]. These data support the theory that the HH signaling
pathway is the initial driver of BSC and that this tumor probably originates as a BCC that
partially squamatizes through the accumulation of ARID1A mutations and RAS/MAPK
pathway activation [30,39]. The most frequent gene mutations that characterize BCCs,
SCCs, and BSCs are shown in Table 1.

Table 1. The most frequent gene mutations that characterize BCCs, SCCs and BSCs.

BCCs SCCs BSCs

PTCH HRAS PTCH

SMO TGFBR1 SMO

PTEN TGFBR2 MYCN

MYCN NOTCH1 PPP6C

PPP6C NOTCH2 GRIN2A

GRIN2A CASP8 CSMD3

GLI1 CDKN2A DCC

CSMD3 NOTCH3 PREX2

DCC KRAS APC

PREX2 NRAS PTEN

APC PDK1 PIK3CA

BAP1 ARIDIA

AJUBA

KMT2D

CDH1

3.6. Biologic Behavior and Prognosis

According to many authors, in opposition to BCC, BSC is characterized by a more
aggressive biologic behavior that is almost equal to that of SCC [2,5,18,25,40]. This “aggres-
siveness” is defined as a more dynamic topical growth of the tumor, as well as a greater
potential for recurrences and metastases. As a consequence, the latter characteristics are
associated with a worse prognosis as compared to the classic BCC [2,5].

Indeed, a relatively recent study by Zhu et al. including 19 patients with metastatic
BSCs suggested an intermediate prognosis between that of BCC and SCC but more favor-
able than previous assumptions [40]. Volkestein et al. reported that the local recurrence
rate of BSC—after wide surgical excision—may reach 45%, which is almost double that of
BCC and SCC [18]. In another study, in which the physicians applied Mohs’ micrographic
surgery, the topical recurrence rate for BSC decreased to 4–9%, but remained higher than
BCC (0.64%) and SCC (1.2%) [2,14,41,42]. Martin et al. concluded that based on their
analysis, the most important predictive factors of topical recurrence for BSCs were male
sex, positive surgical margins, lymphatic, and perineural invasion [17]. The metastatic
potential of BSC ranges between 4 and 8.4%, which is closer to that of SCC [2,41]. A recent
study by Ciążyńska et al. reported that 40% of patients diagnosed with BSC had a second
skin neoplasm. This percentage is significantly higher to the corresponding 23% reported
with other non-melanoma skin cancers (NMSCs) and multiple lesions [7]. In this context,

43



Cancers 2021, 13, 6146

they concluded that BSC patients are more prone to the development of new primary skin
cancers and for this reason, they should be closely monitored [7].

3.7. Therapeutic Options and Management of BSC

To date, there are no established, standard therapeutic guidelines for the treatment
of BSCs. The rarity of these tumors along with the absence of robust literature data on
the subject is the most reasonable explanation for this situation. Nevertheless, several
treatment options have been applied with a variety of outcomes. Superficial methods such
as curettage and electrodesiccation have been used in the past but are not considered first
line treatment due to their high recurrence rate.

3.7.1. Wide Surgical Excision

Although a very high recurrence rate, reaching 45%, has been reported after wide
surgical excision, this method remains a first line treatment choice for many authors [2,5,12,
16–18,20,21,24,43]. Furthermore, it is suggested that surgical excision should be followed
by the evaluation of a lymph node and distant metastases, and of course, close clinical
follow up for recurrence and metastasis [2,6,17].

3.7.2. Mohs’ Micrographic Surgery (MMS)

Based on the results of recent studies, MMS is considered the optimal surgical option
for BSCs, since it is linked to lower recurrence rates compared to the wide surgical exci-
sion [17,24,25,44,45]. Analytically, Skaria et al. reported an 8.9% recurrence rate with MMS
that is much lower than the 45% observed with wide surgical excision, but significantly
higher when compared with the recurrence rates reported for BCCs and SCCs [44]. Allen
et al. achieved an even lower recurrence rate (4.9%) [45]. However, according to Oldbury
et al., there are several practical and financial issues to be addressed in order to officially
support MMS as the first-line treatment of choice for BSCs: (a) inability to pre-operatively
choose the right candidates for MMS (i.e., clinical diagnosis of BSC instead of BCC) in
everyday clinical practice; (b) higher cost of MMS compared to surgical excision; (c) more
time-consuming process; and (d) non-applicable in many centers worldwide [12].

3.7.3. Sentinel Lymph Node Biopsy (SLNB)

SLNB has been suggested by some authors as part of the management of BSC. How-
ever, there is open controversy regarding whether SLNB should be offered in BSCs for
the early diagnosis of occult nodal metastasis, staging and treatment of subclinical node
disease [17,27]. Kakagia et al., in a prospective study with 142 patients with BSC, concluded
that tumor size >2 cm in addition to lymphatic and perineural invasion are significant deter-
minants of SLN micrometastasis [46]. In the absence of palpable lymphadenopathy, wide
resection and SLNB with long-term follow up is highly recommended in these patients [46].
However, a possible “preventive benefit” of early SLNB for the nodal spread and distant
metastasis needs further prospective controlled studies, with a longer follow-up period, in
order to be confirmed [46].

3.7.4. Radiotherapy–Chemotherapy

Adjuvant radiotherapy has been proposed by several authors for BSC, in the scenario
of positive surgical margins and the inability to re-excise the tumor in order to achieve them,
or in cases with local lymph node metastasis [2,12,17,47]. Although there are currently
no reports in the literature about the use of radiotherapy in BSCs, some authors, based
on their experience with aggressive and/or metastatic BCCs, suggest that treatment with
radiotherapy either alone or in combination with surgery may be an appropriate option
for the management of BSC, if standard surgical excision or MMS is not possible [12,48].
In a few cases of metastatic BSCs in the literature, palliative chemotherapy has been used
(adriamycine, cisplatine) [11].
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3.7.5. New Emerging Therapies

Vismodegib, a Hedgehog pathway inhibitor, is approved for the treatment of adults
with metastatic BCC, or with locally advanced BCC that has recurred after surgery, or
adults who are not candidates for surgery or radiation [31]. According to the available
literature data, the risk of SCC development in individuals treated with vismodegib is a
matter of controversy [49–51]. Taking into consideration the fact that BSC pathologically
displays features of both BCC and SCC, treatment with vismodegib might bear the risk of
the progression of the SCC component of the tumor. Indeed, reports of SCCs developing
in patients under vismodegib have been published and a case–control study with 180
patients found an increased risk of SCC in patients under treatment with vismodegib [49].
On the other hand, the largest published cohort study with 1675 patients suggested that
vismodegib is not associated with an increased risk of SCC while a systematic and a
narrative review of the literature concluded that the existing evidence does not justify an
association between vismodegib and SCC formation [31,51,52]. Moreover, there are three
very recent case reports including four patients in total which provide preliminary evidence
that vismodegib might be effective for difficult-to-treat BSC (Table 2) [53–55]. In all of
them, the lesions did not “transform” into purely squamous tumors but in contrast they
completely remitted and in two cases the remission was maintained for a very long period
of time [53–55]. Although the effect of vismodegib on BSC treatment definitely requires
further investigation in larger controlled studies, it could prove to be a future solution for
locally advanced BSCs despite the presence of a squamous component in the tumors.

Table 2. Studies which showed a complete response of locally advanced basosquamous carcinoma with vismodegib.

Source Study Design Number of Patients Results

McGrane J. et al. [53] Case report 1 Marked improvement, stable after 28 months

Apalla Z. et al. [54] Case series 2 Complete clinical response with long-term
follow up (12 and 18 months, respectively

Sahuquillo-Torralba A. et al.
[55] Case report 1 Complete

response after 7 months

Other treatments options such as the PD-L1 inhibitors pebrolizumab and cepilumab
have been used for the treatment of advanced-metastatic BCCs and SCCs but still there are
no literature data for their use in advanced BSC [56].

4. Conclusions

BSC remains a controversial entity, which belongs to the group of NMSCs, sharing
characteristics of both BCC and SCC. The differential diagnosis between a BSC and a BCC
cannot be made on the grounds of clinical examination. On the other hand, dermoscopy
could be more helpful in the diagnosis by revealing features of both components (BCC,
SCC) that are otherwise unrecognizable to the naked eye. Histology is the gold standard of
diagnosis. Early recognition and correct histologic classification contribute to the optimiza-
tion of the management of the tumor. Deep incisional biopsies and immunohistochemical
techniques (Ber-EP4 staining) facilitate correct diagnosis. In the absence of standardized
treatment protocols for BSC, prospective studies comparing various treatment options are
needed, in order to reach a consensus regarding ideal management. Surgical treatments,
including wide excision and Mohs’ micrographic surgery, remain the treatments of choice
for most clinicians. The addition of SLNB, radiation therapy, and imaging monitoring in
suspicious cases (tumor size >2 cm, perineural and lymphatic invasion) remain matters of
controversy. Radiotherapy could have a supportive role, postoperatively, when re-excision
is not possible or not allowed by the patient. Finally, a new treatment prospective such as
vismodegib must be thoroughly investigated, with large controlled trials, since it may offer
an alternative solution to irresectable or difficult-to-treat locally advanced cases of BSC.
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Simple Summary: Malignant melanomas (MMs) with aypical clinical presentation constitute a
diagnostic pitfall, and false negatives carry the risk of a diagnostic delay and improper disease man-
agement. Among the most common, challenging presentation forms of MMs are those that clinically
resemble seborrheic keratosis (SK). On the other hand, SK may mimic melanoma, producing ‘false
positive overdiagnosis’ and leading to needless excisions. The evolving efficiency of deep learning
algorithms in image recognition and the availability of large image databases have accelerated the
development of advanced computer-aided systems for melanoma detection. In the present study,
we used image data from the International Skin Image Collaboration archive to explore the capacity
of deep knowledge transfer in the challenging diagnostic task of the atypical skin tumors of MM
and SK.

Abstract: Malignant melanomas resembling seborrheic keratosis (SK-like MMs) are atypical, challeng-
ing to diagnose melanoma cases that carry the risk of delayed diagnosis and inadequate treatment.
On the other hand, SK may mimic melanoma, producing a ‘false positive’ with unnecessary lesion
excisions. The present study proposes a computer-based approach using dermoscopy images for the
characterization of SK-like MMs. Dermoscopic images were retrieved from the International Skin
Imaging Collaboration archive. Exploiting image embeddings from pretrained convolutional network
VGG16, we trained a support vector machine (SVM) classification model on a data set of 667 images.
SVM optimal hyperparameter selection was carried out using the Bayesian optimization method. The
classifier was tested on an independent data set of 311 images with atypical appearance: MMs had
an absence of pigmented network and had an existence of milia-like cysts. SK lacked milia-like cysts
and had a pigmented network. Atypical MMs were characterized with a sensitivity and specificity of
78.6% and 84.5%, respectively. The advent of deep learning in image recognition has attracted the
interest of computer science towards improved skin lesion diagnosis. Open-source, public access
archives of skin images empower further the implementation and validation of computer-based
systems that might contribute significantly to complex clinical diagnostic problems such as the
characterization of SK-like MMs.

Keywords: melanoma; seborrheic keratosis; SK-like MM; deep learning; knowledge transfer

1. Introduction

Malignant melanomas (MMs) with atypical clinical presentation constitute a diagnos-
tic pitfall, and false negatives carry the risk of a diagnostic delay and improper disease
management [1,2]. Among the most common, challenging presentation forms of MMs are
those that clinically resemble seborrheic keratosis (seborrheic keratosis-like MMs, SK-like
MMs) [3].
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SK is one of the most frequently diagnosed benign skin tumors in everyday clinical
practice. It is a hallmark of aged, chronically sun-exposed skin of older individuals, with
well-characterized, in most cases, diagnostic clinical features. The patients are usually
alarmed about the sometimes rapidly growing exophytic lesions; however, in most cases,
they can be assured that their growths are benign simply based on the clinical examination
and without the need for histologic confirmation. Moreover, in many clinically doubtful
cases, an additional dermoscopic assessment of the suspect lesion enables a clear-cut diag-
nosis of the condition based on a series of well-elaborated, typical dermoscopic features [4].
However, none of the SK dermoscopic findings is specific to SK [4], as they can be observed
in other skin tumors, including malignant ones, among which are also distinct MM cases
(SK-like MMs) [5].

The true incidence of SK-like MM is largely unknown since many of these lesions
are misdiagnosed as SK on the basis of the clinical and dermoscopic examination and are
not biopsied at this stage [3]. Izikson et al. [6], in a retrospective study covering ten years
(1992 to 2001), retrieved 9204 pathology reports of material admitted with the clinical
differential diagnosis SK. Melanoma was confirmed by histological examination in 61 of
these cases (0.66%).

SK-like melanoma shares clinical and dermoscopic features of SK and melanoma,
making the diagnosis challenging. A somewhat regular shape and the presence of benign
dermoscopic patterns suggestive of an SK lead to underestimating the true malignant
nature of this type of lesion. This ambiguity in the diagnosis was highlighted in a study
by Carrera et al. [7] in which 54 dermatologists with about ten years of clinical practice
clinically misdiagnosed 40% of 134 SK-like melanomas as benign lesions. An additional
dermoscopic evaluation could improve the overall diagnostic accuracy from 60.9 to 68.1%,
i.e., not more than by about 20%. Additionally, in the largest dermoscopic study of SK-like
melanomas to date, the dermoscopy score and the seven-point checklist score showed
benignity range with values 4.2 and 2 [5]. In the same study, Carrera et al. found that
the most helpful criteria in correctly diagnosing SK-like MMs, despite the presence of
other SK features, were the identification of blue–white veil, streaks, and a pigmented
network [5]. Noninvasive optical methods, such as reflectance confocal microscopy (RCM)
and optical coherence tomography can be employed to improve accuracy in melanoma
diagnosis [8–10]. However, in SK-like MMs, the application has been limited due to
frequent clinical, dermoscopic misdiagnosis [3].

The diagnostic grey zone between SK and MM becomes even broader as SK mimicking
melanomas (MMs-like SK) have also been reported, with an increased risk of false MM
diagnoses [11–14]. Dermoscopy of typical SK is characterized by milia-like cysts, comedo-
like openings, and brain-like and finger-like structures [4]. However, pigmented SK can
sometimes present dermoscopic patterns that mimic melanocytic lesions, the most frequent
of which is the so-called false pigmented network. Dermoscopic evaluation of 402 lesions
indicated that pigmented SK could show at least one of the criteria most predictive of
melanocytic proliferations [11].

Recent studies have highlighted the contribution of RCM in characterizing MM-like SK.
Farnetani et al. [15] retrospectively evaluated RCM images of atypical SK lesions suspicious
of MM at dermoscopy to identify a diagnostic approach able to minimize surgical biopsies
or excisions. They assessed 111 facial lesions with histological SK diagnosis. By dermoscopy,
most lesions (n = 83 lesions, 75%) were classified as melanocytic-like. With RCM, only 16%
were classified as suspicious of malignancy, with the remaining 84% considered ‘SK-like’.
The presence of RCM features associated with typical SK, the rare presence of melanoma-
associated features, and the absence of medusa head-like structures seem to be the most
sensitive indicators for atypical SK facial lesions.

In another retrospective study, Pezzine et al. [16], applied RCM to analyze excised
skin lesions with a ≥1 score of the revisited seven-point dermoscopy checklist [17]. Their
objective was to evaluate the agreement of RCM classification and histological diagnoses
and the reliability of well-known RCM criteria for SK in identifying SK with atypical
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dermoscopy presentation. An excellent agreement (97%) was confirmed for RCM and
histopathologic examination for SK with atypical dermoscopy presentation, allowing an
effective noninvasive differential diagnosis. More importantly, RCM features in this group
of atypical lesions were similar to those described for typical SK cases.

Recently, computer-aided diagnosis (CAD) systems are increasingly combined with
various noninvasive imaging techniques to encompass advanced image processing and
enable the application of artificial intelligence (AI) methods to improve diagnostic accu-
racy [18–20]. In the field of quantitative noninvasive optical techniques, Bozsànyi et al. [21]
assessed the usefulness of spectral reflectance and autofluorescence measurements of MM
and SK for their accurate differentiation. Using image analysis, they have extracted quanti-
tative autofluorescence intensity measures and created a multiparameter descriptor—the
SK index. High values of SK index (resulting from high fluorescence intensity values and
the number of highly autofluorescent particles detected in the lesion area) were associated
with SK lesions and were mainly caused by the milia-like cysts and comedo-like open-
ing, which are primarily filled with keratin. On the other hand, compared with SK, the
melanomas exhibited significantly lower intensity values. The authors used a threshold
value of SK index and discriminated SK (n = 319) from MM (n = 161) with a sensitivity of
91.9% and specificity of 57.0%. It is worth noting that their data set included six image sets
of MM-like SK and 52 image sets of SK-like MM; however, they did not clarify the clinical
or dermoscopic atypia criteria of these latter cases.

In the same context, Wang et al. [22] developed a support vector machine (SVM) clas-
sification model fed with speckle patterns estimated from image histogram of copolarized
and cross-polarized speckle images and a depolarization ratio image D to differentiate
between MM and SK. Using a data set of 143 patients (MM n = 37, SK n = 106), they could
discriminate SK from MM with this approach with a sensitivity of 87.63% and a specificity
of 85.74%.

The increasing worldwide integration of dermoscopy in clinical dermatology prac-
tice [23,24], the evolving efficiency of deep learning algorithms in image recognition, and
the availability of extensive image archives have greatly accelerated the development
of advanced CAD systems for melanoma detection [25–30]. Earlier efforts were mainly
concentrated on discriminating benign melanocytic lesions from MM. However, with the
availability of large image datasets, the interest has shifted towards a more sophisticated
categorization of skin tumors. Today, the largest, publicly available dataset of dermoscopic
images is the International Skin Image Collaboration (ISIC) archive [31]. ISIC promotes
CAD-based research by sponsoring annual related challenges for the computer science
community in association with leading computer vision conferences. Thus in recognition
of the immense clinical impact of differentiating between MM and SK, in 2017 ISIC released
a focused dataset with a three-task challenge: lesion segmentation, visual dermoscopic
features detection, and lesion discrimination firstly between melanoma vs. nevus and
seborrheic keratosis (malignant vs. benign lesions), and secondly between seborrheic
keratosis vs. nevus and melanoma (nonmelanocytic vs. melanocytic lesions) [32].

In the present study, we used image data from the ISIC archive to investigate the
discrimination efficiency of image embeddings derived from pretrained convolutional
network VGG16 to differentiate between MM and SK in the challenging diagnostic task
of the preinvasive diagnosis of SK-like MMs. To the best of our knowledge, this study is
the first effort exploring the capacity of deep knowledge transfer in refined complexity
diagnostic tasks of clinically atypical skin tumors.

2. Materials and Methods
2.1. Data Set Description

Our data set comprised 978 dermoscopic images (malignant melanoma, MM, n = 550;
seborrheic keratosis, SK, n = 428) retrieved from the International Skin Image Collaboration
archive [31]. Patients’ metadata are summarized in Table 1.
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Table 1. Patient metadata: Gender and age of the patients.

Patient Characteristics MM SK

Female 240 195
Male 248 230

Undefined 62 3

Mean Age 60.8 64
Median Age 65 65

Standard Deviation (SD) of Age 15.9 13.3
MM: malignant melanoma, SK: seborrheic keratosis.

The clinical diagnosis of all MM cases and of 310 SK cases (72.4%) was confirmed by
histological examination.

A large part of the images came from ISIC 2017 challenge [32]. This database provides
ground truth lesion images with annotation of the lesion area and the dermoscopic patterns.
To enhance our training set, we retrieved 200 additional images (n = 100 MM, n = 100 SK;
the BCN_20000 dataset, Hospital Clínic de Barcelona) from the ISIC archive. For the
remaining images (BCN_2000 dataset), the lesion area was annotated manually by our
experts. The study did not include images in which hair (or another type of noise such
as bubbles) substantially corrupted the lesion area. The image resolution in the dataset
ranged from 639 × 602 to 6720 × 4461 pixels.

To train our system, we used n = 349 cases of MM and n = 318 cases of SK. The
inclusion criteria of dermoscopic images in the test set (MM n = 201, SK n = 110) were
the presence of at least one atypical dermoscopy pattern. For MM, this is the absence of
pigmented network or the presence of milia-like cysts (or both). On the other hand, atypical
SK lacked milia-like cysts or had a pigmented network (or both) (Figures 1 and 2).

Figure 1. Atypical cases: (a) MM with milia-like cysts (annotated) (b) SK with a pigmented network
(annotated). Scale bar = 5mm applies to both panels. Images in the figure were adapted to a uniform
magnification (compare same lengths of the original integrated dermatoscope scale) Figures are
available online [31].

2.2. Feature Extraction Using Deep Knowledge Transfer

The objective of machine learning in CAD systems is to extract patterns from images
and use these patterns to make diagnostic predictions. These patterns are feature vector
representations of input images, also called embeddings. From the deep learning per-
spective, using pretrained embeddings to encode images into feature vectors is known as
transfer learning [33]. A typical example is to repurpose pretrained embeddings trained on
a large corpus of millions of images [34] for a large-scale classification task to implement a
classification model for a different classification task, with much fewer data available.
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Figure 2. Examples of MM (a) and SK (b) cases. Pairs (left-right) of selected cases are displayed to highlight the distinct
overlap of the morphological features. Scale bar = 5mm applies to all panels. All images in the figure were adapted
to a uniform magnification (compare same lengths of the original integrated dermatoscope scale) (Figures are available
online [31]).

Several studies have indicated that embeddings extracted from deep convolutional
neural networks (CNNs) are powerful for various visual recognition tasks [35–37]. Their
outstanding performance as image representation learners grew the trend of utilizing them
as optimized feature generators for skin lesion classification [38–43]. Our work, aligned
with previous research evidence, explores the efficiency of the pretrained CNN, namely
the VGG16 [44] as the starting point, for the generation of image embeddings in order to
discriminate between cases of atypical MM and atypical SK.

As a conventional deep CNN, VGG16 is a 16-layer architecture that consists of convolu-
tional and fully connected parts. VGG16 pretrained on ImageNet is a classifier architecture
for distinguishing a large number of object classes [34]. This goal is achieved gradually by
learning image representations in a hierarchical order (Figure 3).
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Figure 3. VGG16 architecture and the image representation hierarchies.

Top layers capture more abstract and high-level semantic features. They are robust
at distinguishing objects of different classes (i.e., flowers, dogs, etc.) even at significant
appearance changes or in the presence of a noisy background. Still, they are less discrimina-
tive to objects of the same category (i.e., differentiate between different species of flowers).
Moreover, several studies confirmed that the fully connected layers of the CNN, whose role
is primarily that of classification, tend to exhibit relatively worse generalization ability and
transferability [45]. In contrast, the lower convolutional layers provide more detailed spa-
tial representations. They are more helpful to localize fine-grained details and distinguish
a target object from its distracters (other objects with similar appearance, i.e., distinguish
between bird species). However, they are less robust to appearance changes. The convo-
lutional layers, acting progressively from fine, spatial to coarse, abstract representations
generally transfer well [33,37,45,46] to diverse classification tasks. Based on this evidence,
in the present work, we aimed to find the optimal transition point in the convolutional
layers to mine high-capacity image representations for the challenging diagnostic task of
SK-like MMs characterization.

We exploited image representations from the layers “pool2–pool5”. For comparison
purposes, we also extracted the fully connected layers’ “FC6”, “FC7” feature maps so that
we can contrast the behavior of the convolutional and fully connected layers (Figure 3).

Finally, the efficiency of VGG16 representations was compared with hierarchical
feature embeddings from the ResNet50 convolutional network [47]. Image encoding from
fine spatial to coarse abstract, was explored using the layers ReLU_10, ReLU_22, ReLU_40,
and ReLU_49.

The image representation of a convolutional layer (activation) forms a tensor of
HxWxd, consisting of d feature maps of size H × W. Each feature map is flattened using
global average pooling to produce a d-dimensional feature vector. Table 2 summarizes the
different VGG16 and ResNet50 layers’ representations and their resulting feature vectors
for an input image of 224 × 224 × 3 pixels.
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Table 2. VGG16 and ResNet50 pretrained image representations and their corresponding d-
dimensions feature vectors by global averaging. CNN: convolutional neural network.

CNN Layer Imager Representation
(Activation)

Feature Vector
Dimension (d)

VGG16

Pool2 56 × 56 × 128 128
Pool3 28 × 28 × 256 256
Pool4 14 × 14 × 512 512
Pool5 7 × 7 × 512 512
FC6 1 × 1 × 4096 4096
FC7 1 × 1 × 4096 4096

ResNet50

ReLU_10 56 × 56 × 256 256
ReLU_22 28 × 28 × 512 512
ReLU_40 14 × 14 × 1024 1024
ReLU_49 7 × 7 × 2048 2048

2.3. Implementation and Evaluation of the Diagnostic Model

The extracted deep feature vectors (Table 2) were used to train different binary SVM
classifiers. SVM is the classifier of choice for assessing representations from pretrained
CNNs [35,36]. For all SVM models, optimal hyperparameter selection (Box Constraint,
Kernel function, Kernel scale, Polynomial order) was carried out using the Bayesian
optimization method [48] that minimizes k-fold (k = 5) cross-validation classifier error.
For each model, the accuracy performance was evaluated in an independent data set of
challenging cases of MM and SK in terms of sensitivity, specificity, and overall accuracy:

Sensitivity =
TP

TP + FN
(1)

Speci f icity =
TN

TN + FP
(2)

Accuracy =
TP + TN

TP + FP + TN + FN
(3)

where TN is the number of SK correctly identified, FN is the number of MM incorrectly
identified as SK, TP is the number of MM correctly identified, and FP is the number of SK
incorrectly identified as MM.

The models’ accuracies were assessed with the McNemar test to detect whether the
misclassification rates between any of the two models were statistically significant or
not [49,50].

2.4. Image Preprocessing

Before being used as input to pretrained CNNs, all images were preprocessed fol-
lowing a standard pipeline of color normalization, cropping, and resizing (Figure 4). To
achieve a color constancy in the whole data set, we used the Grey world color constancy
method [51], initially used by [52] and followed by many researchers in automated skin
classification works [53–55]. Finally, the exact lesion dimensions were used to crop the
images as proposed in [55].
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Figure 4. Image preprocessing example. (a) Each image is color normalized and combined with the
lesion image mask to produce (b) the final lesion-cropped and adequately resized input to the CNN
model. Scale bar = 5mm. (Figure available online [31]).

3. Results

Bayesian optimization was run for 100 iterations, and different image embeddings
from pretrained VGG16 and ResNet50 layers resulted in different classification models,
with noticeable differences in test classification accuracies (Table 3).

Table 3. SVM classification models performance using different image representations. Bold annota-
tion highlights the best performance yielded by VGG16 and ResNet50, respectively.

CNN Layer SVM Model Sensitivity (%) Specificity (%) Accuracy (%)

VGG16

Pool2 Polynomial 56.7 86.4 67.2
Pool3 Gaussian 78.6 84.5 80.7
Pool4

Linear

68.2 90.9 75.2
Poo5 59.2 85.4 68.5
FC6 57.2 86.4 67.5
FC7 62.2 82.7 69.4

ResNet50

ReLU_10 Polynomial 68.1 86.4 74.6
ReLU_22 Gaussian 76.1 85.4 79.4
ReLU_40

Linear
70.6 89.1 77.2

ReLU_49 62.7 86.4 71.1

The SVM model with a gaussian kernel using feature vectors from the ‘pool3’ layer
exhibited the best overall accuracy of 80.7% (251/311 cases) and a sensitivity and specificity
of 78.6% (158/201 cases) and 84.5% (93/110 cases), respectively. The highest specificity,
90.9% (100/110 cases), was achieved by a linear SVM classifier and features from the convo-
lutional layer ‘pool4’. Considering the ResNet50 approach, there was also the SVM model
with a gaussian kernel using feature vectors from the ‘ReLU_22’ layer that exhibited the best
overall accuracy of 79.4% with a sensitivity and specificity of 76.1% and 85.4%, respectively.

More detailed comparison results are illustrated in Table 4, where the statistical
significance (McNemar test) of the differences in the observed accuracies is displayed.
Considering the VGG16 embeddings, layer ‘pool3’ produced significantly better sensitivity
and overall accuracy with more than a 99.9% confidence level. The ‘pool4’ layer outper-
formed the sensitivity and overall accuracy of pool5 and FC7 layers with a confidence of
more than 95% and those of layers pool2 and FC6 with a confidence of more than 99.9%.
The fully connected layer FC7 outperformed the FC6 layer in sensitivity with more than
95% confidence.
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Table 4. Cross-comparison of the classifiers’ accuracies (McNemar test). The arrowheads point to the classifier with the
highest accuracy, and the lines denote comparable accuracies. The overall accuracy, sensitivity, and specificity results are
denoted with dark, red, and blue colors. For example, comparing the performance of layers’ representations FC6 and
FC7, the FC7 layer exhibited statistically higher sensitivity with a confidence level of more than 95%. Only p-values of
significantly different outcomes are displayed.

Pool2 Pool4 Pool5 FC6 FC7 ReLU_22

Pool3 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001

Pool2 - p < 0.001 p < 0.001

Pool4 - - p < 0.05 p < 0.001 p < 0.05 p < 0.001

Pool5 - - - p < 0.001

FC6 - - - - p < 0.05 p < 0.001

FC7 - - - - - p < 0.001

Overall, all the representations resulted in comparable levels of specificity.

4. Discussion

The importance of the timely diagnosis of difficult to recognize melanomas that can
clinically resemble benign tumors, such as the SK-like MMs, has been emphasized in
previous studies [3,5,7,55,56]. Carrera et al. have indicated specific dermoscopic criteria
for correctly identifying such challenging SK-like MM cases [5]. On the other hand, given
their larger numbers and significant dermoscopic variability, SK may, at times, mimic
melanoma contributing to the clinical MM overdiagnosis [14,15]. RCM may help diagnose
challenging cases [3], and recent studies have highlighted the ability of RCM patterns to
identify SK with atypical dermoscopy presentation [15,16]. However, there is a lack of
related RCM studies focusing on SK-like MM [3]. Moreover, these later studies [5,15,16]
have unilaterally highlighted the diagnostic accuracy of dermoscopic and RCM features.
The dermoscopic features that assist experts in characterizing SK-like MM have not been
employed to assess atypical cases of SK, and the specific RCM patterns were not evaluated
in SK-like MM cases. Moreover, the use of RCM is time-consuming, and the increased cost
of the equipment restricts the wide availability of this technology.

Today, with the rapid advancement of deep learning methods and the publicly avail-
able data sets, dermoscopic images almost monopolize the research interest of CAD skin
lesion systems. Numerous breakthrough studies, mainly from the field of computer sci-
ence, have demonstrated high (expert-level) accuracy in melanoma detection. These high
accuracy rates are either related to binary classification tasks as benign vs. malignant or
multidifferential diagnosis tasks. In this study, we explored the potential of deep knowl-
edge transfer to approach the challenging ‘grey zone’ of atypical cases of MM and SK.
Studying the different image representation transfer results from a well-known VGG16
architecture and following a standard workflow, we achieved a sensitivity of 78.6% and a
specificity of 84.5% using the convolutional layer ‘pool3’ as a feature extractor. Our results
confirm that meaningful feature reuse is concentrated at the convolutional layers rather
than at higher, fully connected layers [33,36]. We have also tested the ResNet50 network,
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and we have verified the existence of the optimal transition from fine spatial to coarse
semantic features through the deeper convolutional blocks of ResNet. However, since the
discriminating image embeddings are located at the middle layers, the middle-level image
embeddings from ResNet50 are of comparable capacity to that of middle-level VGG16.

Moreover, a meta-analysis of 70 studies on CAD systems, published between 2002
and 2018 [19], gave a melanoma sensitivity of 0.74 (95% CI, 0.66–0.80) and a specificity of
0.84 (95% CI, 0.79–0.88), indicating that we have tackled the challenging discrimination of
SK-like MMs with comparable accuracies.

In future work, aggregating methods to combine embeddings from middle convolu-
tional layers of the same network or different networks in a global, dense image represen-
tation might further boost the system’s accuracy. However, the availability of annotated
and high-quality image data remains the key contributor to improving accuracy.

Our present contribution is thus twofold: Firstly, the comprehensive evaluation of the
transferability of features from different layers of pretrained VGG16 and ResNet50 unveiled
the excellent efficiency and generalization properties of the middle-level convolutional
layers. Secondly, we targeted a challenging diagnostic task where key dermoscopic patterns
of either condition are shared between benign and malignant lesions. It is worth noting
that the herein proposed CAD system is aligned with the recent technological advances
in smartphone-based teledermatology that promise to enhance diagnostic efficacy at the
clinical level [57].

The main limitation of this study is that the feature extraction from pretrained image
embeddings is acting more like a black box. The exploited image patterns generate little
human interpretable evidence of lesion diagnosis. The effectiveness of this algorithm in
prediagnosed cases is within the scopes of a future prospective study.

5. Conclusions

Deep learning has boosted the efficiency of CAD systems significantly. With the pub-
licly available data collections, the computer science community has now the opportunity
to test the accuracy of these systems in melanoma diagnosis. Moreover, when these systems
clearly focus on a specific diagnostic task and are trained and tested sufficiently, they may
support dermatologists in challenging diagnostic tasks.
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Simple Summary: Immunotherapies and targeted therapies have led to improved melanoma sur-
vival in clinical trial settings. While this is also true in real-world settings, it is much less studied.
Clinical trials have strict inclusion criteria and, therefore, a relatively homogenous set of participants.
However, this is not the case in real-world settings, and the differences in characteristics are rarely
described in association with survival. In this 3D total-body photography imaging study, we describe
the characteristics and clinical outcomes of 41 study participants who received immuno- and/or
targeted therapies for metastatic melanoma in a real-world setting. After a median of 39 months
follow-up, 59% (n = 24/41) of the participants were alive. Our sample size was too small to detect
significant differences between patient characteristics; however, despite the majority of our partic-
ipants having multiple comorbidities, survival was similar to previous reported clinical trials and
other real-world settings.

Abstract: Immunotherapies and targeted therapies have shown significant benefits for melanoma
survival in the clinical trial setting. Much less is known about the characteristics and associated out-
comes of those receiving such therapies in real-world settings. This study describes the characteristics
of patients with advanced melanoma receiving immuno- and/or targeted therapies in a real-world
setting. This prospective cohort study enrolled participants aged >18 years, diagnosed with advanced
melanoma and currently undergoing immuno- and/or targeted therapies outside a clinical trial for
follow-up with three-dimensional (3D) total-body imaging. Participants (n = 41) had a mean age
of 62 years (range 29–86), 26 (63%) were male and the majority (n = 26, 63%) had ≥2 comorbidities.
After a median of 39 months (range 1–52) follow-up, 59% (n = 24/41) of participants were alive.
Despite multiple co-morbidities, the survival of participants with advanced melanoma treated using
immuno- and/or targeted therapies was similar or better in our real-world setting compared to
those treated in clinical trials using similar therapies. Larger studies powered to evaluate phenotypic
and socio-economic characteristics, as well as specific comorbidities associated with survival in a
real-world setting, are required to help determine those who will most benefit from immuno- and/or
targeted therapies.

Keywords: advanced melanoma; immunotherapy; targeted therapy; survival; real-world setting
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1. Introduction

Australia and New Zealand have the highest incidence rates of melanoma in the
world [1,2]. The risk of developing melanoma is associated with multiple characteristics,
including socio-demographic (e.g., age, country), clinical (e.g., melanoma history), envi-
ronmental (e.g., sun exposure), behavioural (e.g., use of sun protection) and phenotypical
(e.g., hair, skin colour) [3–5]. When diagnosed early, the 5-year survival rate is typically
greater than 90% [6]. However, until recently, there was a reduced survival rate of 18% for
those diagnosed with advanced metastatic melanoma [3].

Over the past decade (2010–2020), there have been significant improvements in the
treatment options for advanced melanoma, particularly through the use of immunotherapy
(e.g., programmed cell death 1, PD-1; cytotoxic T-lymphocyte-associated protein 4, CLTA-4)
and targeted therapy (e.g., mitogen-activated protein kinase, MEK; B-Raf proto-oncogene
serine/threonine kinase, BRAF), resulting in improved survival [7]. These therapies are
currently considered as the standard of care and the first-line treatment for advanced
stage melanoma, given the rapid treatment response, efficacy against brain metastases
and long-term treatment benefits [8]. A recent review [9] reported that 5 year survival of
metastatic melanoma patients in clinical trials was 1 in 2 for those receiving a combination
of immunotherapy [10] and more than 1 in 3 when receiving a combination of BRAF/MAPK
kinase targeted therapy [11] or single-agent PD-1 blockade [12]. This is a stark improvement
to the <5% survival of metastatic melanoma patients 10 years ago [13]. However, clinical
trials follow strict inclusion and exclusion criteria where age, health and accessibility criteria
may not reflect the true heterogeneity of people treated for metastatic melanoma in the
real-world.

Several studies have been conducted in real-world settings to determine the survival
outcomes after immuno- and/or targeted therapies. A Dutch study evaluated 1004 ad-
vanced melanoma patients treated between 2014–2017 who were ineligible for clinical trials
and found poorer overall survival (8.8 vs. 23 months). The study found poorer survival
was associated with Eastern Cooperative Oncology Group Performance Score ≥ 2, brain
metastases and lactate dehydrogenase > 500 U/L [14]. However, smaller studies have
reported survival rates more similar to those of clinical trials, including a US study (n = 484)
with an overall survival rate of 20.7 months [15] and a Slovenian study (n = 116) with
overall survival of 33 months in advanced cutaneous melanoma patients [16]. A German
real-world study showed, for advanced melanoma patients with mutant BRAF (V600E/K),
a higher overall survival of 29 months for those receiving PD-1 compared with 12 months
for those receiving dual MAPKi [17]. Many of these studies required participants to be
receiving a specific immunotherapy, whereas there is sparse published research reflecting
the real-world scenario where participants often receive multiple treatments (immuno-
and/or targeted therapies), and in combinations that change over time. This prospective
cohort study was designed to use 3D total-body photography to observe changes in naevi
over time and provided the opportunity to comprehensively describe the characteristics,
treatment and survival of a series of advanced-stage melanoma patients receiving immuno-
and/or targeted therapies in a real-world setting in Queensland, Australia.

2. Methods and Materials
2.1. Study Setting and Participant Recruitment

This prospective cohort study enrolled participants with advanced melanoma at the
Dermatology Outpatients Department at the Princess Alexandra Hospital, Queensland,
Australia, between June 2016 and December 2017. Participants were eligible for inclusion
if they were >18 years of age, diagnosed with stage III–IV melanoma and were then
undergoing treatment with immuno- and/or targeted therapy. Concurrent enrolment in a
clinical trial during 12 months’ follow-up excluded participants from participating in this
observational study. Participants were actively followed for 12 months with 3D total-body
imaging to study the natural history of naevi in participants undergoing immuno- and/or
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targeted therapy. Inactive observation ended on 31 October 2020 where further treatment
and survival outcome data were collected from electronic medical records.

2.2. Data Collection

Socio-demographic, environmental, phenotypic and clinical characteristics were col-
lected by clinical research assistants using standard questionnaires. The socio-demographic
characteristics collected including gender, age, private health insurance and highest ed-
ucational attainment. Participants were asked about their sun exposure patterns, such
as whether their occupations after leaving school and their sport and leisure activities
were indoors or outdoors. The participants’ natural hair colour at age 21 and severity of
freckling were recorded. Freckling density was assessed on three body sites, the face, the
dorsum of the right arm and the shoulders, and rated for level of freckling by clinic staff
from 1 for ‘none’ to 4 for ‘severe’. The composite of these was given an overall freckling
score [18] and re-categorised into none/light (1–3), mild (4–6), medium (7–9) and severe
(10–12). Body mass index (BMI) was calculated and categorised according to World Health
Organization (WHO) [19]. Three-dimensional total-body images along with dermoscopic
images of all naevi > 5 mm were collected every 4 months. For those with longitudinal
follow-up, change was evaluated across all available sequential dermoscopic (range 2–4)
images by a dermatology registrar and confirmed by a senior dermatologist. Change was
defined as a change > 15% in size, shape, colour, profile or naevus dermoscopic pattern
and categorised as decreasing, stable or increasing. Clinical staff collected melanoma
history and comorbidity information from electronic medical records and included details
of melanoma diagnosis (such as primary melanoma location, multiple primary melanomas
diagnosed), time since diagnosis (the first and the most recent melanoma if applicable) and
details of treatment received during study timeline.

2.3. Statistical Analyses

Descriptive statistics were used to determine the frequency and distribution of partici-
pants’ socio-demographic, clinical, environmental, behavioural and phenotypic character-
istics. Continuous variables were summarised as means with standard deviation (SD) or
medians (range) as appropriate, with categorical variables as frequency and proportion.
Survival status was calculated as of the censored date (OS) of 31 October 2020. Follow-up
time was calculated from the time between baseline visit to censored date according to the
survival status of participants. Median overall survival time could not be calculated as
> 50% of participants were still alive at the end of the observation period. All statistical
analyses were performed in SPSS 27.0 (Statistical Package for the Social Sciences software,
IBM SPSS Statistics for Windows, Chicago, IL, USA) or R [20].

3. Results

Forty-three participants were enrolled in the study between June 2016 and December
2017, and 2 were excluded as no record was found of the participants receiving immuno-
and/or targeted therapies. Therefore, 41 participants were followed for a median of
39 months (range 1–52 months).

3.1. Baseline Characteristics

The participants had a median age of 65 years (range 29–86), and the majority were
male (n = 26, 63%) (Table 1). The minority had private health insurance (n = 10, 29%), and
just over half of participants had a post-high school qualification (n = 23, 56%). Approxi-
mately half of participants (n = 23, 56%) worked mainly indoors, with most participants
spending their leisure time outdoors (n = 28, 68%). About half reported dark brown or
black hair at age 21 (n = 21, 51%), with innate skin colour classified as fair in the major-
ity (n = 31, 76%). Approximately half of the participants had no or only mild freckling
on their arms, shoulders and faces (n = 18, 44%), while the remainder had medium to
severe freckling (n = 23, 56%). Median naevus count > 5 mm was 8 (range 1–60.) Based on
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BMI, one participant was underweight, 15 (37%) were considered normal weight, 10 (24%)
overweight and 15 (37%) obese.

Table 1. Baseline sociodemographic and clinical characteristics (frequency, column percentages) of
participants with advanced melanoma by survival status (frequency, row percentages).

n = 41 (%) Alive
n = 24 (59%)

Deceased
n = 17
(41%)

Socio-demographic characteristics, n (%)

Age 1: Mean (SD) 62 [14] 61 [16] 63 [13]
Category
≤65 years
>65 years

21 (51)
20 (49)

12 (57)
12 (60)

9 (43)
8 (40)

Gender
Male

Female
26 (63)
15 (37)

14 (54)
10 (67)

12 (46)
5 (33)

Private health insurance
Yes 10 (24) 8 (80) 2 (20)
No 24 (59) 13 (54) 11 (46)

Not Reported 7 (17) 3 (43) 4 (57)

Education
Higher school or less 18 (44) 9 (50) 9 (50)

Post-high school qualification 23 (56) 15 (65) 8 (35)

Environmental exposure, n (%)

Occupations since leaving school
Mainly indoors 18 (44) 12 (67) 6 (33)

Mainly outdoors/both indoors and outdoors 23 (56) 12 (52) 11 (48)
Overall sports and leisure activity

Mainly indoors/both indoors and outdoors 13 (32) 9 (69) 4 (31)
Mainly outdoors 28 (68) 15 (54) 13 (46)

Phenotype characteristics, n (%)

Naevi Count (>5 mm)
Median (range) 8 (1–60) 8 (1–59) 9 (3–60)

Natural hair colour at age 21
Red/auburn/blonde/light brown 21 (51) 16 (76) 5 (24)

Dark brown/black 20 (49) 8 (40) 12 (60)
Innate skin colour

Fair 31 (76) 19 (61) 12 (39)
Medium or olive 10 (24) 5 (50) 5 (50)

Facultative skin colour
Fair 16 (39) 11 (69) 5 (31)

Medium or olive 25 (61) 13 (52) 12 (48)
Freckling score
Nil/mild (0–6) 18 (44) 11 (61) 7 (39)

Mild/severe (7–12) 23 (56) 13 (57) 10 (43)
Body mass index (kg/m2)

Normal (≤24.9) 2 16 (39) 10 (63) 6 (37)
Overweight (25.0–29.9) 10 (24) 4 (40) 6 (60)

Obese (≥30.0) 15 (37) 10 (67) 5 (33)
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Table 1. Cont.

n = 41 (%) Alive
n = 24 (59%)

Deceased
n = 17
(41%)

Clinical characteristics

Number of comorbidities
None 5 (12) 3 (60) 2 (40)

1 10 (25) 5 (50) 5 (50)
2 or more 26 (63) 16 (62) 10 (38)

Comorbidities 3

Hypertension
Yes 14 (34) 7 (50) 7 (50)
No 27 (66) 17 (37) 10 (63)

Hypercholesterolemia or hyperlipidemia
Yes 10 (22) 6 (60) 4 (40)
No 31 (78) 18 (58) 13 (42)

Cardiovascular disease
Yes 8 (20) 4 (50) 4 (50)
No 33 (80) 20 (61) 13 (39)

Diabetes mellitus
Yes 8 (20) 3 (38) 5 (62)
No 33 (80) 21 (64) 12 (36)

Melanoma history

Number of primary melanomas
1 22 (54) 14 (64) 8 (36)

2–7 17 (41) 10 (59) 7 (41)
Time since diagnosis of most recent primary melanoma (n= 36) 4

≤5 years 21 (58) 12 (57) 9 (43)
5 to ≤10 years 11 (30) 8 (73) 3 (27)
≥11 years 4 (12) 3 (75) 1 (8)

Time since diagnosis metastatic melanoma
≤1 year 16 (39) 0 16 (100)

2 to 3 years 13 (32) 12 (92) 1 (8)
≥4 years 12 (29) 12 (100) 0

Melanoma stage
Stage III 5 (12) 3 (60) 2 (40)
Stage IV 36 (88) 21 (58) 15 (42)

Brain metastasis
Yes 9 (22) 3 (33) 6 (67)
No 32 (78) 21 (66) 11 (34)

NR: Not reported, SD: standard deviation. 1 Median: 65 years: range: 29 to 86 years; 2 includes 1 underweight
(BMI = 16.8); 3 percentages do not add up to 100 as participants could have multiple co-morbidities; 4 Median:
5 years: range: 1 to 24 years

3.2. Comorbidities

The majority of participants had multiple comorbidities (n = 26, 63%) (Table 1). The
most common comorbidity was hypertension (n= 14, 34%), followed by hypercholes-
terolemia or hyperlipidemia (n = 10, 22%). A considerable number of participants also
reported cardiovascular disease (n = 8, 19%), diabetes mellitus (n = 8, 19%), cancer other
than skin cancer (n = 4, 8%) and liver disease (n = 4, 9%).

3.3. Melanoma History

About half of participants (n = 22, 54%) had only one previous melanoma, while
17 participants (n = 41%) had multiple prior melanomas (range 2–7) (Table 1). The median
time since diagnosis of the first and most recent primary melanoma was 6 years (2–24)
and 5 years (1–24), respectively. The most recent primaries were located primarily on the
chest/abdomen (n = 12, 29%), followed by the head and neck (n = 10, 24%), lower limbs
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(n = 9, 22%), back (n = 4, 10%) and upper limbs (n = 3, 7%). Three participants (7%) had
unknown primaries. Most participants had stage IV metastatic melanoma (n = 36, 88%),
while the remaining 5 (12%) had stage III melanoma with only lymph metastases reported.
Twenty-two per cent (n = 9) reported brain metastases.

3.4. Treatments Received for Advanced Melanoma

Around two-thirds of participants (n = 24, 59%) received two or more therapies
(Table 2). PD-1 blocker was the first line of treatment for the majority of patients (63%,
n = 26), followed by the combination of BRAF and MEK inhibitors (n = 9, 22%). The most
common immuno- and/or targeted therapies prescribed for the treatment of advanced
melanoma in this case series were PD-1 blocker (pembrolizumab, n = 29), BRAF inhibitor
(dabrafenib, n = 14) and MEK inhibitor (trametinib n = 14). Treatment regimens were
commonly adjusted due to progressive disease (n = 19), toxicity or other adverse effects
(n = 8). At the censoring date (October 2020), five participants were still receiving treatment
(Table 2).

Table 2. Immunotherapy and/or targeted therapy delivered to the participants with advanced
melanoma at any time throughout follow-up. Percentages do not add up to 100 as participants could
receive multiple treatments over the follow-up period.

Type of Treatment Delivered n = 41 (%) Alive, n = 24 (%) Deceased, n = 17 (%)

Immunotherapy at any time

PD-1 blocker
Pembrolizumab 29 (71) 17 (71) 12 (71)

Nivolumab 13 (32) 6 (25) 7 (41)
Atezolizumab 1 (2) 0 1 (6)

CTLA-4 blocker
Ipilimumab 13 (32) 7 (29) 6 (35)

Targeted therapy at any time

MEK inhibitor
Trametinib 14 (34) 8 (33) 6 (35)

BRAF inhibitor
Dabrafenib 14 (34) 8 (33) 6 (35)

Vemurafenib 3 (7) - 3 (18)
MEK inhibitor
Cobimetinib 2 (5) - 2 (11)

Total number of melanoma treatments received during follow-up

One 17 (41) 1 (4) 6 (35)
Two or more 24 (59) 13 (54) 11 (65)

Combination of immune- and targeted
therapy at one time 3 (7) 2 (8) 1 (6)

Continuation of treatments until October
2020 5 (12) 5 (21) -

Line of treatment *
(June 2016–October 2020) PD-1 blocker

PD-1 and CTLA-4
blockers

combination

BRAF and MEK
inhibitors

combination
Other ¶

First-line treatment (n = 41) 26 (63) 4 (10) 9 (22) 2 (5)
Second-line treatment (n = 19) 4 (21) 6 (31) 4 (21) 5 (26)

Third-line and following treatment (n = 3) 1 (33) 1 (34) 1 (33) 0
¶ Included ipilimumab, dabrafenib and trametinib alone. * The line of treatment was determined from the delivery
of immuno- and/or targeted therapies to the participants with advanced melanoma after enrolment in this study
according to date. Percentages presented by row.

3.5. Overall Survival

After a median follow-up time of 39 months, 24 (58%) participants were alive. The
sample size did not allow testing for significant differences between those alive and those
deceased; however, here we summarise characteristics showing a difference in survival at
proportions greater than 10% (Table 1). A slightly higher proportion of females survived
compared with males (67% vs. 54%). A higher proportion of those with private health
insurance (80%) survived, compared with those without private health insurance (54%)
and those that did not report whether they had insurance (43%). Those who worked mainly
indoors as opposed to mainly outdoors or both indoors and outdoors showed higher rate of
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survival (67% vs. 52%). Similarly, a higher proportion of those who spent their leisure time
‘mainly indoors’ or ‘both indoors and outdoors’ survived opposed to those who spent their
leisure time ‘mainly outdoors’ (69% vs. 54%). Participants with red/auburn/blonde/light
brown hair showed higher levels of survival compared to those with dark brown or black
hair (76% vs. 40%). A higher proportion of those with fair innate and fair facultative
skin colour survived than those with medium to olive skin tones (respectively, 61% vs.
50%, 69% vs. 52%). With regards to BMI, a higher proportion classified as obese (67%)
survived compared to those who were considered normal (63%) or overweight (40%). While
the number of co-morbidities showed similar levels of survival, those with hypertension
(n = 16) showed a higher level of survival compared to those without (50% vs. 37%), and
those with diabetes showed a lower rate of survival (38% vs. 64%). Similar rates of survival
were seen in those with stage III and stage IV melanoma (60% vs. 62%); however, it should
be noted that only five (12%) participants included in the study were stage III. A higher
proportion of participants without brain metastasis survived compared to participants with
brain metastasis (69% vs. 33%).

3.6. Naevus Change

Of the 41 participants enrolled in this study, 28 (68%) completed a minimum of two
imaging visits, with a median follow-up time of 11 months (range 3–19). Demographics
of this subset are presented in Supplementary Table S1. Overall, 387 naevi > 5 mm were
imaged, with each participant having a median of 7 naevi (range 1–59) (Table 3). The
majority of naevi (n = 259, 67%) did not change, with 114 (29%) decreasing and 15 (4%)
increasing. Per person, this corresponded to a median of 6 (range 0–51) stable and 1 (range
0–26) changing naevi, with 0 increasing (range 0–5) and 1 (range 0–26) decreasing. Within
each individual, the mean proportion of changing naevi > 5 mm was 34% (SD 36). Given
the small sample and innate bias, those who completed the longitudinal follow-up were
healthier and/or responded better to treatment, we did not compare change by survival
status; however, numbers are provided in Table 3 for future meta-analyses.

Table 3. Naevus change >5 mm for each patient.

n = 28 (%)
Alive
n = 21
(75%)

Deceased
n = 7
(25%)

Total Body Naevus Count (>5 mm)

Median (range) 7 (1–59) 7 (1–59) 7 (4–45)

Number of Stable Naevi

Median (range) 6 (0–51) 4 (0–51) 7 (0–19)

Number Naevi Changing

Median (range) 1 (0–26) 1 (0–24) 3 (0–26)

Number of Increasing Naevi

Median (range) 0 (0–5) 0 (0–5) 0 (0–4)

Number of Decreasing Naevi

Median (range) 1 (0–26) 1 (0–19) 1 (0–26)

Proportion of Stable Naevi

Mean (SD) 66 (37) 65 (37) 66 (39)

Proportion of Changing Naevi

Mean (SD) 34 (37) 35 (37) 34 (39)

Proportion of Increasing Naevi

Mean (SD) 4 (15) 2 (4) 12 (30)

Proportion of Decreasing Naevi

Mean (SD) 30 (34) 33 (37) 22 (25)
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4. Discussion

This prospective cohort study originally designed to study the natural history of
naevi in individuals receiving immune- and/or targeted therapies for metastatic melanoma
allowed for the comprehensive description of characteristics, treatment and survival in an
under-studied population in a real-world setting. At the end of the median follow-up of
39 months, 58% (n = 24/41) of participants remained alive. This is similar or higher than
the proportions reported in clinical trial settings [10].

Treatment response and survival in patients with metastatic melanoma is likely a
complex interaction between phenotypic, genetic and sociodemographic characteristics.
While this study was not originally designed, and therefore powered, to test for significance
between survival and such variables, it may point towards characteristics that should be
investigated in larger studies. The majority of variables, including age, showed similar
proportions of patients both alive and deceased (within ± 10%). Contradicting results have
been seen with respect to age, with some showing increased survival in those under 60 [14]
and 64 [21], respectively, while others show no difference in overall survival [15,22–24].
In our participants, a slightly higher proportion of females remained alive at the end of
our study. While in men, lower awareness and self-detection of melanoma, less frequent
skin monitoring and higher sun exposure are all possible reasons for both late diagnosis
of melanoma and reduced survival in males [25], when tested, no significant difference in
survival was seen between sexes in other real-world studies [14,15,22,26,27]. Few studies
have investigated phenotypic, sun behaviour-related characteristics or socio-economic
status. A French study (n = 87) has explored survival outcomes for real-world data with
participant characteristics since the new melanoma immuno- and/or targeted therapies
have become available and showed no significant association between number of naevi,
phototype and sun exposure characteristics [23]. However, we saw slightly higher pro-
portions of survival in those with lower occupational and leisure sun exposure and those
with lighter facultative and innate skin tone. This difference could easily be explained by
the different measures of sun exposure and phototype or merely be an artefact due to the
small sample size. Our study also showed a higher proportion of those with private health
insurance survived compared to those who did not report having private health insurance,
but as this is contrary to an earlier Australian study of PBS-subsidised ipilimumab [22], it
may merely reflect our sample size.

In contrast to the clinical trial setting, the majority of our participants had more
than one comorbidity. A recent retrospective Dutch study of 2216 metastatic melanoma
patients ≥ 65 years under immuno- and/or targeted therapies showed no association with
age, sex or number of comorbidities with respect to response or survival after a median
follow-up of 0.7 years [26]. A smaller Italian study (n = 174) of metastatic melanoma
patients ≥ 75 years receiving Anti-PD1 antibodies also showed no association with the
number of comorbidities relating to either progression-free or overall survival [27]. While
several studies have considered the effects of the number of comorbidities, few have
looked at the effects of specific comorbidities. While we cannot draw any conclusions
given the limited sample size of our study, our study indicates that specific comorbidities
may have opposing effects, with potential associations with both improved and decreased
survival. Interestingly, a recent review [28] summarised several studies where obesity was
shown to be associated with improved overall survival of metastatic melanoma patients on
immunotherapies. Although we did not have the power to test for a significant association,
we did see a higher proportion of those classified as obese survive. In two studies, this
association was stronger [29] or seen only in males [30]. Those with brain metastasis had a
lower proportion survive in our study, which is consistent with other real-world studies of
those receiving immuno- and/or targeted therapies [14,15,24,26].

With respect to naevus change in those undergoing immuno- and/or targeted therapies,
several case reports have described hypopigmentation of naevi, regression/involution of
naevi with and without the halo effect and, in a few cases, appearance of new naevi [31–38].
An Italian study of 11 patients receiving dabrafenib observed the appearance of new
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naevi in 4/11 patients, and hyperkeratosis/hyperpigmentation in 6/11 patients [39]. An
Australian study compared naevus changes in patients (n = 40) receiving four different
combinations of immuno- and targeted therapies to controls (n = 10), and observed naevus
darkening most often under BRAF inhibitor therapy, with naevus hypopigmentation more
common in those under a combination of dabrafenib and trametinib [40]. There was
also lesion lightening observed in those receiving anti-PD1 therapies with and without
ipilimumab. In some cases, regression of naevi has been observed alongside regression
of both primary [31] and metastatic melanomas [33,36,37], and it has been suggested that
regression of many naevi may be a prognostic marker, highlighting the importance of
including dermatologist follow-up in clinical trials and the real-world setting [33,35,40].
Our study supports the above findings, largely showing regressing naevi but also a small
number of increasing naevi.

While our sample size was small (n = 41), our participants were followed prospectively
and our study was not limited to a specific treatment. The small sample size did limit
statistical power and, therefore, we were unable to test for statistical significance. A
limitation of this study is that health-conscious participants were more likely to participate
in this study, allowing the potential for health awareness bias [41]. This may explain
the longer survival times observed in this study or, more likely, reflects the innate self-
selection bias in that patients with a short life expectancy are less likely to be referred to a
dermatology department for participation in research studies. In addition, as this study was
not designed to evaluate survival, other important characteristics such as LDH and frailty
score were not collected. Nonetheless, this prospective case series shows that, despite a
higher rate of co-morbidities, participants in a real-world setting can have similar survival
times compared to those in the clinical trial setting. However, given our sample size, even
descriptive statistics can be misleading. Therefore, we suggest this study not be used to
draw conclusions but rather to inform future data collection in real-world clinical studies.
Specifically, collecting data such as demographic and phenotypic (including naevus change)
characteristics, as well as specific comorbidities, in larger survival studies powered for both
univariate and multivariable analysis may help determine those who will most benefit
from immune- and/or targeted therapy treatment.
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Simple Summary: A cohort of 153 melanoma patients treated with immune checkpoint inhibitors as
first line therapy were studied, to specifically describe the timelines of all adverse events by the target
organ, demonstrating a different profile of appearance over time. Interestingly, the survival benefit of
presenting immune-related adverse events was demonstrated only for dermatological events, but a
multivariate analysis found that this benefit is no longer significant after adjusting for the duration
of therapy and the baseline stage of disease. In our opinion, the apparent good response marker of
adverse events needs to be analyzed, taking into account the time in therapy and other prognostic
markers, such as disease burden.

Abstract: Immune-related adverse events (irAEs) are frequent and could be associated with improved
response to immune checkpoint inhibitors (ICIs). A prospective cohort of advanced melanoma
patients receiving ICI as first-line therapy was retrospectively reviewed (January 2011–February 2019).
A total of 116 of 153 patients presented with at least one irAE (75.8%). The most frequent irAEs were
dermatological (derm irAEs, 50%), asthenia (38%), and gastrointestinal (29%). Most irAEs appeared
within the first 90 days, while 11.2% appeared after discontinuation of the therapy. Mild grade
1–2 derm irAEs tended to appear within the first 2 months of therapy with a median time of 65.5 days
(IQR 26-139.25), while grade 3–4 derm irAEs appeared later (median 114 days; IQR 69-218) and could
be detected at any time during therapy. Only derm irAE occurrence was related to improved survival
(HR 6.46). Patients presenting derm irAEs showed better 5-year overall survival compared to those
with no derm irAEs (53.1% versus 24.9%; p < 0.001). However, the difference was not significant
when adjusting for the duration of therapy. In conclusion: the timeline of immune-related-AEs differs
according to the organ involved. The (apparent) improved survival of patients who present derm
AEs during immunotherapy could be partially explained by longer times under treatment.

Keywords: immunotherapy; melanoma; dermatological adverse events; immune-related adverse
events; immune checkpoint inhibitors; dermatological drug reactions; survival; outcome

1. Introduction

Immune checkpoint inhibitors (ICIs) have transformed cancer treatment by providing
clear survival benefits in a wide range of cancers, with an acceptable safety profile [1–5].
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However, ICIs can cause excessive immune “invigoration” and a diverse spectrum of
immune-related adverse events (irAEs) [6–8].

There have, in fact, been irAEs that have led to fatal events (mainly colitis, my-
ocarditis, pneumonitis) or to the development of lifelong secondary immune disorders
(diabetes, hypothyroidism) [9–11]. Recently, management algorithms have improved ap-
proaches to the most common irAEs, resulting in a reduction of serious toxicities and related
deaths [9,12,13]. Currently, however, there are no biomarkers that are able to predict the
occurrence of an irAE, and only a few studies have described intrinsic factors related to the
patient or to the primary tumor that could lead to an increased risk of adverse events [7,14].

Knowing the pattern of appearance of irAEs is useful to improve the safety of the
treatment and to set up early management of any complications [13,15–17].

Dermatological irAEs are considered some of the most frequent reactions during
immunotherapy, but data regarding the temporality and influence on therapy management
are scarce. Moreover, several studies found a possible role of irAEs as good response
markers [18–28], where the presence of an irAE has been linked with multiple favorable
cancer outcomes, including ORR, PFS, and OS [19,21,22]. The objective of this study was to
characterize the timeline and clinical presentation of dermatologic irAEs and identify the
impact of irAEs on survival.

2. Materials and Methods

A cohort study was conducted at the Hospital Clinic of Barcelona, Spain, from
January 2011 to May 2019. Patients eligible for inclusion were those diagnosed with
melanoma, classified as stages IIIC and IV, according to the 7th edition of the Ameri-
can Joint Committee on Cancer (AJCC) staging system and treated with immunotherapy
as first line therapy. All included patients received at least one dose of immunotherapy
and were followed up for at least three months. Patients were evaluated according to the
results of clinical surveillance of advanced melanoma patients at least every three months
with body scan CT imaging and laboratory tests, and additionally in cases where adverse
events occurred.

Exclusion criteria were other lines of treatment—previous targeted treatment or
chemotherapy—to prevent a delayed effect of the medication from being attributed to the
immunotherapy. All patients gave their informed consent to be part of an online up-to-
date safe database (Xarxa Catalano Balear de Centres de Melanoma). This study used an
approved protocol in accordance with the provisions of regulation (EU) 2016/679 by the
Board of Research Ethics of the hospital’s CEIM. This study was performed following the
2015 STROBE guidelines [29].

2.1. Adverse Events Registration Protocol

All irAEs were recorded and classified based on the affected organ. In addition,
subtypes of adverse reactions were classified according to the organ/system and the degree
of affectation according to the Common Terminology Criteria for Adverse Events of the
National Cancer Institute Version CTCAE 5.01(2018). An investigative dermatologist was
responsible for checking medical records and the consistency of the information provided,
with respect to the characteristics of the irAEs. Since adverse events were evaluated
retrospectively, in order to homogeneously collect the events, all were classified according
to the CTCAE scale v5.01 (2018). The times at which skin reactions appeared were evaluated
with respect to any other reactions, the drug associated with this reaction, and the patient’s
condition at that time.

2.2. Statistical Analysis

Pearson’s X2 test and a trend test for ordinal variables were used to compare categorical
and ordinal variables, respectively. For continuous variables, the Wilcoxon test was used
for comparison between two groups of samples and the Kruskal–Wallis test for comparing
multiple groups [30]. The baseline characteristics of the patients were summarized using the
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number and percentage for categorical variables, and the median and range for continuous
variables, and we plotted the analysis using boxplot and density plots [31].

Survival curves based on Kaplan–Meier methods and a log-rank test were used to
investigate differences in post treatment OS with respect to global and skin toxicities.
Curves were calculated using the ‘survfit’ function in the ‘survival’ package and plotted
with the ‘survminer” package in R [32–34].

Multivariate survival analyses were performed using Cox’s proportional hazards
model. Models were fitted using the ‘coxph’ function in the ‘survival’ package in R [33,34].
Hazard ratio estimates were calculated for the effect of skin toxicities on OS adjusted for
AJCC stages and the duration of treatment (as categorical variables stratified by quartiles).

All statistical tests were two-sided and p values ≤ 0.05 were considered statistically
significant. All tests were performed using the computing environment R [35].

3. Results

Initially, 341 patients were identified with advanced melanoma, who had undergone
systemic therapy. After applying the inclusion and exclusion criteria, a final cohort of
153 patients was included for analysis. The reasons for exclusion were: treatment other
than immunotherapy initiated as the first line (n = 149), patients started treatment before
2010 (n = 9), and no follow-up performed (n = 30).

Patients had a median age of 60 years (interquartile range (IQR) 45–69) at the time of
initiating immunotherapy. Globally, (66) 45.2% were women and, according to the AJCC
7TH version, were stratified as 28 Stage IIIC (18.9%), 22 Stage IVA (14.9%), 28 Stage IVB
(18.9%), and 70 Stage IVC (48.2%). Most tumors (75.8%) were BRAF wild type. The baseline
characteristics of the patients, stratified by the presence and type of irAE, are shown in
Table 1.

Table 1. Baseline characteristics of the cohort.

All Toxicities Skin Toxicities

Total No toxicity Toxicity p Value No Toxicity Toxicity p Value

N = 153 N = 37 N = 116 N = 77 N = 76

Age, Median * 60.0
[45.0;69.0]

60.0
[43.0;69.0]

61.0
[46.0;68.2] 0.309 62.0

[48.0;71.0]
56.5

[44.8;66.0] 0.171

Gender 0.348 0.575

Female 66 (43.1%) 13 (35.1%) 53 (45.7%) 31 (40.3%) 35 (46.1%)

Male 87 (56.9%) 24 (64.9%) 63 (54.3%) 46 (59.7%) 41 (53.9%)

AJCC stage 0.709 0.014

Stage IIIC 28 (18.9%) 5 (14.3%) 23 (20.4%) 9 (12.0%) 19 (26.0%)

Stage IVA 22 (14.9%) 7 (20.0%) 15 (13.3%) 9 (12.0%) 13 (17.8%)

Stage IVB 28 (18.9%) 7 (20.0%) 21 (18.6%) 12 (16.0%) 16 (21.9%)

Stage IVC 70 (47.3%) 16 (45.7%) 54 (47.8%) 45 (60.0%) 25 (34.2%)

LDH 0.427 0.079

Abnormal 22 (14.9%) 7 (20.6%) 15 (13.2%) 15 (20.8%) 7 (9.2%)

Normal 126 (85.1%) 27 (79.4%) 99 (86.8%) 57 (79.2%) 69 (90.8%)

Karnofsky score 0.063 0.055

>80 56 (56.0%) 9 (37.5%) 47 (61.8%) 25 (46.3%) 31 (67.4%)

≤80 44 (44.0%) 15 (62.5%) 29 (38.2%) 29 (53.7%) 15 (32.6%)

BRAF status: 0.844 0.053

BRAF mutated 37 (24.2%) 8 (21.6%) 29 (25.0%) 13 (16.9%) 24 (31.6%)

77



Cancers 2022, 14, 1237

Table 1. Cont.

All Toxicities Skin Toxicities

Total No toxicity Toxicity p Value No Toxicity Toxicity p Value

Wild type 116 (75.8%) 29 (78.4%) 87 (75.0%) 64 (83.1%) 52 (68.4%)

Melanoma location 0.598 0.277

Trunk 57 (37.5%) 13 (35.1%) 44 (38.3%) 23 (30.3%) 34 (44.7%)

Lower limbs 25 (16.4%) 9 (24.3%) 16 (13.9%) 7 (9.2%) 7 (9.2%)

Head and neck 19 (12.5%) 3 (8.1%) 16 (13.9%) 9 (11.8%) 10 (13.2%)

Unknown 14 (9.2%) 3 (8.1%) 11 (9.6%) 17 (22.4%) 8 (10.5%)

Acral 13 (8.6%) 2 (5.4%) 11 (9.6%) 6 (7.9%) 7 (9.2%)

Upper limbs 13 (8.6%) 5 (13.5%) 8 (7.0%) 5 (6.6%) 6 (7.9%)

Mucosa 11 (7.2%) 2 (5.4%) 9 (7.8%) 9 (11.8%) 4 (5.3%)

Breslow index * 3.5 [2.0;6.0] 3.3 [1.9;6.0] 3.5 [2.2;6.0] 0.935 3.7 [2.0;6.6] 3.4 [2.0;4.8] 0.608

Ulceration 0.863 0.224

Absent 48 (38.4%) 11 (35.5%) 37 (39.4%) 20 (32.3%) 28 (44.4%)

Present 77 (61.6%) 20 (64.5%) 57 (60.6%) 42 (67.7%) 35 (55.6%)

Mitotic index * 5.0 [3.0;10.0] 6.0 [2.50;9.5] 5.0 [3.00;9.8] 0.974 5.0 [3.0;10.0] 5.5 [4.0;9.2] 0.726

Treatment duration * 126.0 [59;351] 69.0 [40;233] 164 [63;360] 0.012 66.0 [42;181] 312.0 [83;479] <0.001

* Continuous variables expressed as median (IQR). Abbreviations: AJCC, American Joint Committee on Cancer;
IQR, interquartile range; LDH lactate dehydrogenase.

3.1. Adverse Events Profile
3.1.1. Drug-Related AEs

Of the 153 patients included in the study, 116 (75.8%) developed an irAE during or
within 3 months of finishing immunotherapy. Regarding the immune checkpoint drugs: an
irAE occurred in 64.3% of patients receiving ipilimumab, 79% of pembrolizumab patients,
72.7% of the nivolumab group, and in 77.7% of those receiving the combination regimen
ipilimumab plus nivolumab.

3.1.2. Target Organ and Timeline of IrAEs

The analysis by target organ-adverse events shows that the most frequent involve-
ment was the skin (50% of cases), followed by asthenia (38%), gastrointestinal (29%), and
hepatobiliary (21%) (Figure 1A). Most irAEs appeared within the first 90 days of treatment
and asthenia was the earliest event recorded (median time 42.5 days, IQR 21-104). Density
and box plots (Figure 2A,B) show the differences according to the target organ: the onset
time of asthenia, skin, gastrointestinal, and endocrine toxicities occurred mainly at the
beginning of the treatment, while musculoskeletal and connective tissue toxicities could
occur at any time and remained constant over time. The median time to the emergence
of dermatological irAEs was 65.5 days (IQR 26-139), whereas for musculoskeletal and
connective tissue irAEs, 187 days (IQR 70-316), p < 0.0001.

3.1.3. Severity of IrAEs

A total of 9 patients (5.9%) presented 10 moderate/severe irAEs (grades 3–4 ac-
cording to CTCA v.5). There were no significant differences between the occurrence of
grade 3–4 irAEs and the culprit drug. The analysis of target organ irAEs showed that grade
3–4 toxicities manifested more frequently as hepatobiliary (10% of patients), gastrointesti-
nal (7%), and cutaneous (6%) (Figure 1A). Moreover, density and box plots (Figure 2C,D)
showed differences related to the median appearance time for grade 3–4 irAEs; median
time to dermatological grade 3–4 irAEs was 114 days (IQR 69-218), while median time
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for gastrointestinal irAEs was 50 days (IQR 44-81), (p = 0.05). Importantly, dermatological
and hepatobiliary irAEs could be detected at any time during treatment, in contrast to
gastrointestinal irAEs, which tended to develop earlier than the other two.
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toxicities. Panel A shows the frequency of immune-related adverse events (irAEs) stratified by tar-
get organs. Fever and asthenia were considered as target symptoms due to the frequency of these 
side effects. Panel B shows dermatological irAEs in detail. Abbreviations: EM, erythema multiforme; 
MCT, musculoskeletal and connective tissue; PPE, palmar-plantar erythrodysesthesia; NMSC, non-
melanoma skin cancer; SSS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis. 
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Figure 1. Details of toxicities box plots showing the percentage of patients who presented specific
toxicities. Panel (A) shows the frequency of immune-related adverse events (irAEs) stratified by
target organs. Fever and asthenia were considered as target symptoms due to the frequency of
these side effects. Panel (B) shows dermatological irAEs in detail. Abbreviations: EM, erythema
multiforme; MCT, musculoskeletal and connective tissue; PPE, palmar-plantar erythrodysesthesia;
NMSC, non-melanoma skin cancer; SSS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.

3.2. Dermatological Adverse Events (Derm IrAEs)

Of the 153 patients included in the study, 76 (50%) developed dermatological irAEs
during the treatment with immunotherapy. Derm irAEs presented a wide spectrum of dis-
orders (Figure 1B). Overall, the most frequent derm irAEs seen were pruritus in 47 patients
(31%), maculopapular rash in 42 (28%), eczematous dermatitis in 11 (7%), vitiligo-like
depigmentation in 11 (7%), and lichenoid mucositis in 7 patients (5%).

Moderate or severe toxicities (grade 3–4) were observed in 9 patients, and 1 presented
two severe derm irAEs simultaneously (Figure 1B shows all derm irAEs observed). A total
of 11.8% of derm irAEs were considered grades 3 or 4.

The most severe derm irAEs consisted of generalized maculopapular rash (3%), erosive
lichenoid mucositis (2%), DRESS syndrome (1%), and erythema multiforme (1%).

Mild grade 1–2 derm irAEs tended to appear within the first 2 months of therapy with
a median time of 65.5 days (IQR 26-139.25), while grade 3–4 derm irAEs appeared later
(median 114 days; IQR 69-218) and could be detected at any time during therapy. Impor-
tantly, most of the irAEs that appeared after discontinuing therapy were dermatological
(85% of delayed onset irAEs).
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Figure 2. Density plot and boxplot toxicities. Box plots showing the percentages of patients who
presented specific toxicities. Panel (A,B) show the frequency of immune-related adverse events
(irAEs) stratified by target organs. Fever and asthenia were considered as target symptoms due
to the frequency of these side effects. Panel (C,D) show the frequency of severe (grade 3–4) irAEs
stratified by target organs. Abbreviations: EM, erythema multiforme; MCT, musculoskeletal and
connective tissue; PPE, palmar-plantar erythrodysesthesia; NMSC, non-melanoma skin cancer; SSS,
Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.

3.3. Survival Analysis

Survival analysis with Kaplan–Meier plots showed no significant improvement in
overall survival of those patients who contracted an irAE during treatment. However, the
stratified analysis by the target organ of toxicity showed that patients who presented derm
irAEs presented a statistically significant survival advantage compared to those who did
not (p < 0.001). Patients who developed derm irAEs with immune checkpoint therapy
presented a five-year overall survival of 53.1% (95% CI, 37.7–74.8%) versus 24.9% (95% CI,
13.5–46.2%) of those who did not present derm irAEs (Figure 3).

A univariate Cox regression analysis showed a hazard ratio of 0.40 (0.24–0.66, p < 0.001)
in the group of patients who presented derm irAEs. A univariate analysis demonstrated that
the baseline clinical–pathological status (AJCC staging) and the duration of immunotherapy
were also related to improved survival (HR 6.46 (2.57–16.23, p < 0.001) for stage IVC and
HR 0.53 (0.32–0.88, p = 0.014 for those treated longer than 65 days)).

A multivariate analysis of the benefit of experiencing derm irAEs in overall sur-
vival, after adjusting the model for the AJCC stages and for the duration of the therapy,
demonstrated that this survival advantage was no longer statistically significant (HR 0.74,
0.44–1.25, p = 0.263) (Table 2).
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Table 2. Univariate and multivariate analyses of overall survival.

Variables HR (Univariable) HR (Multivariable)

irAE No skin
toxicities - -

Skin toxicities 0.40 (0.24–0.66, p < 0.001) 0.74 (0.44–1.25, p = 0.263)

AJCC Stage IIIC - -

IVA 1.12 (0.30–4.16, p = 0.870) 0.79 (0.21–2.97, p = 0.726)

IVB 1.56 (0.49–4.92, p = 0.449) 1.02 (0.31–3.27, p = 0.980)

IVC 6.46 (2.57–16.23, p < 0.001) 3.44 (1.32–8.99, p = 0.012)

Duration of treatment <65 days - -

65–331 days 0.53 (0.32–0.88, p = 0.014) 0.62 (0.37–1.06, p = 0.079)

>331 days 0.11 (0.05–0.24, p < 0.001) 0.20 (0.08–0.48, p < 0.001)

Abbreviations: AJCC, American Joint Committee on Cancer; irAE, immune related adverse effect.

4. Discussion

This study into the development of immune-related adverse events (irAEs) during
melanoma treatment with ICI demonstrates a specific timeline of presentation, depending
on the organ involved and the severity of symptoms. In line with the literature [36,37],
derm irAEs are the most frequent and can be detected in about 50% of patients, during
treatment or even 3 months after ICI therapy is discontinued. Most patients will present
derm irAEs during the first 3 months, similar to gastrointestinal and endocrine irAEs. It
is thought that the majority of irAEs, including grade 3–4 events, are developed within
12 weeks of the initial administration [38]. However, certain irAEs can present a distinctive
timeline: the most severe derm irAEs (grades 3–4), despite their infrequency (6% of patients),
could appear at any time during follow-up, as with hepatobiliary irAEs, but in contrast to
gastrointestinal severe irAEs, which present almost exclusively during the first 3 months.
Musculoskeletal irAEs are rare and both mild and severe cases may be detected at any time
during the therapy.

81



Cancers 2022, 14, 1237

The second important result is that patients presenting derm irAEs showed a signifi-
cantly better outcome compared to those with no derm irAEs (5-year overall survival, 53%
vs. 25%). However, this apparent benefit in survival was not found after adjusting for the
clinical baseline status and for the duration of therapy. Previous studies suggested that
patients developing derm irAEs may experience longer intervals without disease progres-
sion, and a meta-analysis found that vitiligo-like depigmentation could be a biomarker
of good response [1,18,20,21,23–28,39–41]. However, in view of our results, this apparent
benefit could also be caused by a longer time under treatment: the longer the treatment,
the better response the patient presents, and the more likely the irAEs will occur. In our
opinion, the association between derm irAEs and outcome should be studied, and other
prognostic markers that could influence this association should always be adjusted for.

On the one hand, it is reasonable to expect a more intense immune “invigoration”
in such responses and, consequently, a higher likelihood of irAEs. On the other hand,
it is well known that the lower the disease burden at baseline, the better the response to
immunotherapy [42]. Moreover, this can be a long-term response leading to improved
survival, and indeed, the time to withdraw ICI drugs is still under debate [43]. In the same
line, it is reasonable to expect that those patients with better baseline statuses and who
respond to treatment will receive long-term immunotherapy. The question is whether this
population is the most likely to present irAEs as well. The specific timeline of derm irAEs
could explain why this is not the case for gastrointestinal or endocrine toxicities, as they
tend to appear within the first 3 months.

Derm irAEs offer an opportunity to elucidate some of the major unresolved questions
concerning ICI cancer therapy. In general, derm irAEs do not lead to a discontinuation
of ICI therapy: in our experience, only 6% of patients presented more severe grade 3 or
4 derm AEs. Derm irAEs are normally reversible and respond well to low doses of systemic
steroids, provided there is accurate and early detection, and in exception for life-threatening
toxic epidermal necrolysis or DRESS syndrome [44,45]. This finding could be related to a
longer duration of treatment despite the appearance of derm irAEs.

Finally, we could not identify any independent marker associated with the emergence
of irAEs, in the primary tumor or in the individual demographics, apart from the duration
of treatment and baseline status, as discussed above. Another unresolved question involves
the development of the late onset irAEs. Notably, in our series, most late onset irAEs were
dermatological (11 out of 13 late onset events). In clinical practices, patients receive second
line treatments after disease progression and, therefore, the principal causative drug is
sometimes difficult to identify. Determining which patients are at higher risk of developing
irAEs, even after therapy has been withdrawn, remains elusive.

The main limitations of this study include the retrospective methodology based on
a single-center clinical setting allowing the inclusion of a limited sample of patients. The
adverse events were all recategorized according to the CTCAE v.5.1, to have a homogeneous
collection. The roles played by the specific drugs and therapeutic regimens used were not
analyzed; moreover, the suspension of medication was not analyzed in terms of partial or
definitive interruption, and the late onset irAEs could appear after the 3-month post-therapy
follow-up. However, one strength of the present cohort is that only naïve patients were
analyzed, avoiding the role of other therapies in the appearance of adverse events. In the
same line, we did not assess the merging role of combined therapies during progression
of the disease, such as immunotherapy plus radiotherapy or immunotherapy plus target
therapy in the case of BRAF mutated tumors.

5. Conclusions

Dermatological immune-related adverse events (derm irAEs) during immunotherapy
for advanced melanomas are the most frequent irAEs and tend to appear within the first
3 months of therapy. In view of our results, it is important to keep in mind that (1) any kind
of toxicity could occur in the same patient at any time, during or after therapy. (2) The most
severe derm irAEs and hepatobiliary irAEs could occur at any time, but tend to appear
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later than milder events, while gastrointestinal irAEs are more frequent during the first
2 months. (3) Patients who present derm irAEs can expect significantly better outcomes;
however, this tendency is not statistically significant after adjusting for the clinical baseline
status and the duration of the therapy.

Prospective large-scale studies, along with careful dermatological evaluation of derm
irAEs, will help to elucidate which irAEs play relevant roles in predicting a better response.
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Simple Summary: The choice of cancer drug(s) for the treatment of advanced melanoma is based
on the types of gene alterations that are present in the patient’s tumor(s). Sometimes, the tumor
sample that is obtained from surgery may be degraded, and the test does not provide a reliable result,
leading to the selection of the wrong treatment, and, consequently, poor outcomes for the patient.
Surgery to obtain fresh tumor samples is inconvenient. In recent years, scientists have learned that
fragments of genes from dying cells, including tumors, are constantly being released into the blood.
This study shows that the presence of altered genes can be reliably determined using easy-to-obtain
blood samples. The study also shows that, while there is a small rate of error with the commonly
used tests based on the tumor tissue sample, retests using blood samples may be a less invasive and
rapid alternative for identifying the BRAF mutation status and selecting the right treatment for these
patients.

Abstract: Tissue-based tests for BRAFV600 mutation-positive melanoma involve invasive biopsy
procedures, and can lead to an erroneous diagnosis when the tumor samples degrade. Herein,
we explored a minimally invasive, cell-free deoxyribonucleic acid (cfDNA)-based platform, to
retest patients for BRAFV600 mutations. This phase 2 study enrolled adult patients with unre-
sectable/metastatic melanoma. A prescreening testing phase evaluated the concordance between a
prior tissue-based BRAFV600 mutation test result and a subsequent plasma cfDNA-based test result.
A treatment phase evaluated the patients who were confirmed as BRAFV600 mutation-positive, and
were treated with cobimetinib plus vemurafenib. It was found that 35/54 patients (64.8%) with a mu-
tant BRAF status by prior tissue test had a positive BRAFV600 mutation with the cfDNA test. Further,
7/118 patients (5.9%) with a wild-type BRAF status had a positive BRAFV600 mutation cfDNA test;
tissue retests on archival samples confirmed BRAFV600 mutation positivity in 5/7 patients (71.4%).
One of these patients received BRAF pathway-targeted therapy (cobimetinib plus vemurafenib), and
had progression-free survival commensurate with previous experience. In the overall cobimetinib
plus vemurafenib-treated population, 29/36 patients (80.6%) had an objective response. The median
progression-free survival was 13.6 months (95% confidence interval, 9.5–16.5). Cell-free DNA–based
tests may be a fast and convenient option to identify BRAF mutation status in melanoma patients,
and help inform treatment decisions.

Keywords: BRAFV600 mutations; melanoma; cell-free DNA
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1. Introduction

Approximately half of all patients with cutaneous melanoma harbor BRAF muta-
tions [1–4]. BRAF pathway-targeted therapies are an optimal treatment option among
patients with advanced disease [5,6], and also as an adjuvant treatment for high-risk
patients [7–9]. The eligibility for BRAF pathway-targeted therapy is predicated on the
detection of a BRAFV600 mutation in the tumor [10–12]. Currently, multiple diagnostic
methodologies are used to detect the presence of BRAF mutations in tumor tissue, including
high-resolution melt polymerase chain reaction (PCR); the Cobas 4800 BRAF V600 muta-
tion test (Roche Diagnostics, Indianapolis, IN, USA); real-time allele-specific amplification
PCR; next-generation sequencing; digital droplet PCR; immunohistochemistry, which is
restricted to the BRAFV600E mutation; and Idylla, an automated, PCR-based, molecular
platform (Biocartis, Jersey City, NJ, USA) [1,11,13–15]. All of these techniques have varying
degrees of inherent sensitivity and specificity [1,2,16].

Sample quality is a key factor underlying the reliability of the BRAF mutation tests [17].
Traditionally, the samples used for the detection of BRAF mutations in patients with
melanoma, are formalin-fixed paraffin-embedded tissue biopsies [17,18]. The inherent
limitations of formalin-fixed paraffin-embedded tissue samples are at least two-fold. First,
the presence of formaldehyde degrades nucleic acids and denatures protein epitopes,
which reduces the detectable signal in the sample [19]. Second, discrepancies have been
reported between the analysis of primary versus metastatic lesions, especially when there
has been a long interval between both the diagnoses [20]. Both the preceding situations
can lead to false-negative results that are potentially deleterious for the patient, because
they would lead to the selection of the wrong treatment. The other obvious challenge with
tumor tissue biopsies is that they constitute an invasive procedure that cannot always
be safely repeated. One approach to overcome the limitation of a tissue biopsy-based
approach is to use circulating plasma DNA as the test sample [21]. Small fragments of DNA
from tumor cells are constantly being released into the lymph and blood. Therefore, the
circulating cell-free DNA (cfDNA) has tumor DNA that is representative of all the lesions
present in an individual patient. Further, blood sampling is far less invasive procedure
than tumor biopsy, and can be easily repeated in an outpatient setting [21]. Thus, plasma
cfDNA-based tests could allow for easy rechecking of the BRAF mutation status in patients
with advanced melanoma and correct diagnoses.

Accordingly, we designed a multicenter phase 2 study to assess the ability of the
Idylla platform to detect the presence of BRAFV600 mutations in cfDNA in the plasma of
patients with advanced melanoma, and to determine the clinical benefit derived from the
subsequent test-informed treatment decision.

2. Materials and Methods
2.1. Study Design

This single-arm, open-label, multicenter, phase 2 study enrolled adult patients with
unresectable or metastatic melanoma. The study comprised two sequential phases. The
first, the prescreening testing phase, provided a preliminary estimate of the concordance
between a prior tissue-based BRAFV600 mutation test result and a subsequent plasma
cfDNA-based test result. The second, the treatment phase, evaluated clinical outcomes in
all patients confirmed to have BRAFV600 mutation-positive tumors (either by a prior tissue
test, or confirmed by tissue retest for patients who had a positive plasma cfDNA test result
following a prior negative tissue test). Within the treatment phase, a substudy (n = 8), to
evaluate the correlation between the duration of response (DOR), progression-free survival
(PFS), and concentration of the BRAFV600 mutation in patient plasma, was also conducted.
To accomplish this substudy evaluation, additional plasma cfDNA tests were performed
on plasma samples that were collected prior to the first treatment dose of cobimetinib
and vemurafenib, on day 15 of the first cycle, prior to the first dose of each subsequent
treatment cycle, and upon disease progression.
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2.2. Patients

Adult patients with a diagnosis of stage IIIC unresectable locally advanced or stage IV
metastatic cutaneous melanoma (as per American Joint Committee on Cancer 7th Edition
TNM Staging System) [22], and a tissue test result for the BRAFV600 mutation, were eligible
to enroll in the prescreening phase. The patients entering the treatment phase could have
received prior systemic treatment for metastatic melanoma—with the exception of prior
BRAF/MEK pathway-inhibitor treatment. Any adverse events (AEs) from prior therapy
should have been resolved or be of ≤grade 1 severity per the common terminology criteria
for adverse events, version 4.03 [23]. Additional eligibility criteria for the treatment phase
included an Eastern Cooperative Oncology Group performance status of 0–2 and adequate
renal, hepatic, and end-organ function (see Supplementary Materials Appendix for full
eligibility criteria).

2.3. Samples and Mutation Analysis

Prior to entering the prescreening phase of the study, the patients had documented
BRAFV600 mutation testing performed by Cobas® or routine PCR testing. Once enrolled,
patient plasma was prepared from 10 mL of venous blood collected in an EDTA (ethylene-
diaminetetraacetic acid) tube for cfDNA analysis using the Idylla ctBRAF mutation assay
on the Idylla platform (see Supplementary Materials for additional details) [15,20].

For patients with a prior BRAF wild-type tissue test result and for whom a BRAFV600

mutation was detected using plasma cfDNA, tissue samples were obtained to perform a
new tissue analysis. If tissue material from the prior test was still available, it was retested
using the Idylla platform, by means of the Idylla BRAF mutation assay. If tissue was
not available, but it was possible to obtain a new tissue sample from a recent metastasis,
this was tested using the Idylla platform. If it was not possible to obtain a new tissue
sample from a recent metastasis, the patient was discontinued from the study. To assess
the concentration of BRAFV600 and NRAS mutant cfDNA in samples collected during
treatment, an Idylla ctNRAS-BRAF mutation assay was performed retrospectively once all
samples for each individual patient included in the substudy were collected (Figure 1).
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All the patients who satisfied all the inclusion criteria for the prescreening testing
phase of the study were also tested for the presence of the NRAS mutation using plasma
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cfDNA. This NRAS/BRAF mutation testing on serial liquid biopsies was performed as
an exploratory post hoc analysis; the results of these analyses did not influence treatment
decisions.

2.4. Treatments

The patients with tumors that were BRAFV600 mutation-positive, based on a tumor
tissue sample, received oral cobimetinib 60 mg once daily for 21 days, followed by a 7-day
rest period in each 28-day cycle and oral vemurafenib 960 mg twice daily. The eligible
patients were treated until disease progression as per investigator assessment, unacceptable
toxicity, or consent withdrawal—whichever occurred first.

2.5. Outcomes and Assessments

Medical history obtained within 28 days of cycle 1 day 1, included confirmation of
melanoma, clinically significant diseases within the previous 3 years, major surgeries, and
cancer history. The progression of disease during screening was documented.

All measurable and non-measurable lesions were documented at screening, within
28 days prior to cycle 1 day 1. On-treatment tumor assessments were performed every
8 weeks until investigator-determined progression or death, and evaluation of tumor
response was conducted—conforming to response evaluation criteria in solid tumors,
version 1.1. All patients had a brain screening by computed tomography or magnetic
resonance imaging within 28 days prior to cycle 1 day 1, to assess for brain metastases, and
subsequently as per local standard of care and as clinically indicated.

Efficacy assessments included objective response rates as per RECIST version 1.1
and Kaplan–Meier estimates for DOR, PFS, and overall survival. For the substudy, the
association of these efficacy endpoints with the level of BRAF mutation was analyzed.

Safety assessments consisted of monitoring and recording AEs, including serious AEs
and nonserious AEs of special interest, performing protocol-specified safety laboratory
assessments, measuring protocol-specified vital signs, and conducting other protocol-
specified tests that were deemed critical to the safety evaluation of the study. Adverse event
severity was assessed using common terminology criteria for adverse events (CTCAE),
version 4.03.

2.6. Statistical Considerations

Testing of the BRAFV600 mutation using plasma cfDNA was considered to be of clinical
interest if≥10% of the patient tumors designated as BRAF wild-type based on a prior tissue
test were subsequently shown to be BRAFV600 mutation-positive based on cfDNA and
confirmed in a new tissue sample or retest of the archival tissue using the Idylla platform.
The plasma test was considered not to be of clinical value if≤3% of BRAF wild-type tumors
were reclassified as BRAFV600 mutation-positive tumors.

Based on a Fleming one-stage design with a one-sided α of 0.05 and a power of 0.90,
a sample size of ≥104 patients for whom the prior tissue test indicates wild-type status
should be identified. Assuming an equal number of patients with BRAFV600 mutation and
wild-type BRAF mutation based on the prior tissue test, a total of 208 patients were to be
enrolled in the prescreening phase of the study. For 104 patients, the power to show that
the frequency of reclassifying tumors as BRAFV600 mutation-positive exceeds 3% is 84%,
75%, and 63% for frequencies of interest of 9%, 8%, and 7%, respectively.

The modified intention-to-treat (mITT) population comprised all enrolled patients
with a documented BRAFV600 tissue test result on melanoma tumor tissue at study entry
and an available result of the plasma cfDNA test. The study treatment intention-to-
treat (STITT) population comprised all enrolled patients with a plasma cfDNA test who
received ≥1 dose of cobimetinib or vemurafenib. The analysis of the primary objective was
performed on all patients in the mITT population with BRAFV600 wild-type status based
on a prior tissue test.

90



Cancers 2021, 13, 3591

The analysis of the secondary and the exploratory objectives was performed on all
patients in the mITT population. The analysis of the secondary objectives related to
clinical outcome (tumor response) was performed on the STITT population. Patients in the
substudy were a subset of patients from the STITT population.

3. Results
3.1. Patient Disposition

A total of 184 patients consented, and were evaluated for eligibility for the prescreening
phase. Of these patients, 10 did not have documented BRAFV600 mutation test results on
melanoma tissue upon study entry, and two had no plasma cfDNA test results (Figure 1).
The remaining 172 patients represented the mITT population. Of these, 118 (68.6%) had
a wild-type BRAF status and 54 (31.4%) had a mutant BRAFV600 status. Among the 118
patients with an initial wild-type BRAF status, the tumors in five of these patients were
confirmed to be BRAFV600 mutant in the tissue retests, and one patient continued into
the treatment phase. Of the 54 patients with a mutant BRAFV600 status, based on the
prior tissue test, 39 continued into the treatment phase. The baseline characteristics of the
patients are shown in Table 1.

Table 1. Baseline demographic, disease, biopsy, and mutation characteristics.

mITT STITT

n = 172 n = 40

Age, median years (range) 62.5 (20–93) 56.5 (26–82)
Sex, n (%)

Male 84 (48.8) 18 (45.0)
Female 88 (51.2) 22 (55.0)

ECOG score, n (%)
0 NE 21 (52.5)
1 NE 16 (40.0)
2 NE 3 (7.5)

Time since diagnosis of metastases, median months (range) 19.3 (0.1–260.7) 12.4 (0.8–260.7)
Age at diagnosis of metastases, median years (range) 59.1 (18–91) 53.5 (26–83)
Disease stage at study entry, n (%)

Unresectable stage IIIC 16 (9.3) 1 (2.5)
Stage IV 156 (90.7) 29 (97.5)

Measurable disease at study entry, n (%) 147 (85.5) 37 (92.5)
Number of target lesions, n (%)

0–3 NE 22 (55.0)
>3 NE 18 (45.0)

Type of tissue material, n (%)
Archival 140 (81.4) 30 (75.0)
Recent 32 (18.6) 10 (25.0)

Prior tissue BRAF mutation test result, n (%)
BRAF wild-type 118 (68.6) 1 (2.5)
BRAFV600 mutation 54 (31.4) 39 (97.5)

Prior therapy, n (%)
Immunotherapy – 9 (33)
Targeted therapy – 0
Other systemic therapy – 7 (17.5)
Investigational treatment – 1 (2.5)
Radiotherapy – 8 (20.0)

ECOG, Eastern Cooperative Oncology Group; mITT, modified intention-to-treat; NE, not evaluated; STITT, study
treatment intention-to-treat.

3.2. Prescreening Phase
3.2.1. Primary Endpoint

Among the 118 patients with a wild-type BRAF status, seven (5.9%) had a positive
BRAFV600 mutation test result, based on the plasma cfDNA test. Tissue retests on archival
samples confirmed the BRAFV600 mutation in five (71.4%) of the seven patients. Thus, for
4.2% of the patients with a wild-type BRAF status, the presence of a BRAFV600 mutation
was confirmed in a tissue retest; the one-sided test, comparing this frequency with the a
priori hypothesis of 3%, was not statistically significant (p = 0.215).
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3.2.2. Secondary Endpoint

The plasma cfDNA test was concordant with the prior tissue test in 35 of 54 of
the patients who were classified as BRAFV600 mutation-positive, and in 111 of 118 of
the patients with a wild-type status (Table 2). Relative to tissue testing, the plasma test
demonstrated 64.8% sensitivity and 94.1% specificity. Of the 42 patients with a BRAFV600

mutant plasma cfDNA test result, 35 had a mutant status, based on the prior tissue test.
The positive predictive value (i.e., the likelihood that the mutation detected with the
plasma test corresponds to the tissue test) was 83.3%. Of the 130 patients with a wild-type
plasma test result, 111 had a wild-type status, based on the prior tissue test. The negative
predictive value (i.e., the likelihood that the wild-type status detected with the plasma test
corresponds to the tissue test) was 85.4%.

Table 2. Comparison of tissue-based and cfDNA-based mutation tests. (A) Comparison of plasma and tissue BRAFV600

mutation test results, and (B) comparison of BRAF and NRAS plasma mutation tests results in the mITT population.
Grey-shaded cells designate the discordance between the respective tests. cfDNA, cell-free DNA; mITT, modified intention-
to-treat.

A. BRAF
Plasma cfDNA Test Result

Wild-Type Mutant

Tissue test result

Wild-type 111 7 Patients with wild-type
tissue test = 118

Mutant 19 35 Patients with mutant
tissue test = 54

Patients with wild-type
plasma test = 130

Patients with mutant
plasma test = 42

B. Plasma
BRAF cfDNA test result

Wild-type Mutant

NRAS cfDNA
test result

Wild-type 107 42 Patients with wild-type
NRAS = 149

Mutant 22 0 Patients with mutant
NRAS = 22

Patients with wild-type
plasma test = 129

Patients with mutant
plasma test = 42

3.2.3. Exploratory Endpoint

Of the 172 patients in the mITT population, 171 (99.4%) had an available NRAS
mutation test result. Of these patients, 149 (87.1%) had an NRAS wild-type status and 22
(12.9%) had a mutant status. A summary of the relationship of NRAS mutant status and
BRAFV600 mutant plasma test results is presented in Table 2. The mutations in BRAF and
NRAS were mutually exclusive.

3.3. Treatment Phase
3.3.1. Efficacy Outcomes

In the STITT population, 29 of the 36 patients (80.6%) with target lesions and mea-
surable disease, had either a complete response (three patients) or a partial response
(26 patients) (Table 3). One patient (2.8%) had progressive disease, and two patients
(5.6%) had stable disease. The median PFS (95% confidence interval (CI)) was 13.6 months
(9.5–16.5). Of the 29 patients who had a complete or partial response, the median DOR
(95% CI) was 11.0 months (9.2—not estimable). The median overall survival time was not
estimable at the time of the analysis.
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Table 3. Objective response rate and PFS (STITT).

STITT
n = 40

Archival Tissue *
n = 29

Recent Tissue †

n = 10

Objective response rate, ‡ n (%)
CR 3 (8.3) 3 (11.5) –
PR 26 (72.2) 20 (76.9) 6 (60.0)
SD 2 (5.6) – 2 (20.0)
PD 1 (2.8) – 1 (10.0)
Other nonresponders 4 (11.1) 3 (11.5) 1 (10.0)

Responders (CR + PR), n/n′ (%) 29/36 (80.6) 23/26 (88.5) 6/10 (60.0)
95% CI 64.0–91.8 69.8–97.6 26.2–87.8

Duration of Response, n′ ‡ 29 23 n′ = 6
Median, months (95% CI) 11.0 (9.2–NE) 11.0 (9.2–NE) 8.8 (3.6–NE)
Progression-free survival
Median months (95% CI) 13.6 (9.5–16.5) 14.5 (10.8–NE) 6.2 (3.6–NE)

CI, confidence interval; CR, complete response; n′, number of patients considered in the analysis; percentages
calculated based on n′; NE, not estimable; PD, progressive disease; PR, partial response; SD, stable disease; STITT,
study treatment intention-to-treat. * Patients for whom treatment was based on the mutation identified by prior
tissue test and for whom archival tissue was used. † Patients for whom treatment was based on the mutation
identified by prior tissue test and for whom recent tissue was used. ‡ For patients with measurable disease at
screening having responded during the study (CR or PR).

3.3.2. Correlation of Mutation Testing and Clinical Outcome

The BRAFV600 mutation was detected in the plasma at prescreening for 26 of the
40 treated patients. The median quantitation cycle (Cq) for the BRAF mutation was 40.25.
The median PFS was 12.8 months and 10.8 months for the patients below and above the
median mutation Cq, respectively; however, the Cq was not significantly associated with
PFS duration (p = 0.653). Of these 26 patients, 22 had a complete or partial response. No
significant relationship was found between mutation Cq and the DOR (p = 0.409). The
median DOR was similar for these patients, regardless of whether the mutation Cq was
above or below the median (10.7 vs. 10.9 months, respectively).

The clinical outcome was analyzed separately for patients with a BRAFV600 mutation,
based on detection of the mutation in the plasma test at the prescreening. The median PFS
was 14.8 months for the patients with a BRAF wild-type plasma test result, and 12.8 months
for the patients with a BRAFV600 mutation plasma test result (p = 0.286). The median DOR
was not evaluable for the patients with a BRAF wild-type plasma test result, and was
10.9 months for the patients with a BRAFV600 mutation plasma test result (p = 0.220).

3.3.3. Substudy

The concentration of the BRAFV600 mutation before the first dose was evaluated as a
prognostic factor/metric for PFS duration in the eight patients who were participating in
the substudy. The BRAFV600 mutation was observed at the start of cycle 1 for five of the
eight patients (62.5%). The frequency of detection of the BRAFV600 mutation then decreased
to 28.6% at the last assessment. All of these mutations were BRAFV600E/E2/D, except for
one instance of BRAFV600K/R/W. No correlation between the plasma concentration of the
mutation (average Cq for mutation) at the start of cycle 1, and the PFS duration, was
observed (Spearman’s rank correlation coefficient: −0.100; p = 0.873).

3.3.4. Exposure and Safety

The mean duration of the treatment with both cobimetinib and vemurafenib was
11.2 ± 9.6 months (median, 7.9 months; range, 0.4–36.8 months). The median number of
cycles was 9.0 for both cobimetinib and vemurafenib. The most frequently reported AEs
were rash (47.5%), blood creatinine phosphokinase level increase (32.5%), diarrhea (32.5%),
photosensitivity reaction (27.5%), pyrexia (27.5%), arthralgia (27.5%), and maculopapular
rash (22.5%) (Table 4).
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Table 4. Common treatment-emergent adverse events (incidence ≥10% by preferred term).

System Organ Class/Preferred Term n = 40

Any treatment-emergent adverse event, n (%) 39 (97.5)
Skin and subcutaneous tissue disorders, n (%) 33 (82.5)

Rash 19 (47.5)
Photosensitivity reaction 11 (27.5)
Maculopapular rash 9 (22.5)
Alopecia 4 (10.0)

Investigations, n (%) 22 (55.0)
Blood creatinine phosphokinase increased 13 (32.5)
Gamma-glutamyltransferase increased 5 (12.5)
C-reactive protein increased 4 (10.0)

General disorders and administration site conditions, n (%) 21 (52.5)
Pyrexia 11 (27.5)
Fatigue 8 (20.0)
Oedema peripheral 5 (12.5)

Infections and infestations, n (%) 21 (52.5)
Upper respiratory tract infection 8 (20.0)
Conjunctivitis 6 (15.0)
Urinary tract infection 4 (10.0)

Gastrointestinal disorders, n (%) 20 (50.0)
Diarrhea 13 (32.5)
Vomiting 6 (15.0)
Nausea 5 (12.5)

Musculoskeletal and connective tissue disorders, n (%) 14 (35.0)
Arthralgia 11 (27.5)
Musculoskeletal pain 4 (10.0)
Myalgia 4 (10.0)
Pain in extremity 4 (10.0)

Eye disorders, n (%) 12 (30.0)
Vision blurred 6 (15.0)
Chorioretinopathy 4 (10.0)

Nervous system disorders, n (%) 12 (30.0)
Headache 6 (15.0)

Metabolism and nutrition disorders, n (%) 7 (17.5)
Decreased appetite 4 (10.0)
Hypokalemia 4 (10.0)
Hypertension 5 (12.5)

4. Discussion

The current study aimed to evaluate the clinical utility of a plasma-derived cfDNA test
for the detection of BRAFV600 mutations in patients with metastatic melanoma, in whom
the original testing using tumor biopsy falsely diagnosed the BRAFV600 wild-type status.
It was observed that ~6% of the patients who were originally classified as having BRAF
wild-type tumors tested positive for BRAF mutations using the cfDNA test. The sensitivity
of the plasma cfDNA testing was 64.8%, and its positive and negative predictive values
were 83.3% and 85.4%, respectively. No significant difference was observed between the
median PFS and the median DOR for the patients with a BRAF wild-type versus BRAFV600

mutation-positive test result using cfDNA testing.
Previous studies have shown that cfDNA testing may be a surrogate for determining

BRAF mutations in patients with melanoma [24–28]. In our study, the presence of BRAF
mutations was confirmed by a subsequent tissue-based retest in five of the seven patients
who showed BRAF mutations using cfDNA testing. The remaining two patients showed
BRAF wild-type tumors upon the retest, which could potentially be a result of the archival
tissue sample being degraded. Although the study did not meet its predefined criteria for
the clinical significance of cfDNA testing (≥10% of patients designated as BRAF wild-type
based on a prior tissue test to subsequently show BRAFV600 mutations on cfDNA testing),
~6% of BRAF wild-type patients were subsequently shown to be BRAFV600-mutation-
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positive, based on cfDNA tests, suggesting that cfDNA testing may have a place in the
clinical setting. Furthermore, one of the five BRAF mutation-positive patients went on
to receive BRAF-targeted therapy and responded to treatment with a PFS that was in a
range that was observed in previous experience [29]. These results suggest that cfDNA
testing may be a quick and easy alternative to identify BRAF mutations in patients for
whom an archival tumor tissue sample may not be available in sufficient quality to allow
for a retesting population, so they can benefit from the early initiation of BRAF-targeted
therapy. However, it should be noted that cfDNA testing demonstrated a sensitivity of
64.8% in the present study. Therefore, although the cfDNA technique may be beneficial in
the initial screening for the BRAF mutation status (owing to the ease of obtaining a blood
sample versus a tumor re-biopsy, and the possibility of loss of the archival sample due to
degradation, as seen in two patients in this study), retesting of the archival tumor tissue, if
available, should be the primary choice for confirmation of the BRAF mutation status.

This study also evaluated any potential correlation with the cell-free BRAF mutation
load of the plasma and treatment outcomes, as suggested by previous reports [29–31];
however, no appreciable differences were observed in either the median PFS or DOR
among patients in whom the Cq for the BRAF mutation was above or below the median
Cq of 40.25. The substudy, which tested BRAF mutation load as a metric of treatment
response, showed that there was a decrease in the frequency of detection of the BRAFV600

mutation during the treatment, and the assay failed to detect the BRAFV600 mutation in a
number of patients as the treatment progressed. Overall, the treatment outcomes and the
observed safety profile with combination treatment with cobimetinib plus vemurafenib,
were consistent with the pivotal phase 3 data in a population of patients with advanced
melanoma and BRAF mutations [29,32].

A key limitation of the study was the relatively small number of patients who were
included. In addition, only one patient whose tumor was originally classified as BRAF
wild-type, and subsequently flagged as BRAF mutation-positive by the cell-free assay, went
on to receive and benefit from targeted therapy with cobimetinib plus vemurafenib. The
strengths of the study include its prospective nature, and that consecutive eligible and
consenting patients at the study centers were enrolled (i.e., there was no selection bias).
Furthermore, the study confirmed that a high percentage of patients that are designated
as having BRAF-mutated tumors, using tissue-based tests, have positive results in cfDNA
testing.

5. Conclusions

The study shows that plasma testing using cfDNA is a less invasive and rapid al-
ternative to confirm the presence of BRAF mutations versus tumor biopsies, and may
help in the early identification of patients who are more likely to benefit from treatment
with BRAF inhibitors. However, cfDNA testing should be used with caution in patients
undergoing BRAF inhibitor therapy, owing to its decreased sensitivity with treatment in
these patients. No significant correlation between the use of cfDNA testing, and PFS and
DOR could be determined among the patients receiving cobimetinib plus vemurafenib
treatment. Additional studies in a larger patient population are warranted to confirm these
results.

Supplementary Materials: The following is available online at https://www.mdpi.com/article/10
.3390/cancers13143591/s1, Supplementary material appendix: patient eligibility criteria.
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Simple Summary: A large proportion of patients with metastatic melanoma suffer from psycho-
logical distress. Early identification of these patients is important to be able to offer them adequate
support. This longitudinal study aimed to investigate the extent to which the psychological distress
of patients with malignant melanoma might change during their first three months of treatment
with immune checkpoint inhibitors. We found a high proportion of distressed patients in a cohort of
113 patients at the beginning of immunotherapy, which decreased during therapy. A binary logistic
regression analysis provided additional factors indicating an increased risk of developing distress—
female gender and occurrence of adverse events correlated significantly with distress values above
the threshold. The strongest factor was patients’ self-assessment. When initiating immunotherapy, it
is also important to consider the needs of patients and offer them psycho-oncological support.

Abstract: Background: Immune checkpoint inhibitors (ICI) provide effective treatment options for
advanced melanoma patients. However, they are associated with high rates of immune-related
side effects. There are no data on the distress of melanoma patients during their ICI treatment. We,
therefore, conducted a prospective longitudinal study to assess distress and the need for psycho-
oncological support in these patients. Methods: Questionnaires were completed before initiation of
ICI (T0), after 6–8 weeks (T1), and after 12–14 weeks (T2). We furthermore included the Hornheide
Screening Instrument (HSI), distress thermometer (DT), and patients’ self-assessment. Binary logis-
tic regression was performed to identify factors indicating a need for psychooncological support.
Results: 36.3%/55.8% (HSI / DT) of the patients were above the threshold, indicating a need for
psychooncological support at T0, and 7.8% of the patients reported practical problems. In contrast, at
T2, the distress values had decreased to 29.0%/40.2% (HSI/DT), respectively. Female gender and
occurrence of side effects significantly correlated to values above the threshold. The strongest factor
was the patient’s self-assessment. Conclusion: With the beginning of ICI, psychooncological support
should be offered. Furthermore, practical problems should be considered, e.g., transport to therapy.
Female patients and patients with side effects should be given special attention, as well as the patient
self-assessment.

Keywords: metastatic melanoma; checkpoint inhibitors; immune therapy; psychooncology; distress;
his; dt; problems

1. Introduction

Melanoma is one of the most aggressive cancer types with an increasing incidence
worldwide [1]. Receiving a diagnosis of melanoma is a deep cut in the lives of the person
affected and can lead to numerous stress reactions [2]. Despite the high incidence of
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melanoma and an increasing number of new treatment options, only limited data is
available on psychological distress in melanoma patients [3,4]. Some retrospective research
indicated that patients on systemic therapy appear to be at lower risk for psychological
distress, possibly due to the closer physician contact during therapy [5]. However, this was
a retrospective survey that did not refer to the time of therapy initiation.

The first-line treatment for patients suffering from melanoma is surgical excision of
the primary tumor and, if present, of metastases [6]. For melanoma patients with stage III
or IV and unresectable metastases, immune checkpoint inhibitors such as pembrolizumab
or nivolumab (PD-1 Inhibitors) as monotherapy and nivolumab in combination with
ipilimumab (CTLA-4 Inhibitor) are available and improved prognosis of metastasized
melanoma patients considerably [7–10]. Pembrolizumab and nivolumab have also been
approved in the adjuvant setting [6,11].

We aimed to investigate possible changes in psychological distress of melanoma
patients during their first three months of treatment with immune checkpoint inhibitors.

The study was designed to provide a comprehensive overview of the patient cohort,
including tumor-specific, social and psychological aspects, to better understand the indi-
vidual psychooncological needs of the patients during their course of immune checkpoint
inhibitor therapy.

2. Materials and Methods

We conducted a prospective, longitudinal study on melanoma patients from the Center
for Dermatooncology at the University of Tuebingen.

Inclusion criteria were German-speaking women and men of full age who had been
scheduled for treatment with immune checkpoint inhibitors (ICI) for metastatic melanoma
(AJCC-Stage III/IV). Exclusion criteria were severe problems with the German language,
severe psychological or neurological symptoms (e.g., psychosis, dementia), or lack of
consent. The study was performed between December 2017 and February 2019. A total of
160 patients were informed about the study. Of these, 39 patients declined to participate.
Thus, 121 patients decided to participate and provided written informed consent. Eight
patients did not complete the first or second follow-up questionnaire, completed it only
partially or too late, or decided against further participation in the study. The basis of the
statistical evaluation was, therefore, 113 patients at T0.

After detailed information about the possibility of participating in this study and
the patient’s consent, the questionnaire was handed out before the start of ICI. The pa-
tient filled out the baseline questionnaire before the initiation of ICI, directly on site. It
was directly transferred to the electronic Psychooncological Screening System (ePOS)
(Supplementary File S1).

The two follow-up questionnaires were conducted within 6–8 and 12–14 weeks after
the initiation of ICI (Supplementary Files S2 and S3). Moreover, patients completed
additional questionnaires at T1 and T2. In these questionnaires, the patients were asked
to state whether they had had contact with a member of the psychooncological support
team to that time point and whether the ICI therapy had been carried out as planned or
not. Furthermore, they were asked to indicate whether side effects had occurred. During
the survey, six patients died before completing the follow-up questionnaires. Nonetheless,
they remained included. This is the reason for the statistical basis at time T1: 109 patients
and T2: 107 patients.

Written consent was obtained from all patients included in this study, and ethical
approval had been obtained from the local ethics committee of the Medical Faculty of the
University of Tuebingen (file number 689/2017BO2).

2.1. Screening Instruments
2.1.1. Distress Thermometer (DT)

The DT consists of a scale from 0–10. The patient is asked to indicate on the thermome-
ter how much stress he/she has felt during the last week, including the day of survey. The
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value 0 indicates “not stressed at all”, the value 10 “extremely stressed” [12]. The DT is
supplemented by an additional “problem list”, consisting of 36 items concerning family,
emotional, spiritual, and physical aspects [13]. Following the recommendations of Mehnert
et al. [13], we considered patients with DT values ≥5 as over-threshold, and thus, were in
need of psychooncological support.

2.1.2. Hornheide Screening Instrument (HSI)

The HSI represents the shortened form of the Hornheide Questionnaire (HF). The
HSI is used to identify oncological patients in need of psychooncological support [14].
The seven items used in the HSI cover the following areas: 1—body condition, 2—mental
condition, 3—disease-independent stress, 4—availability of a trusted person, 5—stress in
the family due to the hospital stay, 6—the presence of inner peace, and 7—in what way the
patient feels informed about the disease and treatment. For items 1, 2, and 7 the answer
categories are 0 = rather good, 1 = medium and 2 = rather bad. The answer categories
for items 3 and 5 are: 2 = Yes and 0 = No, for items 4 and 6: 0 = Yes and 2 = No. In
computer-assisted screening, the analysis is carried out within seconds. The discriminant
function on which the HSI is based identifies the patient as “in need of care” or “not in
need of care”. The need for care is present with values >0.30 [15] using the discriminant
function [16].

2.1.3. Self-Assessment for the Need for Psychooncological Support

The subjective need for psychooncological support was assessed by the following
question: “Do you currently need support in coping with the disease or psychooncological
counselling?” [17].

2.2. Central Malignant Melanoma Registry

Tumor-specific data were obtained from the central registry for malignant melanoma.
In this registry, information on the age and gender of the patients, date of the first diagnosis,
metastasis, and further course of the disease are available. All patients included in this
registry had provided written consent to this documentation.

2.3. Statistical Analyses

Demographic and clinical data were presented descriptively. The categorical variables
were presented as absolute and relative frequencies, the continuous variables as mean
values. A Mann–Whitney U test or Wilcoxon test was performed to analyze differences
between patient groups (over-threshold values in DT present or absent). For small sample
sizes, the exact Fischer test was used.

Furthermore, a binary logistic regression analysis was calculated to check for potential
risk factors indicating the need for psychooncological support. Statistical analysis was
performed using the statistical program for social sciences SPSS Version 25 (IBM, New York,
NY, USA).

3. Results

One hundred and thirteen patients were included in the study, 54 women (47.8%)
and 59 men (52.2%). The mean age of the women at the initial survey was 61.4 years
(30–90 years, SD = 14.81), that of the men 62.4 years (30–89 years, SD = 13.80).

Three patients were on daily antidepressants with citalopram or mirtazapine and
one patient had a daily medication of lorazepam. Beyond that, none of the patients had
a permanent medication with antidepressants or other psychopharmaceuticals. Of the
113 patients included at baseline (T0), 109 were alive at the first follow-up (T1) and 107 at
T2 (Figure 1).
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Figure 1. Flow chart.

3.1. Clinical Data

Cutaneous melanoma was the most common type (66.4%, n = 75) (Figure 2).

Figure 2. Melanoma type.

At the time of the initial survey (T0), 68 patients (60.2%) were classified as tumor stage
IV and 45 patients (39.8%) as stage III (Figure 3).

Figure 3. Tumor stage.
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Combined systemic therapy with ipilimumab and nivolumab received 48 patients
(42.5%). Ten patients (8.8%) started monotherapy with PD-1 antibody nivolumab, nine
patients (8.0%) with PD-1 antibody pembrolizumab. Among the total cohort of 113 patients,
44 patients (38.9%) had nivolumab and two patients (1.8%) pembrolizumab in an adjuvant
setting (Figure 4).

Figure 4. Therapy.

For evaluating the documented adverse events, patients were classified by treat-
ment regime. On the one hand, patients with combined ICI (ipilimumab and nivolumab
(n = 48)) and, on the other hand, patients who received a PD-1 antibody monotherapy with
nivolumab or pembrolizumab (n = 65).

In 65.2% (n = 30) of the patients with combined ICI, side effects occurred up to time
T2. These appeared on average 33 days (4–63 days, SD = 18.14) after the start of systemic
therapy. Most frequently (29.7%), fatigue was documented. The second most frequently
documented side effect was colitis with 17.2% (Figure 5).

Figure 5. Side effects under combined immunotherapy.

Under PD-1 antibody therapy, 27.0% (n = 17) of patients experienced side effects.
These were seen after an average of 39 days (20–89 days, SD = 20.34) after initiation of ICI.
Here, fatigue was also the most frequent cause with 32.5%. Colitis was in second place
with 20.0% (Figure 6).
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Figure 6. Side effects under PD-1 antibody therapy.

3.2. Psychological Distress

We found 55.8% of the patients were screened as significantly distressed by the Distress
thermometer (cutoff ≥ 5). At T1, the percentage was 54.1%. At T2, the percentage dropped
down to 40.2%.

Concerning the related problem list, physical problems were the priority at all mea-
surement points. They reached their maximum value at time T1 (T0: 54.3%; T1: 67.0%;
T2: 63.9%). Exhaustion, skin problems, sleep disorders, and pain were most frequently
mentioned. Emotional problems came second to problem areas and were highest at the
beginning of immunotherapy (T0: 35.9%; T1: 27.0%; T2: 29.2%). Above all, worries and
fears occurred in half of the patients interviewed. Practical problems took third place.
Family problems and religious issues were extremely rare (Figure 7 and Table 1).

Figure 7. Problem areas.

Measured by HSI, 36.3% of patients showed over-threshold values (cutoff > 0.3) before
starting therapy. At T1, the percentage was 36.7%. At time T2, the average exposure
dropped to 29.0%.

Thirteen patients (11.5%) indicated a subjective need for psychooncological support at
T0, nine patients (8.3%) at T1, and four patients (3.7%) at the last survey time T2. Within the
survey period, twelve women and three men (13.8%; n = 15) had contact with a member of
the psychooncological support team and had made an appointment for an interview. Of
these 15 patients, seven had previously indicated a subjective need, another six patients
showed over threshold values in HSI or DT, and one patient neither indicated a subjective
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need nor achieved values above the cutoff in the survey. At time T2, 21 patients (22.8%)
who had not had contact with the psychooncological support team indicated that, in
retrospective view, a conversation with the psychooncological team would probably have
helped them to better cope with the disease.

Table 1. Problem list at T0, T1, T2.

Problem List T0 (n = 113) T1 (n = 109) T2 (n = 107)

Practical problems

Housing 4.4% (n = 5) 3.7% (n = 4) 3.7% (n = 4)
Insurance 3.5% (n = 4) 3.7% (n = 4) 5.6% (n = 6)

Work/school 13.3% (n = 15) 10.1% (n = 11) 13.1% (n = 14)
Transportation 16.8% (n = 19) 11.9% (n = 13) 10.3% (n = 11)

Childcare 1.8% (n = 2) 0.0% (n = 0) 0.0% (n = 0)

Family problems

Dealing with partner 6.2% (n = 7) 4.6% (n = 5) 4.7% (n = 5)
Dealing with children 0.0% (n = 0) 1.8% (n = 2) 0.9% (n = 1)

Emotional problems

Worry 51.3% (n = 58) 56.9% (n = 62) 62.6% (n = 67)
Fears 49.6% (n = 56) 47.7% (n = 52) 48.6% (n = 52)

Sadness 24.8% (n = 28) 23.9% (n = 26) 21.5% (n = 23)
Depression 10.6% (n = 12) 8.3% (n = 9) 9.3% (n = 10)

Nervousness 29.2% (n = 33) 19.3% (n = 21) 17.8% (n = 19)
Loss of interest in usual activities 14.2% (n = 16) 12.8% (n = 14) 5.6% (n = 6)

Spiritual/religious issues

In relation to God 3.5% (n = 4) 2.8% (n = 3) 1.9% (n = 2)
Loss of faith 0.0% (n = 0) 0.0% (n = 0) 0.0% (n = 0)

Physical problems

Pain 24.8% (n = 28) 40.4% (n = 44) 36.4% (n = 39)
Nausea 12.4% (n = 14) 22.9% (n = 25) 16.8% (n = 18)
Fatigue 40.7% (n = 46) 62.4% (n = 68) 64.5% (n = 69)
Sleep 31.9% (n = 36) 42.2% (n = 46) 43.9% (n = 47)

Getting around 25.7% (n = 29) 30.3% (n = 33) 20.6% (n = 22)
Bathing. dressing 3.5% (n = 4) 5.5% (n = 6) 4.7% (n = 5)

Appearance 3.5% (n = 4) 9.2% (n = 10) 4.7% (n = 5)
Breathing 11.5% (n = 13) 16.5% (n = 18) 10.3% (n = 11)

Mouth sores 1.8% (n = 2) 7.3% (n = 8) 1.9% (n = 2)
Eating 10.6% (n = 12) 13.8% (n = 15) 11.2% (n = 12)

Indigestion 12.4% (n = 14) 31.2% (n = 34) 33.6% (n = 36)
Constipation 9.7% (n = 11) 11.0% (n = 12) 5.6% (n = 6)

Diarrhea 9.7% (n = 11) 17.4% (n = 19) 12.1% (n = 13)
Changes in urination 9.7% (n = 11) 3.7% (n = 4) 3.7% (n = 4)

Fevers 0.0% (n = 0) 8.3% (n = 9) 6.5% (n = 7)
Skin dry/itchy 21.2% (n = 24) 45.0% (n = 49) 43.9% (n = 47)

Nose dry/congested 3.5% (n = 4) 11.0% (n = 12) 12.1% (n = 13)
Tingling in hands/feet 13.3% (n = 15) 11.9% (n = 13) 15.0% (n = 16)

Feeling swollen 7.1% (n = 8) 12.8% (n = 14) 12.1% (n = 13)
Memory/concentration 15.0% (n = 17) 15.6% (n = 17) 6.5% (n = 7)

Sexual 7.1% (n = 8) 5.5% (n = 6) 4.7% (n = 5)

The following table (Table 2) shows the individual values of the distress thermometer
at all three survey times. In total, 63 patients marked a value of five or higher at T0
and were above the cutoff. At T1, there were 59 patients, and at T2, 43 patients with
suprathreshold values.
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Table 2. Distress thermometer at T0, T1, and T2.

DT Values T0 (n = 113) T1 (n = 109) T2 (n = 107)

Value 0 2.7% (n = 3) 1.8% (n = 2) 1.9% (n = 2)
Value 1 6.2% (n = 7) 5.5% (n = 6) 10.3% (n = 11)
Value 2 8.8% (n = 10) 11.0% (n = 12) 15.0% (n = 16)
Value 3 13.3% (n = 15) 12.8% (n = 14) 14.0% (n = 15)
Value 4 13.3% (n = 15) 14.7% (n = 16) 18.7% (n = 20)
Value 5 17.7% (n = 20) 16.5% (n = 18) 20.6% (n = 22)
Value 6 15.9% (n = 18) 19.3% (n = 21) 13.1% (n = 14)
Value 7 9.7% (n = 11) 7.3% (n = 8) 3.7% (n = 4)
Value 8 4.4% (n = 5) 9.2% (n = 10) 2.8% (n = 3)
Value 9 4.4% (n = 5) 1.8% (n = 2) 0.0% (n = 0)
Value 10 3.5% (n = 4) 0.0% (n = 0) 0.0% (n = 0)

3.3. Comparison of Groups with and without Over-Threshold Values in DT

Patients with (55.8%, n = 63) and without (44.2%, n = 50) over-threshold values in DT
differed significantly in gender before the start of ICI. Women more often showed a value
above the cutoff of≥5 (Table 3). Significant differences were found in gender, tumor stage, type
of therapy, and side effects at time T1 (Table 4). There were significant differences between the
two groups in the occurrence of side effects and the outcome in staging at time T2 (Table 5).

Table 3. Comparison of the groups at T0.

Characteristic Overall
n = 113 (100%)

DT < 5
n = 50 (44.2%)

DT ≥ 5
n = 63 (55.8%) p-Value

Demographic characteristics

Gender (%) p = 0.041 C

V = 0.210 1

Female n = 54 (100%) n = 18 (33.3%) n = 36 (66.7%)
Male n = 59 (100%) n = 32 (54.2%) n = 27 (45.8%)

Age (in Years) 61.9 (SD = 14.24) 61.6 (SD = 12.64) 62.2 (SD = 15.48) p = 0.840 M

Clinical characteristics

Disease duration (in months) 38.2 (SD = 54.7) 35.8 (SD = 40.05) 40.1 (SD = 64.29) p = 0.833 M

AJCC-Stage p = 0.317 C

III n = 45 (100%) n = 23 (51.1%) n = 22 (48.9%)
IV n = 68 (100%) n = 27 (39.7%) n = 41 (60.3%)

Histological subtype p = 0.415 C

Cutaneous melanomas n = 75 (100%) n = 35 (46.7%) n = 40 (53.3%)
ALM n = 10 (100%) n = 2 (20%) n = 8 (80%)

Mucous membrane n = 8 (100%) n = 5 (62.5%) n = 3 (37.5%)
Uveal melanoma n = 9 (100%) n = 3 (33.3%) n = 6 (66.7%)
Occult melanoma n = 11 (100%) n = 5 (45.5%) n = 6 (54.5%)

Localisation p = 0.192 C

Head/neck n = 21 (100%) n = 8 (38.1%) n = 13 (61.9%)
Trunk n = 31 (100%) n = 18 (58.1%) n = 13 (41.9%)

Upper extremity n = 10 (100%) n = 5 (50%) n = 5 (50%)
Lower extremity n = 32 (100%) n = 9 (28.1%) n = 23 (71.9%)

Mucosa n = 8 (100%) n = 5 (62.5%) n = 3 (37.5%)
Occult melanoma n = 11 (100%) n = 5 (45.5%) n = 6 (54.5%)

Therapy p = 0.294 C

Combined immunotherapy n = 48 (100%) n = 18 (37.5%) n = 30 (62.5%)
PD-1-antibody monotherapy n = 65 (100%) n = 32 (49.2%) n = 33 (50.8%)

C = Chi-Quadrat-Test. M = Mann-Whitney U Test. 1 V = Cramers V (Effect power: 0.10 small, 0.30 medium, 0.50 large).
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3.4. Indicators for the Need of Psychooncological Support According to HSI

A binary logistic regression was performed to check for the potential influence of
patients’ subjective assessment and other objective factors on the need for psychooncologi-
cal support. Since HSI is a widely used tool for assessing psychooncological support, we
defined the HSI result as a response variable (HSI > 0.3: the need for care, HSI ≤ 0.3: no
need for care).

3.4.1. Parameters at the Beginning of Immunotherapy

The model included the following variables: positive subjective assessment, female
gender, stage IV, and melanoma in the visible body parts. Other metric variables included
age and duration of disease in months. The complete model, which included all parameters,
was statistically significant, indicating that the model could distinguish between patients
needing support and the patients not in need of psychooncological support. The model
explained between 16.9% (Cox and Snell R-squared) and 23.2% (Nagelkerkes R-squared) of
the variance and correctly classified 69.9% of cases. As shown in Table 6, 3 variables made
a unique, statistically significant contribution to the model (positive subjective assessment,
age at start of therapy, and female gender). According to HSI, the strongest predictor
of psychooncological need was the variable “positive subjective assessment,” with an
odds ratio of 5.76. This means that patients who reported a need for psychooncological
support were more than five times more likely to achieve values above the threshold at HSI.
Other significant parameters for values above the threshold in HSI indicating a need for
psychooncological support were female gender and higher age. Increasing age increased
the percentage of patients needing psychooncological support (Table 6).

Table 4. Comparison of the groups at T1.

Characteristic Overall
n = 109 (100%)

DT < 5
n = 50 (45.9%)

DT ≥ 5
n = 59 (54.1%) p-Value

Demographic characteristics

Gender (%) p = 0.041 C

V = 0.210 1

Female n = 50 (100%) n = 16 (32.0%) n = 34 (68.0%)
Male n = 59 (100%) n = 34 (57.6%) n = 25 (42.4%)

Age (in Years) 62.45 (SD = 14.10) 61.3 (SD = 12.81) 63.4 (SD = 15.12) p = 0.314 M

Clinical characteristics

AJCC-Stage p = 0.004 C

V = 0.293 1

III n = 44 (100%) n = 28 (63.6%) n = 16 (36.4%)
IV n = 65 (100%) n = 22 (33.8%) n = 43 (66.2%)

Therapy p = 0.003 C

V = 0.302 1

Combined immunotherapy n = 46 (100%) n = 13 (28.3%) n = 33 (71.7%)
PD-1-antibody monotherapy n = 63 (100%) n = 37 (58.7%) n = 26 (41.3%)

Side effects p = 0.005 C

V = 0.287 1

No n = 71 (100%) n = 40 (56.3%) n = 31 (43.7%)
≥1 n = 38 (100%) n = 10 (26.3%) n = 28 (73.7%)

Staging p = 0.270 C

No n = 83 (100%) n = 35 (42.2%) n = 48 (57.8%)
Stable Disease n = 19 (100%) n = 12 (63.2%) n = 7 (36.8%)

Progress n = 7 (100%) n = 3 (42.9%) n = 4 (57.1%)
C = Chi-Quadrat-Test. M = Mann-Whitney U Test. 1 V = Cramers V (Effect power: 0.10 small, 0.30 medium, 0.50 large).
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Table 5. Comparison of the groups at T2.

Characteristic Overall
n = 107 (100%)

DT < 5
n = 64 (59.8%)

DT ≥ 5
n = 43 (40.2%) p-Value

Demographic characteristics

Gender (%) p = 0.057 C

Female n = 49 (%) n = 24 (49.0%) n = 25 (51.0%)
Male n = 58 (%) n = 40 (69.0%) n = 18 (31.0%)

Age (in Years) 62.2 (SD = 14.08) 61.3 (SD = 14.15) 63.5 (SD = 14.02) p = 0.429 M

Clinical characteristics

AJCC-Stage p = 0.382 C

III n = 44 (100%) n = 29 (65.9%) n = 15 (34.1%)
IV n = 63 (100%) n = 35 (55.6%) n = 28 (44.4%)

Therapy p = 0.078 C

Combined immunotherapy n = 45 (100%) n = 22 (48.9%) n = 23 (51.1%)
PD-1-antibody monotherapy n = 62 (100%) n = 42 (67.7%) n = 20 (32.3%)

Side effects p = 0.000 C

V = 0.428 1

No n = 83 (100%) n = 59 (71.1%) n = 24 (28.9%)
≥1 n = 24 (100%) n = 5 (20.8%) n = 19 (79.2%)

Staging p = 0.001 C

V = 0.349 1

No n = 88 (100%) n = 54 (61.4%) n = 34 (38.6%)
Stable Disease n = 9 (100%) n = 8 (88.9%) n = 1 (11.1%)

Progress n = 10 (100%) n = 2 (20.0%) n = 8 (80.0%)
C = Chi-Quadrat-Test. M = Mann-Whitney U Test. 1 V = Cramers V (Effect power: 0.10 small, 0.30 medium, 0.50 large.).

Table 6. Odds ratio for the need for psychooncological support according to the HSI.

Characteristic Odds Ratio Standard Error p-Value 95% CI Odds Ratio

Positiv subjective need 5.76 0.76 0.020 1.31 25.36

Female Gender 2.93 0.47 0.022 1.17 7.33

Higher Age before start therapy 1.04 0.02 0.014 1.01 1.08

AJCC-Stage IV 1.16 0.47 0.747 0.46 2.92

Longer duration of illness in month 1.00 0.00 0.678 0.99 1.01

Melanoma on visible parts of the body 0.45 0.60 0.179 0.14 1.45

The significant results are displayed first and marked in bold; sorted by odds ratio, starting with the highest value.

3.4.2. Parameters during Immunotherapy

The following variables were included in the model: positive subjective need, female
gender, stage IV, side effects, and the type of therapy. The metric variable included age.
The overall model was statistically significant, indicating that the model could distinguish
between patients requiring care and those not requiring care. The model explained between
20.0% (Cox and Snell R-squared) and 27.3% (Nagelkerkes R-squared) of the variance and
correctly classified 76.1% of cases. As shown in Table 7, 3 variables also made a statistically
significant contribution to the model (positive subjective assessment, age at start of therapy,
and the occurrence of side effects). The strongest predictor of psychooncological need
after HSI was also the variable “positive subjective assessment” with an odds ratio of 8.21
(Table 7).

108



Cancers 2021, 13, 2642

Table 7. Odds ratio for the need for psychooncological support according to the HSI during immunotherapy.

Characteristic Odds Ratio Standard Error p-Value 95% CI Odds Ratio

Positiv subjective need 8.21 0.91 0.021 1.37 49.27

Occurrence of side effects 3.00 0.47 0.019 1.20 7.48

Higher Age before start therapy 1.04 0.02 0.037 1.00 1.08

Combined immunotherapy 1.49 0.69 0.566 0.39 05.72

AJCC-Stage IV 1.01 0.70 0.985 0.26 4.02

Female gender 0.93 0.48 0.875 0.36 2.39

Staging 0.56 0.61 0.339 0.17 1.84

The significant results are displayed first and marked in bold, sorted by odds ratio, starting with the highest value.

4. Discussion

In this prospective study on distress in metastatic melanoma patients during ICI,
we identified more than 50% of distressed patients at baseline before initiating ICI. This
percentage is slightly higher than that of other studies on the psycho-oncological burden
of melanoma patients [2,5,18]. It can certainly be explained by the fact that our cohort
included only advanced melanoma patients who were to receive systemic ICI. During ICI,
the proportion of patients with values above the threshold decreased, whereas the physical
problems increased to a clear peak at time T1.

It could be assumed that uncertainties about the detailed course and tolerability at the
beginning of ICI (T0) led to a higher percentage of distressed patients.

When comparing the patient groups with and without DT values above the threshold,
we found that female patients more often suffered distress than male patients at times
T0 and T1. Consistent with our results, others have shown that women are distressed
to a higher percentage than men during their disease [19–21]. One explanation for the
remarkably higher percentage of female patients with DT values above the threshold could
be that women might be more concerned about their families and children. Additionally, it
has been shown that women are more restricted in their daily activities during their illness
than men, which could explain an increased percentage of distressed patients [22].

Furthermore, patients with a higher AJCC stage (stage IV compared to stage III), com-
bined immunotherapy (compared to PD-1 antibodies as monotherapy) and patients who
developed side effects compared to those without, showed more distress at T1. We found
a significant correlation between the type of immunotherapy and the occurrence of side
effects. Thus, significantly more patients suffered from side effects when receiving com-
bined immunotherapy. When comparing combined immunotherapy with monotherapy, it
is noticeable that immune-related side effects occurred in 63% of patients with combined
immunotherapy and 32% of patients with PD-1 antibody monotherapy. Similarly, several
studies revealed that severe or life-threatening adverse events (CTCAE grade 3–4) occur in
17–21% with PD-1 antibody monotherapy and 59% with combined immunotherapy [23,24].

The immune-related side effects suffered by our patients occurred on average after
38 days. This timing of onset fits well with what has been reported in other studies, and
it also correlates very well with the time-point of the second survey (T1). This certainly
explains the peak of physical problems at time T1. In particular, colitis, and pneumonitis
may entail prolonged adverse event management under inpatient conditions [25].

Interestingly, the proportion of patients indicating emotional problems decreases at
time T1. In particular, the items “anxiety” and “depression” dropped at time T1 and rose
again slightly at time T2, perhaps due to the approaching moment of staging.

One explanation could be that the patients focused on their physical, immune-related
problems at T1 so that all other items of the problem list lost their importance beside it.
Another explanation could be that patients associated and, to some extent, equated the
occurrence of immune-mediated side effects with a good response to therapy.
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In both combined immunotherapy and PD1-AK monotherapy, “fatigue” has been
documented as the most common side effect. The same in other countries, regardless
of the type of cancer, fatigue was the most often mentioned physical problem in cancer
patients [26,27]. Nonetheless, fatigue seems to be still underdiagnosed, and support for
these patients has not been adequately ensured [28]. Fatigue, in particular, is often stated
by cancer patients as the main cause of impaired quality of life and increased distress [29].

The proportion of patients with progressive disease in staging showed an increase
in DT at T2. In contrast, patients who showed a decrease in the tumor or metastases or
who did not experience worsening the situation were significantly less distressed. This
highlights the importance of empathic communication of the staging results in a face-to-
face conversation and, if needed, prompt psycho-oncological support, which will primarily
be the case with progressive findings.

Some factors can help to identify affected patients and thus to provide psychoonco-
logical support. The strongest predictor for patients above threshold by HSI, immediately
before starting the systemic therapy (T0) and during its course, was the variable “subjec-
tive need.” For melanoma patients, who consider themselves to need psychooncological
support, it can be assumed with high probability that they also have a psychometrically
determined need, measured by HSI. In this context, a subjective need is of enormous im-
portance and should be considered an independent, most probably even the simplest and
most intuitive screening tool. This is also recommended in the guideline in the S3 guideline
(“Psychooncological Diagnosis, Counseling and Treatment of Adult Cancer Patients”).
Patients should be asked for their personal estimation on the need for psychooncological
support [12]. However, this question alone should not replace the screenings as they
contain several questions helping the patient be self-reflective. Likely, some patients would
not have noticed that they had not been feeling well in the last few days, or they might
have realized that they do NOT have anyone to talk to about their difficult situation. The
screenings can help to induce a deeper self-reflection.

Therefore, at the beginning and during therapy, considering the patients’ subjective
perception, psychooncological support should be offered. In this way, psychological comor-
bidities, such as anxiety or depression might be assessed early on. In this way moreover,
compliance could probably be ensured. DiMatteo and colleagues found that patients with
comorbid depression were three times more likely not to follow treatment recommen-
dations or even discontinue therapy [30]. Through the availability of psychooncological
support, patient care could be ensured, which could be lifesaving for cancer patients.

However, in contrast to the high proportion of patients with over threshold values
in HSI and DT, only 11.5% indicated a subjective need for psychooncological support at
the beginning of immunotherapy. This subjective need decreased even further during the
treatment (T1: 8.3%; T2: 3.7%).

Possible reasons for patients not considering themselves to need support despite
values above the threshold could be an insufficient knowledge about what the psychoonco-
logical support looks like in detail, a kind of fear of stigmatization, inability to cope with
the disease and the resulting misjudgment, or other support they already receive [31,32].

The individual ability of the patients to cope with stress and use resources and possible
intrinsic predispositions to feel anxious or worried may have biased the results of our study.
Intrapsychic personality characteristics were not assessed. A follow-up study could focus
on these possibly influencing factors in combination with further personality characteristics.

During the survey period, more women than men made use of psychooncological
support. This is in line with the results of the study by Zwaan et al., in which significantly
more women than men had contact with the psychooncological service [33]. This gender
difference is probably due to the traditional distribution of roles. For men, it might still be
an obstacle to show weakness and ask for help. Based on these findings, patients should not
only be relied on to seek psychooncological support themselves. They should be actively
informed about possible supports and offers of help. Special care should be taken to reduce
possible prejudices against “psychooncology” and to encourage men to seek external help.
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5. Conclusions

Melanoma patients who are to be treated by ICI should be screened by DT or HSI
for psychological distress, complemented by patients′ self-assessment. In our study, the
percentage of values above the threshold decreased during ICI. At the beginning of ICI
therapy, practical problems should be given special consideration, e.g., transport to therapy.
It should be considered that there are special situations that might require additional
support. Patients with immune-related adverse events had more often physical problems,
and patients suffering progressive disease were significantly more often above-threshold,
thus in need of psychooncological support.

A problem list, as in DT, can rapidly help the treating physician get an overview of the
patient′s current problems. For the future, studies would be desirable to investigate the extent
to which psycho-oncological support can reduce the proportion of over-threshold patients.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
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Simple Summary: Cutaneous squamous cell carcinoma (cSCC) is the second most common form of
skin cancer, which predominantly occurs on the head and neck. Early detection and treatment of
primary tumours is crucial to limit progression and local invasion of deep tissues. While high-risk
markers of poor prognosis have been identified, factors predicting regional control or survival remain
uncertain. Therefore, diagnosis and management of cSCC should be performed individually, consid-
ering patient’s clinicopathological profile and the best available treatment options. Surgical excision,
radiotherapy, and/or systemic treatments can be selected depending on patient’s status and tumour
stage. Considering that a more comprehensive assessment will be provided by a multidisciplinary
team, we aimed to generate a practical document that may assist oncologists and dermatologists on
the prognosis, diagnosis, management, and follow-up of patients with advanced cSCC.

Abstract: Cutaneous squamous cell carcinoma (cSCC) is the second most common form of skin
cancer, the incidence of which has risen over the last years. Although cSCC rarely metastasizes,
early detection and treatment of primary tumours are critical to limit progression and local invasion.
Several prognostic factors related to patients’ clinicopathologic profile and tumour features have
been identified as high-risk markers and included in the stratification scales, but their association
with regional control or survival is uncertain. Therefore, decision-making on the diagnosis and man-
agement of cSCC should be made based on each individual patient’s characteristics. Recent advances
in non-invasive imaging techniques and molecular testing have enhanced clinical diagnostic accuracy.
Surgical excision is the mainstay of local treatment, whereas radiotherapy (RT) is recommended for
patients with inoperable disease or in specific circumstances. Novel systemic treatments including
immunotherapies and targeted therapies have changed the therapeutic landscape for cSCC. The
anti-PD-1 agent cemiplimab is currently the only FDA/EMA-approved first-line therapy for patients
with locally advanced or metastatic cSCC who are not candidates for curative surgery or RT. Given the
likelihood of recurrence and the increased risk of developing multiple cSCC, close follow-up should
be performed during the first years of treatment and continued long-term surveillance is warranted.

Keywords: cutaneous squamous cell carcinoma; prognosis; multidisciplinary management; surgery;
systemic therapy
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1. Introduction

Cutaneous squamous cell carcinoma (cSCC) is one of the most relevant non-melanoma
skin cancers (NMSC), along with basal cell carcinoma (BCC). With more than 700,000 cases
diagnosed each year in the U.S. [1], the likelihood of patients developing at least a second
cSCC is 13% [2]. In Spain, cSCC is the second cause of skin cancer-related mortality, with
an estimated incidence of 40 cases per 100,000 person-years [3]. It predominantly occurs on
the head and neck (cSCCHN). Sun exposure, particularly chronic UV exposure, is the most
relevant risk factor for cSCC [4]. Artificial ultraviolet radiation, including PUVA therapy
with a load of more than 350 sessions, has also been associated with a higher incidence
of cSCC [5]. Immunosuppression, especially in the context of solid organ transplants and
patients with chronic lymphocytic leukaemia, is associated with a higher frequency among
younger patients and more aggressive carcinomas [6].

Diagnosis of advanced cSCC should involve experts from different specialties, in-
cluding dermatologists, anatomical pathologists, surgeons, radiation oncologists, and
medical oncologists, thereby enabling a more comprehensive patient assessment. Likewise,
decision-making for patient management and follow-up should be guided by this multidis-
ciplinary approach, selecting the best available therapeutic options from an individualized
perspective [7,8]. In recent years, increased knowledge of molecular biology and the imple-
mentation of novel techniques for surgery and radiotherapy (RT) have led to new treatment
lines which have significantly improved the chance of local control and survival. Moreover,
a broader therapeutic arsenal beyond surgery and RT is currently available that includes
novel systemic treatments, such as new chemotherapeutic agents, targeted therapies, or
immunotherapies [8,9].

This review was prompted by several considerations. First, while the recent update
of tumour classification system has improved its prognostic value, the most relevant
factors predicting patient outcomes remain unclear. Second, standardized protocols are
required to ensure the consistency of clinical and pathological reports, thus allowing
the appropriate assessment of clinical risk from a multidisciplinary approach. Finally, a
practical document that includes the characteristics, usefulness, and role of diagnostic tests
and available treatments may assist both oncologists and dermatologists. To further support
the evidence herein addressed and its applicability in clinical practice, a questionnaire
was conducted among a multidisciplinary panel of specialists with the aim of providing
consensus recommendations on the prognosis, diagnosis, treatment, and follow-up of cSCC
(References [10–12] are cited in the Supplementary Material).

2. Tumour Staging and Prognostic Factors

Tumour staging of cSCC arising from the head and neck region is based on the
American Joint Committee on Cancer (AJCC) classification, 8th ed. [13], which additionally
considers tumour thickness [14], perineural infiltration diameter, and tumour invasion
depth to classify primary tumours [15] (Table 1). Alternatively, the Brigham and Women’s
Hospital (BWH) classification has also been proposed as a simpler and more intuitive
classification system for localized stage disease. The BWH system may be a better predictor
of regional nodal relapse or disease-related mortality than AJCC 8th ed. [16], although no
differences have been observed for immunosuppressed patients [17]. In a recent systematic
review, the BWH and AJCC systems similarly predicted the presence of metastasis after
selective sentinel node biopsy [18].
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Table 1. Summary of tumour classification systems AJCC 8th edition and BWH.

AJCC-8 Classification BWH Classification

Primary tumour (T)

T1 Tumour < 2 cm in greatest dimension T1 0 high-risk factors b

T2 Tumour ≥ 2 cm and <4 cm in greatest dimension T2a 1 high-risk factor

T3 Tumour ≥ 4 cm in greatest dimension or minor bone
erosion or PNI or deep invasion a T2b 2–3 high-risk factors

T4a Tumour with gross cortical bone/marrow invasion T3 4 high-risk factors or bone invasion

T4b
Tumour with axial skeleton invasion including foraminal
involvement and vertebral foramen involvement to the

epidural space

Regional lymph nodes (N)

Nx Regional lymph nodes cannot be assessed

N1 Metastasis in a single ipsilateral lymph node ≤3 cm in
greatest dimension and ENE (−)

N2a Metastasis in a single ipsilateral lymph node >3 cm and
≤6 cm in greatest dimension and ENE (−)

N2b Metastasis in multiple ipsilateral nodes all ≤6 cm in greatest
dimension and ENE (−)

N2c Metastasis in bilateral or contralateral lymph node(s), all
≤6 cm in greatest dimension and ENE (−)

N3a Metastasis in a lymph node >6 cm in greatest dimension
and ENE (−)

N3b Metastasis in any lymph node(s) and ENE (+)

Distant metastasis (M)

M0 No distant metastasis

M1 Distant metastasis

AJCC, American Joint Committee on Cancer; BWH, Brigham and Women’s Hospital; ENE, extranodal extension;
PNI, perineural invasion. a Deep invasion defined as invasion beyond the subcutaneous fat or >6 mm (as
measured from the granular layer of adjacent normal epidermis to the base of the tumour); perineural invasion
for T3 classification is defined as tumour cells within the nerve sheath of a nerve lying deeper than the dermis or
measuring 0.1 mm or larger in calibre or presenting with clinical or radiographic involvement of tumour named
nerves without skull base invasion or transgression [19]. b Risk factors include tumour diameter 2 cm or larger,
poorly differentiated histology, perineural invasion, and tumour invasion beyond the subcutaneous fat (excluding
bone, which automatically upgrades to T3) [20].

Tumour staging according to the TNM classification, which is applicable for cSCC
from all regions, is shown in Table 2. The N category referring to regional metastatic
affectation is based on a scheme shared with other head and neck tumours. It should be
noted that the AJCC classification system is only valid for these tumours. Other prognostic
factors not included in this classification, such as degree of differentiation, growth rate [21],
and the presence of budding, have also been described [22].

117



Cancers 2022, 14, 629

Table 2. Staging based on AJCC TNM classification 8th edition for head and neck cSCC.

T N M Stage

T1 N0 M0 Stage I
T2 N0 M0 Stage II
T3 N0, N1 M0 Stage III
T1 N1 M0 Stage III
T2 N1 M0 Stage III

T1–3 N2 M0 Stage IV
T1–4 N3 M0 Stage IV

T4 N0–3 M0 Stage IV
T1–4 N0–3 M1 Stage IV

AJCC, American Joint Committee on Cancer; M, distant metastasis; N, regional lymph nodes; T, primary tumour.

3. Molecular Pathology and Emerging Biomarkers

cSCC presents a higher number of mutations than other tumours, i.e., up to 5 times
that of lung cancer or 4 times that of melanoma [23]. By accumulating these mutations, an
area of skin can—usually in response to UV light damage—progress through increased
levels of dysplasia to become a cSCC, and in fact, areas of photo-exposed skin share many
of the same carcinoma features [24]. Although there is a large range of tumour mutational
burden (TMB) in cSCC, the median TMB is the highest compared with other tumour
types. Exome sequencing in the cSCC has revealed approximately 1300 nucleotide somatic
variations per exome. This observation has led to the hypothesis that constant damage
to basal keratinocytes by UV radiation may be responsible for multiple cSCC mutational
events [25] (Figure 1).
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The most frequent mutations in cSCC are associated with ultraviolet radiation and
affect TP53 and NOTCH signalling pathway genes. While mutations in the TP53 family
decrease the expression of other tumour suppressors, such as IFR6 [26], modifications in
NOTCH signalling may have an oncogenic or suppressor role depending on the cellular mi-
croenvironment [27]. Activating mutations on genes of the RAS family, mainly HRAS, have
been identified in up to 9% of SCC [25], with increasing incidence in up to 60% of tumours
developed in patients treated with BRAF/MEK inhibitors [28]. CDKN2A, which is mutated
in 31% of primary and metastatic SCC, is associated with tumour aggressiveness [29] and
epigenetic changes due to hypermethylation of the CpG islands of the FRZB, TFAP2C,
ASCL2 [30], and KMT2C [23] genes. Less frequently, alterations in STAT3, PIK3CA, KIT,
RIPK4, and RAS1 genes have been also described [23,31]. Evidence also suggests that
phenotypic changes caused by tumour–stromal interaction and the secretion of VEGF-C by
tumour-associated fibroblasts might be involved in the cSCC metastatic process [32,33].

4. Diagnosis
4.1. Dermatology

In recent years, optical non-invasive diagnostic techniques have been increasingly
applied in clinical practice to improve diagnostic accuracy and to characterise the tumour
in vivo before surgery or biopsy [9,34]. Dermoscopy can be used to identify the main charac-
teristics of cSCC, such as clustered vascular pattern, glomerular vessels, and hyperkeratosis.
Several additional features can be observed using reflectance confocal microscopy, such as
atypical honeycomb or disarranged pattern of the spinous-granular layer of the epidermis,
round nucleated bright cells in the epidermis, and round vessels in the dermis [35].

While dermoscopy is performed more often in pigmented than in non-pigmented
lesions, it is also useful in the differential diagnosis of equivocal cases. For instance, the
identification of glomerular-like, clustered or hairpin vessels, and the scale and alignment
of dots and vessels can be useful in particular scenarios, such as in minimally invasive cSCC
or in pigmented forms [19]. In situ, cSCC frequently presents clinically as an erythematous
scaly patch or slightly elevated plaque, whereas invasive cSCC is usually ulcerated and
can be patchy, papulonodular, papillomatous, or exophytic [9]. Progression of in situ cSCC
to microinvasive cSCC can be detected on dermoscopy examination with the appearance
of a thicker lesion, hairpin and/or linear-irregular vessels, and a keratotic centre and/or
ulceration (Figure 2). In invasive cSCC, a vertical growth phase reflecting dermal invasion
is typically characterized by an increased number of polymorphic vessels, such as linear
irregular, hairpin, and grouped glomerular/dotted vessels over a whitish background with
a central mass of keratin or ulceration [9,35,36].
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dermis and infiltrating the dermis. Morphological features of differentiation can include 
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Figure 2. Dermoscopy of cutaneous squamous cell carcinoma. (A) Wart-like tumour lesion on
the dorsum of the nose; (B) dermoscopy with polarised light showing a predominantly vascular
pattern with serpentine, hairpin and irregular vessels (arrows), central ulceration and blood staining;
(C) crateriform keratinising tumour lesion; (D) polarised light dermoscopy with central whitish crust
and presence of irregular and comma-shaped vessels (arrows) in the periphery; (E) crateriform tumour
lesion; (F) polarised light dermoscopy showing white unstructured areas with irregular groups of
white perifollicular circles, central vascular pattern with hairpin and irregular vessels (arrows).

4.2. Histopathology

The histological diagnosis of cSCC is made using haematoxylin–eosin staining, al-
though in cases of uncertain diagnosis, especially in non-keratinizing tumours, additional
immunohistochemical studies for cytokeratins or stratified epithelia may be necessary.
The morphological image shows bundles of atypical keratinocytes originating in the epi-
dermis and infiltrating the dermis. Morphological features of differentiation can include
the formation of corneal pearls, parakeratosis, and dyskeratosis. cSCC ranges from well-
differentiated tumours to poorly differentiated neoplasms that show pleomorphic nuclei
with a high degree of atypia, frequent mitosis, and very little keratin formation, if any [37].
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Well-differentiated histological subtypes with low metastatic potential have been de-
scribed, including keratoacanthoma and verrucous and fusocellular carcinoma, as well as
other aggressive subtypes, such as acantholytic squamous, desmoplastic, and adenosqua-
mous carcinomas, that have a risk of metastasis of 16.1% (95% CI 6.6–39.5) [14]. Other
relevant morphological prognostic factors include the degree of dermal infiltration, tumour
diameter (greater than 2.0 cm), the presence of perineural (especially in nerves greater than
0.1 mm) and lymphovascular invasion, and resection margins [38].

4.3. Medical Imaging

Radiological investigations are indicated when extensive disease is suspected, to deter-
mine bone or soft tissue involvement, invasion of surrounding areas, and the development
of metastasis [7]. Main characteristics of imaging modalities used in cSCC are summarized
in Table 3.

Table 3. Main characteristics of imaging modalities used in cSCC.

Imaging Modality Optimal Use in cSCC Advantages Disadvantages
Sensitivity/Specificity

for H&N Nodal
Disease a

CT Bone or lymph node
disease

Less expensive, more
widely available, and

faster image acquisition
than MRI

Exposure to contrast dye
and ionizing radiation 52%/93%

MRI
Perineural, CNS, deep

soft tissue, BM, or
lymph node disease

No exposure to
ionizing radiation

Less widely available,
longer acquisition time,
more expensive than CT

65%/81%

US
Superficial lymph node

disease and
image-guided FNA

Least expensive, no
exposure to contrast

dye or ionizing
radiation, rapid image

acquisition, global
accessibility

Operator and
technique-dependent,

limited visualization of
deep structures

66%/78%

PET/CT Distant metastases

Functional and
anatomic information,

distinguishes
postoperative scar

tissue from recurrence

Most expensive, lesions
less than 10 mm are below

resolution for FDG-PET
66%/87%

BM, bone marrow; CNS, central nervous system; cSCC, cutaneous squamous cell carcinoma; CT, computed
tomography; FDG, fluorodeoxyglucose; FNA, fine needle aspiration; H&N, head and neck; MRI, magnetic
resonance imaging; PET, positron emission tomography; US, ultrasonography. a Adapted from Liao et al.,
2012 [39].

Computed tomography (CT) scans evaluate cartilage and bone involvement, and
three-dimensional imaging is very useful in planning the surgical approach and subsequent
reconstruction. Magnetic resonance imaging (MRI) is preferred to assess the involvement
of deep soft tissue and structures such as bone, parotid glands, and major nerves [19,40].
Ultrasound (US) is a very sensitive method for identifying lymph node metastases and
serves to guide the radiologist during needle biopsy [7,19]. Positron emission tomography
(PET) is useful for detecting metastases in sites where other studies are inconclusive, as in
the case of fibrosis, necrosis, and previously radiated tissues. However, it should be noted
that the presence of infectious and inflammatory processes may lead to false positives [40].
The use of combined PET-CT increases CT sensitivity [40], thus permitting the accurate
detection of metastasis in distant organs [19].

4.4. Assessment of Comorbidities

In NMSC patients, three comorbidity assessment tools are frequently used in clinical
trials and could be considered in clinical practice: the Charlson Comorbidity Index (CCI),
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the American Society of Anesthesiologists (ASA) risk classification system, and the Adult
Comorbidity Evaluation-27 (ACE-27) [41]. In a systematic review of 22 studies, the CCI was
used most often to assess comorbidities (82% of cases), probably because of its extensive use
among skin cancer patients and validation in other cancer populations [41]. While higher
CCI scores were significantly associated with age > 80 years in patients with head and neck
tumours [42], correlation between CCI and life expectancy in nonagenarians undergoing
Mohs micrographic surgery is still unclear [43,44].

The ASA risk classification has been traditionally used as a predictor of risk in the
preoperative screening of patients undergoing general anaesthesia [45]. Although it was not
formally developed as a comorbidity index, its widespread use enables data retrieval from
medical records of surgical skin cancer patients [41]. The ACE-27, which is a modification
of the Kaplan–Feinstein Index, performs better than a standard medical interview in the
identification of comorbidities among skin cancer patients [46]. Since it includes more
comorbid conditions and enables further grading than the CCI score, the ACE-27 could
potentially predict the prognosis of patients more accurately. However, larger studies are
warranted [41].

5. Risk Stratification

Current prognostic factors for recurrence, which help determine the role of definitive
or adjuvant treatments, are based on clinicopathologic features described in single-centre
or large-scale clinical studies or consensus meetings. These factors have been established
taking into account local staging, location, depth, and pathological features. The NCCN
guidelines establish low- and high-risk features for cSCC (Table 4) [7]. High-risk features
are observed in approximately 5% of all NMSC and include locally advanced disease
(stages T3-4), nodal involvement, perineural invasion (PNI), local and regional recurrence,
or immunosuppression [47].

Table 4. Clinical and pathological features for risk stratification of cSCC.

Low-Risk cSCC High-Risk cSCC

Clinical history and parameters

• Location/size
Area L < 20 mm
Area M < 10 mm

Area L ≥ 20 mm
Area M ≥ 10 mm

Area H

• Borders Well-defined Poorly defined

• Primary vs. recurrent Primary Recurrent

• Immunosuppression - +

• Prior RT or chronic inflammatory process - +

• Rapidly growing tumour - +

• Neurologic symptoms - +

Pathology

• Degree of differentiation Well or moderately defined Poorly defined

• Subtypes

• Acantholytic (adenoid), adenosquamous,
desmoplastic, or metaplastic (carcinosarcomatous)
subtypes

- +

• Depth: thickness or level of invasion
≤6 mm, no invasion beyond

subcutaneous fat >6 mm or invasion of subcutaneous fat

• Perineural, lymphatic, or vascular involvement - +

cSCC, cutaneous squamous cell carcinoma; RT, radiotherapy. Area H: “mask areas” of face (central face, eyelids,
eyebrows, periorbital, nose, lips (cutaneous and vermilion), chin, mandible, preauricular and postauricular
skin/sulci, temple, and ear), genitalia, hands, and feet. Area M: cheeks, forehead, scalp, neck, and pretibial. Area
L: trunk and extremities (excluding hands, nail units, pretibial, ankles, and feet). Adapted from NCCN guidelines
for SCC, 2018 [7].
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PNI is a well-known high-risk factor for local or distant relapse that affects 5% of
patients, mostly in cSCC [48]. In a systematic review, patients with clinical PNI (CPNI)
showed a significantly increased risk of local recurrence (37% vs. 17%) and disease-specific
death (27% vs. 6%) compared with patients with incidental PNI (IPNI), whereas nodal
and distant metastasis were similar regardless of PNI classification. In addition, CPNI had
significantly poorer mean 5-year recurrence-free survival (61% vs. 76%) and disease-specific
survival (70% vs. 88%) than IPNI patients [49].

6. Treatment
6.1. Role of Surgery in Primary Tumours

Whenever possible, and taking into account the patient’s status, surgical excision of
the tumour is the first-line treatment for cSCC patients, regardless of age and anatomical
location [8]. The choice among available modalities, which include conventional surgery
and micrographic-controlled surgery, should be based on the patient’s risk factors for poor
prognosis (Figure 3).
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Figure 3. Therapeutic algorithm for low- and high-risk SCC. cSCC, cutaneous squamous cell carci-
noma; MMS, Mohs micrographic surgery; PNI, perineural invasion; RT, radiotherapy.

Mohs micrographic surgery (MMS) may be the preferred technique for high-risk
patients based on the high cure rates and low recurrence rates reported in retrospective
analyses of primary and recurrent cSCC [7]. Alternatively, patients may undergo conven-
tional surgery and intraoperative biopsies. Wide local excision may be more appropriate
for large and invasive lesions, as it allows for complete assessment of peripheral and deep
margins. To achieve histologically clean margins after surgical excision, the width of the
margins should be adapted to the risk of cSCC extension and recurrence. For low-risk
lesions, clinical practice guidelines recommend performing an excision with 4–6 mm mar-
gins [8]. However, larger margins are needed for larger tumours and when high-risk
features, such as perineural or lymphatic invasion, are present. While margins > 6 mm
would be required for lesions with a diameter > 1 cm [7], the most appropriate width
should be determined by individual risk assessment [8]. From the oncological perspective,
a surgical defect should be restored using techniques that do not mobilize surrounding
tissues, such as direct closure or grafting [7], while reconstruction with skin flaps may be
only advised after ensuring that the tumour has been completely removed.

Particular scenarios have been also described, such as cSCC that develop in association
with scars or chronic wounds (Marjolin’s ulcer) or previously radiated skin, those that
invade deep structures, such as bone, parotid or nerve trunks, and those located in the labial
vermilion and the ear [7]. In these cases, amputation of the affected limb, parotidectomy,
and prophylactic lymph node drainage may be necessary.

123



Cancers 2022, 14, 629

6.2. Locoregional Assessment and Sentinel Node Biopsy

Sentinel lymph node biopsy (SLNB) in patients with cSCC is aimed at the early detec-
tion and management of occult nodal metastasis. According to two systematic reviews that
included 16 and 23 studies, the positive SLNB rate among cSCC patients ranged between
14% and 8%, respectively [50,51]. A meta-analysis of 19 studies identified microscopic
sentinel node involvement in 12.3% of patients who had a tumour diameter greater than
2 cm in all cases. Using the AJCC criteria, a higher risk of positive SLNB was associated
with advanced tumour stages, reaching 29.4% in T2b and 50.0% in T3 lesions [52].

The utility of SLNB in detecting cSCC micrometastases not identified by non-invasive
examination methods (i.e., instrumental tests) has been discussed. Notably, the rate of
micrometastases increased from 3.4% in the overall population to 6.5% in the high-risk
group; this rate directly correlated with the depth and diameter of the tumour [53]. In
a retrospective analysis of cSCC patients who underwent SLNB and did not present mi-
crometastasis, no relapse event nor local/distant metastases were reported during a mean
follow-up of 27.5 months [54].

Nonetheless, given the lack of high-level evidence supporting a real prognostic impact
and a well-defined profile of patients who could benefit the most, SLNB is not currently
recommended in patients with invasive cSCC outside of a clinical trial setting [19].

6.3. Local Treatment

Surgical excision should be always considered as first-line treatment option for patients
with either high- or low-risk cSCC. Nonetheless, based on the risk stratification, local
approaches may be considered in patients for whom surgery is not feasible. For low-
risk cSCC, several non-surgical treatment modalities are currently available to treat the
tumour and field cancerization. Photodynamic therapy consists of a 2-step method that
involves the topical application of a photosensitizer, such as 5-aminolevulinic acid or methyl
aminolevulinate, followed by an incubation period with light irradiation. Alternatively, a
topical therapy with imiquimod up to 5% or 5-fluorouracil may be also applied [9].

6.4. Role of Radiotherapy

RT may be used in first line in patients unable to undergo surgical resection, such
as cosmetic or frail patients, to avoid significantly disfiguring surgery or orbital exen-
teration or in patients too frail to undergo general anaesthesia. A recent meta-analysis
involving 21,000 patients showed comparable, extremely low one-year recurrence rates for
both surgery and RT: 0.8%, 0.2%, 2%, and 0% for surgical excision, MMS, external beam
irradiation, and brachytherapy (BT), respectively, and excellent cosmesis [55]. Different
RT techniques, such as external beam RT, BT or electronic low energy sources (ELS), and
schedules (i.e., normal fractionation or hypofractionation) can be selected depending on
the expertise of the hospital. More recently, newer technologies such as volumetric arc
therapy (VMAT) have proven useful in the treatment of scalp lesions or extensive field
cancerization in trunk or extremities unamenable to other radiation modalities [56].

The role of RT in NMSC, mainly cSCC, has been defined in a recently published clinical
practice guideline, following the ASTRO recommendation grading system [57]. Definitive
RT is: (a) advised for patients who cannot undergo or who decline surgery, (b) conditionally
recommended in anatomic locations where surgery can compromise function or cosmesis,
and (c) not recommended (conditionally) in genetic diseases predisposing to higher ra-
diosensitivity (ataxia-telangiectasia, Gorlin syndrome, Li–Fraumeni syndrome). Definitive
RT is only recommended for inoperable patients, whereas elective node irradiation is
conditionally recommended in lesions (thickness > 6 mm) in which there is an overlap of
the primary tumour with the adjacent nodal basin.

Adjuvant RT is strongly recommended in NMSC patients with gross PNI as well as
for cSCC patients with any of the following characteristics: (a) close or positive margins
not amenable to re-resection, (b) relapse after prior margin-free surgery, (c) stage T3–T4,
(d) desmoplastic reaction or lymphocyte infiltration in chronic immunosuppression. In
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patients with regional node metastasis, adjuvant RT after therapeutic lymphadenectomy is
strongly recommended except for single, <3 cm nodes without extracapsular invasion. The
addition of concurrent carboplatin chemotherapy to postoperative RT has not been shown
to improve locoregional control in patients with high-risk cSCCHN [47].

For adjuvant RT, conventional doses of 60–66 Gy (2 Gy/day) are the standard, most fre-
quently used fractionation. In case of elective RT, doses of 50–54 Gy are recommended [57].
Hypofractionation (HF) is usually delivered for brachytherapy or ELS, most often at doses
of 50 Gy (20 fractions, 4 weeks) or 45 Gy (15 fractions, 3 weeks). Alternatively, doses of
30–40 Gy (5–7 Gy fractions, 1–3 fractions per week) result in excellent local control rates and
acceptable toxicity. HF is most advantageous in smaller lesions, frail patients, elderly pa-
tients, or anyone with problems coming into the clinic on a daily visit [58,59]. Zaorsky et al.
recommend schedules of 50 Gy/15 fractions, 36.75 Gy/7 fractions, or 35 Gy/5 fractions,
as cosmesis outcomes are “good” in 80% of patients, depending on frailty [59]. Suggested
treatments with RT using external beam irradiation are shown in Table 5.

Table 5. Suggested treatments with RT using external beam irradiation.

Type RT Observations Dose (Gy) Sessions (n) Times/wk Fractionation

Definitive

Standard, GPS, size > 2 cm 64–66 32–33 5 conventional

Neck, no surgery 70 35 5 conventional

Size < 2 cm 50 20 5 hypofractionation

Frail patients + inconvenience 50 15 5 hypofractionation

Frail patients 36,75 7 5 hypofractionation

Frail patients 35 5 3–5 hypofractionation

Adjuvant

Positive margins 66 33 5 conventional

Negative margins 60 30 5 conventional

50 20 5 hypofractionation

Elective 50–54 25–27 5 conventional

GPS, good performance status; RT, radiotherapy; wk, week.

6.5. Systemic Treatment
6.5.1. Chemotherapy

Systemic treatment is administered to patients with cSCC who have progressed locally
and/or with metastases on previous local treatments. Although no chemotherapeutic
agents have been specifically approved for cSCCHN, platinum, 5-fluorouracil, anthracy-
cline, or bleomycin alone or in combination are frequently used [60,61]. Moreover, the
combined administration of cisplatin, interferon alfa, and 13-cis-retinoic acid has shown
to be clinically active in patients with advanced cSCC, resulting in 34% overall and 17%
complete response (CR) rates, with a median survival of 14.6 months [62].

6.5.2. Targeted Therapy

Epidermal growth factor receptor (EGFR) expression is present in 90% of cSCC tu-
mours, with overexpression in up to 35% [63]. Four phase II trials tested EGFR tyrosine
kinase inhibitors (TKIs), erlotinib [64] and gefitinib [65], and monoclonal antibodies cetux-
imab [66] or panitumumab [67] in the recurrent/metastatic setting (Table 6). Treatment
with TKIs resulted in lower response rates without CR compared with antibodies but with
similar disease control and duration of response. Likewise, survival outcomes did not
differ, with a median progression-free survival (PFS) of 4–8 months or overall survival
(OS) of 8–13 months. The largest cohort reporting clinical outcomes of cetuximab alone
in unselected patients with unresectable or metastatic tumours confirmed a high disease
control rate of 87% (53% response rate) [68].
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Table 6. Trials in loco-regional and/or metastatic unresectable disease with targeted therapies.

Drug Phase (N) Patient Characteristics RR DC mDoR mPFS mOS Ref.

Erlotinib II (39) PS 0–2
Median age 68 y

10%
(no CR) 72% 7.2 mo 4.7 mo 13 mo [64]

Gefitinib II (40) PS 0–2
Median age 67 y

16%
(no CR) 51% 31.4 mo 3.8 mo 12.9 mo [65]

Cetuximab II (36)

PS 0–2
Strong/moderate EGFR

expression
Median age 79 y

28%
(6% CR) 68% 6.8 mo 4.1 mo NR [66]

Panitumumab II (16) PS 0–2
Median age 68 y

31%
(12% CR) 69% 6 mo 8 mo 11 mo [67]

CR, complete response; DC, disease control; DoR, duration of response; mo, months; m, median; N, patient
number; NR, not reached; OS, overall survival; PFS, progression-free survival; PS, performance status; RR,
response rate; y, years.

In contrast with panitumumab or TKIs, cetuximab demonstrated efficacy in cSC-
CHN [69,70], so it has been widely used in this setting in monotherapy or combined with
chemotherapy [71]. Notably, the administration of cetuximab with chemotherapy and/or
anti-EGFR has been associated with significant toxicity, mainly cutaneous. Comorbidities
should be evaluated, and geriatric assessment should be performed in elderly patients with
cSCC to identify the most effective and tolerable therapy for each patient.

6.5.3. Immunotherapy

Immune checkpoint inhibitors (ICIs) have drastically improved survival outcomes
in patients with advanced melanoma, with a considerable proportion of long-term sur-
vivors [72]. As tumours with a high mutational burden are known to be more responsive
to ICIs and this mutational burden is up to 4 times greater in cSCC than melanoma [33],
clinical trials were conducted in patients with cSCC [73]. Currently, anti-programmed
cell death-1 (anti-PD-1) antibodies constitute first-line systemic treatment for metastatic
or locally advanced cSCC in which curative surgery or RT are not feasible [8]. All sys-
temic treatments are off-label, except for the anti-PD-1 agent cemiplimab, approved by the
FDA/EMA in patients with locally advanced or metastatic cSCC who are not candidates
for curative surgery or curative radiation [8,74,75].

Cemiplimab is a high-affinity, highly potent human immunoglobulin G4 anti-PD-1
receptor monoclonal antibody [76] that has demonstrated efficacy (overall response rate
(ORR) 46.1%) and long-term durable response with very effective disease control (disease
control rate: 72.5%) in patients with advanced and metastatic cSCC [77,78]. With a median
age of 72 (38–96) years, 67.9% had cSCCHN, 59.6% had metastatic disease, and 40.4%
locally advanced cSCC. Up to 66.3% of patients received cemiplimab as first-line treatment,
and median observed time to response was 2.1 (1.9–3.7) months. Overall, the CR rate was
16.1% and median time to CR was 11.2 months [78]. Patients had deepening responses over
time as evidenced by increasing CR rates [77–79]. Estimated median PFS was 18.4 months
(95% CI: 10.3–24.3), while median DOR and OS had not been reached after 15.7 months
follow-up. In responding patients, the estimated proportion of patients with ongoing
response was 87.8% (95% CI: 78.5–93.3) at 12 months and 69.4% (95% CI: 55.6–79.6) at
24 months [78]. Advanced cSCC patients treated with cemiplimab experienced clinically
meaningful improvements in global health status/health-related quality of life, and pain
and functional status, and they maintained a low symptom burden [80]. Recently, data
from real-world practice have confirmed a similar benefit of cemiplimab to that observed
in clinical trials in a cohort of 240 patients with advanced cSCC [81].

Along with cemiplimab, other anti-PD-1 agents are under evaluation in cSCC (Table 7).
Pembrolizumab is being tested in a phase II study of patients with recurrent/metastatic
or locally advanced unresectable cSCC (NCT03284424). Results of a first interim analysis
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showed effective antitumour activity with 34.3% ORR and clinically meaningful, durable
responses [82]. Pembrolizumab is also being evaluated in patients with locally advanced
cSCC after surgery and radiation (NCT03833167). The efficacy of nivolumab monotherapy
in patients with locally advanced/metastatic cSCC is being investigated in phase II studies
(NCT04204837, NCT03834233).

Table 7. Selected ongoing clinical trials of immunotherapy in cSCC.

Immunotherapy Treatment Patients NCT Code

Cemiplimab

Alone, pre-operative therapy,
intralesional Recurrent cSCC NCT03889912

Adjuvant therapy, after
surgery and radiotherapy High-risk cSCC NCT03969004

Alone or in combination
with RP1 Advanced or metastatic cSCC NCT04050436

Alone Unresectable locally recurrent and/or
metastatic cSCC NCT04242173

Alone, neoadjuvant therapy Stage II to IV cSCC NCT04154943

Pembrolizumab

Alone Recurrent/metastatic or locally
advanced unresectable cSCC NCT03284424

Alone Locally advanced or metastatic cSCC NCT02964559

Adjuvant therapy, after
surgery and radiotherapy High risk locally advanced cSCC NCT03833167

Combination with cetuximab Recurrent/metastatic cSCC NCT03082534

Nivolumab

Alone Locally advanced/metastatic cSCC NCT04204837

Alone Advanced cSCC NCT03834233

Alone or in combination with
ipilimumab

Metastatic cSCC in
immunosuppressed patients NCT03816332

7. Immunosuppressed Patients

Immunosuppressed solid organ transplant recipients (SOTRs) present a 65- to 250-fold
greater incidence of cSCC than the general population, more aggressive progression, and
a higher risk of metastasis and death [83,84]. Moreover, certain transplant recipients are
more likely to develop cSCC than others; an increased risk has been reported for patients
who undergo heart transplant compared with kidney or liver recipients [85]. In this respect,
the type, intensity, and duration of the immunosuppressive regimen seem related to the
development of cSCC in SOTRs. A lower incidence of cSCC has been reported in patients
who receive sirolimus compared with those treated with calcineurin inhibitors [83].

Immune status has been identified as a strong prognostic factor for disease outcomes
in immunosuppressed patients. A multi-institutional study including patients with cSC-
CHN reported significantly lower 2-year locoregional recurrence-free survival and PFS in
immunocompromised patients compared with immunocompetent patients. Moreover, im-
munosuppressed status, recurrent disease, poor differentiation, and PNI were significantly
associated with locoregional recurrence in this population [86].

A close clinical follow-up, every 3–6 months lifelong, and tailored immunosuppressive
treatments, with adjustment or reduction of maintenance post-transplant therapy, may be
necessary to reduce the risk of new cSCC [8,19]. Dermatologists, transplant physicians,
and patients must collaborate to ensure adherence to dermatologic surveillance recom-
mendations and must monitor suspicious lesions, thereby reducing the risk of cSCC in
SOTRs [87,88].

It should be noted that although immunosuppression of cSCC patients is often de-
scribed in the setting of SOTRs, other conditions should not be disregarded. As such,
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patients immunosuppressed due to human immunodeficiency virus (HIV) infection, allo-
genic bone marrow transplant, or autoimmune diseases should be carefully monitored.

8. Follow-Up and Monitoring

Patients with cSCC should be closely followed up for recurrences and development of
new keratinocyte cancers and melanoma, particularly if they have a history of cSCC [8].
Evidence from cohort studies and registries shows that patients with at least one cSCC
are at risk for developing additional cSCC and other skin cancers [20]. Therefore, it is
recommended that follow-up for all patients should include regular clinical assessment,
including inspection and palpation of the excision site, the in-transit route, and the regional
lymph nodes [7,8]. Patients who have had cSCC should receive counselling regarding the
risk for new primary skin cancers, such as BCC, cSCC, and melanoma, and the benefits of
in-office and self-screening for early detection should be made clear [7,20].

The frequency of visits should be adjusted individually, depending on patient-specific
underlying risk characteristics for cSCC [7,8]. The recently updated interdisciplinary Euro-
pean guidelines for the management of invasive cSCC recommend scheduling follow-up
examination based on low- or high-risk common primary, advanced, or regional disease
and the immunosuppressive setting [8]. While patients with low-risk cSCC may be as-
sessed every 6–12 months for 5 years, high-risk patients should be examined in the clinic
every 3–6 months for 2 years (including lymph node US), every 6–12 months from year
3–5, and annually thereafter. Closer follow-up is advised in patients with locally ad-
vanced/metastatic cSCC or after surgery for locoregional metastases, including clinical and
US evaluation every 3 months for 5 years and then once or twice per year [8]. Similarly, the
National Comprehensive Cancer Network (NCCN) guidelines for cSCC recommend that
the frequency of patients’ follow-up should depend on whether the tumour has spread to
lymph nodes. Local cSCC should be monitored at least every 3–12 months during the first
2 years, every 6–12 months for another 3 years, and then annually for life. For regional
cSCC, a more frequent history and clinical examination is advised: every 1–3 months for
1 year, every 2–4 months for 1 year, every 4–6 months for another 3 years, and then every
6–12 months for life [7].

Imaging tests (CT, MRI, or PET-CT) for non-palpable regional lymph nodes should
also be performed in patients with regional cSCC [7] or locally advanced or metastatic
disease [8]. The NCCN guidelines establish that the frequency of imaging scans should
be tailored to individual clinical factors [7], whereas the European guidelines recommend
examination every 3–6 months in the first 3 years and then based on individual symptoms
and stage [8].

It should be noted that increased surveillance may be required for cSCC patients at very
high risk of other primary tumours and recurrence, such as immunosuppressed patients or
individuals with haematological comorbidities, genetic predisposition, or previous history
of cSCC [7,8]. Their follow-up schedule, including clinical and imaging evaluation, should
be modified depending on the characteristics of individual primary tumours (e.g., number
and frequency of development) [8].

9. Summary and Conclusions

Tumour staging, management decisions, and monitoring of the cSCC are continuously
improving thanks to the development of novel diagnostic tools and therapeutic agents.
Multidisciplinary teams may ensure that the most appropriate strategy, tailored to the
patient’s individual profile, is undertaken from the initial diagnosis to follow-up. Patient-
specific characteristics for risk including comorbidities, clinical parameters, histopathology,
and molecular biomarkers should be considered to provide an accurate diagnosis. While
surgery remains the cornerstone of treatment and RT is often used in the management
of cSCC, ICIs and targeted therapies have changed the therapeutic landscape, showing
improved outcomes in patients with locally advanced or metastatic disease. Considering
the likelihood of recurrence and the increased risk of developing multiple cSCC, particularly
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in immunosuppressed patients, patients should be closely followed up in the first two
years after starting treatment and continued long-term surveillance by clinical and imaging
examination is warranted.
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Simple Summary: Actinic cheilitis is a precancerous condition that may evolve to a more aggressive
type of skin cancer. Therefore, its therapy is crucial for the disease prognosis. In this systematic
review, we tried to identify the best therapies of actinic cheilitis regarding safety, efficacy, recurrences,
and the potential to progress to skin cancer. The therapeutic approach comprised invasive and
topical treatments. The invasive therapies, such as partial surgery and laser treatments, had the
best cosmetic and therapeutic results with few recurrences. Photodynamic therapy demonstrated
satisfactory outcomes, while topical treatments were the least beneficial. Notably, the efficacy of
photodynamic therapy was improved when combined with 5% imiquimod. However, except from
photodynamic therapy, the other modalities were assessed in a limited number of patients. Finally,
when actinic cheilitis is treated, no risk of cancer progression exists. Larger studies are necessary to
confirm these results.

Abstract: Actinic cheilitis is a premalignant condition that may evolve to squamous cell carcinoma.
A consensus on its management has not been established, and large clinical trials are lacking. We
aimed to review the existing data regarding the treatment of actinic cheilitis with various modalities
regarding safety, efficacy, recursions, and post-treatment malignant transformation. A systematic
review was conducted through Pubmed, Ovid and the Cochrane library for studies in English
language and the references of included papers from inception to January 2021. Case series were
considered if ≥6 patients were included. Of the 698 articles, 36 studies and, overall, 699 patients were
eventually reviewed. Laser ablation and vermilionectomy provided the best clinical and aesthetic
outcomes with few recurrences, while photodynamic therapy was linked to more relapses. Generally,
the adverse events were minor and there was no risk of post-treatment malignant transformation.
The limitations of our review include the heterogeneity and the small number of patients across
studies. Conclusively, invasive treatments demonstrated superior therapeutic and safety profile.
Nevertheless, high-quality head-to-head studies that assess different modalities for actinic cheilitis
and report patient preferences are lacking.

Keywords: actinic cheilitis; treatment; imiquimod; photodynamic therapy; vermilionectomy; laser; di-
clofenac

1. Introduction

Actinic cheilitis (AC) is a premalignant lesion on the lips in patients who are over-
exposed to sunlight, and it has a significant chance of evolving into invasive squamous
cell carcinoma (SCC). It primarily affects the lower lip of male individuals over the age of
50, and its clinical features include dryness, atrophy, scaling, erythema, ulceration, and a
poorly demarcated border [1–4]. Most patients are of the Fitzpatrick I-II skin phototype [3].
It is also observed that people of lower education level and poor lifestyle conditions are
more likely to develop AC [5]. The dermoscopic characteristics of AC comprise white
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structureless areas, scales, white halos of the vermilion of the lip, and erosions [6,7]. The
slow progression of AC usually leads to a delay in the diagnosis, as it is often mistakenly
regarded as a regular feature of aging [8].

The rate of malignant transformation of AC into SCC varies between 10 and 30%, while
it is reported that 95% of SCCs on the lip occur on the ground of preexisting ACs [9,10].
Moreover, whereas up to 6% of cutaneous SCCs metastasize, the metastasis rate for a SCC
located on the lips is four times higher than its peripheral counterpart [11]. Therefore,
early detection and treatment of AC are of great value, since they could largely prevent
SCC development.

Nevertheless, to date, no consensus on the proper management of AC exists. Surgical
removal techniques exist, with vermilionectomy being the most commonly employed [12].
Yet, the surgical approach is destructive and is linked to various complications, such as scar-
ring, persistent oedema and anaesthesia [13]. Conventional therapeutic approaches include
topical chemo- or immunotherapy and radiation-based treatment, with the former being
the less effective due to low patient adherence [14]. Topical application of fluorouracil FU,
5% imiquimod (5% IMI) and 3% diclofenac in 2.5% hyaluronic acid (DHA), 0.015% ingenol
mebutate (IngMeb) and trichloroacetic acid (TCA), regarding topical regimens, photo-
dynamic therapy (PDT) and CO2 laser ablation (CO2L), with or without aminolevulinic
acid (ALA), or methyl-aminolevulinic acid (MAL), cryosurgery (CRYO) and electrodessi-
cation (ELD,), regarding radiation-based and minimally invasive treatments, have been
described [15]. Although there is some literature on the efficacy of AC treatments, there is
still a lack of high-quality research to direct appropriate management decisions. The present
systematic review aims to offer an overview of the efficacy of the current AC treatments
with respect to clinical responses and, where available, histopathological or dermoscopic
clearance, recurrence rates and the rate of post-treatment AC malignant transformation.

2. Search Strategy

This systematic review was conducted according to the Meta-analysis of Observa-
tional Studies in Epidemiology (MOOSE) proposal and the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses PRISMA guidelines [16,17]. The research was
performed in MEDLINE through PubMed, Embase through Ovid and in the Cochrane
Central Register of Controlled Trials (CENTRAL) library. The references of the suitable
papers were screened for further relevant publications. A forward search was considered
excessive since the searches already carried out yielded a plethora of results. The search
was conducted in January 2021.

The search protocol was ((“actinic” OR “solar”) AND (“cheilitis”) OR (“cheilosis”)
AND (“treatment”)) examining both medical subject headings (MeSH) and free text. Eligi-
ble studies were clinical trials, prospective and retrospective studies on human subjects
and case series of at least six patients written in the English language. All studies needed
to include cases with a pathological AC diagnosis, having received either surgical or non-
invasive treatment, and report the clinical and/or pathological response as their outcome.
Cross-sectional studies with no post-treatment follow-up visits were also excluded. Studies
were also ruled out if they did not contain the results of AC therapies or did not fulfill the
inclusion criteria.

3. Data Extraction

Two blinded reviewers (B.K. and P.I.) extracted data independently based on a stan-
dardized extraction form. Any discordance was resolved by consensus or by the involve-
ment of a third investigator who was experienced in performing systematic reviews and
meta-analyses (L.A.). The following data were collected from each eligible paper: year
of the study, authors, publication date, type of manuscript, title, country, the treatment
being studied (type, duration), study design, study population (sample size, age, sex,
risk factors and comorbidities), means of diagnosis (histopathological or clinical), and
sponsorship reported. Treatment evaluation was based on treatment response rate, healing
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time, recurrence rate, side effects, follow-up time, follow-up biopsy and aesthetic results.
The risk of bias in every eligible study was classified as “low”, “moderate”, or “high” by
the same reviewers per the PRISMA guidelines.

4. Results

The database search yielded 698 articles. After duplicates were removed, 281 articles
were identified and, when titles and abstracts were reviewed, 91 papers were subsequently
ruled out since they did not satisfy the inclusion and exclusion criteria. The 190 remaining
articles were thoroughly reassessed for eligibility. After exclusion criteria were applied,
58 research papers remained. Comprehensive data extraction was performed for these
58 papers. Twenty-two studies were excluded based on the quality criteria, eventually
leaving 36 papers for the data analysis, published between 1977 and 2019 [13,18–52]. High
risk of bias levels was detected in all the included studies.

The shortlisted studies consisted of two RCTs, six retrospective and 22 prospective
studies, and three case series. The number of patients in each study varied between six
and fifty-two (699 in total) (Table 1). The gender was reported in 678 patients, most of
whom were male (75.07%; 509/678), and the patients’ ages ranged from 26 to 93 (mean:
63.18 ± 9.3). The localization of AC was recorded in 573 patients, with the lower lip being
the most predominant site in 556 cases (97.03%), and the upper lip (1.05%; 6/573) or both
lips (1.75%; 10/573) being significantly less affected. In nine studies, the percentage of
the lip surface area affected by AC was also reported: >75% involvement in 24.77% of
the patients (55/222), while in 70.72% (157/222) of patients, the lip involvement ranged
between 50% and 75%. Data regarding the risk factors for AC development of the study
population were collected from 30 articles. Seventy-two patients had fair skin, sixty-four
had positive smoking and twenty-four positive alcohol drinking history, fifty-eight had
suffered from skin tumors (non-melanoma skin cancer or melanoma: 49 patients; previous
SCC of the lower lip: 9 patients), thirty-six were outdoor workers, four reported intense
sunlight exposure and one was immunosuppressed.

Table 1. Studies and therapeutic process per treatment modality.

Treatment Number of
Studies

Number of
Patients Specific Treatment Days of

Treatment

Follow-Up Time
(Range in
Months)

Partial surgery [23,29,50] 3 28
CO2 laser ablation,

Electrodessication vs.
CO2 laser, Chemical peel

1 3–48

Laser
[13,23–26,29,30,37,46,50–52] 12 278 CO2 laser, Er: YAG laser 1–3 1.3–60

MAL PDT + 5%IMI [33] 1 34 - 1 12

Laser-mediated PDT [30,31] 2 33 ALA-dye,
MAL-Er: YAG 1–3 1–12

FU [23,49,51] 3 28 1% and 5% fluorouracil 12–21 2–48

5% IMI [19,47] 2 25 - 12–30 1–18

PDT
[18,20,31,32,34–36,39,41–45] 13 241 Daylight PDT, ALA PDT,

MAL PDT 1–6 1–60

0.015%
IngMeb [19,40] 2 17 - 1 1–10

50%TCA [23] 1 10 - 1 48

DHA [19,22,38,53] 4 62 - 1 1–6

MAL—methyl-aminolevulinic acid; ALA—aminolevulinic acid; Er: Yag—Erbium: YAG; IMI—imiquimod; PDT—photodynamic therapy;
FU—fluorouracil; DHA—3% diclofenac in 2.5% hyaluronic acid; TCA—trichloroacetic acid; IngMeb—ingenol mebutate.
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There is not a widely accepted clinical measurement tool for the severity and therapeu-
tic outcomes for AC to date. These outcome measures used in the studies were comparable
to the newly established core outcome set for actinic keratoses clinical trials [54]. Most
articles presented results regarding the clearance—based on the clinical or histopathologic
response, recurrence or progression rate, side effects, long-term follow-up, cosmetic out-
come and patient satisfaction—and some reported on treatment discontinuation, patient
adherence or healing time (Table 2).

Table 2. Study results per treatment modality.

Treatment
Complete
Response
Rate (%)

Recurrence
Rate (%) Adverse Events

Excellent
Cosmetic

Results (%)

Discontinuation
Rate (%)

Partial surgery [23,29,50] 100 0.0 Scarring N/A N/A

Laser
[13,23–26,29,30,37,46,50–52] 93.39 6.42 Scarring, pain, oedema,

erosion, pruritus 100.0 N/A

MAL PDT + 5%IMI [33] 79.41 5.88
Pain, erythema, burning

sensation, scarring,
oedema, pruritus, rash

N/A 5.88

Laser-mediated PDT [30,31] 75.76 6.10
Erythema, burning
sensation, oedema,

erosions
N/A N/A

FU [23,49,51] 75.0 31.80 N/A N/A 10.0

5% IMI [19,47] 76.0 N/A
Erythema, oedema,

induration, erosions,
burning sensation

N/A N/A

PDT
[18,20,31,32,34–36,39,41–45] 66.67 14.07

Pain, erythema, oedema,
scaling, rash, erosions,

burning sensation,
scarring

67.65 5.86

0.015%
IngMeb [19,40] 41.18 0.0

Erythema, oedema,
scaling, erosions,

burning sensation
N/A 0.0

50%TCA [23] 30.0 70.0 N/A N/A N/A

DHA [19,22,38,53] 45.16 6.52 Erythema, oedema,
burning sensation 100.0 15.22

N/A—not available; MAL—methyl-aminolevulinic acid; ALA—aminolevulinic acid; Er: Yag—Erbium: YAG; IMI—imiquimod; PDT—
photodynamic therapy; FU—fluorouracil; DHA—3% diclofenac in 2.5% hyaluronic acid; TCA—trichloroacetic acid; IngMeb—ingenol mebutate.

4.1. Therapies for AC

Overall, 699 patients have been treated with the following therapies: laser-therapy
(319; 45.64%) [13,23–26,29,30,37,46,50–52], PDT (241; 34.48%) [18,20,31,32,34–36,38,39,41–45],
DHA (62; 8.87%) [19,22,38,53], MAL PDT + 5% IMI (34; 4.86%) [33], MAL or ALA plus
laser (laser-PDT) (33; 4.72%) [31], 5% IMI (25; 3.58%) [19,47], FU (28; 4.0%) [23,48,49],
partial surgery (28, 4.0%) [23,29,50], 0.015% IngMeb (17; 2.43%) [19,40], 50% TCA (10;
1.43%) [23] and ALA-PDT plus excimer dye laser (1; 0.14%) [30]. Of the shortlisted articles,
31 investigated one therapy alone, treating 533 patients in total [18,20,22,24–26,32,33,35–53].
In four articles [13,29–31], the efficacy of two modalities has been compared in 198 treated
areas of 142 patients: one study compared laser-PDT (erbium-doped yttrium aluminium
garnet (Er:YAG) and MAL-PDT) to MAL PDT alone [31], one study compared two different
methods of CO2 laser [13], one study compared dye laser to laser and ALA-PDT [30], and
one study compared CO2 laser to ELD with high energy [29]. Only one paper (30 patients)
compared the efficacy of three different therapies (5% IMI vs. 0.015% IngMeb vs. DHA) [19]
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and only one study (40 patients) compared the efficacy of four therapeutic approaches
(5% FU vs. 50% TCA vs. CO2 laser vs. lip shave) [23].

4.2. Outcomes

It must be noted at the outset that all treatment options included a limited number
of cases, except for studies regarding PDT and laser therapy. Furthermore, outcomes
were often evaluated only on a certain number of individuals and not on the whole study
population who underwent each treatment.

4.3. Therapeutic Response

Thirty-one out of 36 studies reported complete clinical clearance of the treated area: a
rate of 85.93% of patients [13,18–20,22–26,30–36,38–43,45–51,53]. Partial clinical response
was observed in 25.37% of cases. Poor treatment effect and clinical deterioration were only
described in a limited number of patients. The overall clinical recurrence rate, as estimated
in 21 articles [13,20,22–25,30–33,38,39,41,42,45,46,48,50,51], was 11.24% of the treated ar-
eas. In terms of the histopathologic outcomes, a post-treatment biopsy was performed
in 23 studies [13,18–20,23–26,29–36,41,44,47,49–51,53]. In 88.43% of the treated areas that
were biopsied, evidence of complete response was reported, with 64.07% obtaining com-
plete clearance.

4.4. Invasive Treatments

All laser treatments demonstrated excellent efficacy, with 93.39% (226/242) of patients
included in the studies achieving complete clinical response, varying from 93.04% (214/230)
for CO2 laser ablation to 100% for Er: YAG (12/12) [13,23–26,29,30,37,46,50,52]. Complete
histopathological response was reported in 96% of patients (72/75), whereas the recurrence
rate was 6.42% (14/218). The number of AEs per patient treated with laser therapy was
less than one (0.42/case), and the aesthetic result was deemed exceptional in 100% of cases.
All patients who underwent partial surgery obtained complete response (14/14, 100%) and
did not report any recurrences [23,29,50]. More than 80% of patients with histopathological
evaluation achieved the relevant complete response (10/12; 83.33%), and the number of
adverse events per patient was minimal (0.3/case).

4.5. Non-Invasive Treatments

An almost 80% (27/34; 79.41%) complete clinical response was achieved among pa-
tients treated with MAL-PDT and 5% IMI, whereas complete histopathological response
reached 64.71% (22/34). The recurrence rate was 5.88% (2/34), and the number of ad-
verse events per patient was 5.4, with two patients (5.88%) discontinuing treatment due
to side effects [33]. Regarding laser application in conjunction with PDT, the relevant
studies reported complete clinical response in 75.76% (25/33) of patients, varying between
68.4% for ALA PDT-dye laser and 85.7% for MAL PDT-Er: YAG laser, while the clinical
recurrence rate was calculated at 6.1% (2/33) [30,31]. When FU was applied, complete
clinical response was obtained in a satisfactory percentage of patients (21/28; 75.0%),
with 1% FU demonstrating excellent performance (100% complete response) compared
to 5% FU (68.21%); the recurrence rate, however, was quite high (7/22; 31.8%). In the
histopathological follow-up evaluation, 5/6 (83.33%) patients achieved partial clearance,
and 1/6 (16.67%) reported poor response. Treatment discontinuation due to adverse events
was noted in 10.0% of patients [23,48,49]. During 5% IMI therapy, complete clinical re-
sponse was experienced by 76.0% (19/25) of subjects, while the number of AEs per patient
was calculated at 3.1 [19,47]. Photodynamic therapy was a treatment option that was
thoroughly investigated. A total of 148 cases out of 222 (66.67%) across the included
studies achieved complete clinical response. The MAL daylight treatment outperformed
all other approaches (82.63%), whereas methyl-aminoxopentanoate-PDT had the lowest
scores (55.6%). Furthermore, PDT with aminolevulinic acid rather than with methyl-
aminolevulinate produced better clinical results (73.49% vs. 63.81% complete response
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rate, respectively). Complete histopathological response was obtained in 49.48% (48/97)
of patients. Reflecting the clinical outcomes, ALA-PDT performed better than MAL-PDT
(53.24% and 23.41%, respectively) in the histopathological evaluation. The cumulative
recurrence rate of the relevant studies was calculated to be 14.07% (19/135). The number of
side effects per patient was estimated to be 2.4, whereas the treatment interruption due to
AEs was reported in 5.86% (13/222) of patients. Excellent cosmetic results were recorded
in 92 out of 136 (67.65%) subjects [18,20,31,32,34–36,39,41–45]. The complete response rate
was 41.18% (7/17) through ingenol mebutate therapy. No recurrences were observed
throughout the follow-up period. All patients experienced adverse events; however, none
of them discontinued treatment, as the side effects reported were mild and resolved within
a maximum of two weeks without any medical intervention [19,40]. When patients were
treated with DHA, almost half of them (28/62; 45.16%) obtained complete clinical response,
whereas complete histopathological response was observed in 66.67% (4/6) of the assessed
cases. Regarding the aesthetic results, all respondents (6/6) rated the outcomes as excellent.
The recurrence rate was estimated in 6.52% (3/46) of cases, whereas seven patients dis-
continued treatment due to AEs (15.22%) [19,22,38,53]. Finally, after 50% TCA application,
only 30% of cases (3/10) achieved complete clinical clearance [23].

4.6. Cosmetic Outcome

Seventeen articles [24–28,30–32,34–36,39,43,45,51,53,55] assessed the cosmetic result,
which was described as excellent in 74.63% of patients. The cosmetic outcome depicted
the patients’ perspective in two studies [28,36] and the physician’s evaluation in 14 stud-
ies [24–27,30–32,34,35,39,43,45,51,53,55], while, in one study, both measurements were
used [34]. All patients treated with laser ablation or DHA reported excellent aesthetic
results with no scarring. In a study of two surgical techniques, W-plasty outperformed
vermilionectomy in terms of scar retraction [55]. Excellent cosmetic outcomes ranged from
58% to 88% in patients who underwent vermilionectomy [27,28]. The relevant PDT results
varied widely: one study reported excellent results in 60% of cases, while fair or poor
outcomes were observed in 40% of cases [31], two papers reported excellent outcomes
in nearly 80% of cases [32,34] and another study reported very good results in 33% of
patients [36].

4.7. Healing Time in Different Studies

The mean healing time estimated in 13 articles [13,18,24–26,29,30,37,49–52] was 2.8 weeks
(Range: 0.4–4 weeks). The healing time was primarily reported for CO2 laser therapy,
followed by MAL-PDT, and was reported less for 5% IMI, 1% FU, ELD, dermabrasion, a
combination of dye-laser and ALA-PDT, and for Er: YAG laser.

4.8. Adverse Events

Twenty-four papers provided data on AEs [13,18–20,26,27,31–37,39,40,43–47,50,51,53]
with a total of 1027 AEs experienced by 541 patients. The most common side effects in-
cluded erythema, pain, edema and burning sensation. Moreover, based on information
provided by three studies, a mean VAS pain value of 5.62 ± 1.75 in 69 patients was calcu-
lated (57 treated with PDT, 12 with Er: YAG) [26,35,44]. Overall, 16 patients discontinued
treatment due to AEs, as reported in six studies [22,23,33,35,38,43]. Most AEs were mild to
moderate in severity and subsided within two weeks post-treatment without therapeutic in-
tervention [34,53]. Persistent AEs for up to one year were reported after surgical treatment
and included labial tension and diminished sensitivity in nearly 36% of cases [27].

4.9. Post-Treatment Malignant Transformation

Malignant transformation after surgical treatment was examined in three longitu-
dinal studies, and none of them reported any incidence [13,23,25]. Nevertheless, in a
study where different approaches of CO2 laser implementation were compared and in
a case series of CO2 vermilionectomy, low rates (1/43; 2.33% and 1/14; 7.14%) of ma-

140



Cancers 2021, 13, 3354

lignant transformation in the treated areas were observed [29,37]. On the other hand,
neither of the two reports [23,34] where patients had undergone non-invasive treatment
for AC with long follow-up periods (1.5–4 years) could detect any case of post-treatment
malignant transformation.

4.10. Assessment of Recurrence

Five articles reported the effect of laser ablation (four regarding CO2 laser and one
regarding Er: YAG laser ablation) [13,23–26]. Of those, in only one study of 40 cases,
the recurrence rate reached 13% [13]. On the other hand, no recurrence was observed
through vermilionectomy in any of the relevant studies [27,28,55]. Topical treatments
presented a high recurrence rate with diclofenac 3% gel obtaining 33% [53] and FU appli-
cation 55% [23] recurrence rates. Both studies regarding laser treatment combined with
PDT presented recurrence rates of 8% [30,31]. Six papers presented the results of PDT
monotherapy [18,31,32,34–36], with one those presenting the results of PDT combined
with 5% IMI [33]; the latter achieved the lowest recurrence rate (12%). Although, in two
papers on PDT monotherapy, no recurrences have been observed, in the remaining four
articles, 25–60% of patients suffered from AC recurrence. Three randomized controlled
trials compared the outcomes of various therapies. The first compared topical FU ap-
plication, chemical peel, vermilionectomy and CO2 laser ablation [23]. Among the four
modalities, chemical peel obtained the highest recurrence rate, which reached 70%, while
patients treated with CO2 laser ablation or vermilionectomy did not experience any recur-
rence. The second RCT compared laser-assisted PDT to PDT alone, and it was proved that
laser-assisted PDT outperformed PDT monotherapy in terms of recurrence rates (8% vs.
50%, respectively) [31]. Lastly, the third RCT suggested that W-plasty compared to classic
vermilionectomy were equally satisfying when recurrence rates were concerned [55].

5. Risk of Bias and Quality of the Shortlisted Studies

The risk of bias in individual papers was determined as per the Cochrane Reviews
recommendations using the updated RoB-2 tool [56]. As stated in the Cochrane handbook,
“a bias is a systematic error, or deviation from the truth, in results or inferences, which
means that multiple replications of the same study would reach the wrong answer on
average”. Six kinds of bias were assessed, namely: 1. Selection bias, when the study
population does not represent the target population. 2. Performance bias, when the
conduct of a study negligently introduces differences between randomized groups other
than the intervention being investigated. 3. Attrition bias, when subjects are lost to
follow-up, or they miss at least one measurement time points during the study period.
4. Reporting bias, when a trial reports only part of its estimated outcomes. 5. Other sources
of bias. 6. Overall.

Bias analysis showed that all articles included in the review presented a high risk
of bias. Only two studies’ designs proceeded to patient randomization [13,31]. None of
the studies followed the blinding process either for therapeutic intervention or evaluation.
The follow-up time varied between 3 and 48 months across studies. All articles report-
ing a follow-up time of fewer than 8 months had histopathological verification of AC
clearance. Most trials were non-randomized, observational cohort studies. Even though
the number of randomized clinical trials was fairly limited, the data obtained from these
papers suggest that laser ablation or vermilionectomy demonstrate the lowest recurrence
rates. Finally, given the small number of trials testing each therapeutic approach and the
heterogeneity of results and study design, statistical comparison or a meta-analysis was
deemed inappropriate.

6. Discussion

In this systematic review, we demonstrated the results of 36 studies of AC treatment
and assessed the relevant outcomes of the surgical (laser ablation and vermilionectomy) and
topical therapeutic (5-FU, diclofenac gel and PDT) approach. We concluded that the best
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response was obtained through partial surgery and laser therapy, either alone or combined
with PDT, with MAL PDT + 5% IMI, FU and PDT alone achieving lower clearance rates.
Our findings derived from pool data analysis and individual studies whenever the number
of studies for each aspect was not enough to accrue meaningful conclusions.

A recent consensus established an international core outcome set for clinical trials
on actinic keratosis treatment based on physician and patient Delphi surveys [54]. The
significance of the aesthetic result and adverse events were ranked, among other factors,
lower by patients compared to physicians. This could be explained by the composition of
the study population, which included patients with a history of skin cancer; therefore, re-
currence was inevitably deemed more important than the cosmetic outcome. Furthermore,
the localization of the actinic keratoses was not determined in the consensus. It may thus
be possible for cosmetic outcomes to be of particular relevance for patients with AC due to
the visibility of the lesions.

It should be noted that, so far, the studies on AC do not concentrate on patients’ future
treatment preferences; this is made apparent in the available literature. Only one study
investigated patient treatment satisfaction, with 80% of cases considering the treatment
as beneficial [21]. Patient satisfaction should be more closely examined, at least regarding
surgical versus topical treatment, considering the invasive nature of vermilionectomy and
laser-assisted therapies.

Even though the number of patients for each treatment was low in each study, the
cumulative number of areas treated with each therapy was significant. Specifically, at
least 200 cases were treated with laser therapies and PTD alone, and sixty-two areas with
DHA. Laser therapy—mainly CO2 laser treatment—outperformed the other therapeutic
options in all aspects, including high rates of complete response and low recurrence rates.
Carbon dioxide laser ablation seems to be linked to fewer side effects with a shorter time to
resolution than vermilionectomy, although head-to-head trials are lacking [23,55]. Unlike
non- or minimally invasive treatments, though, vermilionectomy has the added benefit of
enabling the histopathological evaluation of the lesion. Novel surgical procedures such as
W-plasty may provide comparable results to conventional vermilionectomy with better
cosmetic outcomes. Our results regarding the beneficial effect of CO2 laser therapy for
actinic cheilitis are in line with the guidelines for the SCC from the National Comprehen-
sive Cancer Network of the U.S.A., which suggest ablative laser vermilionectomy as a
recommended treatment for extensive AC [57]. On the other hand, there are no relevant
European and British guidelines for the management of AC.

Concerning other therapeutic options, PDT scored relatively lower in terms of com-
plete response than other treatments such a laser therapy, FU and 5% IMI, while over 12%
of patients suffered from a recurrence. Moreover, DHA showed an exceptionally low com-
plete response rate, whereas the recurrence rate is as good as laser therapy. Both treatments
seem to be less efficient, possibly due to crusts which may impede the therapeutic effect
and patient compliance.

As regards the other therapies, the relevant results should be interpreted with caution,
given the small study population of each paper. On the whole, the subsequent employment
of two different modalities seems to have a synergistic effect on the therapeutic outcome
of each treatment. By way of example, unlike the application of 5% IMI and MAL-PDT
alone, which were characterized by modest results, the combination of MAL-PDT with
5% IMI yielded an almost 80% complete response. One possible explanation for this
superior efficacy may lie in their different modes of action, since PDT selectively destroys
cancer cells and IMI enhances the immune response. Sotiriou et al. suggested that the
inflammation generated after PDT could promote the activation of innate immunity against
the malignant cells through the action of 5% IMI [33]. Finally, the different evaluation
criteria of the histopathologic response across studies and the post-treatment biopsies at
different time points do not permit a valid clinicopathological correlation of the treatment
outcome. Nevertheless, most therapies provided a satisfactory safety profile with few side
effects and excellent aesthetic results.
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Minimally invasive therapies have the additional advantage of higher patient com-
pliance rates, unlike topical treatments, which are more prone to discontinuation. More
sophisticated procedures that minimize side effects may make the surgical approach a more
attractive and beneficial option given its high efficacy. Therefore, it would be recommended
that the risk–benefit ratio should be assessed for each of the therapeutic modalities during
the treatment decision process, offering tailored management. In high-risk patients, for ex-
ample, such as immunosuppressed patients or patients with a history of skin cancer, where
definite and timely cures are essential, the surgical approach should be preferrable over
topical treatment. Nevertheless, in younger, low-risk individuals, non-invasive therapies
may be more appropriate. Patients’ preferences and well-being should also be considered
before making management decisions.

It should be remembered that the original purpose of AC therapy is to minimize the
risk of the pre-malignant lesions evolving into a squamous cell carcinoma in the future.
Most SCC cases reported in a study were diagnosed clinically, even when the diagnostic
confidence was low [46]. Therefore, in these cases, the malignant lesion could pre-exist prior
to treatment initiation. The other case series describing the malignant transformation of AC
included patients with mostly moderate and severe epithelial dysplasia [29,37]. A possible
explanation could be that the features of epithelial dysplasia create the conditions for
potential malignancy. Whatever the case, well-designed studies exploring the malignization
incidence are essential to provide accurate data for the various treatments, especially for
topical therapies.

The results of our review should be viewed in light of some limitations. First, the
sample size of most studies was small, while the substantial diversity in the quality and
characteristics of presented evidence did not allow any direct comparison. Moreover, it
should be noted that the data provided by the relevant studies were restricted only to
positive outcomes, and the negative or ambiguous results of AC therapies could be ruled
out. Third, there was heterogeneity in the histopathologic post-treatment evaluation and
follow-up time points across the published studies. Lastly, none of the studies assessed
cryotherapy as a therapeutic option, a treatment that has become a mainstay for the
management of AC in everyday clinical practice.

7. Conclusions

Our review highlights the need for higher quality and more comprehensive studies
in the field of AC management. However, given the available data, our review suggests
that laser treatment alone or combined with PDT seems to offer the best clinical outcomes,
while FU, 5% IMI and PDT alone or combined have a satisfactory therapeutic profile. Large,
randomized controlled studies are necessary to validate the kinds of conclusions drawn
from this review in terms of the efficacy and safety of the traditional therapies for AC so
that dermatologists can select the optimum therapeutic approach for these patients.
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Simple Summary: Skin cancer is one of the most common cancers worldwide. Non-melanoma
skin neoplasms in the head and neck area, the location of lesions around the ear, accounts for
approximately 13–15% of all cases. The problematic location of neoplasms within the auricle and
around the ear often causes many problems in surgical treatment, which can lead to unsatisfactory
cosmetic effects or the presence of positive surgical margins. The presence of positive surgical
margins leads to recurrence in about 10–67% of such patients. The aim of the study was to analyse the
effectiveness, toxicity profile, and cosmetic effect of two different brachytherapy techniques (contact
and interstitial brachytherapy). In our study, we analysed the results of 33 patients treated with HDR
contact or interstitial brachytherapy. We showed that this is a highly effective, short, and relatively
low burden on patients with cancer of the outer ear, involving the auricle and the skin of the adjacent
area. The toxicity of the treatment was low.

Abstract: The location of skin neoplasms in the area of the ears qualifies patients to the so-called
high-risk group. The location of neoplasms within the auricle and around the ear often causes
many problems in surgical treatment. This is due to the presence of cartilage, the difficulty of
performing procedures with obtaining a visually satisfactory cosmetic effect, especially in the presence
of extensive lesions and can lead to positive surgical margins which leads to a high risk of recurrence.
In such cases, the use of brachytherapy, both as an independent method and as a complementary
method after surgery, may be an effective method of local control with an acceptable risk of radiation
complications. However, there are no large retrospective studies on the use of brachytherapy in
this anatomical region. The aim of the study was to analyse the effectiveness, toxicity profile, and
cosmetic effect of two different brachytherapy techniques (contact and interstitial brachytherapy).
Methods: This paper presents the results of a retrospective analysis of 33 patients treated with contact
or interstitial high-dose-rate (HDR) brachytherapy for skin cancers of the outer ear, involving the
auricle and the skin of the adjacent area. Brachytherapy was used both as a definitive treatment
(15 patients—43%) and adjuvant treatment after surgery (18 patients—57%). The basic criterion for
adjuvant treatment was a positive or narrow (<1 mm) resection margin. Fraction doses from 3 to 7 Gy
per fraction were used at intervals from six hours (interstitial brachytherapy) to a maximum of seven
days (contact brachytherapy). The treatment time ranged from 1 to 42 days, and the total dose range
was 7 to 49 Gy. The follow-up was 29.75 months (range 2–64). Results: In the group of patients treated
with adjuvant therapy, in the patients with post-radiation reaction, the mean time from surgery to
the start of brachytherapy was 7.72 ± 3.05 weeks, the median was 8 (6–12) weeks, and in the group
without post-radiation reaction, the mean time was 11.13 ± 4.41 weeks, the median time was 11
weeks (8–14). The risk of a post-radiation reaction increased significantly more often in patients with
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more advanced disease. In the case of contact brachytherapy, the post-radiation reaction occurred
significantly more often (14/21 patients—43%) than in the case of interstitial brachytherapy (3/11
patients—9.4%). In patients with post-radiation reactions, a significantly larger volume of the skin
receiving a dose of 200% was found, and the volume receiving a dose of 150% was close to statistical
significance. The mean volume of the skin receiving a 200% dose in the group with post-radiation
reactions was 28.05 ± 16.56 cm3, the median was 24.86 (0.5–52.3) cm3, and the mean volume in the
group without post-radiation reaction was 17.98 ± 10.96 cm3, median 14.95 (3.9–44.96) cm3. The
result was statistically significant (Z = 2.035, p = 0.041). Conclusion: Interstitial HDR (high-dose-rate)
brachytherapy for non-melanoma skin cancers around the ear is highly effective, short, and has a
relatively low burden on the patient. The toxicity of the treatment was low. In the case of contact
brachytherapy, the toxicity profile is slightly higher but acceptable for patients. This method is
preferred in patients in whom interstitial brachytherapy is impossible to perform due to anatomical
and logistical reasons. The unquestionable advantage of contact brachytherapy is its ability to be
performed on an outpatient basis without the need to stay in the hospital. No severe and late CTCAE
≥III and late RTOG ≥III toxicity was observed. In patients after surgery, in order to minimise the risk
of radiation reaction, it is optimal to start treatment at least eight weeks after surgery. In the presence
of extensive lesions, the use of interstitial brachytherapy seems to be more advantageous, especially
when the expected volume of healthy skin in the dose range of 200% and 150% is above 15 cm3 and
50 cm3, respectively.

Keywords: HDR brachytherapy; non-melanoma skin cancer; cancer around the ear; radiation therapy

1. Introduction

Skin cancer is one of the most common cancers worldwide [1]. The term non-
melanoma skin cancers includes the diagnosis of basal cell carcinoma (BCC) and squamous
cell carcinoma (SCC) in nearly 99% of cases. Data on the prevalence of its non-melanoma
forms are underestimated, but the World Cancer Research Fund reports that in 2020, nearly
1.2 million new cases were diagnosed, of which, over 722,000 were diagnosed in men and
over 475,000 were diagnosed in women [2]. These neoplasms are most frequently diag-
nosed in Australia and the United States of America, and the most diagnoses per 100,000
inhabitants are in Australia and New Zealand, respectively, 140 and 127.5 [1]. Skin cancer
in the US is the most common cancer with nearly 3.5 million newly diagnosed patients
each year [3]. The latest survey conducted by the European Academy of Dermatology
and Venereology (EADV) shows that approximately 7,304,000 Europeans are diagnosed
with skin cancer, which is 1.71% of the adult European population [4]. A special group is
patients with the location of neoplasms in the area of the ears as well as the central part of
the face, which qualifies them for the so-called high-risk groups [5]. In non-melanoma skin
neoplasms in the head and neck area, the location of lesions around the ear accounts for
approximately 13–15% of all cases [6–8]. The problematic location of neoplasms within the
auricle and around the ear often causes many problems in surgical treatment. This is due to
the presence of cartilage, the difficulty of performing procedures with obtaining a visually
satisfactory cosmetic effect, especially in the presence of extensive lesions, and an increased
risk of the presence of positive surgical margins. This can lead to relapses and potential
wound-healing problems. In patients with localisation of non-melanoma skin cancers
within the head and neck, the percentage of incomplete resections ranges from 3–10.8%,
depending on the surgical technique [6,7]. According to various sources, the presence of
positive surgical margins leads to recurrence in about 10–67% of such patients, compared to
5–14% when the resection is complete [9–11]. The use of brachytherapy in this localisation
as a method of conservative treatment seems to be a particularly attractive method. Data on
the use of brachytherapy in this area are limited and refer to individual cases. Few reports
from recent years also include the use of teleradiotherapy in this area [12–17]. The potential
use of interstitial brachytherapy and/or contact brachytherapy in this group of patients
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provides issues for comparative analysis and facilitates the selection of the optimal tech-
nique. The aim of the study was to analyse the effectiveness, toxicity profile, and cosmetic
effect of two different brachytherapy techniques (contact and interstitial brachytherapy).

2. Materials and Methods
2.1. Patient Characteristics

A group of 33 patients (14 men and 19 women) with skin cancer involving the ear and
peri-auricular localisation including the skin of the adjacent area was included in the study
(Figure 1). These patients were treated with high-dose-rate (HDR) brachytherapy at the
Brachytherapy Department of the Centre of Oncology of the Lublin Region from 2010–2020
(Lublin, Poland). Histopathological confirmation of skin cancer was obtained in all patients.
Squamous cell carcinoma dominated (20 patients—57%), followed by basal cell carcinoma
(nine patients—26%), and further undifferentiated (four patients—11%). Brachytherapy
was used both as a definitive treatment (15 patients—43%) and adjuvant treatment after
surgery (18 patients—57%). The basic criterion for adjuvant treatment was a positive or
narrow (<1 mm) resection margin. Eligibility for definitive brachytherapy resulted from
the patient’s lack of consent to resection (eight patients), the inoperability of the neoplasm
(three patients), or a health condition that prevented surgery (four patients). At the time of
this analysis, no systemic treatment with checkpoint inhibitors and the Hedgehog pathway
was available in Poland.
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Figure 1. Lesion localisation area in all patients included in the study.

The tumour stage was determined on the TNM scale of the seventh edition. Lymph
node and distant metastases were excluded in all patients. The majority of patients were
T2 (15 patients—43%), then T3 (11 patients—31%), and then T1 (seven patients—20%). T4
patients were not eligible for brachytherapy. In the analysed group of patients, contact
brachytherapy was dominant (21 patients—66%), and interstitial brachytherapy was used
less frequently (11 patients—33%). Patient characteristics are presented in Table 1.
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Table 1. Clinical and histopathological characteristics of patients undergoing brachytherapy.

Clinical and
Histopathological Factor

Number of
Patients (Percentage) Mean Value Median Value (Range)

Age (years) 33 80.79 +/− 9.76 83 (63–98)

Gender

Men 14 (42%) - -

Women 19 (58%) - -

Histopathological type

Squamous cell carcinoma 20 (57%) - -

Basal cell carcinoma 9 (26%) - -

Undifferentiated carcinoma 4 (11%) - -

Stage

T1N0M0 7 (20%) - -

T2N0M0 15 (43%) - -

T3N0M0 11 (31%) - -

Largest lesion size (cm) - 3.46 +/− 1.79 3 (0–7.5)

Definitive brachytherapy 15 (43%) - -

Brachytherapy after surgery 18 (57%) - -

Application of brachytherapy

Contact brachytherapy 21 (66%) - -

Interstitial brachytherapy 11 (33%) - -

Time from surgery to the start
of brachytherapy
treatment (weeks)

19 9.16 +/− 2.54 8 (6–14)

Number of applicators - 6.42 +/− 2.61 6 (3–15)

2.2. Procedure, Planning, and Treatment

Contact brachytherapy was performed by making an individual applicator from a
thermoplastic mask and elastic applicators (by Varian Medical System) sewn or glued
on it. The applicators were placed parallel to each other at 0.7–1.5 cm intervals covering
the area of the neoplastic infiltration or postoperative scar with a 2 cm margin. The
interstitial brachytherapy procedure was performed under local infiltration anaesthesia
with the use of 1% Lignocaine. Flexible applicators of 35 cm in length from the Varian
Medical System were used. They were inserted 2–5 mm under the skin, parallel to each
other according to the Paris system assumptions so that they encompassed the tumour or
tumour bed with a healthy skin margin of 1–2 cm. The applicators were placed parallel
to each other at a distance of 0.7–1.5 cm. After the contact applicator or the interstitial
procedure was performed, a treatment planning tomography was performed with the use
of a 32-row Siemens computer tomograph. The layer thickness was from 1–3 mm. Based
on the position of the applicators, the CTV (clinical target volume) area was drawn on the
tomography scans for treatment planning. In the case of adjuvant brachytherapy, the dose
was specified in accordance with the recommendations of GEC ESTRO/ACROP—5 mm
from the applicator [18]. In case the thickness of the auricle was less than 5 mm, the dose
was applied to its entire thickness. If possible, the applicators were placed on both sides of
the auricle. This has allowed to avoid overdose and ensured a homogeneity of the dose.
The critical organs were skin, bone, and brain.
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2.3. Treatment Planning and Dosimetry Analysis

Patients were treated according to various fractionation schedules (Table 2). Frac-
tion doses from 3 to 7 Gy per fraction were used at intervals from six hours (interstitial
brachytherapy) to a maximum of seven days (contact brachytherapy). The treatment time
ranged from 1 to 42 days, and the total dose range was 7 to 49 Gy. All doses were converted
according to the linear-quadratic model into the biologically effective dose (BED) where
the alpha/beta ratio was 10 Gy for the tumour and early radiation reaction and 3 Gy for
the late radiation reaction. The dosimetric analysis is presented in Table 3. The choice
of the scheme was dictated by a number of factors. The shorter schedule was used in
elderly patients, in worse general conditions, and in less advanced disease. The shorter
interval between fractions concerned interstitial procedure; the longer concerned contact
procedure. Contact brachytherapy was selected in lesions with a maximum depth of 3 mm.
Interstitial brachytherapy was chosen in lesions with a depth of more than 3 mm. Contact
brachytherapy was used preferentially in the case of the auricle. Treatment planning was
carried out using the Brachyvision treatment planning system. An Ir 192 source of 0.6 mm
diameter and an average activity of 10 Ci was used. Treatment was performed with the
24-channel Gammamed or Gammamed Plus (Varian) apparatus. Figure 2 shows examples
of CTV volume, critical organ contouring, and dose distribution with the histogram of one
of the treated patients.

Table 2. Dose fractionation schedules applied in the treatment of all patients.

Dose Fractionation Schedules

Total Number of Fractions Number of Fractions per Day Dose per Fraction Total Dose

15 1 3 Gy 45 Gy

9 2 (interval between fractions
of minimum 6 h) 5 Gy 45 Gy

14 2 (interval between fractions
of minimum 6 h) 3 Gy 42 Gy

5 1 4 Gy 20 Gy

3 1 every 7 days 7 Gy 21 Gy

Table 3. Dosimetry characteristics of doses in particular target volumes and in the brain and associated
bone. CTV—clinical target volume, V—volume, D—dose, BED—biologically effective dose.

Variable Mean Value Median Value (Range)

General prescription Total dose (Gy) 37.73 ± 12.31 45 (7–49)

Fraction dose (Gy) 3.65 ± 0.88 3.5 (3–7)

Number of fractions 11.18 ± 4.63 14 (1–15)

Number of irradiation days 16.15 ± 10.4 19 (1–42)

Target dose CTV D0.10cc [Gy] 18.14 ± 18.44 12.39 (5.78–88.01)

CTV D0.10cc [Gy] × number of fractions 164.02 ± 113.61 147 (28.9–645.21)

CTV D90 [Gy] 4.09 ± 0.87 3.8 (3.1–6.2)

CTV D90 [Gy] × number of fractions 43.67 ± 17.34 49.5 (6.2–92.55)

CTV D90 [Gy] × number of fractions BED 10 61.42 ± 25.96 68.78 (10.04–149.65)

CTV D100[Gy] 2.75 ± 0.56 2.58 (2.04–4.44)

CTV D100 [Gy] × number of fractions 29.72 ± 12.5 34.35 (3.74–66.6)
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Table 3. Cont.

Variable Mean Value Median Value (Range)

CTV D100 [Gy] × number of fractions 37.93 ± 16.92 42.22 (5.14–96.17)

CTV V100 [% of volume] 96.76 ± 2.72 97.71 (90.05–99.8)

CTV V150 [% of volume] 53.6 ± 13.33 53.9 (25.3 −77.65)

CTV V200 [%of volume] 22.86 ± 14.66 19.49 (0.5–52.31)

OAR’s dose Brain D1.00cc [Gy] 1.53 ± 0.69 1.49 (0.3–2.94)

Brain D1.00cc [Gy] × number of fractions 16.46 ± 9.65 14.40 (2.7–33.6)

Brain D1.00cc [Gy] × number of fractions BED 3 25.95 ± 17.21 21.77 (2.97–58.66)

Brain D1.00cc [Gy] × number of fractions BED 10 19.31 ± 11.88 17.76 (2.78–41.12)

Brain D0.10cc [Gy] 1.79 ± 0.83 1.72 (0.34–4.07)

Brain D0.10cc [Gy] × number of fractions 19.04 ± 10.86 17.25 (3.06–36.9)

Brain D0.10cc [Gy] × number of fractions BED 3 31.62 ± 20.42 27.77 (3.41–67.13)

Brain D0.10cc [Gy] × number of fractions BED 10 22.81 ± 13.68 20.54 (3.16–45.98

Bone D1.00cc [Gy] 2.92 ± 0.93 2.95 (0.82–5.44)

Bone D1.00cc [Gy] × number of fractions 31.42 ± 14.49 37.20 (4.73–51.6)

Bone D1.00cc [Gy] × number of fractions BED 3 63.25 ± 32.89 67.92 (9.4–137.65)

Bone D1.00cc [Gy] × number of fractions BED 10 40.97 ± 19.83 46.42 (6.97–75.59)

Bone D0.10cc [Gy] 3.63 ± 1.37 3.51 (1.05–8.14)

Bone D0.10cc [Gy] × number of fractions 38.39 ± 17.91 42.6 (8.14–71.4)

Bone D0.10cc [Gy] × number of fractions BED 3 86.50 ± 47.15 95.51 (12.75–184.57)

Bone D0.10cc [Gy] × number of fractions BED 10 52.83 ± 26.38 56.01 (10.44–105.38)
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 Optic nerve L 0.3 0.219 0.296 0.256 

 Optic nerve R 0.3 0.118 0.193 0.147 

 Brain 1514.4 0.071 3.362 0.267  
(e) 

Figure 2. (a) Delineation of the brachytherapy target volumes and organs at risk for a patient with 
non-melanoma skin cancer around the ear, transverse plane; (b) Delineation of the brachytherapy 
target volumes and organs at risk for a patient with non-melanoma skin cancers around the ear, 

Figure 2. (a) Delineation of the brachytherapy target volumes and organs at risk for a patient with non-
melanoma skin cancer around the ear, transverse plane; (b) Delineation of the brachytherapy target
volumes and organs at risk for a patient with non-melanoma skin cancers around the ear, coronal
plane; (c) The 2D and 3D dose distribution of brachytherapy application; (d) A 3D reconstruction
of the clinical target volume and CTV surface applicators; (e) Dose-volume histogram for target
volumes and OARs.
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2.4. Follow-Up after Treatment

Patients in the post-treatment period underwent cyclical clinical evaluation, initially
monthly for up to three months; some evaluations also included ENT checking. In selected
patients, periodic ultrasounds of the neck and abdominal cavity and chest X-rays were also
performed. The patients were assessed for local recurrence, lymph node metastasis, and
distant metastasis. The frequency and degree of the severity of early and late radiation
reactions were also assessed. Due to the number of patients and the retrospective nature of
the data, only the acute reaction was reported. The stage I reaction concerned all patients. In
16 patients (48%), stage II and III reactions were found. No stage IV radiation complications
were found in the analysed group of patients. The RTOG scale was used to assess toxicity.
Figure 3 illustrates the therapeutic process and the achieved effect during the first six
months of follow-up after the completion of brachytherapy treatment in one of the patients.
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Figure 3. Sample photos of one of the treated patients (the same patient whose plan is presented
in Figure 2). (a) the image of the primary lesion before the start of treatment; (b) the patient with a
thermoplastic mask and sewn/glued applicators in the area of the neoplastic lesion; (c) the image
of an acute radiation reaction, four weeks after the end of brachytherapy; (d) the effect obtained six
months after the end of brachytherapy.
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2.5. Statistical Analysis

Depending on the occurrence of a grade ≥II reaction, a statistical analysis of selected
parameters for the risk of reaction was performed. When examining the relationship
between the variables, the non-parametric Mann–Whitney U test (for independent variables,
to compare the differences between the two groups of patients) was used. In order to
compare the frequency of the analysed categories depending on the parameters tested, a
non-parametric chi-square test was used. The significance level in all tests was p = 0.05.
Statistical analysis was performed in the Statistica ver. 13.1 and 13.3 (StatSoft Poland).

3. Results

In the mean follow-up period of 29.75 months (range 2–64), in one patient (3%), there
was a relapse of the disease. It was a local recurrence in the irradiated area. The treatment
tolerance was good; only 16 (48%) patients had a clinically significant reaction (grade II
and above).

The analysis of the influence of the tested parameters on the occurrence of the post-
radiation reaction showed a statistically significant effect of the time from the surgical
treatment to the start of irradiation. In the group of patients treated with adjuvant therapy,
for the patients with post-radiation reactions, the mean time from surgery to the start
of brachytherapy was 7.72 ± 3.05 weeks, and the median was 8 (6–12) weeks, and for
the group without post-radiation reactions, the mean time was 11.13 ± 4.41 weeks, and
the median time was 11 weeks (8–14). The result was statistically significant (Z = 3.011,
p = 0.002) (Figure 4). The severity of the post-radiation reaction was also influenced by
the tumour stage on the TNM scale (T parameter). The risk of a post-radiation reaction
increased significantly more often in patients with more advanced disease (Z = −2.447,
p = 0.014). The type of brachytherapy used also had an influence on the occurrence of
the reaction. In the case of contact brachytherapy, the post-radiation reaction occurred
significantly more often (14/21 patients—43%) than in the case of interstitial brachytherapy
(3/11 patients—9.4%) Z = 4.50, p = 0.339. In the case of contact brachytherapy, the maximum
depth of the treated lesion was 5 mm, and the average depth was 3.5 mm. The maximum
isodose to the skin was 467.75% (in one pixel), the average isodose was 256%, and the
median dose did not exceed 200% isodose.

In patients with post-radiation reaction, a significantly larger volume of the skin
receiving the dose of 200% was found, and the volume receiving the dose of 150% was
close to statistical significance. The mean volume of the skin receiving the 150% dose
in the group with post-radiation reactions was 57.8 ± 13.17 cm3, and the median was
59.53 (25.3–77.65) cm3, and in the no-post-radiation reaction group, the mean volume
was 49.64 ± 12.59 cm3, and the median volume was 52.35 (30.1–71.69) cm3 (Z = 1.297,
p = 0.053). The mean volume of the skin receiving the 200% dose in a group with post-
radiation reactions was 28.05 ± 16.56 cm3, and the median was 24.86 (0.5–52.3) cm3, and
the mean volume in the group without post-radiation reactions was 17.98 ± 10.96 cm3, and
the median was 14.95 (3.9–44.96) cm3. The result was statistically significant (Z = 2.035,
p = 0.041) (Figures 5 and 6). The individual results and their statistical significance are
presented in Tables 4 and 5.
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Figure 6. Analysis of the influence of the mean skin volume receiving the 200% dose on the severity
of post-radiation reaction.

Table 4. Influence of selected factors on the severity of radiation reaction on the basis of the Mann–
Whitney non-parametric U test. CTV—clinical target volume, D—dose, BED—biologically effec-
tive dose.

Factor Z p

General information Age 0.66713 0.504689

Lesion size −1.43029 0.152634

Time from surgery to irradiation 3.01115 0.002603

Number of applicators −0.62662 0.530910

Prescription dose Total dose −0.34345 0.731262

Fraction dose −0.64187 0.520960

Number of fractions 0.36689 0.713702

Number of irradiation days 0.54918 0.582880

Target dose CTV D0.10cc [Gy] −0.88261 0.377447

CTV D0.10cc [Gy] × number of fractions −1.45901 0.144564

CTV D90 [Gy] −0.14411 0.885412

CTV D90 [Gy] × number of fractions 0.21617 0.828857

CTV D90 [Gy] × number of fractions BED 10 −0.14411 0.885412

CTV D100 [Gy] 0.55848 0.576517

CTV D100 [Gy] × number of fractions 0.30621 0.759444

CTV D100 [Gy] × number of fractions BED 10 0.12609 0.899663
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Table 4. Cont.

Factor Z p

CTV V100 [% of volume] 1.67530 0.093877

CTV V150 [% of volume] −1.92733 0.053939

CTV V200 [%of volume] −2.03541 0.041811

OAR’s dose Brain D1.00cc [Gy] 1.49528 0.134841

Brain D1.00cc [Gy] × number of fractions 1.53106 0.125756

Brain D1.00cc [Gy] × number of fractions BED 3 1.74721 0.080602

Brain D1.00cc [Gy] × number of fractions BED 10 1.53106 0.125756

Brain D0.10cc [Gy] 1.44112 0.149553

Brain D0.10cc [Gy] × number of fractions 1.49503 0.134907

Brain D0.10cc [Gy] × number of fractions BED 3 1.60311 0.108912

Brain D0.10cc [Gy] × number of fractions BED 10 1.49503 0.134907

Bone D1.00cc [Gy] 0.68459 0.493605

Bone D1.00cc [Gy] × number of fractions 1.04481 0.296112

Bone D1.00cc [Gy] × number of fractions BED 3 1.04481 0.296112

Bone D1.00cc [Gy] × number of fractions BED 10 1.11687 0.264053

Bone D0.10cc [Gy] 0.1802 0.856996

Bone D0.10cc [Gy] × number of fractions 0.9368 0.34886

Bone D0.10cc [Gy] × number of fractions BED 3 0.86474 0.387181

Bone D0.10cc [Gy] × number of fractions BED 10 0.86474 0.387181

Table 5. Influence of selected factors on the severity of radiation reaction on the basis of the chi-square
test. TNM—tumour, node, metastasis.

Feature Z p

Gender 0.75 0.387

Histopathological type 12.833 0.615

TNM 13 0.602

Indications for brachytherapy—individual vs.
adjuvant after surgery 2.53 0.120

Application—contact vs. interstitial 4.5 0.034

Location—auricle vs. adjacent area of the auricle 0.76 0.383

Toxicity

The early and late toxicity of radiotherapy and the application procedure were anal-
ysed. Toxicity data were collected for all patients. CTCAE and RTOG scales were used.
CTCAE (Common Terminology Criteria for Adverse Events) is an international standard
for defining and categorizing adverse events, while RTOG (Toxicity criteria of the Ra-
diation Therapy Oncology Group) is a scale that determines the degree of skin damage
after radiotherapy.

Among the 33 analysed patients, 17 (52%) people according to CTCAE and 15 (45.5%)
according to RTOG did not present any radiation reaction, and their skin remained un-
changed. A total of 14 subjects (42%) had CTCAE grade I, and grade I RTOG was observed
in 15 (45.5%) patients. Moderate adverse events occurred in 2 patients (6%) according to CT-
CAE. RTOG grade II reactions occurred in 3 patients (9%). None of the patients presented
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a reaction of grade III or higher in both the CTCAE and RTOG scores. A summary of the
data on radiation reactions after the applied brachytherapy is presented in Tables 6 and 7.

Table 6. Characteristics of the early toxicity of radiotherapy and the brachytherapy procedure.
CTCAE—Common Terminology Criteria for Adverse Events.

CTCAE (Degree of Severity) Number of Patients (Percentage)

Grade 0 (none) 17 (52%)

Grade 1 (mild) 14 (42%)

Grade 2 (moderate) 2 (6%)

Grade 3 (severe) -

Grade 4 (life-threatening) -

Grade 5 (death) -

Table 7. Characteristics of the toxicity of radiotherapy and the brachytherapy procedure. RTOG—
toxicity criteria of the Radiation Therapy Oncology Group.

RTOG Number of Patients (Percentage)

Grade 0 15 (45.5%)

Grade 1 15 (45.5%)

Grade 2 3 (9%)

Grade 3 -

Grade 4 -

4. Discussion

Patients with neoplasms of the head and neck region are at risk of late radiation
complications, such as tissue fibrosis, oedema, cartilage and/or bone necrosis, and dry
mucosa. The risk of radiation complications depends on the irradiated region, the total dose,
and the duration of treatment [19]. Radiation complications that arise after radiotherapy
of the outer ear occur after the administration of a conventionally fractionated total dose
above 60 Gy [20]. These complications include ear pain, tinnitus, hearing impairment, and
otitis exudate [21]. There are no new data on radiation complications from the external
ear; the old data indicate a risk of cartilage necrosis, especially with lesions greater than
4 cm [22].

In the case of brachytherapy, due to the method of dose distribution, the real range of
radiation is small, and it is not possible to exceed the tolerance dose for the middle and
inner ear. The heterogeneity of the dose in the area of the auricle still remains a problem as
it increases the risk of hot spots in the vicinity of the applicators. For this reason, the use of
most of the available applicators (Valencia, Leipzig) or skin electronic brachytherapy does
not allow to achieve a good dose distribution [23–26]. The solution to this problem is the
use of individual applicators. In the work of Kuncman et al., individual mould applicators
were used, composed of a mixture of paraffin and wax, obtaining a homogeneous dose
distribution similar to IMRT [27].

Another solution is to use individual applicators attached to a thermoplastic mask [28].
The application of this method provides, with small and irregular changes, a more confor-
mal dose distribution than electron brachytherapy with high treatment efficacy [29]. In
the case of deeper lesions with a very irregular surface and different depths of infiltration,
interstitial brachytherapy is used, using plastic tubes in one or more areas [30]. In the
analysed group, patients with different severity of acute radiation reactions in a particularly
difficult location—the outer ear and adjacent tissues—were compared. A group with a
mild reaction and a group with an intense acute radiation reaction were separated and
analysed. Factors that influence the presence of a reaction are the time from surgery to
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irradiation and the volume of high-dose areas, i.e., 150 and 200% of the dose. The tech-
nique of brachytherapy also turned out to be important in patients undergoing interstitial
brachytherapy; the radiation reaction is lower.

The study also showed that the treatment was well tolerated; it was also charac-
terised by low toxicity. There are no data in the literature describing in such a detailed
manner brachytherapy in the area of the outer ear. In the study by Kuncman et al. [27],
10 patients with tumours of the auricle and external nose were irradiated. Dosimetry
analysis showed good dose homogeneity in this area, comparable to EBRTF, which may
indicate the low toxicity of this treatment. Similarly, in the study by Brovchuk et al., using
various brachytherapy techniques, 751 patients were irradiated in the facial area, of which,
36 patients were affected by skin cancer in the area of the outer ear [26]. The treatment
tolerance in the whole group was good, acute toxicity of grade II and higher concerned
only 48% of patients, and cosmetic effects assessed as good and very good concerned 98%
of patients. Contrary to the group of patients analysed in our study, the greater severity of
the radiation reaction was observed in patients with squamous cell carcinoma compared to
patients with basal cell carcinoma. Additionally, in contrast to the authors’ analysis, the
study of Brovchuk et al. did not show any differences in clinical outcomes depending on
the applied brachytherapy technique (interstitial, contact) [26].

Similar studies with the use of brachytherapy in skin cancers also indicate the low
toxicity of treatment and a good cosmetic effect, although they cover different locations
within the head and neck [24,26,30]. The only study on external ear neoplasms deals with
LDR (low-dose-rate) brachytherapy and does not include dosimetry analysis. Nevertheless,
the results of this study indicate excellent local control and a good cosmetic effect, especially
in the case of tumours smaller than 4 cm [22].

5. Conclusions

Interstitial HDR (high-dose-rate) brachytherapy for non-melanoma skin cancers around
the ear is highly effective and short and has a relatively low burden on the patient. The
toxicity of the treatment was low. In the case of contact brachytherapy, the toxicity profile is
slightly less favourable but acceptable for patients. This method is preferred in patients in
whom interstitial brachytherapy is impossible to perform due to anatomical and logistical
reasons. The unquestionable advantage of contact brachytherapy is its ability to be per-
formed on an outpatient basis without the need to stay in the hospital. No severe and late
CTCAE ≥ III and late RTOG ≥ III toxicity was observed. In patients after surgery, in order
to minimise the risk of radiation reaction, it is optimal to start treatment at least eight weeks
after surgery. In the presence of extensive lesions, the use of interstitial brachytherapy
seems to be more advantageous, especially when the expected volume of healthy skin in
the dose range of 200% and 150% is above 15 cm3 and 50 cm3, respectively.
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Simple Summary: Basal cell carcinoma (BCC) is the most frequent malignancy of the Caucasian
population. High dose rate (HDR) brachytherapy is a re-emerging treatment method for various
skin cancers. Dermoscopy is an acknowledged and widely used diagnostic tool providing the bridge
between histopathology and clinical examination. Current literature lacks data reporting on the
dermoscopic observation of basal cell carcinomas undergoing brachytherapy. In this article, the
authors describe clinical and dermoscopic patterns of basal cell carcinomas from 23 patients treated
with HDR brachytherapy, and analyse the evolution of BCC structures.

Abstract: Basal cell carcinoma (BCC) is the most frequent malignancy of the Caucasian population.
Dermoscopy is an established diagnostic method providing the bridge between clinical and patho-
logical examination. Surface skin high dose rate (HDR) brachytherapy is an organ sparing treatment
method used for non-surgical candidates. This prospective study aimed to observe clinical and
dermoscopic features and their evolution in 23 patients with pathologically confirmed BCC that have
been treated with HDR brachytherapy. In all cases, custom-made surface moulds were used. HDR
brachytherapy was performed with 192Ir, dose 45Gy was delivered to the tumour in nine fractions of
5Gy, three times a week. The evolution of clinical and dermoscopic features was followed up at the
beginning of treatment, and on the day of every fraction (t1–t9). Dermoscopic evaluation of neoplastic
and non-neoplastic structures was based on current diagnostic criteria according to current literature.
Univariate logistic regression showed a decreasing number of clinical and pathological features of
basal cell carcinoma with every treatment fraction. The effect was more strongly pronounced for
cancer-related dermoscopic structures compared with non-neoplastic features. We used multivariate
ordinal logistic regression with random effects to prove that the patients’ age corresponds with the
tumour’s response to radiation—which may implicate a better response to treatment among older
patients. High dose rate brachytherapy decreases the number of clinical and dermoscopic features
typical for basal cell carcinoma. The effect is more pronounced among older patients.

Keywords: HDR brachytherapy; basal cell carcinoma; dermoscopy
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1. Introduction

Basal cell carcinoma (BCC) is the most frequent skin cancer and most frequent ma-
lignancy among Caucasians worldwide [1–3]. It is characterized by slow progression and
low mortality. Most lesions (80%) are localized on the head region, among which 90%
are located on the face [2,4,5]. Diagnostics include anamnesis, clinical and pathological
examination. Dermoscopy (epiluminescence microscopy and skin surface microscopy) is an
in vivo examination of epidermis and dermis structures. It is an easy to perform, painless,
non-invasive, repetitive diagnostic technique allowing doctors to observe neoplastic and
non-neoplastic skin lesions in at least 10× magnification in polarized and non-polarized
light [6,7]. It gives additional information in the preliminary assessment of tumour mor-
phologic type [8–10]. Moreover, this examination helps to determine surgical margins
preoperatively [11,12]. It may also be beneficial in ex-vivo examinations for resected le-
sions [13]. The current literature lacks data concerning dermoscopic feature evaluation of
basal cell carcinomas treated with brachytherapy.

Skin surface brachytherapy uses radioactive sources placed close to the tumour, allow-
ing the delivery of high radiation doses to the treatment area with a steep gradient dose
in the normal tissues (i.e., conformity). Nowadays, the most commonly used radioactive
source in surface brachytherapy is Iridium 192. It delivers a dose over 12Gy per hour,
which is defined as a high-dose-rate brachytherapy (HDR BT). One fraction of the treatment
usually takes several minutes [14].

In recent years brachytherapy has gained more attention because of its unique features:
high conformity—rapid dose drop-off outside of the target area and the possibility of
optimizing the radiation dose distribution. Due to the wide range of commercial applicators
available or individual applicators (custom made or 3D printed), sub-millimeter precision
in dose optimization can be achieved [14].

Surgery remains the primary treatment method of non-melanoma skin cancer
(NMSC’s) [15,16]. Mohs surgery is superior to standard excision with the lowest 5 and
10-year recurrence rate [17,18]. Radiotherapy remains an option only for non-surgical
candidates, but most guidelines refer only to external beam radiotherapy [15,16]. Other
treatment options such as topical therapies (5% imiquimod or 5% fluorouracil) and destruc-
tive approaches (curettage, electrocautery, cryotherapy, laser ablation) should be considered
only in patients with low-risk superficial BCC. Photodynamic therapy was found to be
effective only for superficial BCC and in cases of thin nodular BCC [15,16].

Skin surface HDR BT is recommended for elderly patients, patients with comorbidities
and non-surgical candidates. Furthermore, for patients with tumours involving facial
aesthetic units, for whom radical surgery would cause massive deformations, may be
advised to choose brachytherapy. There is a need for a standardised, non-invasive, fast
and easy use method of follow-up, presumably a dermoscopy.

2. Materials and Methods

This study aimed to assess dermoscopic features of basal cell carcinoma among
patients qualified for brachytherapy, with a subsequent analysis of clinical and dermoscopic
patterns of the treated area. Researchers evaluated lesions clinically, obtained macroscopic
and dermoscopic photographs of tumours for further comparison. Dermoscopic features
occurring, disappearing and changing during exposition to ionizing irradiation were
analysed. Acute radiation dermatitis was also monitored and stratified, which allows
objective post-treatment observation.

2.1. Patients

Twenty-three T1 and T2 (according to AJCC ed. 8th edition) patients with a median
age of 72 years (SD:9.7 years) who received HDR brachytherapy between September 2020
and March 2021 were included in the study. Patients were disqualified from surgery
because of age (ranged from 86 to 95 years, 3/23), the poor expected cosmetic outcome of
surgery—tumour localization in the central face region (16/23), or due to patient’s choice
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(4/23). Tumours were localized on the central facial region in 16 cases, lateral face in four
cases, scalp in one case and neck in two cases. Details of patients’ clinical, histopathological
and therapeutic characteristics are shown in Table 1.

Table 1. Clinical, histopathological and therapeutic characteristics of observed patients’ group.

Sex
(M/F)

Median
Age Location of Tumor

Tumour Size
According to

AJCC [19]
Clinical Subtype [8]

Primary or
Recurrent

Type

High-Risk
and Low-Risk

BCC
According to
NCCN [15]

Histopathological
Type (WHO

Classification)
[20]

Acute
Morbidity
According
to RTOG

[21]

10/13 72
(58–95)

Forehead (2)
Ear (1)

Temporal region (1)
Infraorbital region (2)

Buccal region (3)
Neck (2)
Nose (9)

Orbital region (2)

T1 (20)
T2 (3)

Superficial (5)
Nodular (12)

Sclerodermiform (3)
Infiltrating (3)

Primary (20)
Recurrent (3) High (23)

Nodular (12)
Nodular

(adenoid) (3)
Superficial (4)

Micronodular (1)
Infiltrating (3)

G0–1 (11)
G2 (2)
G3 (3)
G4 (7)

2.2. Treatment

The treatment protocol of the Brachytherapy Department of Maria Sklodowska-Curie
National Research Institute of Oncology (MSCNRIO), Gliwice Branch, was developed over
the last three decades of experience in the field. It has commonalities with The Groupe
Européen de Curiethérapie of the European Society for Radiotherapy & Oncology (GEC-
ESTRO) recommendations [22], but there are some differences, i.e., maximal surface dose,
mould thickness and fractionation. The schedule is nine fractions of 5Gy delivered to the
tumour with a 5 mm margin. The treatment was prescribed three times a week to a total
dose of 45 Gy. Custom-made surface mould polyacrylamide applicators precisely covering
the treatment area were prepared. On the surface of the applicator, plastic tubes were glued
for Iridium 192 HDR radioactive source loading. The position of the source and time of
treatment was planned by a medical physicist with OncentraBrachy (Elekta AB, Stockholm,
Sweden) software (version 4.6.0), using computed tomography images of the treatment
area with an attached applicator. The study protocol was approved by the Local Ethics
Committee (KB/430-41/20). All patients gave written informed consent.

2.3. Clinical Evaluation

Clinical evaluation of basal cell carcinomas was performed according to 12 clinical
features at the beginning of the treatment (t1), and before every treatment fraction(t2–t9).
Digital photographic images were obtained using DermLite Cam (3Gen,. San Juan Capis-
trano, CA, USA) digital dermoscopy camera. Presence (1) or absence (0) of 12 clinical
features of BCC according to Tognetti et al. classification [23] were described. They are
presented in Table 2.

Moreover, acute radiodermatitis (according to the RTOG/EORTC scale) [21] was
observed. Twelve patients experienced grade 0–1 toxicity, two experienced grade 2, two
experienced grade 3, and six experienced grade 4 skin radiation toxicity, called acute
radiodermatitis.
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Table 2. Clinical structures of BCC according to Tognetti classification [23].

Clinical Structures Description Significance

Pink macules Well-demarcated pink macules Superficial BCC

Erythematous papules Red papules Nodular BCC

Erythematous nodules Red nodules Nodular BCC

Pearly-shiny papules Translucent papules Superficial BCC

Pearly-shiny nodules Translucent nodules Nodular BCC

Scar-like plaque Ivory-white plaque resembling scar or
morpheaform plaque Scleroderma-like BCC

Erosions Multiple small de-epithelized areas Superficial/nodular BCC

Ulcerations One or more large red to blackish red areas
representing hematogenous crusts Superficial/nodular BCC

Telangiectasia Large dilated vessels Superficial/nodular/scleroderma-like BCC

Short vessels Short fine vessels Superficial/nodular/scleroderma-like BCC

Pigmented structures Hyperpigmented macule, papule, or nodule Superficial/nodular/scleroderma-like BCC

Crust/scale Small brown-red to brown-yellow crusts Superficial/nodular/scleroderma-like BCC

2.4. Histopathologic Assessment

All lesions before brachytherapy were confirmed in histopathological examination.
Standard stains with hematoxylin and eosin were used in all cases, and the specimens
were assessed by a qualified pathologist (M.S). Due to the presence of heterogeneous
tumours, a dominant pattern in the microscopic image was reported according to the WHO
classification of tumours (2018) [20].

2.5. Dermoscopic Procedure and Image Data Collection

Dermoscopy was performed by a certified medical doctor who is an expert in der-
moscopy and an integral member of the skin cancer brachytherapy team. Dermoscopic
assessment of skin lesions was performed using the polarized DermLiteFoto dermoscope
(3Gen, LLC, San Juan Capistrano, CA, USA) at tenfold magnification. Dermoscopic images
(n = 603) of 23 BCCs were acquired nine times (t1–t9)—at the beginning of the treatment
and on the day of each fraction. Dermoscopic images were captured and saved using the
DermLiteCam digital dermoscopy camera with polarized light and then independently
analysed by two certified dermoscopists (T.K and G.K-W), who were blinded to any pa-
tient/protocol data following the methods of the study. Dermoscopic evaluation of the
tumour was performed based on the third consensus of the International Society of Der-
moscopy (61 features) [7], and non—neoplastic features according to an expert consensus
of the International Dermoscopy Society (overall 31 features) [6] were described as present
(1) and absent (0). Moreover, the evaluators were required to score the presence (1) or
absence (0) of dermoscopic features including BCC-associated criteria (16) (Table 3) that
were selected based current knowledge [7] in modification of Lallas et al. [8] and Tognetti’s
et al. classification [23].

Non-neoplastic patterns of the surrounding area of the tumour were described accord-
ing to the expert consensus of the International Dermoscopy Society [6]. Since the score is
not described in Table 3, while analysing the non-neoplastic surroundings of tumour, scale
covering tumour was analysed as a non-neoplastic feature. Correlation between clinically
observed radiodermatitis and non-neoplastic dermoscopic patterns of area surrounding
tumor was analysed.
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Table 3. Dermoscopic structures of BCC-associated criteria (16 features) ranked according to Lallas et al. [8] and Tognetti’s
et al. [23] in own modification based on dermoscopic terminology from IDS [7].

Descriptive Terminology Metaphoric Terminology Description Significance

Lines, white, perpendicular Shiny white streaks (former: chrysalis,
chrysalids, crystalline) Short thick shiny orthogonal crossing lines Melanoma, BCC, Spitz nevus,

dermatofibroma

Lines, radial, connected to a
common base Leaf-like areas

Greyish/bluish brown peripheral globular
extensions arising from pigmented network

or adjacent confluent pigmented areas
BCC

Lines, radial, converging to a central
dot or clod Spoke wheel area

Brown or greyish well-circumscribed radial
projections, usually around a dark
brown/black, bluish central axis

BCC

Clods, brown or blue, concentric (clod
within a clod) Concentric globules Gray/brown/black/blue globular structures

with darker central areas BCC

Clods, blue, large, clustered Blue-grey ovoid nests
Pigmented ovoid or elongated structures

well circumscribed and separate from
pigmented tumor body

BCC

Clods, blue, small Blue globules
Numerous loosely arranged round to oval

well circumscribed structures, smaller
than nests

BCC

Clods, white, shiny Shiny white blotches and strands
White structures in the form of circles, oval

structures, or large structureless areas,
bright white.

BCC

Gray dots In focus dots Small well defined loosely arranged grey
dots in focus at dermoepidermal junction BCC

Structureless zone, polychromatic Rainbow pattern Many different colours of the rainbow
ranging from red to violet Various diagnoses

Structureless zone, blue Blue-white veil-like structures
Irregularly margined confluent blue

pigmentation with overlying white ground
glass haze

Melanoma

Structureless zone, white Scar-like depigmentation White structureless areas BCC presence, tumour fibrotic
stroma

Vessel Morphology

Serpentine Linear vessels with multiple bends Linear vessels with multiple bends Flat BCC, melanoma

Linear Superficial fine vessels Telangiectatic vessels in papillary dermis BCC, inflammation

Vessel Arrangement

Branched Arborizing vessels Bright-red, sharply in focus, large of thick
diameter vessels dividing into smaller vessels BCC

Others

Erosions Thin crusts overlaying superficial loss
of epidermis BCC

Ulcerations Loss of epidermis with/without
haematogenous crusts Various diagnoses

2.6. Statistical Analysis

The entire photographic databaseoff 21,526 observations including all clinical and
dermoscopic structures was analysed in the final statistical assessment. In the statistical
analysis we used standard methods. Univariate logistic regression was applied to evaluate
the impact of the BT fractions on binary skin diagnostic outcomes. In turn, to estimate the
influence of the collected risk factors on the 16 available completed (ranked) number of
Lallas/Tognetti’s features and non-neoplastic lesions, a multivariate ordinal logistic model
was used. Due to repeated measures with consecutive BT fractions for each patient, the
regressions were extended for random effects. The statistical outcomes were expressed by
a classical odds ratio (OR) together with a confidence 95% interval (CI 95%) and a p-value.
The computation was performed in the R platform [24].

3. Results

All patients suffered from high-risk basal cell carcinomas (23/23). Twenty tumours
were stratified as T1, three as T2 according to AJCC 8th edition [19]. All tumours were
observed nine times (t1–t9) before treatment and before every treatment fraction among all
patients (the completeness of the Lallas/Tognetti’s features in the consecutive t1–t9 times
were: 40%, 41%, 42%, 43%, 40%, 40%, 35%, 32%, and 29%, respectively), while in case of
non-neoplastic lesions, analogously: 9%, 9%, 8%, 9%, 9%, 9%, 8%, 8% and 8%.
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The list of statistically significant ORs (p < 0.05) of the influence of BT fractions on the skin
diagnostic outcomes (univariate logistic regression with random effects) is reported in Table 4.

Table 4. Statistically significant ORs (p < 0.05) of the influence of BT fractions on the skin diagnostic
outcomes (univariate logistic regression with random effects).

Clinical Outcome OR (CI 95%), p-Value

Erythematous nodules 0.51 (0.43,0.59), <0.0001
Pearly, shiny nodules 0.67 (0.58,0.78), <0.0001

Scar-like plaque 0.61 (0.52,0.70), <0.0001
Erosion 0.84 (0.75,0.94), 0.0029

Ulceration 1.49 (1.27,1.74), <0.0001
Telangiectasia 0.83 (0.73,0.95), 0.0055

Pigmented structures 1.15 (1.00,1.32), 0.0465

Dermoscopic Outcome OR (CI 95%), p-Value

Clods, white, shiny 0.69 (0.60,0.80), <0.0001
Gray dots 0.66 (0.56,0.77), <0.0001

Lines, white, perpendicular 0.84 (0.74,0.95), 0.0046
Vessels arrangement—branched 0.67 (0.57,0.79), <0.0001

Vessels—linear 0.81 (0.70,0.94), 0.0049
Vessels—serpentine 0.61 (0.51,0.73), <0.0001

Vessels—polymorphous 0.73 (0.63,0.84), <0.0001
Structureless zone, white 0.65 (0.53,0.79), <0.0001

Erosions 0.83 (0.74,0.94), 0.0028
Ulcerations 1.75 (1.50,2.05), <0.0001

The statistical interpretation of the ORs listed in Table 4 is as follows: each subsequent
BT fraction statistically generates a lower chance of occurrence of the erythematous nodules
on the skin; the use of one fraction reduces the risk of their occurrence by nearly half, and
the use of two doses by (1 − 0.512) × 100% = 74%, i.e., almost three-quarters. In turn,
the administered radiotherapy increases the risk of ulceration; the difference of one dose
statistically generates an increased risk by almost a half, and for two doses: 1.492 = 2.22,
i.e., more than twice. Statistical interpretations of the remaining results reported in Table 4
is analogous. The graphical presentation of ORs of the influence of BT fractions on the skin
diagnostic outcomes is shown in Figure 1.
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The statistically significant ORs (p < 0.05) of the influence of BT fractions and available
risk factors on ranked Tognetti’s diagnostic clinical (23) and Lallas/Tognetti’s dermo-
scopic (8) features (multivariate ordinal logistic regression with random effects) is reported
in Table 5 and graphically in Figure 2.

Table 5. The influence of BT fractions and available risk factors on ranked Tognetti’s clinical (23) and
Lallas/Tognetti’s dermoscopic (8) features of BCCs.

Neoplastic: Risk Factor OR (CI 95%), p-Value

Yes BT fraction 0.77 (0.76,0.78), <0.0001
Age 0.98 (0.97,0.99), 0.0005

No BT fraction 0.94 (0.85,1.04), 0.2190
Age 1.01 (0.87,1.16), 0.9440
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The statistical interpretation of the ORs reported in Table 5 is as follows: each subse-
quent BT fraction statistically decreases the Lallas/Tognetti’s diagnostic rank, i.e., the first
dose of BT by 23%, and two fractions by nearly (1 − 0.772) × 100% ≈ 40. In addition, a
10-year difference in age of patients generates a (1 − 0.9810) × 100% = 18% reduction in the
cumulative number of clinical and dermoscopic features characterizing tumor, while in case
of non-neoplastic features, ORs for the same risk factors were statistically non-significant
(p > 0.05). The results are shown graphically in Figure 2.

Non-neoplastic dermoscopic patterns of the area surrounding the tumour are pre-
sented in Table 6. There is a confirmed negative, statistically significant correlation between
intensity (grade) of clinically described acute radiodermatitis (according to RTOG/EORTC
criteria) [21] and the number of its non-neoplastic dermoscopic features (OR = 0.65
(0.45,0.93), p = 0.017). The number of dermoscopic features decreases with increasing
clinical grade of radiodermatitis (p = 0.017).
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Table 6. Percentage occurrence of dermoscopic non-neoplastic features [6] depending on grade of radiodermatitis according
to RTOG/EORTC [21].

TERMINOLOGY G0 G1 G2 G3 G4

VESSELS Dotted 0.0% 0.0% 0.0% 0.0% 0.0%
MORPHOLOGY Linear 24.3% 35.7% 0.0% 50.0% 8.3%

Branched 24.3% 31.4% 0.0% 50.0% 8.3%
Curved 4.9% 4.3% 0.0% 0.0% 8.3%

VESSELS Uniform 2.9% 0.0% 0.0% 0.0% 4.2%
DISTRIBUTION Clustered 1.9% 0.0% 0.0% 0.0% 0.0%

Peripheral 1.0% 2.9% 0.0% 0.0% 0.0%
Reticular 1.9% 7.1% 0.0% 0.0% 4.2%

Unspecific 19.6% 30.0% 0.0% 50.0% 8.3%
SCALE White 46.6% 45.7% 25.0% 0.0% 12.5%

COLOUR Yellow 38.2% 34.3% 100.0% 83.3% 8.3%
Brown 12.6% 22.9% 50.0% 50.0% 0.0%

SCALES Diffuse 30.1% 27.1% 100.0% 16.7% 4.2%
DISTRIBUTION Central 1.9% 11.4% 0.0% 0.0% 0.0%

Peripheral 20.4% 22.9% 0.0% 0.0% 8.3%
Patchy 13.6% 11.4% 0.0% 66.7% 0.0%

FOLLICULAR Plugs 13.6% 15.7% 0.0% 0.0% 8.3%
FINDINGS Red dots 0.0% 0.0% 0.0% 0.0% 0.0%

Peripheral White colour 3.9% 2.9% 0.0% 16.7% 0.0%
Peripheral Pigmentation 5.8% 4.3% 0.0% 0.0% 0.0%

OTHER White 0.0% 0.0% 0.0% 0.0% 0.0%
STRUCTURES Brown 0.0% 0.0% 0.0% 0.0% 0.0%

COLOR Grey 0.0% 0.0% 0.0% 0.0% 0.0%
Blue 0.0% 0.0% 0.0% 0.0% 0.0%

Orange 0.0% 0.0% 0.0% 0.0% 0.0%
Yellow 0.0% 0.0% 0.0% 0.0% 0.0%
Purple 0.0% 0.0% 0.0% 0.0% 0.0%

OTHER Structureless 0.0% 0.0% 0.0% 0.0% 0.0%
STRUCTURES Dots 0.0% 0.0% 0.0% 0.0% 0.0%

MORPHOLOGY Lines 0.0% 0.0% 0.0% 0.0% 0.0%
Circles 0.0% 0.0% 0.0% 0.0% 0.0%

4. Discussion

In general, the population nodular subtype of BCC is dominating especially on the
head, with 60–80% occurrence. It is followed by a superficial BCC subtype with 10–30%
occurrence [25]. Among our group, multiple clinical subtypes of BCC were observed—
superficial (5/23), nodular (12/23), scleroderma-like (3/23) and infiltrating (3/23).

The broad spectrum of clinical patterns of basal cell carcinomas translates into mul-
tiple histopathological variants. All share common morphological features: basaloid cell
aggregates with hyper-coloured cell nuclei and sparse cytoplasm, characteristic stroma
and retraction artifact. Recent WHO classification divides basal cell carcinomas into two
groups [20]. The first group includes tumours with low recurrence risk: nodular, superfi-
cial, pigmented, infundibulocystic with adnexal differentiation and fibroepithelial (Pinkus
tumour). The second group contains tumours with high recurrence rate: basosquamous,
sclerosing/morpheic, infiltrating, BCC with sarcomatoid differentiation and micronodular.
The nodular variant is the most common basal cell carcinoma. It is characterized by large
islands of neoplastic cells with peripheral palisading. It is not a homogenous group of
tumours. It divides into keratotic nodular BCC—with features of mature keratosis in
central parts of neoplastic cell islands, nodulocystic BCC—with retrograde cystic changes
along islands, adenoid nodular BCC—forming reticular islands with pseudo adenoidal
structures. In the studied material nodular variant was dominant (15 cases), among which
in three cases pseudo adenoidal structures characterizing adenoid cystic subtype were
found. In four cases low recurrence risk superficial type was present. In this variant in
histopathological examination connection between neoplastic cell nests and the epider-
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mal layer is present. Microscopically cancer foci spread into several locations was also
observed, which explains this tumour’s other description—superficial multifocal BCC.
High recurrence-risk tumours in the studied group were represented by one micronodular
and three infiltrating BCCs. Morphologically micronodular BCC is built from islands of
neoplastic cells, however islands are considerably smaller (even <0.15 mm) and are more
dispersed. They tend to invade skin nerves, subdermal tissues and muscles. Invasive BCC
represents narrow strings and nests of neoplastic cells in rich collagen stroma, especially in
front of the tumour. Invasive growth patterns often include neuroinvasion. It shares many
similarities with scleroderma-like BCC and is often wrongly recognized as such [20].

In searched literature, only one data concerning dermoscopy in monitoring BCC’s
treatment effects using high dose ionizing radiation therapy was reported [26]; Moreover,
dermoscopy was also used in the monitoring of changes in the course of lentigo maligna
radiotherapy [27], or dermoscopic margin delineation in radiotherapy planning for superfi-
cial or nodular basal cell carcinoma [28]. Until the present data concerning dermoscopic
features of BCC’s undergoing brachytherapy has not been reported. Dermoscopic follow-
up helped to monitor the therapeutic response to selected topical therapies including
ingenolmebutate in BCC [29], and systemic therapy with vismodegib in BCC [23].

Obtained results prove that with every fraction of ionizing radiation the number of
clinically visible tumour features diminish. The characteristic clinical appearance of the
tumour (erythematous/pearl nodule with e.g., scar-like plaque—depending on the clinical
and pathological variant) is replaced by ulceration (Figures 3A–I and 4A–I).
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Figure 3. Clinical presentation of basal cell carcinoma of the orbital area of 95-year-old patient,
infiltrating type. (A)—Tumour prior to brachytherapy, visible—Erythematous nodule, scar-like
plaque, pigmented structures, telangiectasia, short vessels, erosion, ulceration. (B–I) (t2–t9) During
subsequent treatment fractions visible gradual vanishing of nodular structures and vessels with
formation of ulceration have been noticed.
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Figure 4. Clinical presentation of basal cell carcinoma of the nose of 83-year-old patient, nodular type.
(A)—Tumour before treatment, with visible—erythematous nodule, short vessels and telangiectasia.
(B–I)—evolution of tumour destruction with erosion arising in 4th fraction (t4) (D), evolving into
ulceration with disappearing vessels in 6th fraction (t6) (F), and crust appearing in 7th fraction (t7)
(G), with finally forming ulceration covered by scale and haemorrhagic crusts (t8–9) (H,I).

Destruction of the tumour corresponds with exposure of the underlying stroma,
which may explain the increased number of pigmented structures in the irradiated areas.
Increased number of pigmented structures indicates exposition of deeper layers of skin
after destruction of tumour above. Only further dermoscopic follow up allows to assess the
efficacy of the brachytherapy taking into account the persistence of the BCC (total clinical
and dermoscopic clearance of the dermoscopic structures of the tumour). Persistence of
ovoid nests and bluish dots was observed during monitoring of not efficient treatments
reported in the previous publications (i.e., imiquimod applied topically in nodular BBC).
Occurrence of these structures during irradiation has an important clinical significance—it
raises the need for dermoscopic follow up, but also is an expected symptom of some BCC
variants including nodular type, pigmented type previously covered by necrotic tissue or
ulceration. Our study exemplifies that dermoscopy is a valuable diagnostic aid that helps
to assess potential tumour recurrence/residual disease and to monitor post-brachytherapy
response in the future. The presence of pigmented structures such as blue grey ovoid
nests as a BCC related features in the previous studies concerning BCC treated with 5%
imiquimod suggested poor therapeutic response of BCC [30]. Moreover, the blue-white veil
areas and rainbow pattern were only observed in non-responding BCC lesions [31]. The
opposite of the above, dermoscopy of responding lesions showed a higher frequency of
lesions within focus grey dots [30]. In the final conclusion, the time of the disappearance of
blue structures should be taken into account. In the previous study of Husein-ElAhmed [31]
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blue-grey globules were the fastest to exhibit clearance (50% at week 4), followed by leaf-
like areas and large blue-grey ovoid nests [31]. Our short term dermoscopic follow up is
a pioneer observation, therefore further investigations are necessary in this matter in the
nearest future.

Dermoscopically higher correlation with the destruction of structures typical for
neoplastic tumors (e.g., serpentine vessels) (Figure 5A–I) was observed, than structures
also observed in healthy tissue (e.g., linear vessels). According to Reiter’s BCC dermoscopic
review, the occurrence of linear vessels in BCC corresponds to all histopathological subtypes
of BCC [10]. We found no significant correlation between ongoing brachytherapy and
changes in non-neoplastic features, which comparing to strong correlation with changes
characteristic for carcinoma brings the conclusion that brachytherapy induces significant
effect on the tumour. Clinical and dermoscopic erosion present in tumours often in the
beginning of treatment is replaced by ulceration often present in the entire treated area
which corresponds with clinical destruction of the treated tumour (Figures 4A–I and 6A–I).
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Figure 5. Dermoscopic presentation of basal cell carcinoma, nodular (adenoid type), localized
on the forehead of 76-year-old patient. (A)—Dermoscopic image before brachytherapy showed
the presence of—polymorphous, branched, linear and serpentine vessels, as well as white, shiny
clods, perpendicular white lines and white and polychromatic structureless zones, white scale.
(B–H)—Dermoscopy of the BCC during subsequent treatment fractions (t2–t8) revealed diminishing
number of serpentine, branched vessels as well as formation of the ulceration arising (t9) (I).
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Figure 6. Dermoscopic picture of basal cell carcinoma of the infraorbital region, nodular type,
of 67-year-old patient. (A)—Tumour prior to brachytherapy (t1) exhibit the presence of white
clods, white structureless zones and erosion. (B–I)—White clods and structureless zones gradually
vanishing from 5th fraction (t5), with developing predominance of ulceration.

Radiation also reduces the number of structures corresponding with fibrosis including
perpendicular white lines, white, shiny clods and white structureless zones (Figure 7A–I).
The diminished number of these structures may be the result of image overlapping from
ulceration and inflammation.

Observed correlations correspond with the typical radiobiological response of tissue
to ionizing radiation [32]. Skin is a hierarchic tissue, and regenerates from a population of
stem cells in its deeper layers. Ionizing radiation from a brachytherapy source damages the
DNA of stem cells of skin and tumour, without causing much damage to the population
of mature cells of upper layers of skin. With time damaged stem cells cannot reproduce
a diminishing number of mature cells, leading to ulceration in the irradiated area. Ul-
ceration after tumor destruction heals within three months, from edges into the centre
from non-damaged stem cells of healthy skin outside irradiated area [32]. A diminishing
number of vessels in the treated area may be caused by radiation damage, but also because
ulceration and inflammation may blur the dermoscopic image. Moreover, it is important to
distinguish destruction of the tumour from ulceration of healthy skin surrounding BCC.
The first effect is desirable, occurs in the second week of treatment. Ulceration of the
surrounding healthy skin is an adverse effect defined as an acute radiodermatitis according
to RTOG definitions [21]. Exact borders between ulceration created by tumour destruction
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and radiodermatitis of surrounding skin are often difficult to establish. Dermoscopic
non-neoplastic features also correspond with clinically assessed radiodermatitis—i.e., in
G2 acute radiodermatitis (according to RTOG/EORTC) diffuse scale is visible among
100% patients. Occurrence of ulceration (G4) corresponds with diminished number of all
dermoscopic patterns (Figure 8).
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Figure 7. Dermoscopic image of basal cell carcinoma of the nose, nodular type, of 83-year-old patient
(clinically presented in Figure 4). (A)—tumour prior to brachytherapy (t1), exhibit the presence of
multiple white structures including: perpendicular white lines, structureless white zones, white shiny
clods, accompanied by multiple polymorphous vessels (serpentine, in branched arrangement), with
addition of blue, small clods. (B,C)—During the consecutive treatment fractions (t2–t3) mentioned
structures remain visible. (D–I) Development of necrosis of the tumour (t4–t9) leads to gradual
disappearance of dermoscopic structures with formation of ulceration.

No correlation between non–neoplastic features and brachytherapy in comparison to
strong correlation between treatment and changes in BCC specific features indicate that
response to radiation is tumour-specific, which also reflects radiobiology—tumouris more
susceptible to radiation than healthy tissue [32].
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Figure 8. Dermoscopic images of various basal cell carcinomas with coexisting acute radiodermatitis
in stage from G1 to G4 were clinically assessed according to RTOG criteria [21] (A)—minor erythema
of the surrounding area with moderate dry desquamation (G1), (B)—dermoscopic image (G1)
acute radiodermatitis reveals yellow scale with linear vessels in non-specific distribution in the
surrounding area, (C)—bright erythema of the tumour’s surroundings with dry desquamation (G2),
(D)—dermoscopic image of acute radiodermatitis (G2) shows yellow scale (E)—confluent, moist
desquamation (G3), (F)—dermoscopic image (G3) with linear vessels in unspecific distribution,
yellow and brown crust. (G)—ulceration in acute radiodermatitis (G4), (H)—dermoscopic image
(G4) reveals the absence of any dermoscopic features.

It is worth underlying that all patients in this study suffered from high-risk BCC’s
located in the facial ‚H’-zone. According to European expert consensus for management
of such lesions [16] primary treatment method should be surgery or radiotherapy for
non-surgical candidates. Other destructive therapies including cryosurgery, curettage,
electrodessication and laser ablation are dedicated only for small, low-risk non-facial BCC
and for multiple small BCCs, whereas photodynamic therapy (PTD) can be considered
in non-aggressive, low-risk BCC, i.e., small superficial and nodular types, not exceeding
2 mm tumour thickness, recurrent small and large BCC [16]. Less common histologic
variants of BCC, morphoeic, pigmented and micronodular types, as well as areas with
higher risk of tumour survival and deep penetration (facial ‘H’-zone), should not be treated
with PDT [16].

Correlation between age and higher tissue response to radiation up to now was
unexpected. Older patients may be better candidates for brachytherapy than younger since
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their response to radiation is more pronounced. The correlation between dermoscopic
response to radiation and the relapse rate of treated tumours requires further study.

5. Limitations of the Study

Dermoscopic evaluation presented in the study did not include post treatment long-
term follow up, therefore no data on efficacy of brachytherapy was presented. The observa-
tions published above indicate which dermoscopic features diminished during brachyther-
apy, and which persisted. Further observation is needed to assess clinical significance
of those findings and to establish further correlation between the persistence of selected
dermoscopic features and the relapse rate of brachytherapy.

6. Conclusions

High dose rate brachytherapy decreases the number of clinical and dermoscopic
features typical for basal cell carcinoma in the early observation. The effect is more
pronounced among older patients.
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Simple Summary: Eyelid tumors account for approximately 3% of all head and neck cancers and
5 to 10% of all skin cancers. Among the basic methods of treating eyelid tumors, apart from surgery,
is radiotherapy, but this method carries a high risk of complications within the eye lens and may lead
to the development of cataracts. Interstitial HDR brachytherapy is a less invasive method of skin
cancer treatment. Unfortunately, the analysis of the literature to date has shown that it is rarely used
in the treatment of skin cancer in this location. In our study, we analyzed the results of 28 patients
treated with HDR interstitial brachytherapy. We showed that this is a highly effective, short-lived
and relatively low burden method of treating patients with neoplasms of the skin of the eyelids,
medial and lateral angles, and skin cancer of the cheek, nose and temples with an infiltration of the
ocular structures.

Abstract: Background: Eyelid tumors are rare skin cancers, the most common of which is basal
cell carcinoma characterized primarily by local growth. In addition to surgery, radiotherapy is
among the basic methods of treatment. External beam radiotherapy is associated with the risk of
complications within ocular structures, especially the lens. In the case of interstitial brachytherapy, it
is possible to administer a high dose to the clinical target volume (CTV), while reducing it in the most
sensitive structures. Methods: This paper presents the results of an analysis of 28 patients treated
with interstitial high dose rate (HDR) brachytherapy for skin cancers of the upper and lower eyelid;
medial and lateral canthus; and the cheek, nose and temples with the infiltration of ocular structures.
The patients were treated according to two irradiation schedules: 49 Gy in 14 fractions of 3.5 Gy twice
a day for 7 days of treatment, and 45 Gy in 5 Gy fractions twice a day for 5 days. The mean follow-up
was 22 months (3–49 months). Results: two patients (6%) had a relapse: a local recurrence within
the irradiated area in one of them, and metastases to lymph nodes in the other. The most common
early complication was conjunctivitis (74%), and the most common late complication was dry eye
syndrome (59%). Conclusions: Interstitial HDR brachytherapy for skin cancers of the upper and
lower eyelid; medial and lateral cants; and the cheek, nose and temples with infiltration of ocular
structures is a highly effective, short and relatively low burden type of treatment.

Keywords: HDR brachytherapy; non-melanocytic skin cancer; cancer around the eye; radiation
therapy
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1. Introduction

Eyelid tumors are rare skin cancers, accounting for about 3% of all head and neck
cancers and 5–10% of all skin cancers. Annual incidence is only 1.37 per 100,000 people.
Basal cell carcinoma is the most common histopathological type, accounting for about 90%
of cases. Squamous cell carcinoma, sebaceous gland carcinoma, Merkel cell carcinoma and
melanoma are less common [1,2]. While basal cell carcinoma is primarily characterized by
local growth and low metastatic potential (0.028 to 0.55%), squamous cell carcinoma is an
aggressive cancer with metastasis percentages between 5 and 12% [1,3,4]. Squamous cell
carcinoma also has a worse prognosis, with 5- and 10-year survival rates at 90 and 83–87%,
respectively. In basal cell carcinoma, 5- and 10-year survival rates are close to 100% [4].
Assessment by the general practitioners is often a key step towards a patient diagnosis. To
help physicians in selecting skin cancer patients, a checklist was developed that provides
essential tips to accelerate the patient’s progress throughout the diagnosis stage and thus
increase the chances of recovery. Unfortunately, the further stages of cancer diagnosis can
also be difficult [5]. Despite the fact that these two types of carcinoma are well characterized,
they are often misdiagnosed in dermatoscopic diagnosis. In order to avoid basal cell
carcinoma being incorrectly defined as squamous cell carcinoma and vice versa, the criteria
for its differentiation must be suitably critical [6]. The most common location within the
eye is the lower eyelid (50–60%) and medial canthus (25–30%) [1]. The basic method
of treatment is surgery; the others are cryotherapy, laser therapy, local chemotherapy,
photodynamic therapy, immunotherapy and radiation therapy [7,8]. However, some of
these methods may not cause acceptable side effects in patients after treatment. For patients
with carcinoma of the eyelids or lips who do not agree to the proposed methods of treatment
for aesthetic and functional reasons, radical radiotherapy remains a good solution as the
basic therapy [9]. Commonly used radiotherapy techniques include X-ray teleradiotherapy,
megavoltage photon teleradiotherapy, electron teleradiotherapy and brachytherapy, but
Hedgehog pathway inhibitors may also be an effective and attractive therapy for local
basal cell carcinoma located in the eyes and eyelids [10].

The main limitation of the use of radiation therapy is its toxicity to ocular structures,
primarily to lenses, which, due to their low radiation tolerance, are exposed to late toxicity
consisting of lens fibrosis and, consequently, cataracts [11]. The advantage of interstitial
brachytherapy is the possibility of placing applicators inside the target, which makes it pos-
sible to administer a high dose within the clinical target volume (CTV). The rapid decrease
in the dose with the growing distance from the applicator allows for the protection of
adjacent structures, in particular, for a significant dose reduction within the most sensitive
structures—the lenses.

2. Materials and Methods
2.1. Group Characteristics

The analysis included 28 patients diagnosed with skin cancers of the upper and lower
eyelid; medial and lateral canthus; and the cheek, nose and temples with infiltration of the
above-mentioned ocular structures. The patients were treated with HDR brachytherapy at
the Brachytherapy Department of the Centre of Oncology of the Lublin Region between
2012 and 2017. All patients received radical treatment. Brachytherapy was used as indepen-
dent treatment in 24 patients, and as adjuvant treatment after surgery in the other 4 patients.
The indication for treatment was the microscopic non-radicality of the procedure. In the
case of brachytherapy as an independent treatment, 8 patients had undergone surgery
and suffered relapse after the treatment, and for the remaining patients, brachytherapy
was the first method of cancer treatment. None of the patients had previously received
any other radiation therapy. None of the patients were clinically diagnosed with lymph
node metastases (9 patients had previously had a neck ultrasound, and 1 patient had
had a CT scan of the neck). No distant metastases were found in any of the patients (all
patients had chest X-ray, and 4 of them had abdominal ultrasound as well). The clinical
and histopathological characteristics are presented in Table 1.
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Table 1. The clinical and histopathological characteristics of patients.

Clinical and Histopathological Factors Number/Median (Range)

age 82 (64–96)

Sex

Men 17
Women 11

Histopathological type

Basal cell carcinoma 24
G1 squamous cell carcinoma 2
G2 squamous cell carcinoma 2

Stage

T1N0M0 23
T2N0M0 5

Location

Lower eyelid 14
Upper eyelid 1

Medial canthus 11
Lateral canthus 1

Lower eyelid and medial canthus 1

Number of applicators 5 (3–11)

2.2. Application Procedure

The application procedure in most patients (26) was performed under local infiltration
anesthesia with 1% lignocaine. In the remaining patients, the procedure was performed
under short intravenous anesthesia with propofol and fentanyl. Flexible applicators of
35 cm long made by Varian Medical System were used. They were inserted under the skin
at a depth of 2–5 mm, parallel to each other, according to the Paris system, so that they
covered the tumor or the tumor bed with a 1–2 cm healthy skin margin. The applicators
were placed densely, every 2–6 mm, which allowed for a rapid decrease in the dose outside
the irradiation area (Figure 1). After the application procedure, a tomography for treatment
planning was performed using a 32-row Siemens CT scanner. The slice thickness was
1–3 mm. GTV was defined as the area with clinically evident neoplastic infiltration, and
CTV comprised the infiltrate with a healthy tissue margin of 0.5–1 cm. In the case that the
infiltration border was the eyeball, the CTV did not include the eyeball structures. Based
on the location of the applicators, the CTV area was contoured on tomography scans for
treatment planning. The eyeball, lens, optic nerve and retina were also drawn, as well as
the structure of the opposite eye, if relevant to the location of the tumor.

2.3. Application Procedure

The patients were treated according to 2 irradiation schedules: 49 Gy in 14 fractions of
3.5 Gy twice a day for 7 days of treatment (9 patients) and 45 Gy in 5 Gy fractions twice a
day for 5 days (19 patients). The choice of schedule was determined by a number of factors.
The shorter one was used in the elderly, patients in worse general condition and patients
with less advanced disease. Treatment planning was carried out using the BrachyVision
treatment planning system. An Ir 192 source with a diameter of 0.6 mm and an average
activity of 10 Ci was used. Treatment was performed using a 24-channel GammaMed or
GammaMedplus (Varian) afterloader.
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Figure 1. (a) Patient, age 80, basal cell carcinoma of the lower eyelid and medial canthus of the right eye. Applicators placed
in the tumor; (b) the same patient, six months after the end of treatment.

2.4. Post-Treatment Surveillance

In the post-treatment period, patients were subjected to periodic clinical evaluation,
initially every month for the first 3 months; some of them were also subjected to ophthalmic
evaluation. Ultrasound of the neck and abdomen and chest X-ray were also carried out
periodically in selected patients. Patients were evaluated for local recurrence of lymph
node metastases and distant metastases. The frequency and severity of early and late
side-effects of radiation were assessed as well. The Common Terminology Criteria for
Adverse Events (CTCAE) v 4.0 scale and the Radiation Therapy Oncology Group (RTOG)
scale were used to assess toxicity [12,13].

3. Results
3.1. Dosage and Treatment Planning

In patients with a fraction dose of 3.5 Gy, the average D90 (dose in 90% isodose) was
3.9 ± 0.4 Gy. The median D90 was 3.7 Gy (3.5–4.3 Gy). The mean D100% (dose in 100%
isodose) was 2.6 ± 0.6 Gy. The median D100% was 2.7 Gy (2–3.2 Gy). The mean volume of
irradiated lesion was 8.0 ± 6.7 cm3. In patients with a fraction dose of 5 Gy, the mean D90
was 5.4 ± 0.5 Gy. The median D90 was 5.5 Gy (5–6 Gy). The mean D100% (dose in 100%
isodose) was 3.7 ± 0.8 Gy. The median D100% was 3.7 Gy (3–4.6 Gy). The mean volume
of irradiated lesion was 8.1 ± 6.7 cm3. The total doses in both fractionation schemes were
converted into the biologically effective dose (BED) and the 2 Gy-per-fraction equivalent
dose (EQD2) for alpha/beta 10. The data are presented in Table 2.

182



Cancers 2021, 13, 1425

Table 2. Characteristics of treatment schemes and dosage.

Fractionation Scheme Median Mean Min Max

3.5 Gy/49 Gy/BID
(two times a day)

D90 51.8 54.6 49.0 60.2
BED D90 71.0 75.9 66.2 86.1

EQD2 D90 59.1 63.3 55.1 71.7
D100 37.8 36.4 28.0 44.8

BED D100 48.0 45.9 33.6 59.1
EQD2 D100 40.0 38.2 28.0 49.3

5 Gy/45 Gy/BID

D90 48.6 49.5 45.0 54.0
BED D90 74.8 76.7 67.5 86.4

EQD2 D90 62.4 63.9 56.3 72.0
D100 33.3 34.2 27.0 41.4

BED D100 45.6 47.2 35.1 60.4
EQD2 D100 38.02 39.3 29.3 50.4

The median volume of irradiated lesion was 8.8 cm3 (1.4–14.8 cm3)—in patients treated
with a 3.5 Gy dose, it was 10.5 (4.3–13.1) cm3, and in patients treated with dose of 5 Gy, it
was 6.6 (1.4–8.9) cm3.

Doses in critical organs were reported for the maximum dose in the nearest lens, eye-
ball, retina and optic nerve. All doses were converted to BED and EQD2 for alpha/beta 3.
The data are presented in Table 3.

Table 3. Characteristics of doses achieved in critical organs.

Fractionation Scheme Median Mean Min Max

3.5 Gy/49 Gy/BID

Dmax lens 18.2 19.1 9.8 32.4
BED Dmax 25.5 28.8 12.1 55.7

EQD2 Dmax 15.3 17.3 7.3 33.4
Dmax eyeball 48.6 48.9 43.4 57.8
Dmax retina 12.6 11.2 7.0 24.9
Dmax nerve 10.8 9.8 5.6 22.1

5 Gy/45 Gy/BID

Dmax lens 17.1 17.2 9.9 34.2
BED Dmax 27.9 28.2 13.5 77.5

EQD2 Dmax 16.8 16.9 8.2 46.5
Dmax eyeball 44.1 45.2 36.9 53.1
Dmax retina 11.7 12.9 9.9 35.1
Dmax nerve 9.0 9.8 3.6 24.3

During the mean follow-up of 24 months (4–49 months), two patients (7%) had a
relapse. In one of them, it was a local recurrence in the irradiated area. This was a
patient with basal cell carcinoma of the canthus, and the recurrence, which was confirmed
histopathologically, took place during the 8th month of follow-up. The second patient
had metastases to submandibular lymph nodes after 3 months. The patient had extensive
cutaneous squamous cell carcinoma of the cheek that covered the lower eyelid.

3.2. Toxicity

The early and late toxicity of the radiation therapy and application procedure was
analyzed. Complications from the application procedure and acute toxicity were assessed
in all 28 patients, and late toxicity was assessed in 20 patients. The data are presented in
Table 4.

183



Cancers 2021, 13, 1425

Table 4. Characteristics of early and late toxicity of radiation therapy and application procedure. CTCAE—Common
Terminology Criteria for Adverse Events; RTOG—Toxicity criteria of the Radiation Therapy Oncology Group.

Complications from the Application
Procedure CTCAE/number (Percentage) of Patients RTOG/number (Percentage) of Patients

oedema CTCAE 1–28 (100%) -

hematoma CTCAE 1–3 (11%) -

Early complications CTCAE/number (percentage) of patients RTOG/number (percentage) of patients

skin -
RTOG 1–18 (64%)
RTOG 2–9 (32%)
RTOG 3–1 (3%)

Conjunctivitis CTCAE 1–20 (71%) -
CTCAE 2–1 (3%)

Late complications CTCA/number (percentage) of patients RTOG/number (percentage) of patients

Eyelid deformity CTCAE 1–6 (30%) -
CTCAE 2–1 (5%)

Dry eye syndrome CTCAE 1–11 (55%) -

Skin lesions (discoloration, thinning,
telangiectasia) - RTOG 1–16 (80%)

4. Discussion

An analysis of the available literature indicates the rarity of the use of interstitial
HDR brachytherapy in the treatment of skin cancers in this location. Available analyses
regarding HDR brachytherapy involve small groups of patients (8–20 patients) [14–18],
and LDR brachytherapy is more common (20–160 patients) [19–23]. Studies indicate the
high efficiency of brachytherapy, in the range of 94–100%, both among patients treated
with HDR brachytherapy and LDR brachytherapy [14–23]. A study by Vavssori et al.
included 10 patients with eyelid tumors using contact high dose rate brachytherapy (HDR-
BT) with a customized applicator. Except for one patient, all patients were perfectly
tolerant to the treatment. After a median follow-up time of 51 months, none of the patients
experienced optic neuropathy, retinopathy, lacrimation or visual impairment. Moreover, no
relapse or metastasis was observed in patients, and the cosmetic effects were satisfactory.
These data indicate that this method is effective and safe in the treatment of eyelid s and
may be an effective alternative to other therapies [18]. There are also reports indicating
that the therapeutic and cosmetic effect of brachytherapy in this localization may be
unfavorable [24]. In the analyzed group of patients, the local control throughout the entire
follow-up period was also high and amounted to 97%. These results are similar to those
of teleradiotherapy (93–96.5%) [23,25,26] or surgical treatment (80–90%) [27–29]. Meta-
analysis covering nearly 10,000 patients comparing EBRT vs. BTR showed a similar efficacy
of both treatment methods in non-melanocytic skin tumors with a better cosmetic effect of
brachytherapy [30].

Doses in the analyzed group of patients were reported in those ocular structures
that are the most sensitive to radiation. Due to the properties of the source and the
dense arrangement of applicators, a sharp dose reduction outside the irradiation area was
achieved. The median total dose in the organs analyzed for the 3.5 Gy/49 Gy/BID scheme
was 18.2, 12.6, 48.6 and 10.8 Gy in the lens, retina, cornea and optic nerve, respectively, and
17.1, 11.7, 44, 1 and 9 Gy. Studies show that the lens is the most sensitive to radiation [11].
Although a late radiation side-effect in the form of a cataract can occur even after a single
dose of radiation of 2 Gy, it does not affect the quality of vision [11]. The severity and timing
of cataracts are dose dependent. Studies indicate that irradiation up to a dose in the 2.5–6.5
Gy range is associated with a 33% cataract risk within 8 years, and irradiation up to a dose
in the 6.5–11.5 Gy range with a cataract risk of 66% within 4 years [31]. Emami et al. [32]
showed that there is a 5% risk of cataracts in 5 years (TD5/5) for 10 Gy, and a risk of
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50% in 5 years (TD50/5) for 18 Gy. The risk of cataracts is associated with a number
of factors, such as age, type of radiation and fraction dose [33–35]. Most of the patients
in the analyzed group were elderly. Although the risk of radiation cataracts is lower in
older patients than in younger patients irradiated with the same dose, radiation-induced
cataracts in the elderly are concurrent with cataracts caused by other factors [33]. Research
also indicates that the risk of cataracts increases with a higher fraction dose and is greater
for brachytherapy and electron radiation than for photon radiation [35]. In the analyzed
group of patients, the use of brachytherapy was associated with a short hospitalization time
and a relatively low burden on the patient, although a slightly longer 1.5-week treatment
regimen due to a lower fraction dose may be more beneficial in terms of lens protection.

Research indicates that the risk of retinal damage occurs when the 24 Gy dose is
exceeded. TD5/5 is 45–50 Gy, and TD50/5 is 55 Gy [32,36]. The tolerance dose was not
exceeded in the analyzed group of patients. Similarly, the optic nerve tolerance dose
was not exceeded. In the study by Emami et al. [32] and analysis of Mayo et al. [37],
the researchers indicate that a dose lower than 50 Gy is associated with a risk of nerve
damage of less than 5%. Despite a relatively high dose in the cornea, resulting from the
close proximity of applicators, studies indicate that the risk of corneal damage occurs after
exceeding the 50 Gy dose, and the risk of corneal ulceration after exceeding 60 Gy [37,38].

5. Conclusions

Interstitial HDR brachytherapy for skin cancers of the upper and lower eyelid; medial
and lateral cants; and the cheek, nose and temples with infiltration of ocular structures
is a highly effective, short and relatively low burden type of treatment. The profile of
expected toxicity is favorable. No severe and late CTCAE ≥ 3 or late RTOG ≥ 3 toxicity
was observed.
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Simple Summary: Skin cancer is a significant cause of death and disability, particularly in New
Zealand. Expert diagnosis reduces unnecessary excision of benign lesions, reduces patient anxiety,
and allows early identification of skin cancer, particularly of melanoma. The study assessed an
electronic referral pathway for teledermatology—diagnosing skin lesions remotely using a standard-
ised template with regional, close-up, and dermoscopic images—and compared this to scheduled
nurse-led teledermoscopy clinics. A dermatology opinion was reached more rapidly with comparable
efficacy when referrals include good quality images, compared to nurse-led imaging clinics.

Abstract: We undertook a retrospective comparison of two teledermatology pathways that provide
diagnostic and management advice for suspected skin cancers, to evaluate the time from referral to
diagnosis and its concordance with histology. Primary Care doctors could refer patients to either
the Virtual Lesion Clinic (VLC), a nurse-led community teledermoscopy clinic or, more recently, to
the Suspected Skin Cancer (SSC) pathway, which requires them to attach regional, close-up, and
dermoscopic images. The primary objective of this study was to determine the comparative time
course between the SSC pathway and VLC. Secondary objectives included comparative diagnostic
concordance, skin lesion classification, and evaluation of missed skin lesions during subsequent
follow-up. VLC referrals from July to December 2016 and 2020 were compared to SSC referrals from
July to December 2020. 408 patients with 682 lesions in the VLC cohort were compared with 480
patients with 548 lesions from the 2020 SSC cohort, matched for age, sex, and ethnicity, including
histology where available. Median time (SD) from referral to receipt of teledermatology advice was
four (2.8) days and 50 (43.0) days for the SSC and VLC cohorts, respectively (p < 0.001). Diagnostic
concordance between teledermatologist and histopathologist for benign versus malignant lesions was
70% for 114 lesions in the SSC cohort, comparable to the VLC cohort (71% of 122 lesions). Referrals
from primary care, where skin lesions were imaged with variable devices and quality resulted in
faster specialist advice with similar diagnostic performance compared to high-quality imaging at
nurse-led specialist dermoscopy clinics.

Keywords: teledermatology; teledermoscopy; skin cancer; squamous cell carcinoma; basal cell
carcinoma; melanoma; telemedicine; skin neoplasms; referral and consultation

1. Introduction

Skin cancer prevalence is increasing in association with an ageing population with
sun-damaged skin [1]. New Zealand has one of the highest rates of melanoma in the world,
due to high ultraviolet intensities in the Southern Hemisphere during summer and high
proportion of the population with fair skin [2,3]. It has an age-standardised incidence of
30–50 per 100,000 [4,5]. The incidence of basal cell carcinoma (BCC) and squamous cell
carcinoma (SCC) is harder to evaluate, given that these are not required to be reported
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to the cancer registry; however, research has estimated the incidence of cutaneous SCC
to be 425–668 per 100,000 and BCC to be 1177 per 10,000, putting it among the highest in
the world [6,7]. New Zealand has limited access to publicly-funded dermatology services,
with one dermatologist per 274,146 population, far less than the recommended 1 per
100,000 based on referral numbers [8]. In 2016 and 2020 respectively, the Waikato District
Health Board, a tertiary dermatology referral centre, had 2.5 and 2.0 full-time equivalent
dermatologists for a population of about half a million people [9].

Teledermatology aims to increase access to skin lesion assessment by a dermatolo-
gist by using telecommunications technology to deliver healthcare. There are two main
methods of teledermatology: video conferencing, in which the patient is reviewed virtu-
ally in real-time by a specialist and ‘store and forward’, where the images are taken to
be reviewed at a later time. Advances in technology have increased the opportunities
available in teledermatology. It has been gaining in popularity, particularly in light of the
COVID-19 pandemic and subsequent restrictions to in-person consults. Recent surveys of
Dermatologists in the United States and India showed more than 80% were now offering
teledermatology [10]. Our earlier research confirmed that skin tumours could be accurately
diagnosed by teledermoscopy [11], which led in January 2010 to the introduction of a store-
and-forward method of teledermatology we called the Virtual Lesion Clinic (VLC) [12].
General practitioners (GPs) refer patients with one or more skin lesions of concern to the
dermatology service. Patients are allocated to a nurse-led imaging clinic in one of three
locations. After reviewing the files, the teledermatologist discharges the patient or refers
them to a specialist surgical service for excision, arranges to monitor the lesion at the VLC,
or advises the GP on treatment in primary care. By mid-2019, the publicly funded VLC had
evaluated more than 11,000 lesions in 6600 patients attending scheduled nurse-specialist
clinics in three community locations [13]. The safety and efficacy of the VLC model has
been confirmed [14,15].

The introduction of electronic referrals in February 2016 led to a direct Suspected
Skin Cancer (SSC) advice service in July 2017. The SSC pathway template expects the
referring Primary Care doctor to attach regional, close-up, and dermoscopy images for 1
to 5 lesions. This has become possible mainly due to the ubiquitous use of smartphones
with adequate cameras and dermoscopic attachments [16]. The teledermatologist provides
advice to the GP directly. Unlike VLC, the SSC pathway requires the GP to arrange skin
lesion excision independently. If images are inadequate for diagnosis, this is conveyed to
the GP with a request for further images or to request assessment at the VLC. This SSC
template is currently used for more than half of the referrals to Dermatology each month
(the remainder use the ‘General Dermatology’ template).

The benefit of increased access to skin cancer screening by teledermoscopy, partic-
ularly in screening rural and low-income groups, has been well established [17,18]. A
2018 systematic review that included 16 studies, predominantly cross-sectional and ob-
servational, reported diagnostic accuracy in eight studies [19]. This included our local
interventional study, which compared dermatologist concordance of teledermoscopy and
in-person reviews, where the concordance between dermatologists was 74% [11]. Tele-
dermoscopy diagnosis of 43 skin lesions was concordant with histology in 85% of cases
compared to 91% for in-person diagnosis [20].

An interventional study of store-and-forward teledermoscopy compared to previous
in-person referrals found the time to diagnose 79 patients reduced from 70 days to 0.5
days (p < 0.001) and reduced the time until definitive treatment from 73.5 days to 3.0
days (p < 0.001) [21]. The teledermatology images were assessed by two dermatologists
independently with at least partial concordance in all cases (complete concordance in
32%) [21]. Of the 29 patients that went on to have in-person consultation, the concordance
between teledermatologist and dermatologist was partially concordant in 15 patients (52%)
and completely concordant in 11 patients (38%) [21]. A retrospective cohort study of
2385 referrals in a poorly-serviced area in the USA showed an 84% reduction in in-person
consultations and reduced wait time from 77 days to 28 days by using teledermatology [22].
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The objectives of this retrospective study were to assess the efficacy and efficiency of
direct teledermoscopy via GP electronic referral to the SSC pathway in comparison to the
VLC pathway. The primary objective was to compare the time from receipt of the referral
to return of the Dermatologist advice. Secondary objectives were, firstly, to determine
diagnostic concordance between GP and dermatologist (and histology if available) between
the SSC 2020 cohort and VLC cohorts from 2020 and 2016, and secondly, the identification
of any incidental suspected skin cancers found during follow-up specialist appointments.

2. Materials and Methods

The Health and Disabilities Committee (HDEC) of New Zealand determined the study
to be a service review and therefore out of scope for formal ethics approval (22 December
2020).

We undertook a retrospective review to compare outcomes of referrals for possible
skin cancer to either the VLC or SSC pathway in 2020 or the VLC in 2016. As there was a
reduction in referral numbers during the first four months of 2020, due to healthcare inter-
ruptions related to COVID-19, we chose to evaluate referrals received 1 July–31 December
in 2016 and 2020 for consistency.

Referrals were identified by searching departmental records. For the 2020 SSC and
VLC cohorts, the keywords ‘lesion’ and ‘skin cancer’ were used; for the 2016 VLC cohort a
unique coding identifier was used. Referrals for reasons other than a suspected skin cancer
were excluded.

From the 2020 SSC referrals, 2020 VLC and 2016 VLC referrals, we determined the
number of referrals, the time from referral to advice, the number of lesions per referral, and
patient demographics—including age, sex, ethnicity, and whether urban, rural, or semi-
rural residence—based on the Statistics New Zealand Urban Accessibility Classification [23].
For the SSC pathway cohort, we recorded data on image quality. Propensity score matching
was used to create a subset of the 2020 SSC pathway cohort matched for age, gender, and
ethnicity to those in the 2016 VLC cohort. This was used to obtain data on time to definitive
management, lesion histology, and additional lesions of concern during specialist review.

We classified skin lesions as benign, malignant, or pre-malignant, recorded the specific
diagnosis, and determined the diagnostic concordance between GP, dermatologist, and
histology report, along with the management advice, the time to definitive treatment, and
the number of incidental lesions identified at related in-person specialist appointments
(Appendix A).

For the benign/malignant classification, a diagnosis was concordant if the GP or
teledermatologist’s diagnosis (or in the case of multiple diagnoses, the first diagnosis)
was classified in the same group (benign, malignant, pre-malignant) as histology where
available, otherwise in the same group as the teledermatologist’s diagnosis in the case of
GP-dermatologist concordance. For the specific diagnosis, this was deemed completely
concordant if the GP or teledermatologist only provided one diagnosis and this was the
same as the histology diagnosis. A diagnosis was partially concordant if more than one
diagnosis was provided by the GP or teledermatologist and one of those was the same
as the histology. If a diagnosis was not provided or was labelled uncertain by the GP or
teledermatologist, this was deemed not concordant.

Statistical analysis was performed using Microsoft Excel (2016, version 16.0.4591.1000,
Microsoft, Redmond, WA, USA) and IBM SPSS Statistics (version 26, IBM, Armonk, NY,
USA) software. The chi-squared test was used for comparison of categorical variables
between groups. One-way analysis of variance (ANOVA) was used for comparison of
continuous variables. A two-sided p-value of < 0.05 was used to determine statistical
significance.

3. Results

Between 1 July and 31 December 2016, 481 patients were referred to the VLC, of whom
400 patients with 682 lesions were eligible for analysis. In the period 1 July to 31 December
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2020, 1307 patients of 1495 referred to the SSC pathway, and 108 patients (with 277 lesions)
of 134 referred to the VLC, were eligible for analysis (Figure 1). 1307 met the eligibility
criteria. Propensity score matching of the SSC cohort to the 2016 VLC cohort identified 481
patients with 548 lesions from the SSC cohort. Patient characteristics are detailed in Table 1.
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Table 1. Patient characteristics.

Variable Total SSC
n = 1307 (%)

Matched SSC
n = 481 (%)

2020 VLC
n = 108 (%) p-Value 2016 VLC

n = 400 (%) p-Value

Age:
Overall mean (SD) 61 yr (19.2) 55 yr (21.0) 59 yr (16.1) <0.001 55 yr (21.0) <0.001

0–9 years 25 (2) 11 (2) 1 (1) 11 (3)
10–19 years 35 (3) 23 (5) 1 (1) 19 (5)
20–29 years 55 (4) 32 (7) 3 (3) 27 (7)
30–39 years 73 (6) 45 (9) 7 (6) 33 (8)
40–49 years 116 (9) 60 (12) 13 (12) 50 (13)
50–59 years 216 (17) 73 (15) 26 (24) 57 (14)
60–69 years 306 (23) 100 (21) 30 (28) 89 (22)
70–79 years 292 (22) 86 (18) 18 (17) 78 (20)
80–89 years 163 (12) 41 (9) 7 (6) 31 (8)
90+ years 38 (3) 10 (2) 2 (2) 5 (1)

Sex:
Female 738 (56) 309 (64) 64 (59) 254 (64)
Male 569 (44) 172 (36) 44 (41) 146 (37)

0.57 0.01

Ethnicity:
New Zealand

European 1096 (84) 378 (78) 80 (74) 317 (79)

Maori 73 (6) 30 (6) 12 (11) 26 (7)
Pasifika 12 (1) 4 (1) 1 (1) 2 (1)

European, other 82 (6) 50 (10) 11 (10) 42 (11)
Asian 22 (2) 14 (3) 2 (2) 9 (2)
Other 22 (2) 5 (1) 2 (2) 4 (1)

0.13 0.04

Patient Location:
Urban 770 (59) 290 (60) 37 (35) 211 (53)

Semi-rural 481 (37) 171 (36) 64 (60) 169 (42)
Rural 55 (4) 19 (4) 6 (6) 20 (5)

<0.01 0.10

Referrer location:
Urban 798 (61) 303 (63) 35 (33) 216 (54)

Semi-rural 473 (36) 171 (32) 66 (62) 175 (44)
Rural 20 (2) 8 (2) 5 (5) 9 (2)

<0.01 0.02

SSC—suspected skin cancer pathway; VLC—virtual lesion clinic; yr—years; SD—standard deviation.

Patients in the total SSC group had a mean age of 61 years compared to 59 years for the
2020 VLC group and 55 years for the 2016 VLC group (p < 0.001) (Table 1). There was a slight
female preponderance (56%, 59%, and 64% respectively). Ethnicity was predominantly
Caucasian with 84% New Zealand European in the SSC pathway total cohort, 78% in the
SSC matched cohort, 74% in 2020 VLC cohort and 79% in 2016 VLC group. Maori ethnicity
was claimed by 6%, 11% and 7% respectively. Analysis of patient and referrer location
revealed a similar proportion of rural patients in all groups, however there was a larger
portion of patients located semi-rurally in the 2020 VLC (60% for patients and 62% for
referrers, p < 0.01) and 2016 VLC cohorts (42% for patients and 44% for referrers, p = 0.1, p
= 0.02), compared to 37% for patients and 36% for referrers in the total SSC pathway group.

A group of 45 patients were lost to follow-up after receiving teledermatologist advice
(19 (4%) in SSC matched cohort, 13 (12%) in the 2020 VLC cohort and 13 (3%) in the 2016
cohort). In the total SSC group, 71 lesions (5%) were unable to be diagnosed due to poor
image quality. Another 115 lesions (9%) were able to be diagnosed but the images were
noted by the dermatologist to be of poor quality (Table 2).
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Table 2. Image quality for SSC lesions (n = 186 * (%)).

Reason for Poor Quality Not Able to Diagnose Able to Diagnose

No dermoscopic image 26 (37) 35 (30)
No macroscopic image 4 (6) 44 (38)

Image out of focus 15 (21) 23 (20)
Other poor quality 22 (31) 15 (13)

Dermoscopy imaging incomplete 2 (3) 3 (3)
No images 10 (14) 0

Unable to open images 2 (3) 0
Different patient’s images 1 (1) 0

SSC—suspected skin cancer pathway. * Some lesions had more than one reason for inadequate quality.

Diagnostic and management advice was provided by two teledermatologists in 2020
and by three in 2016 time period; one was common to both time periods. Median time
from referral to teledermatologist advice was 4 days (range 0–19) in the SSC pathway total
cohort. For the VLC cohorts, the median time to advice was 42 days (range 16–184) in
2020 and 50 days (range 17–313) in 2016 (p < 0.001) (Table 3). Waiting time for a clinic
appointment was the rate-limiting factor, with a median time of 26 days (range 0–173)
in 2020 and 43 days (range 1–308) in 2016. The time from advice to definitive treatment
(e.g., excision, in-person review) was 21.5 days in the SSC pathway cohort compared to
45 days in the 2020 VLC cohort and 60 days in the 2016 cohort. This increases to 94 days
and 112 days for the 2020 and 2016 VLC cohorts respectively when calculating time from
acceptance of the referral to treatment.

Table 3. Time to advice and treatment.

Variable Total SSC
n = 1307

Matched SSC
n = 481

2020 VLC
n = 108 p-Value 2016 VLC

n = 400 p-Value

Median time from referral to
dermatologist advice (SD, range)

4.0 days
(2.8, 0–19)

5.0 days
(2.6, 0–16)

42.0 days
(29.3, 16–184) <0.001 50.0 days

(43.0, 17–313) <0.001

Median time from referral to
triage (SD, range) N/A N/A 2.0 days

(2.2, 1–15) <0.001 3.0 days
(2.3, 2–25) <0.001

Median wait time from referral to
VLC clinic (SD, range) N/A N/A 26.0 days

(29.9, 0–173)
43.0 days

(40.0, 1–308)

Median time from advice to
definitive treatment (SD, range) N/A

21.5 days
(52.4, 0–236)

n = 102

45.0 days
(38.7, 4–142)

n = 28
0.76

60.0 days
(60.8, 2–365)

n = 104
<0.001

Median time from referral triage
to definitive treatment (SD, range) N/A 21.5 days

(52.4, 0–236)
94.0 days

(48.1, 25–194) <0.001 112.0 days
(68.0, 30–378) <0.001

SSC—suspected skin cancer pathway; VLC—virtual lesion clinic; SD—standard deviation; N/A—not applicable.

Skin lesions were classified as benign or malignant and by specific diagnosis (Table 4,
Figures 2 and 3).

In the SSC pathway matched cohort, the teledermatologist recorded benign lesions in
65%, with a benign-to-malignant ratio of 3.0, compared to a benign-to-malignant ratio of
1.3 for GP (Table 4).

In the 2020 and 2016 VLC cohorts, the teledermatologist recorded benign lesions in
64% and 67%, and benign-to-malignant ratio of 3.4 and 3.8 respectively, compared to 1.7
and 0.8 for GP (Table 4).

Analysis of histology of malignant lesions revealed a keratinocytic-to-melanocytic
ratio of 1.8 in the SSC matched cohort, 1.2 in the 2020 VLC cohort and 3.4 in the 2016 cohort
(Table 5). Analysis of melanomas revealed a melanoma-in-situ-to-invasive melanoma ratio
of 3.7 in the SSC matched cohort and 2.0 and 2.3 for the 2020 VLC and 2016 VLC cohorts
respectively (Table 5).
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Table 4. Lesion classification.

Variable

Matched SSC

Dermatologist
Diagnosis
n = 528 (%)

GP Diagnosis
n = 548 (%) p-Value

Histological
Diagnosis
n = 113 (%)

p-Value

Benign 343 (65) 237 (43) 32 (28)
Pre-malignant 52 (10) 19 (4) 5 (4)

Malignant 116 (22) 181 (33) 76 (67)
Uncertain 17 (3) 111 (20) N/A

<0.001 <0.001
Benign:malignant 3.0 1.3 0.4

2020 VLC
Dermatologist

Diagnosis
n = 277 * (%)

GP diagnosis
n = 172 (%) p-Value

Histology
Diagnosis
n = 33 (%)

p-Value

Benign 177 (64) 30 (17) 11 (33)
Pre-malignant 40 (14) 11 (6) 2 (6)

Malignant 52 (19) 18 (11) 20 (61)
Uncertain 8 (3) 113 (38) N/A

<0.001 0.09
Benign:malignant 3.4 1.7 0.6

2016 VLC
Dermatologist

Diagnosis
n = 680 * (%)

GP Diagnosis
n = 603 (%) p-Value

Histology
Diagnosis

n = 122 (%)
p-Value

Benign 460 (67) 149 (25) 21 (17)
Pre-malignant 65 (10) 16 (3) 14 (11)

Malignant 121 (18) 183 (30) 87 (71)
Uncertain 34 (5) 255 (42) N/A

<0.001 <0.001
Benign:malignant 3.8 0.8 0.2

SSC—suspected skin cancer pathway; VLC—virtual lesion clinic; GP—general practitioner; N/A—not applicable; IEC—intraepithelial
carcinoma; SCC—squamous cell carcinoma; BCC—basal cell carcinoma. * Includes extra lesions identified by nurse specialist during VLC.
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Figure 2. Specific lesion diagnosis by dermatologist. BCC—basal cell carcinoma; SCC—squamous cell carcinoma; IEC—
intraepithelial carcinoma.
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Figure 3. Specific lesion diagnosis on histology. BCC—basal cell carcinoma; SCC—squamous cell carcinoma; IEC—
intraepithelial carcinoma.

Table 5. Histology lesion classification.

Variable Matched SSC
n = 113

2020 VLC
n = 33

2016 VLC
n = 122

Keratinocytic:melanocytic 1.8 1.2 3.4
Total number MIS 22 6 14

Total number melanoma 6 3 6
MIS:melanoma 3.7 2.0 2.3

SSC—suspected skin cancer pathway; VLC—virtual lesion clinic; MIS—melanoma-in-situ.

No further management was recommended by the dermatologist for 56%, 57%, and
69% of matched SSC pathway, 2020 VLC and 2016 VLC cohorts respectively (Table 6).
Surgical management with either biopsy or excision was recommended for 26% of lesions
in the matched SSC group compared to 16% in the 2020 VLC and 16% in the 2016 VLC
groups (p < 0.001). In-person review was more common in the VLC cohorts at 7% in 2020
and 5% in 2016, compared to 0% in the SSC pathway.

Table 6. Lesion advice.

Variable
Matched

SSC
n = 528 (%)

2020 VLC
n = 277 (%) p-Value 2016 VLC

n = 682 (%) p-Value

No further
management 298 (56) 157 (57) 471 (69)

Monitor 38 (7) 21 (8) 18 (3)
Topical 55 (10) 37 (13) 50 (7)
Surgical 136 (26) 43 (16) 112 (16)

In-person review 1 (0) 19 (7) 31 (5)
<0.001 <0.001

SSC—suspected skin cancer pathway; VLC—virtual lesion clinic.

GP–dermatologist diagnostic concordance was available for 528 lesions in the SSC
matched cohort, 172 lesions in the 2020 VLC cohort and 601 lesions in the 2016 VLC cohort
(Table 7). The concordance for the benign/malignant classification was 58%, 22%, and
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32% for the SSC, 2020 VLC and 2016 VLC cohorts, respectively (p < 0.001). Concordance
for the specific diagnosis was 46% (35% complete, 11% partial), 31% (22% complete, 9%
partial), and 24% (17% complete, 7% partial) for the SSC, 2020 VLC and 2016 VLC cohorts,
respectively (p < 0.001).

Table 7. Diagnostic concordance.

GP-Dermatologist Concordance

Variable Matched SSC
n = 528 (%)

2020 VLC
n = 172 (%) p-Value 2016 VLC

n = 601 (%) p-Value

Benign/malignant:
Concordant 305 (58) 38 (22) 194 (32)

Not concordant 223 (42) 134 (78) 407 (68)
<0.001 <0.001

Specific diagnosis:
Completely concordant 183 (35) 37 (22) 101 (17)

Partially concordant 60 (11) 16 (9) 39 (7)
Not concordant 285 (54) 119 (69) 461 (77)

<0.001 <0.001

Dermatologist-Histology Concordance

Variable Matched SSC
n = 114 (%)

2020 VLC
n= 32 * (%) p-Value 2016 VLC

n = 112 (%) p-Value

Benign/malignant:
Concordant 80 (70) 20 (63) 86 (71)

Not concordant 34 (30) 12 (38) 36 (30)
0.41 0.96

Specific diagnosis:
Completely concordant 60 (53) 19 (59) 70 (57)

Partially concordant 15 (13) 2 (6) 0 (0)
Not concordant 39 (34) 11 (34) 52 (43)

0.54 <0.001

GP-Histology Concordance

Variable Matched SSC
n = 114 (%)

2020 VLC
n = 17 (%) p-Value 2016 VLC

n = 98 (%) p-Value

Benign/malignant:
Concordant 68 (60) 2 (12) 48 (49)

Not concordant 46 (40) 15 (88) 50 (51)
<0.001 <0.001

Specific diagnosis:
Completely concordant 46 (40) 1 (6) 40 (41)

Partially concordant 9 (8) 1 (6) 5 (5)
Not concordant 59 (52) 15 (88) 53 (54)

0.02 0.71

SSC—suspected skin cancer pathway; VLC—virtual lesion clinic. * Includes extra lesions identified by nurse specialist during VLC.

Histology was available for 114 lesions in the SSC pathway matched cohort, 32 lesions
in the 2020 VLC cohort, and 122 lesions in the 2016 cohort (Table 7).

For the SSC pathway cohort, dermatologist–histology concordance was 70% for be-
nign/malignant classification, whereas GP–histology concordance was 60% (p = 0.01).
Dermatologist–histology concordance for specific diagnosis was 66% (53% complete,
13% partial), compared to GP–histology concordance of 48% (40% complete, 8% partial)
(p < 0.001).

For the 2020 VLC cohort, dermatologist–histology concordance was 63% for be-
nign/malignant classification, compared to 12% for GP–histology concordance (p = 0.21).
Dermatologist–histology concordance for specific diagnosis was 65% (59% complete, 6%
partial), whereas GP–histology concordance was 12% (6% complete, 6% partial) (p = 0.73).
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For the 2016 VLC cohort, dermatologist–histology concordance was 71% for be-
nign/malignant classification compared to GP-histology concordance of 49% (p = 0.001).
Dermatologist—histology concordance was 57% for specific diagnosis (57% complete,
0% partial) compared to GP-histology concordance of 46% (41% complete, 5% partial)
respectively (p = 0.03).

The benign/malignant dermatologist–histology concordance was similar between
the SSC pathway and 2016 VLC cohorts at 70% and 71% respectively. Non-concordant
results for specific diagnoses were 34% in the SSC cohort and 43% in the 2016 VLC cohort
(p < 0.001). There were 11 lesions overall (4%) that were identified as being likely benign by
dermatologists and malignant by histology with four (4%) in the matched SSC pathway, two
(6%) in 2020 VLC and five (4%) in 2016 VLC cohorts. The teledermatology recommendation
was ‘no further management’ for two of these lesions, ‘monitoring’ for one lesion, ‘topical
therapy’ for one lesion, ‘excision/biopsy to remove doubt’, and ‘in-person review’ for two
lesions.

A public hospital specialist Dermatology or Plastic Surgery outpatient appointment
for a study lesion was made for 156 patients (41 in the matched SSC pathway cohort, 24
in the 2020 VLC cohort and 91 in the 2016 cohort). A mean of 0.2 incidental lesions of
concern were identified (0.2, 0.0, and 0.2 in SSC pathway, 2020 VLC and 2016 VLC cohorts,
respectively) (Tables S1 and S2). Eight out of 11 lesions (73%) were malignant on histology
in the SSC pathway cohort, with a keratinocytic to melanocytic ratio of 3.0. The 2016
VLC cohort was found to have 6 out of 16 lesions (38%) malignant and a keratinocytic to
melanocytic ratio of 1.0.

The VLC nurse specialists identified 107 incidental lesions in patients attending imag-
ing clinics (78 in 2016 and 29 in 2020). Histology was available for 26 lesions in the 2016
VLC cohort with a benign-to-malignant ratio of 0.2 and 11 lesions in the 2020 VLC cohort
with a benign-to-malignant ratio of 0.0 (Table S3).

4. Discussion

Good quality teledermatology and teledermoscopy allow effective skin lesion di-
agnosis and management [24]. Electronic referrals from primary to secondary care are
increasingly used by district health boards in New Zealand. Availability of outpatient
appointments for patients with suspected skin cancer is outstripped by the number of
referrals to dermatology; other sites may offer remote advice, hold dedicated clinics, or
forward referrals to a surgical specialty. The use of teledermatology worldwide increased
during 2020 due to the COVID-19 pandemic compared to few sites using it in 2016. We
have compared GP referrals to our SSC pathway, where images of mixed quality were
taken using various devices, to our nurse-led VLC, where uniformly high-quality images
were taken with standardized cameras.

The study has met our primary objective to demonstrate a statistically significant
reduction in time to dermatologist advice using the SSC pathway in 2020 compared to the
VLC in 2016 and 2020, with a median time from referral to advice of 4 days compared to
42 days and 50 days, respectively (p < 0.001). The longer time to advice included waits
due to missed or rescheduled appointments. This is comparable to a US teledermatology
service, where the time to advice was reduced from 70 days when using in-person clinic
assessments to 0.5 days when using electronic referrals [21]. There was also a reduction
in time to definitive treatment when using the SSC pathway compared to the 2016 and
2020 VLC, both for time from referral assessment (or triage for patients referred to the
VLC) and for the time from dermatologist advice to treatment. This is likely explained by
the differences in how advice is managed in each pathway, with GPs arranging excisions
in the SSC pathway. This can lead to excision of lesions of concern within a few days to
weeks in the private sector. In contrast, lesions requiring excision identified at VLC are
referred to plastic surgery or dermatology at the hospital with longer wait times. The
Standards of Service Provision for Melanoma Patients in New Zealand (2014) recommended
“patients referred with a high suspicion of melanoma receive their first cancer treatment
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within 62 days of receipt of referral” [25]. A large retrospective study by Conic et al.
showed improved survival in patients treated within 90 days for melanoma stages I–III
and improved survival for patients treated within 30 days for stage I melanoma [26]. The
reduction in time to treatment by a median of 62.5 days and 90.5 days compared to 2020
VLC and 2016 VLC are likely to significantly improve the proportion of patients meeting
these standards.

The higher proportions of melanoma-in-situ found in the SSC pathway matched
cohort compared to the 2016 VLC cohort were striking. We suspect that the rapid response
to referrals in the SSC pathway allowed GPs to get a second opinion on lesions they would
have otherwise managed independently. The total referral numbers for 2020 SSC pathway
were significantly higher than for the 2016 VLC and the GP benign-to-malignant ratio in
the SSC pathway matched cohort was higher at 1.3 compared to 0.8 in the 2016 VLC. This
also hints at a lower threshold for referral.

Interpretation is complicated by differing rates of diagnostic uncertainty in the refer-
rals: the SSC pathway template required the GP to select a suspected diagnosis (including
an option, ‘uncertain’ in 20%), but this was not required for referrals to the VLC in 2016
where any referral without a diagnosis was deemed uncertain (42%).

The histology benign-to-malignant ratio was higher in the SSC pathway matched
cohort (0.6) than the 2016 VLC cohort (0.2). This could indicate that dermatologists were
conservative in diagnosing SSC pathway lesions due to some images of inferior quality. It
is important to note that both ratios are very low. A recent systematic review estimated the
number-needed to biopsy to find one melanoma for global dermatologists to be 7.5 [27]. In
our study, the number needed to biopsy for melanoma was 4.2 in the SSC pathway cohort
and 6.1 in the 2016 VLC cohort, despite including keratinocytic skin cancers. This raises the
concern of missed melanoma. The high ratio of melanoma-in-situ to melanoma indicating
enhanced early diagnosis of melanoma through the SSC pathway, reduces this possibility.
Conversely, given these higher rates of melanoma-in-situ in the 2020 SSC pathway cohort,
we need to be mindful of the possibility of overdiagnosis. The natural history of melanoma-
in-situ is still not completely established [28]. Studies with high melanoma-in-situ excision
rates or those assessing skin cancer screening, have frequently failed to show a mortality
benefit [28,29]. In addition, the considerable variability in histopathologist classification of
melanoma-in-situ versus atypical naevus further complicates this assessment [30]. There is
currently no consensus on the best way to manage the risk of overdiagnosis, whilst still
ensuring early treatment of invasive melanoma. Perhaps better education in skin lesion
assessment will lead to improvements in this area.

Dermatologists recommended ‘no further action’ for fewer lesions in the SSC pathway
cohort (56%) and 2020 VLC cohort (57%), compared to the 2016 VLC cohort (69%). They
more frequently recommended surgery (by 10%), monitoring (4%), and topical treatment
(3%) in the SSC pathway compared to 2016 VLC. This may reflect reduced confidence due
to the inferior quality of the teledermatology images or the dermatologists’ individual
practices, with only one out of three diagnosing the 2016 cohort also diagnosing in 2020.
In the 2020 VLC group, the main increases were 5% increased monitoring (due to more
immunosuppressed and transplant patients requiring surveillance), 6% increased topical
treatment, and 2% more in-person review. The rates of surgical treatment were the same as
in 2016 at 16%.

The SSC pathway dermatologist–histology diagnostic concordance for benign/malignant
of 70% and the 2016 VLC of 71% are consistent with a systematic review of 21 studies in which
teledermatologist-histology concordance was 51–85% [31]. There was a slight improvement in
overall concordance for specific diagnoses in the SSC pathway cohort at 66% (53% complete,
13% partial), compared to 2016 VLC at 57% (57% complete, 0% partial). Partial SSC pathway
concordance reflects a lack of confidence in lesions of poor quality.

One potential problem encountered when calculating concordance is the ambiguity
among histopathologists, dermatologists, and GPs regarding classification of some lesions,
particularly atypical naevus and melanoma-in-situ (one is benign and the other malig-
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nant) [32]. SCC-in-situ was categorised as pre-malignant and SCC as malignant, so clinician
classification as the former and pathologist classification as the latter would be discordant;
in practice, both diagnoses would be managed similarly. These classification differences
may have increased non-concordance between dermatologist and histology.

The average age of patients in the total SSC pathway cohort was 6 years older than in
the 2016 VLC cohort; this is only partially explained by an aging population in the Waikato
area. Statistical data from NZ stats show the median age of the Waikato region to be 37.6
years in 2013 and 38.2 years in 2018 [33]. The convenience of the SSC referral method
may encourage GPs to refer a greater proportion of older patients, as has been found in
other studies [18,34–36]. A higher proportion of 2020 VLC referrals were from semi-rural
locations compared to 2020 SSC pathway and 2016 VLC. This suggests that GPs in these
locations have less access or familiarity with dermoscopy.

New Zealand Europeans made up the majority of patients referred to the SSC pathway
and 2016 VLC. Only 6% and 7% of patients referred to the SSC pathway and to the 2016
VLC respectively were Maori, whereas the total proportion of Maori in the Waikato region
was 21% in 2018, likely reflecting lower rates of skin cancer associated with darker skin
types [33].

The dermatologists indicated that the large majority of referrals to the SSC pathway
had images of adequate quality (86%); poor quality was usually associated with lack of
dermoscopic images, images out of focus, and, less often, lack of macroscopic images.
Other reasons for poor quality included excessive blood/hair or insufficient gel used
for dermoscopy images. Melanoma diagnosis requires high quality macroscopic and
dermoscopic images to diagnose confidently. A systematic review assessing the use of
smartphones to detect melanoma reported that up to 20% of images were of insufficient
quality for diagnosis [37]. A randomised controlled trial assessing smartphone images
with dermoscopy in participants without healthcare training found 5% were inadequate
for diagnosis [38].

Not all patients referred to a dermatologist with a skin cancer have had a full skin
check by a competent health professional. Patients with one skin cancer are likely to
have others [39–41]. We reviewed the small subset of patients who had a related in-person
assessment by a hospital plastic surgeon or dermatologist: incidental lesions were identified
in 11 patients (27%) in the matched SSC pathway cohort, 2 patients (8%) in the 2020 VLC
cohort, and 22 patients (24%) in the 2016 VLC cohort with histology available for few of
these lesions (11, 2, and 16 respectively). We can extrapolate that many of the patients
diagnosed with skin cancer through the SSC pathway will have had other significant
lesions.

Limitations: The majority of skin lesions in 2020 were assessed by the SSC pathway.
Only those in which the GP did not provide images or images were deemed inadequate
were seen in VLC. This cohort has a potential selection bias for lesions that were more
difficult to diagnose or were more likely to be malignant that may explain a lower diagnostic
concordance in 2020 VLC compared to the SSC pathway. This could potentially be an issue,
to a lesser extent in the 2016 VLC, if referrers had a higher threshold for referral. Low
numbers and non-significant p-value may also reflect the small sample size. Histology
reviews were limited to biopsies requested by the dermatologists; we did not look for
histology of any lesion that the teledermatologist had not indicated should be excised and
thus we did not calculate a false negative rate. Some SSC referrals were missed due to
misleading referral description on manual searching. Follow-up time was limited to 4
months after the 2020 cohorts, excluding 19% of the 2020 VLC cohort as they had not yet
received a planned outpatient appointment or surgical procedure. This compares to 17% of
the 2016 VLC cohort that did not attend. For the matched SSC pathway cohort, histology
was unavailable for 27 lesions (19% of those planned for excision), compared to the 2016
VLC cohort where histology was not found for 8 lesions (6%).
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5. Conclusions

We found that referrals for skin lesions imaged in primary care with variable devices
and image quality results in faster dermatologist advice with similar diagnostic perfor-
mance, compared to referrals to nurse-led specialist clinics where there is consistently
high-quality imaging. Use of the SSC pathway encourages early referral and diagnosis
of atypical melanocytic lesions. Detection of incidental lesions in some of the skin cancer
patients seen in-person is a reminder to encourage full skin examination and a low thresh-
old for referral of suspicious lesions. Improved diagnostic performance through the SSC
pathway could be achieved by more consistent adherence to the imaging requirements of
the SSC referral pathway. Our results support increased uptake of teledermatological solu-
tions in skin lesion assessment. This will be important as support tools offering augmented
intelligence are integrated into clinical practice in the future. The lack of in-person lesion
evaluation by dermatologists creates a burden on primary care to undertake skin checks
and identify suspicious lesions requiring a second opinion.
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Appendix A

Table A1. Diagnosis and Outcome Classification.

Specific Diagnoses Includes:

Melanocytic naevus
Junctional naevus, dermal naevus, compound naevus, blue

naevus, acral naevus, Myerson naevus, cockade naevus,
other benign naevus

Atypical naevus Atypical naevus, Spitz naevus, Reed naevus

Benign keratosis Seborrhoeic keratosis, solar lentigo, lichen planus-like
keratosis, porokeratosis, viral wart

Angioma Angioma
Dermatofibroma Dermatofibroma
Actinic keratosis Actinic keratosis, actinic cheilitis

IEC Intraepithelial carcinoma
SCC Squamous cell carcinoma, keratoacanthoma, cutaneous horn

BCC
Nodular basal cell carcinoma, morphoeic basal cell

carcinoma, pigmented basal cell carcinoma, recurrent basal
cell carcinoma, superficial basal cell carcinoma

Melanoma
Superficial spreading melanoma, nodular melanoma, acral
melanoma, lentigo maligna melanoma, melanoma-in-situ,

lentigo maligna.
Other All other lesions not covered in the above diagnoses

Benign–Malignant
Classification Includes:

Benign
Melanocytic naevus, atypical naevus, benign keratosis,
angioma, dermatofibroma, benign lesions in the other

category
Malignant Melanoma, BCC, SCC

Pre-malignant IEC, actinic keratosis
Uncertain Lesions labelled uncertain or diagnosis not provided

Outcome Advice Includes:
No action No further lesion assessment or treatment required
Monitor GP or VLC skin lesion monitoring
Topical Cryotherapy, 5-fluorouracil, or imiquimod treatment
Surgical Excision or biopsy
Review Face-to-face review

IEC—intraepidermal carcinoma; SCC—squamous cell carcinoma; BCC—basal cell carcinoma; VLC—virtual lesion
clinic.
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Simple Summary: In this review, we discuss a rare skin cancer that occurs mostly in elderly people
called “Merkel cell carcinoma” (MCC). The incidence is increasing due to ageing of the population,
increased sun exposure, and the use of medication that inhibits the immune system. Unlike most other
skin cancers, MCC grows rapidly and forms metastases easily. We discuss the biology and treatment
of MCC. Management should be by an experienced and multidisciplinary team, and treatment
must start quickly. The standard practice of MCC treatment is surgery followed by radiotherapy.
However, because it concerns an elderly and often frail population, (extensive) surgery may not
always be feasible due to the associated morbidity. In those situations, radiotherapy alone is a good
alternative. An important new development is immunotherapy that can cause long-lasting responses
in a significant proportion of the patients with recurrent or metastatic MCC.

Abstract: Merkel cell carcinoma (MCC) is a rare neuroendocrine tumor of the skin mainly seen in the
elderly. Its incidence is rising due to ageing of the population, increased sun exposure, and the use of
immunosuppressive medication. Additionally, with the availability of specific immunohistochemical
markers, MCC is easier to recognize. Typically, these tumors are rapidly progressive and behave
aggressively, emphasizing the need for early detection and prompt diagnostic work-up and start
of treatment. In this review, the tumor biology and immunology, current diagnostic and treatment
modalities, as well as new and combined therapies for MCC, are discussed. MCC is a very immuno-
genic tumor which offers good prospects for immunotherapy. Given its rarity, the aggressiveness,
and the frail patient population it concerns, MCC should be managed in close collaboration with an
experienced multidisciplinary team.

Keywords: Merkel cell carcinoma; surgery; radiotherapy; immunotherapy; biomarkers

1. Introduction

Merkel cell carcinoma (MCC) is a rare and aggressive malignancy of neuroendocrine
origin that originates in the skin. MCC is mostly seen on the facial skin and extremities
of elderly Caucasians and is associated with UV-exposure and infection with the Merkel
cell polyomavirus (MCPyV). More than 70% of patients are above 70 years of age at
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diagnosis [1,2]. Clinically negative prognostic indicators for survival are tumor burden,
regional metastases, gender (male), location in face or trunk as compared to upper extrem-
ities, and immunosuppression [1–5]. Histopathological negative prognostic factors are
depth of invasion, lymph vascular invasion, and T-cell infiltration [6,7]. Association with
MCPyV is reported in more than 80% of MCC patients in the Western world [8].

The clinical presentation of MCC is a fast growing, painless, reddish-purple cutaneous
nodule. The incidence of MCC is low, but increasing in most Western countries [9]. In the
US, there was a 95% increase in the absolute number of cases reported to SEER-18, from 334
in 2000 to 652 in 2013 [10]. In Australia, the incidence among men increases at an annual
rate of 4.2%. Remarkably, while the incidence of MCC in men is rising, the incidence in
women has been decreasing since 2002 [11]. The reason for this is unclear. Most likely
causes for the overall increase are ageing of the population, increased UV-exposition, both
voluntary (sun bathing) and involuntary (outdoor jobs, depletion of the ozone layer) [12],
and increased use of immunosuppressive medication. Additionally, better recognition by
pathologists with the availability of more specific immunohistochemical markers for this
tumor may have contributed. Tumors that were previously classified as “unspecified small
cell carcinoma” may now be identified as MCC.

Patients with MCC are at a high risk for loco-regional recurrence and distant metas-
tases. Like melanoma, MCC shows a strong tendency to form satellite lesions in the skin. At
presentation, 50–65% of patients have localized disease, 25–50% have regional metastases,
and about 10% present with distant metastases [13,14]. The variation in reported incidence
of lymph node metastases can be explained by variations in diagnostic procedures, i.e.,
use of ultrasound with or without fine needle cytology, FDG-PET-scan, and/or sentinel
node procedure. The 5-year survival, independent of age is 50–60% for localized disease,
and for lymphogenic and hematogenic metastatic disease this is 30–35% and 14%, respec-
tively [1,13–15]. It must be noted that in this elderly population, a significant number of
MCC patients die due to other causes. In a Dutch cohort of 351 patients, the 5-year overall
survival was 58%, but the MCC-related survival was 78% [16]. Farley et al. reported a high
overall 5-year survival rate of 70% and a 5-year disease-specific survival of 84% [17].

2. Etiology, Pathology, and Tumor Biology

On routine hematoxylin and eosin staining MCC is typically characterized as a
monomorphous small round blue cell tumor with round or oval nuclei, finely dispersed
chromatin, indistinct nucleoli, and scant cytoplasm. There is a high mitotic rate. Variations
are seen, in particular in MCPyV-negative MCC. Histopathological confirmation of MCC
requires immunohistochemistry to differentiate from other small cell neoplasms such as
metastatic small-cell lung cancer, melanoma, or lymphoma. Molecular markers diagnostic
for MCC include neuroendocrine markers (chromogranin A, synaptophysin, CD56), cy-
tokeratin 20 (dot-like pattern), neurofilament, and MCPyV large T antigen (LT). Negative
TTF1, S-100, and leukocyte common antigen (LCA) can be used to differentiate MCC from
small-cell lung cancer, melanoma, and lymphoma, respectively.

The small round blue cells of MCC share ultrastructural and immunohistochemical
characteristics with benign Merkel cells. However, the suggestion that the Merkel cell
is the cell of origin of MCC is debated. Benign Merkel cells are typically located in the
basal layer of the epidermis whereas MCC is reported to originate from any layer of the
skin. Furthermore, it is suggested that MCPyV-positive and negative MCC may arise from
distinct cells of origin [18]. Additionally, morphological and immunophenotypical features
differ between MCPyV-positive and negative MCC [19,20]. Virus-negative tumors have
more heterogeneous cytological features and frequently display elongated nuclei, resem-
bling the spindle-shape variant of small cell lung cancer, larger cell size, more abundant
cytoplasm, and prominent nuclei. There is evidence that UV-associated MCC derives from
an epidermal progenitor cell, whereas MCPyV-associated tumors are suggested to be of
non-epithelial origin or, alternatively, from cutaneous appendage precursor cells [21].
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MCPyV seroprevalence in the general population is very high and increases with age
from 50% in childhood to 80% in adults above 50 years of age [22,23]. MCPyV remains
latent in most immunocompetent hosts, but when the immune system weakens, this can
lead to viral reactivation. MCPyV is a small circular double-stranded DNA virus with a
genome of about 5400 base pairs that is divided into early and late regions [24,25]. The
early region encodes large and small tumor (T) antigens and a 57 KDa protein of uncertain
function. The late gene region encodes structural proteins, the major capsid protein VP1,
and the minor capsid proteins VP2 and VP3. Despite the high MCPyV seropositivity
in the population, the incidence of MCC is very low. This is explained by increasing
evidence for the hypothesis that oncogenesis by MCPyV requires the rare combination of
two essential events. First, clonal integration of the viral genome in the host genome must
take place. A crucial next event is a mutation with loss of expression of the C-terminus of
the “large T antigen”, by which viral replication is inhibited with a subsequent increase in
the synthesis of the viral oncoproteins large T antigen and small T antigen that promote cell
cycle progression and survival [18]. MCPyV-positive MCC typically carry a low mutational
load whereas UV-induced oncogenesis of virus-negative MCC is characterized by a cascade
of oncogenic mutations as a result of accumulating DNA-damage [18].

There is equivocal data on the prognostic significance of MCPyV-status [18]. One retro-
spective analysis of 282 cases used large T antigen immunohistochemistry with two distinct
antibodies as well as quantitative MCPyV PCR to assess MCPyV-status [26]. Fifty-three
of 282 MCC (19%) were identified as virus-negative. In multi-variate analysis including
stage, age, gender, and immune status, virus-negative patients were 1.5 times more likely
to die from MCC albeit that this was not a statistically significant difference (p = 0.14). The
favorable outcome of MCPyV-positive MCC is linked to increased immune-cell infiltration,
in particular of CD8+ T cells, suggesting an antitumor immune response as the underlying
mechanism [18,27].

Ongoing expression of viral oncoproteins is necessary for survival and progression
of MCPyV-associated MCC [28]. These persistently expressed viral antigens may at some
point trigger a host immune response [29,30]. Spontaneous regressions of MCC have been
reported, either or not after discontinuation of immunosuppressive medication. In patients
that do not use immunosuppressives, spontaneous regressions have been reported shortly
after biopsy. Likely, the biopsy can generate an inflammatory environment stimulating
antitumor immune responses [31–34].

3. Diagnostics and Staging

Physical examination includes assessment of the primary tumor and documentation
by light photography, palpation of regional lymph node basins, and inspection of the
entire skin surface by a dermatologist. The latter is important because MCC patients often
develop other skin cancers as well and the dermatologist is the best qualified professional
to do this. In case of advanced primary tumors a CT- or MR-scan can be considered to
assess invasion of deeper structures. There is no general consensus on the role of imaging
in the work-up of MCC patients with clinically localized disease and the current NCCN
practice guideline does not recommend routine baseline imaging [35]. However, a recent
retrospective analysis revealed that of 492 patients with no signs or symptoms of regional or
distant spread, 65 (13%) were upstaged by diagnostic imaging (CT, MRI, or FDG-PET-CT)
with consequences for treatment [36]. Confirmative data are provided by a literature review
on the role of FDG-PET-CT [37]. In addition, or as an alternative to PET-CT, ultrasound with
fine needle cytology can be considered for the evaluation of regional lymph nodes [38,39].

However, guidelines and reviews concur that the preferred diagnostic method for
assessment of lymph node status is sentinel lymph node biopsy (SLNB) [18,35,37–40]. In
25–45% of patients clinically staged N0, SLNB demonstrated lymph node metastases with
the majority of studies indicating a number close to 30% [41–49]. Various predictors for sen-
tinel lymph node positivity have been identified including tumor size, but even for tumors
<1 cm and <0.5 cm, the risk is still 20–31% [42,46,47] and 14% [44], respectively. Based on

207



Cancers 2021, 13, 1614

clinical and pathological characteristics, no subgroup of patients could be identified to have
a likelihood of a positive sentinel lymph node lower than 15% [42]. An analysis of 1174 pa-
tients undergoing SLNB yielded a hazard ratio of death of 3.15 (95% CI 1.98–5.04, p < 0.001)
for patients with positive sentinel lymph nodes versus those with negative sentinel lymph
nodes [46]. These data strongly support the recommendation of SLNB for assessment of
regional lymph nodes in MCC. However, in none of the patient cohorts discussed above,
PET-CT or ultrasound with or without cytology was routinely performed in the diagnostic
work-up. What the added value of SLNB is after state-of-the-art imaging is an issue that
needs to be further addressed. Of patients with clinically uninvolved regional nodes 17%
were upstaged by PET-CT, because of detection of regional and/or distant metastases,
indicating that futile SLNB can be avoided in these patients [36,37].

Staging is according to AJCC, 8th edition which is based on an analysis of prognostic
factors from 9387 MCC cases in the US [13].

4. Treatment

For various diseases with high prevalence at old age such as rheumatoid arthritis,
psoriasis, and chronic lymphatic leukemia, immunosuppressive medication is frequently
prescribed. It has been suggested that patients affected by rheumatologic diseases and
treated with biologic immunosuppressives, including anti-TNF, are at an increased risk of
MCC development [50]. Due to this possible cause-effect relationship, after diagnosis of
MCC, immediate discontinuation of this medication should be considered, at least tem-
porarily [5]. If discontinuation is not possible, dose reduction or replacement medication
with less immunosuppressive effect may be an alternative. Burden and risk of progression
of the underlying disease must be weighed against the potential detrimental effects on the
tumor. For solid-organ transplant recipients, this is a particular problem because there is
the risk of losing the transplanted organ. It is not known if restart of immunosuppressives
after an adequate disease-free interval is safe or if drugs with another mechanism can be
an alternative option.

4.1. Surgery and Adjuvant Radiotherapy

Radical excision is generally considered the treatment of choice [35,38,39]. Wide resec-
tion margins, varying between 1 cm and 3 cm depending on localization, are recommended.
The reason for this is not only to obtain free resection margins, but also to include potential
small satellite lesions close to the primary tumor. Wide excision must be balanced against
the functional and cosmetic consequences, especially for tumors arising in the facial skin.
The recommendation for wide excision is mostly based on experience from the 20th century
when patients were often treated with surgery alone and local recurrence rates were in the
order of 25% to 45% [51–53]. A more recent retrospective analysis of a cohort of 240 patients
of whom 70% received postoperative radiotherapy reported much lower local recurrence
rates of 2.9%, 2.8%, and 5.2% for margins of 1 cm, 1–2 cm, and >2 cm, respectively [54].
This suggests that if postoperative radiotherapy is given routinely, margins of 1 cm should
be sufficient. More recent studies demonstrate that patients with localized disease that
undergo surgery and postoperative radiotherapy not only have a significantly better loco-
regional tumor control, but also a better survival compared to those treated with surgery
alone. Data were extracted from two US databases: SEER database (National Cancer Insti-
tute) and National Cancer Database (American College of Surgeons). Large cohorts of 1665,
4815, and 6908 cases were analyzed for the role of adjuvant radiotherapy in MCC [15,55,56].
Adjuvant radiotherapy improved 5-year overall survival rates by 10–15% depending on
the size and stage of the tumor. Even for small primary tumors, there was a survival ad-
vantage [55]. A recent meta-analysis (29 studies, 17,179 patients) confirmed that adjuvant
radiotherapy improves survival significantly (HR 0.81, p < 0.001) and reduces the risk of
local and regional recurrence by 80% and 70%, respectively [57]. Apart from the fact that
MCC is very radiosensitive, with radiotherapy, much larger skin surfaces and wider lymph
drainage areas can be treated than with surgery. Whether small node-negative tumors
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should be routinely treated with postoperative radiotherapy remains a matter of debate.
Even in a subgroup analysis of 168 patients with tumors <1 cm, Mojica et al. reported an
improved median survival from 48 to 93 months with adjuvant radiotherapy [55]. Frohm
et al., on the other hand, reported acceptable loco-regional control rates with surgery alone
in tumors with largest diameter <2 cm [58]. Of 104 patients, 18 (17%) developed a local,
in-transit, and/or regional recurrence. Two comments are to be placed with this study:
First, the 17% is an absolute rate, the actuarial rate (corrected for duration of follow-up)
most likely is higher, and second, the majority (13) of the recurrences were in the regional
lymph nodes, which is a poor prognostic sign. Based on these and other data, the Danish
guideline suggests that adjuvant radiotherapy may be omitted in selected low-risk cases,
i.e., primary tumor <1 cm, negative margin status, no lymph vascular invasion, negative
sentinel node biopsy, and no chronic immunosuppression [36].

After a negative SLNB, the risk of regional recurrence is relatively low (9–16%) [40,41,45]
and treatment of the lymph node regions is generally not recommended. A positive
SLNB must be followed by a complete lymph node dissection or regional radiotherapy.
Despite subsequent treatment, the cumulative regional recurrence rate in SLNB positive
patients is 11–28% [43,48]. If no SLNB is performed, elective treatment of at least the first
draining lymph node level either by surgery or by radiotherapy is recommended. In case of
clinically manifest regional metastases, a therapeutic lymph node dissection is performed.
In virtually all cases, postoperative radiotherapy is indicated because it reduces the regional
recurrence risk and improves the 3-year disease-specific survival from 48% to 76% [59].

The target volume for radiotherapy includes the primary tumor bed after excision with
a margin for microscopic spread. The Danish guideline recommends margins of 1–2 cm,
but this is not evidence-based [39]. Expert opinion is that margins should be generous, up
to 3 cm, but adjusted to critical structures and sensitive organs, especially in the face. In
case of clinically node negative disease, the regional nodal stations should be irradiated
electively. This is not indicated after a negative sentinel node procedure. If lymph node
metastases are present, the positive nodal level is treated as well as the next draining level.

A dose of 50–56 Gy in 2-Gy fractions is recommended in case of negative resection
margins, 56–60 Gy for microscopically positive margins, and 60–66 Gy for grossly positive
resection margins [35]. Depending on the condition of the patient, the size of the target
volume and vulnerability of the tissues to be irradiated, hypofractionated schedules with
biologically equivalent tumor dose can be used.

Side effects during and shortly after radiotherapy include dry or moist desquamation
of skin. Other acute side effects depend on the area treated. Treatment of regional nodes in
the head and neck area can cause mucositis with dysphagia. Skin and mucosal reactions
generally heal within a few weeks. Hair loss, fibrosis, lymphedema, and xerostomia are
potential long-term effects. These are generally mild with modern radiation techniques
such as intensity modulated radiotherapy (IMRT) and volumetric modulated arc therapy
(VMAT). The risk and severity of lymphedema increase if postoperative radiotherapy is
applied after lymph node dissection [60].

4.2. Definitive Radiotherapy

MCC is notorious for its rapid growth and metastatic potential. After excision, re-
excision, or lymph node dissection, it is not unusual that there is a delay before adjuvant
radiotherapy is started [61]. The reason for this is multifactorial. Patients are mostly elderly
and frail and have multiple comorbidities. Prolonged postoperative recovery and wound
healing disturbances are common. Furthermore, because of its rarity, unfamiliarity with the
disease still often causes unwanted delays in referrals and treatment. Two recent studies
analyzed the time elapsed between surgery and radiotherapy, and concurred that the risk
of loco-regional recurrence increased if the delay was greater than 8 weeks (25% vs. 10%
and 37% vs. 0%, p < 0.01) [62,63]. These findings are supported by an earlier Australian
publication [64].
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Definitive radiation monotherapy is used as an alternative to surgery for patients
who are poor surgical candidates or for those in whom surgery would result in significant
functional compromise [65]. Given this selection bias, it is difficult to compare the results
of primary radiotherapy versus surgery in retrospective cohorts. An attempt was made
by a propensity score matched analysis using patient data from the National Cancer
Database [66]. MCC patients treated with definitive radiotherapy were identified and
matched with another patient treated with surgery (with or without adjuvant radiotherapy)
accounting for age, co-morbidity score, stage, and grade. There were 1227 patients treated
between 2004 and 2014 in each group. For stage I-II disease, 5-year overall survival was
61% in the surgery group and 42% in the radiotherapy group. For stage III, this was 34%
and 21%, respectively. However, it is noteworthy that, despite the matching, there were
significant differences between the groups. Patients in the radiotherapy group had larger
and more advanced tumors, were less often treated in high volume academic centers,
and had longer delays from diagnosis to start of treatment. The authors acknowledge
these limitations and appreciate that “long-term survival can be obtained in patients
with locally advanced and regionally metastatic disease with definitive radiotherapy”.
Single center studies report good loco-regional control rates with radiotherapy alone,
ranging from 75% to 95%, similar to results of single center studies with surgery plus
adjuvant radiotherapy [16,59,67–73]. The studies with radiotherapy alone had smaller
patient numbers, but also included more advanced stages. A systematic review including
23 studies encompassing 264 patients reported a cumulative post-radiotherapy in-field
control rate of 88% [74]. Figure 1 shows a patient with a large MCC on the cheek that was
treated with radiotherapy alone. There was a durable complete regression until the last
follow-up one-and-a-half years later.
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with radiotherapy (48 Gy). (A) Before treatment; (B) after 8 fractions (32 Gy); (C) after 12 fractions
(48 Gy); (D) 6 weeks after completion of radiotherapy.
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Although surgery is generally considered the primary treatment for MCC, this has
developed empirically. There are no prospective clinical studies comparing surgery with
or without adjuvant radiotherapy with radiotherapy alone. MCC is very radiosensitive.
In vitro data confirm that it is even more sensitive than small-cell lung cancer, a tumor
where radiotherapy and chemotherapy are the main treatment modalities and surgery
is of minor relevance [75]. Therefore, primary radiotherapy is an excellent alternative
for surgery with postoperative radiotherapy, also for operable patients with resectable
disease [76]. A single modality treatment can spare these elderly patients the burden of
additional morbidity and reduce health care costs.

4.3. Systemic Treatment

There is no role for chemotherapy in the primary treatment of MCC. Adjuvant
chemotherapy for patients with stage I-III disease does not improve survival [15,35,77]. In
the palliative setting, chemotherapy can be given for metastatic disease. Cytostatic drugs
mostly used are carboplatin (or cisplatin) and etoposide or a combination of cyclophos-
phamide, doxorubicine (or epirubicine), and vincristine. There is often a rapid response
(53–76%), but rarely is this long-lasting [77]. Additionally, these drugs are toxic for the
elderly patient and often not tolerated. The progression-free survival varies from 3 to
8 months [77].

Chemotherapy will fade further into the background with the upsurge of immunother-
apy. MCC is a very immunogenic tumor, indicating that there is great potential for im-
munotherapy. Avelumab is a fully human monoclonal antibody that targets the pro-
grammed death-ligand 1 (PD-L1). Expression of programmed cell death protein 1 (PD-1)
ligands, in particular PD-L1, is upregulated in a variety of tumors including MCC, and
blockade of PD-L1 signal can sensitize tumors to cytotoxic T lymphocyte killing [78]. In
a phase II study that included 88 patients with metastatic MCC previously treated with
chemotherapy, the immune checkpoint inhibitor avelumab produced a response in 33%
of patients of which 11% had a complete response [79]. The median time to response was
6.1 weeks and was not associated with MCPyV or PD-L1 status. In 71% of responders,
there was a durable effect of more than one year. Experience from daily practice showed
higher response rates of 47–57% and complete response in almost 25% of the patients, albeit
that the duration of response was shorter (median 8 months) [80,81].

Immunotherapy with the PD-1 inhibitor pembrolizumab as first-line treatment for
irresectable recurrence or metastatic disease was studied in a cohort of 50 patients [82]. A
complete response was observed in 24% of patients and a partial response in 32%. Addi-
tionally, in this study, responses were prolonged with a 2-year progression-free survival
of 48%.

Recently, a study was published on nivolumab, another PD-1 inhibitor, in the neoadju-
vant setting [83]. Patients with resectable MCC received one or two courses of nivolumab,
once per two weeks, starting 4 weeks before tumor resection. Of 39 included patients,
36 were operated, and in 17 (47%) tumors, a pathological complete response was observed.
Three patients did not undergo surgery because of tumor progression or side effects of the
treatment. Four other patients had progressive disease under nivolumab. The observation
that 7 of 39 patients (18%) experienced detrimental effects under the neoadjuvant treatment
is not trivial. It means that in these cases, while the tumor is progressing, valuable time
is lost with potential deleterious postponement of local treatment. This may adversely
affect the prognosis and shows that it is important that patients are closely observed dur-
ing neoadjuvant treatment. Additionally, this emphasizes the importance of developing
biomarkers predictive for response to immunotherapy.

Avelumab is currently considered first-line treatment for metastatic MCC, but it
is expected that soon immunotherapy will also take a role in the primary treatment of
localized disease, either in the (neo)adjuvant setting or concurrently with local treatment, be
it surgery or radiotherapy. Currently, 9 clinical trials that study the role of immunotherapy
specifically in MCC are registered in clinicaltrials.gov (Table 1). Five of these are trials
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that combine immunotherapy with concurrent radiotherapy. The hypothesis is that the
immune activating properties of radiotherapy can potentiate immunotherapy.

Table 1. Clinical trials registered in ClinicalTrials.gov that study the role of immunotherapy specifically in MCC (date of
search: 9 March 2021).

ClinicalTrials.
Gov Identifier Type of Study Investigational Drug Mode of Action Eligibility Recruitment Status

NCT02584829 Phase I/II Avelumab * PD-L1 inhibition Stage IV active, not recruiting

NCT04160065 Phase I IFx-Hu2.0
(intratumoral)

Emm55 protein
expression Advanced recruiting

NCT04291885 Phase II,
randomized Avelumab PD-L1 inhibition Stage I-III recruiting

NCT03271372 Phase III,
randomized Avelumab PD-L1 inhibition Stage III recruiting

NCT03988647 Phase II Pembrolizumab * PD-1 inhibition Stage IV recruiting

NCT03798639 Phase I,
randomized

Nivolumab *
ipilimumab

PD-1 inhibition
CTLA-4 inhibition

pathol. Stage
IIIA-B recruiting

NCT03712605 Phase III,
randomized Pembrolizumab PD-1 inhibition Stage I-III recruiting

NCT03304639 Phase II,
randomized Pembrolizumab * PD-1 inhibition Stage III-IV active, not recruiting

NCT04261855 Phase Ib/II Avelumab * PD-L1 inhibition Stage IV recruiting

* Trials that combine immunotherapy with concurrent radiotherapy.

Figure 2 shows a patient with extensive lymphogenic metastases from a MCC pro-
gressive under avelumab. Avelumab was discontinued, and palliative radiotherapy was
initiated. In the last week of radiotherapy, avelumab was restarted. After two months,
there was a complete remission and the patient is still free of disease at last follow-up
two years later. Of interest in this context is that out-of-field abscopal effects have been
reported following short-course radiotherapy in patients with MCC progressive on PD-1
checkpoint blockade [84]. These observations suggest that the combination of radiother-
apy and immunotherapy may be a potent therapeutic strategy, not only for advanced
metastatic disease, but also for earlier stages. Better understanding of the mechanisms
behind the interactions between the two modalities will be obtained by current and future
research [85].

Although immunotherapy is often better tolerated than many chemotherapy regimens,
it is not without side-effects. The list of potential side-effects is long, but many are rare. The
toxicity profiles of avelumab and pembrolizumab largely overlap and most frequent are
infusion-related (allergic) reactions, fatigue, diarrhea, nausea, and fever. Toxicities more
specific for immunotherapy include autoimmune endocrine dysfunctions, pneumonitis,
colitis, and hepatitis [86,87]. Reported overall incidence of adverse effects for avelumab
was 28–46%, of which 8–9% were grade 3–4 adverse reactions [80,83]. In the study with
pembrolizumab as first line for advanced and metastatic MCC, treatment-related adverse
events of any grade occurred in 48 of 50 (96%) patients, of which 14 (28%) were grade 3 or
higher. Seven patients discontinued pembrolizumab as a result of treatment toxicity [82].

A strategy to avoid adverse events is intratumoral immunotherapy for accessible
lesions. In a pilot study, 15 MCC patients were subjected to intratumoral delivery of
plasmid interleukin-12 via electroporation [88]. All patients completed at least one cycle
without noteworthy systemic toxicity.
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Figure 2. CT-scans of a 66-year-old man with massive lymphogenic metastases in abdomen and pelvis
(short arrows) progressive under avelumab. Subsequent treatment with radiotherapy and restart
of avelumab in last week of radiotherapy. (A) Before radiotherapy, note bilateral hydronephrosis
(long arrows); (B) two months after radiotherapy (13 × 3 Gy), complete regression and recovery of
hydronephrosis; (C) two years after radiotherapy; persistent complete regression.

For patients that do not respond to immunotherapy, alternative targeted therapies
are needed. The mutational profile of MCPyV-positive tumors is different from that of
MCV-negative tumors. It may be important to consider this biologic distinction when
selecting a targeted therapy because driver mutations are more likely to be present in
the MCPyV negative tumors that have a high mutational burden. About 80% of MCC’s
are driven by integration of MCPyV and ongoing T-antigen oncoprotein expression is
needed for tumor progression. T-cell responses to these antigens are reported [89], which
might explain the rare cases of spontaneous regression [33,90] but in the vast majority of
cases, this immune response is suboptimal and ineffective for various reasons. It has been
suggested to enhance this immune response by therapeutic vaccination to T-antigen under
the assumption that the “nonself” viral antigen can trigger a stronger and more tumor-
specific response compared to less cancer specific overexpressed oncoproteins [91,92].
Therapeutic MCPyV vaccination has been explored in a murine melanoma tumor line [93].
It could be demonstrated that a vaccine encoding the amino terminus of MCPyV large T
antigen generated an antitumor effect mediated by CD4+ T-cells. Another group exploited
dendritic cells loaded with large T-antigen and showed induction of antigen-specific T-cell
responses in blood from healthy donors and MCC patients [94]. MCC has been shown to
be an excellent model for further exploration of therapeutic anti-tumor vaccination.

One recent mechanistic insight relates to the activation of lysine-specific histone
demethylase 1 (LSD1)-mediated dysregulation of gene expression by MCPyV small T anti-
gen [95,96]. It was observed that all of six tested MCPyV-positive MCC cell lines responded
to LSD1 inhibition, whereas three MCPyV-negative MCC cell lines did not [95]. Another
study showed that LSD1 is a potent inhibitor of anti-tumor immunity and responsiveness
to immunotherapy [97]. This suggests that a combination of LSD1 depletion and PLD1
blockade is a strategy that needs to be explored in clinical trials.

A drug currently under clinical investigation in MCC is called domatinostat (4SC-202).
Domatinostat inhibits both class I histone deacetylases (HDAC’s) and LSD1, and enhances
the expression of major histocompatibility (MHC) class I and -II genes [98,99]. As a result,
the immunogenicity of tumor cells is increased with improved recognition by cytotoxic
T-cells. The combination with a checkpoint inhibitor is expected to improve the effect
of immunotherapy, especially in patients that do not respond to anti-PD-(L)1 treatment
alone. A clinical study combining domatinostat and avelumab in patients with advanced or
metastatic MCC that have progressed on previous avelumab or pembrolizumab monother-
apy is currently recruiting (NCT04393753).
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Other therapeutic opportunities include somatostatin analogues, tyrosine kinase
inhibitors, electrochemotherapy, talimogene laherparepvec (TVEC), and many others.
However, most of these strategies have not been investigated systematically in properly
designed prospective clinical trials. Reports are mostly retrospective and involve small
patient numbers.

5. Biomarkers

Biomarkers can be prognostic or predictive. “Predictive assays” need to be distin-
guished conceptually from “prognostic factors”. The latter are determined empirically
and, although useful, they merely indicate favorable or unfavorable outcomes, but offer
no basis for selection of more effective treatment strategies. A predictive assay provides a
mechanistic basis and identifies a biological target for personalized treatment.

As prognostic molecular biomarkers for MCC, p63, p53, survivin, CD34, hedgehog pro-
teins, and several others have been suggested, but none of these emerge as very strong and
robust prognosticators [18]. The prognostic relevance of MCPyV remains equivocal [100].
Serum neuron-specific enolase (NSE) has become of interest recently. NSE is found in
neuroendocrine tissues and is expressed in the cytoplasm of MCC cells [101]. NSE was
determined in serum samples of 84 MCC patients at baseline and during follow-up [102].
Baseline NSE levels correlated with extent of disease, but not with relapse-free survival
or overall survival. Interestingly, NSE was particularly useful in detecting progression of
the disease with a negative predictive value of 98%. Another, earlier study in 60 patients,
however, did not find associations of NSE blood levels with recurrence or survival [103].
The clinical relevance of NSE as a prognostic biomarker needs to be further validated.

Immune-response related tumor characteristics are the most likely predictive biomarker
candidates for immunotherapy. In the three previously discussed phase II trials with im-
munotherapy MCPyV-status, total mutational burden (TMB), CD8+ T-cell density, and
PD-L1 expression have been investigated as putative biomarkers [79,82,83]. For TMB and
CD8+ T-cell density, non-significant trends for associations with tumor response were
found. PD-L1 expression (≥ 1% tumor cells positive) varied from 26% to 82% in the three
studies, and no associations were found with response to immune checkpoint blockade. In
two studies, however, there was a trend for better overall survival for cases with positive
PD-L1 expression [79,82]. The large variation in PD-L1 expression between the studies is
remarkable. This might be explained by tissue sampling errors, differences in immunohis-
tochemistry protocols, inter-observer differences, and/or differences between untreated
and recurrent cases. In a retrospective analysis of a small cohort of 27 MCC patients, PD-1,
but not PD-L1, expression was associated with immunotherapy response [104]. Response
rate was 77% in PD-1 positive tumors vs. 21% in PD-1 negative tumors (p <0.01). The
value of PD-L1 and PD-1 as predictive biomarkers for immunotherapy in MCC needs to be
further explored in larger clinical trials.

6. Multi-Disciplinary and Expertise

Given the rarity and the aggressiveness of MCC and the rapid evolution of new
treatment opportunities, management of MCC requires a multidisciplinary team, preferably
in a high-volume center. An analysis of 5304 cases from the US National Cancer Database
with stage I-III MCC demonstrated that 5-year overall survival was 62.3% at high volume
facilities vs. 56.8% at lower-volume facilities (p < 0.001) [105]. That being said, it will not
always be feasible or desirable to refer these elderly and frail patients to centers located
further away. A solution can be to set up multidisciplinary consultation networks to
provide the best attainable care for these patients near their own living environment.

7. Conclusions

MCC is a rare skin cancer, albeit with rapidly increasing incidence. Management
requires a multidisciplinary team, preferably within a network of an expertise center.
Tumor progression and metastasis formation is often fast, and early recognition of MCC and
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expeditious diagnostic workup and treatment initiation are vital. Effective treatments are
available that have improved prognosis significantly. Surgery with adjuvant radiotherapy
is the standard for localized disease, but radiotherapy alone is a good alternative. Immune
checkpoint inhibitors offer durable responses in a significant proportion of the patients
with metastatic or recurrent disease. However, treatment morbidity is not negligible in this
elderly and frail patient population. The challenge is to accomplish as high as possible cure
rates with limited and acceptable toxicity and morbidity.
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Simple Summary: As the currently and commonly applied treatment strategies for skin cancer
are highly invasive and possibly disfiguring, new approaches should focus on developing wound
dressings that could promote both tumor eradication and skin regeneration. In this context, we aim to
provide a complete overview on the limitations of currently available topical field treatments and to
emphasize on the potential of natural biocompounds with anti-cancer and anti-microbial effects that
could be introduced into wound dressings consisting of biopolymers with regenerative capacities.
This paper could represent the first step towards the scientific advancement of regenerative wound
dressings for skin cancer therapy.

Abstract: Skin cancer is considered the most prevalent cancer type globally, with a continuously
increasing prevalence and mortality growth rate. Additionally, the high risk of recurrence makes skin
cancer treatment among the most expensive of all cancers, with average costs estimated to double
within 5 years. Although tumor excision is the most effective approach among the available strategies,
surgical interventions could be disfiguring, requiring additional skin grafts for covering the defects.
In this context, post-surgery management should involve the application of wound dressings for
promoting skin regeneration and preventing tumor recurrence and microbial infections, which still
represents a considerable clinical challenge. Therefore, this paper aims to provide an up-to-date
overview regarding the current status of regenerative wound dressings for skin cancer therapy.
Specifically, the recent discoveries in natural biocompounds as anti-cancer agents for skin cancer
treatment and the most intensively studied biomaterials for bioactive wound dressing development
will be described.

Keywords: wound dressings; skin cancer; tumor excision; tumor recurrence; natural biocompounds;
anti-cancer agents; bioactive wound dressing

1. Introduction

Among the noncommunicable diseases, which account for 71% of global deaths, cancer is the
second leading one, with 18.1 million cases and 9.6 million deaths worldwide in 2018. According to
the World Health Organization (WHO), the numbers will double by 2040, with the highest increase
in low- and middle-income countries [1–3]. Cancer is characterized by an abnormal growth of
cells, which further invade and spread throughout different body organs through metastasis [4–6].
Its metabolism is highly complex, depending on a series of factors, including genetic and epigenetic
alterations, the surrounding environment, the tissue of origin, and the systemic host metabolism [7].
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Consequently, cancer cells possess a remarkable ability of surviving and adapting to various stress
conditions, such as oxidative and metabolic stress, hypoxia, and nutrient deprivation [8].

Skin cancer is considered the most prevalent cancer type globally and in the United States, with a
continuously increasing prevalence and mortality growth rate [9–12]. Skin cancer is characterized by
an imbalance in cell homeostasis and excessive cell proliferation as a result of cancer-associated gene
mutations, such as skin proto-oncogenes and tumor suppressors within skin cells [12]. Depending on
the type of cells affected, there are two major types of skin cancer, namely non-melanoma and
cutaneous melanoma [12]. On one hand, non-melanoma skin cancers, predominantly comprising
basal cell carcinoma and cutaneous squamous cell carcinoma, originate from the keratinocytes
within the epidermis and account for approximately five million new cases and 65,000 associated
deaths yearly [10–13]. Other types of non-melanoma skin cancers include Merkel cell carcinoma,
Kaposi sarcoma, dermatofibrosarcoma protuberans, primary cutaneous B-cell lymphoma, sebaceous
carcinoma, and atypical fibroxanthoma, which are significantly rarer [13,14]. On the other hand,
melanoma originates from melanocytes within the deepest layer of the epidermis and, although its
prevalence is considerably lower, it has the worst prognosis, with 280,000 new cases and 60,000
associated deaths reported yearly [10–13]. Moreover, the incidence of skin cancers is continuously
increasing, which could be associated with higher UV radiation exposure [11,15].

Reducing cancer-related mortality rates has become a major challenge faced by societies,
governments, and medical and scientific communities [16]. However, conventional treatment
options, including chemotherapy, radiotherapy, immunotherapy, and gene and hormone therapy,
are associated with various drawbacks that limit their efficiency [4]. In this regard, cancer treatment
generally involves a combination of therapies in order to control the evolution of the disease [17].
Nonetheless, chemotherapy is still considered the most efficient strategy and it is widely used in most
cases, with more than 200 anti-cancer drugs developed that include cytostatics, anti-hormonal drugs,
recombinant proteins and antibodies for molecular targeted therapy, and supportive care drugs [16–18].
In the case of non-melanoma skin cancer, radical tumor excision remains the most effective approach
among the available strategies [14,19,20]. However, radical excision may not be possible due to patient
co-morbidities or unfavorable cosmetic defects, and non-surgical approaches, such as cryotherapy,
curettage, electrodessication, topical therapy, photodynamic therapy, or radiotherapy become the only
option [13,14,19,20]. By contrast, treatment of melanoma involves surgery followed by radiotherapy,
immunotherapy, and chemotherapy [13,20]. Nevertheless, there is a high recurrence risk in skin cancer
therapy, which makes its treatment among the most expensive of all cancers, with average costs
estimated to double within 5 years [9,12,20]. Additionally, surgical interventions could be disfiguring,
requiring additional skin grafts for covering the defects [20].

Generally, the skin plays four fundamental roles, namely body protection against physical,
chemical, and bacteriological damages, thermoregulation through skin vasculature and eccrine sweat
glands, prevention of dehydration, and conduction of neurosensory information which further
contributes to endocrine function and immune surveillance regulations [21,22]. Hence, maintaining its
integrity is fundamental. In this context, post-surgery management should involve the application of
wound dressings for promoting skin regeneration and preventing tumor recurrence and microbial
infections, which still represents a considerable clinical challenge [23]. Such wound dressings should
maintain a moist environment and allow for fluid exchange, which would promote wound healing
and regeneration [24], and provide a controlled release of bioactive compounds for anti-cancer and
anti-microbial purposes [25].

Therefore, the aim of this paper is to provide an up-to-date overview regarding the current
status of regenerative wound dressings for skin cancer therapy. Specifically, the recent discoveries in
natural biocompounds as anti-cancer agents for skin cancer treatment and the most intensively studied
biomaterials for bioactive wound dressing development will be described.
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2. Topical Field Treatments

Generally, topical field treatments used for skin cancer therapies involve the application of creams
or gels containing imiquimod, 5-fluorouracil, ingenol mebutate, or diclofenac [26,27], with regimens
lasting from 2 to 90 days, depending on the tumor complexity and dosage. However, such prolonged
and complex treatments are usually associated with non-adherence and non-persistence to the
prescribed treatment [28]. Additionally, these agents are chemically and pharmacologically different,
with various related side effects (Table 1) [29].

Table 1. Characteristics of the main topical field treatment options.

Agent Chemical Formula Commercial Formulation Treatment Schedule Side Effects

Imiquimod 1-Isobutyl-1H-imidazo(4,5-c)-quinolin-4-amine 3.75% cream (Zyclara) 5%
cream (Aldara)

5–7 times per week
once a day 6–12 weeks

Erosion, ulceration, healing with
scarring or hyperpigmentation,
erythema, vesiculation, edema,

weeping, pruritus, scaling, crusting,
burning, and pain

5-Fluorouracil 5-Fluoro-1H-pyrimidine-2,4-dione 2% solution 5% solution 5%
cream (Efudix)

Twice daily 2 or more
weeks

Allergic contact and irritant
dermatitis, erythema, pruritus,

erosions, hyper- or hypopigmentation,
and pain

Ingenol mebutate Ingenol-3-angelate 0.015% gel 0.05% gels 2 to 7 consecutive days Erythema, edema, pruritus, and pain

Diclofenac 2-(2-(2,6-Dichloro-phenylamino)
phenyl)acetic acid 3% gel Twice daily for 8 weeks Erythema, erosion, allergic contact

dermatitis, photoallergy, and pruritus

2.1. Imiquimod

Imiquimod (1-isobutyl-1H-imidazo(4,5-c)quinolin-4-amine, Figure 1), is a low molecular weight
nucleoside analog of the imidazoquinoline family with immunomodulating properties and indirect
anti-viral and anti-tumor effects [30–36]. Additionally, it acts as a potent antagonist for the toll-like
receptors 7 and 8 [30,31,35,37]. Initially, imiquimod was used for the treatment of human papilloma
virus-associated genital and perianal warts. Presently, it is commonly applied for treating actinic
keratosis and superficial basal cell carcinoma, with no sufficient information to prove its efficiency for
nodular basal cell carcinoma or squamous cell carcinoma [30–32,34,36].
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The anti-tumor effects of imiquimod, although not completely understood, could be attributed
to two major underlying mechanisms. On one hand, it activates the dendritic cells and monocytes
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where the toll-like receptors are predominantly expressed, which leads to the NF-κB-dependent
secretion of pro-inflammatory cytokines and chemokines, such as interferon-α, tumor necrosis factor-α,
and interleukin-6 and -8. Consequently, antigen-presenting cells and innate immunity components are
activated, which will generate profound T-helper 1-mediated anti-tumor immune responses [30–35].
On the other hand, imiquimod facilitates pro-inflammatory activities by interfering with adenosine
receptor signaling pathways [30].

Imiquimod for topical administration is used as 3.75% or 5% creams and treatment involves 5
to 7 times per week applications, once a day, for 6 to 12 weeks [31]. In this manner, it provides a
non-surgical, non-invasive, self-administered therapeutic option with relatively low costs [35,38].
For 6-week treatments using 5% creams, clearance rates are between 52% and 81% [31,32].
However, imiquimod treatments have been associated with a variety of side effects, including erosion,
ulceration, healing with scarring or hyperpigmentation, erythema, vesiculation, edema, weeping,
pruritus, scaling, crusting, burning, and pain [31–34]. Additionally, it was observed that higher
clearance rates lead to higher inflammatory reactions [31,32]. Moreover, imiquimod is characterized by
an inability to permeate through the dermis layer due to its low water solubility and the interactions
between the amine groups and the aninonic components of the skin [36,38].

2.2. 5-Fluorouracil

5-Fluorouracil (5-fluoro-1H-pyrimidine-2,4-dione, Figure 1), is a pyrimidine analogue [31,39–41]
which belongs to the class of anti-metabolite drugs [31,35,41–43]. As a chemotherapeutic agent,
it has been widely applied in the treatment of malignant diseases [42]. Moreover, it has been used
for the topical treatment of superficial basal cell carcinoma and, while it is not recommended for
nodular or infiltrative basal cell carcinoma, it is used in very old patients with no other therapeutic
options [27,31,42,43].

The main underlying mechanism for its anti-tumor character involves blocking the conversion of
deoxyuridine into thymidine as a consequence to the irreversible binding to thymidylate synthase
through the cofactor 5,10-methylenetetrahydrofolate. In this manner, DNA synthesis in cancer cells is
inhibited, which results in reduced cell proliferation and increased apoptosis [35,41,43]. 5-Fluorouracil
metabolism depends on its degradation by the dihydropyrimidine dehydrogenase enzyme which
reduces the molecule to its inactive form, dihydrofluorouracil [44].

For topical applications, 5-fluorouracil is available as 2% and 5% solutions or 5% cream and it is
used twice a day for 2 or more weeks. For superficial basal cell carcinoma treatment, clearance rate
is 90% and for squamous cell carcinoma in situ, between 48% to 85% [31,43]. Its advantage relies on
the possibility of the patient to apply it at home, but it can be challenging for elderly individuals who
might need assistance [31,43]. Common side effects include allergic contact and irritant dermatitis,
erythema, pruritus, erosions, hyper- or hypopigmentation, and pain [31,43,44]. In this case, there is no
correlation between clearance rates and adverse reactions [31].

2.3. Ingenol Mebutate

Ingenol mebutate, also known as ingenol-3-angelate (Figure 1), is a diterpene ester derived from
the Euphorbia peplus plant species [45]. Known for its anti-cancer properties, ingenol mebutate is a
novel therapeutic agent used for the treatment of skin conditions, including actinic keratosis, verrucae,
and superficial basal cell carcinoma [31,45,46].

There is a dual underlying mechanism that could be attributed to its anti-cancer potential, consisting
of mitochondrial destruction induced by increased intracellular calcium levels and subsequent
epidermal cell death through necrosis and apoptosis. The following stage involves protein kinase
C activation, which further stimulates infiltration of neutrophils, production of pro-inflammatory
cytokines, expression of endothelial adhesion molecules, and formation of tumor-specific antibody,
leading to a neutrophil-mediated antibody-dependent cellular cytotoxicity [31,35,45–47]. In this manner,
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inflammation manifests within hours of application through erythema and edema and subsequent
pustules, epidermal flaking, and crusting, which subside in less than 2 weeks [47].

Ingenol mebutate is available in 0.015% and 0.05% gels and it is administered for 2 to 7 consecutive
days, with clearance occurring in approximately 63% of patients [31,46,47]. While its application is
advantageous due to self-administration and short application periods, it is usually associated with
adverse events, including erythema, edema, pruritus, and pain [31,47,48].

2.4. Diclofenac

Diclofenac (2-(2-(2,6-dichlorophenylamino)phenyl)acetic acid, Figure 1), also known for its
sodium salt sold as Voltaren, is a non-steroidal anti-inflammatory drug widely used for actinic keratosis
treatment and can be an adjuvant for basal cell carcinoma, squamous cell carcinoma, and melanoma
skin metastases therapy [35,49,50].

Its mechanism of action, although not completely elucidated, could involve the inhibition of
cyclooxygenase-1 and -2, enzymes involved in reducing prostaglandin formation from arachidonic
acid, which reduces PGE2 synthesis and dysplastic keratinocytes in cancerous lesions [31,35,50,51].
Additionally, it might interfere with the SHH and Wnt signaling and lead to cancer cell apoptosis and
inhibit angiogenesis and proliferation [31,35,50].

The current formulation contains 3% diclofenac in 2.5% hyaluronic acid which is applied twice
daily for 8 weeks. Clearance rates range between 38% to 47% for actinic keratosis and 64.3% for
superficial basal cell carcinoma [31,35,51]. Although it can be self-applied, there are frequent side effects
associated, including erythema, erosion, allergic contact dermatitis, photoallergy, and pruritus [31].

3. Natural Anti-Cancer Agents for Skin Cancer

Oxidation by solar radiation has become a principal cause for the development of skin diseases
through the excessive production of reactive oxygen species which consequently leads to inflammation
and DNA and protein damages [52,53]. Recent studies have reported a direct causal connection between
inflammation and cancer development. In this context, cancer-related inflammation occurs through
two main pathways, namely the intrinsic pathway produced by genetic events as a causing factor of
inflammation and neoplastic transformation and the extrinsic pathway through which carcinogenesis
is promoted by inflammatory conditions [54].

In this regard, plants are important sources which produce secondary metabolites for protection
purposes. Specifically, such compounds exhibit DNA protection, antioxidant, anti-inflammatory,
chemopreventive, and chemotherapeutic activities. Among them, flavonoids, phenolic acids, lignins,
stilbenes, and retinoids, are the most commonly studied for their anti-cancer potential, especially for
skin cancers [52,53].

3.1. Flavonoids

Flavonoids are a class of antioxidants biosynthesized via the shikimic acid pathway from acetic
acids or phenylalanine derivatives [55]. Although they can be divided into flavones, flavonols,
isoflavonoids, isoflavones, flavanones, flavanols, and anthocyanidins, most of the bioactive compounds
belong to the former three groups, which have received great scientific interest in the past years [56–58].
There is an increasing number of studies reporting the anti-cancer or cancer preventive effects of
flavonoids against prostate, colorectal, breast, thyroid, lung, ovarian, and skin cancers [59,60].

The chemopreventive character of flavonoids relies on their potential to inhibit new cancer cell
development, prevent carcinogens from reaching activation sites, decrease compound toxicity by
inhibiting their metabolism [59]. The molecular mechanisms responsible involve apoptosis induction,
cell cycle arrest by inhibiting key regulators, metabolizing enzymes inhibition and subsequent
inactivation of carcinogenic compounds, reactive oxygen species scavenging, angiogenesis inhibition,
DNA repair mechanism initiation, and cancer cell proliferation and invasiveness suppression [56,59–61].
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Additionally, some flavonoid compounds have shown to prevent cancer relapse and chemotherapy
failure by considerably inhibiting multidrug resistance [59].

In skin cancers, flavonoids have shown anti-inflammatory, anti-proliferative, anti-angiogenic,
and apoptotic activities. Specifically, topical administration of flavonoids leads to skin absorption and
consequent activation of a cascade of protective signaling pathways and cell cycle arrest in G0-G1 and
G2-M phases [60]. Additionally, dietary intake of flavonoid-rich products has shown to ensure DNA
protection of skin cells exposed to carcinogenic factors, such as UV radiation [56]. Among flavonoid
compounds, apigenin, quercetin, silymarin, diosmetin, genistein, fisetin, and luteolin, have been
identified as potential anti-cancer agents in skin cancers (Table 2) [57,59].

Table 2. The main flavonoid compounds with anti-cancer potential for skin cancer treatment—chemical
formula and structure, sources, and study references.

Compound Chemical Formula Chemical Structure Sources References

Apigenin
5,7-Dihydroxy-2-(4-

hydroxyphenyl)-
4H-chromen-4-one
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suppression [56,59–61]. Additionally, some flavonoid compounds have shown to prevent cancer 
relapse and chemotherapy failure by considerably inhibiting multidrug resistance [59]. 

In skin cancers, flavonoids have shown anti-inflammatory, anti-proliferative, anti-angiogenic, 
and apoptotic activities. Specifically, topical administration of flavonoids leads to skin absorption 
and consequent activation of a cascade of protective signaling pathways and cell cycle arrest in G0-
G1 and G2-M phases [60]. Additionally, dietary intake of flavonoid-rich products has shown to 
ensure DNA protection of skin cells exposed to carcinogenic factors, such as UV radiation [56]. 
Among flavonoid compounds, apigenin, quercetin, silymarin, diosmetin, genistein, fisetin, and 
luteolin, have been identified as potential anti-cancer agents in skin cancers (Table 2) [57,59]. 

Table 2. The main flavonoid compounds with anti-cancer potential for skin cancer treatment—
chemical formula and structure, sources, and study references. 

Compound Chemical Formula Chemical Structure Sources References 

Apigenin 
5,7-Dihydroxy-2-(4-
hydroxyphenyl)-4H-

chromen-4-one 

 

Parsley, celery, 
chamomile, 

oranges, onions, 
honey, thyme, 

oregano, rosemary, 
basil, coriander, tea, 

beer, and wine 

[62–65] 

Quercetin 

2-(3,4-Dihydroxy-
phenyl)-3,5,7-

trihydroxy-4H-
chromen-4-one 

 

Apples, citrus, red 
onion, and the roots 
and leaves of many 

vegetables 

[66–71] 

Silymarin 

3,5,7-Trihydroxy-2-[3-
(4-hydroxy-3-

methoxyphenyl)-2-
(hydroxymethyl)-2,3-

dihydro-1,4-
benzodioxin-6-yl]-3,4-

dihydro-2H-1-
benzopyran-4-one 

 

Milk thistle seeds [72–74] 

Diosmetin 

5,7-Dihydroxy-2-(3-
hydroxy-4-

methoxyphenyl)-4H-
chromen-4-one 

 

Rosemary, 
bergamot juice, and 

citrus juice 
[75–78] 

Genistein 
5,7-Dihydroxy-3-(4-
hydroxyphenyl)-4H-

chromen-4-one 
 

Soy [79–82] 

Fisetin 

2-(3,4-Dihydroxy-
phenyl)-3,7-

dihydroxy-4H-
chromen-4-one 

 

Strawberries, 
apples, 

persimmons, 
grapes, onions, 
kiwi, and kale 

[82–84] 

Apples, citrus, red onion,
and the roots and leaves of

many vegetables
[66–71]

Silymarin

3,5,7-Trihydroxy-
2-[3-(4-hydroxy-3-
methoxyphenyl)-2-

(hydroxymethyl)-2,3-dihydro-
1,4-benzodioxin-6-yl]-

3,4-dihydro-2H-1-benzopyran-
4-one
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suppression [56,59–61]. Additionally, some flavonoid compounds have shown to prevent cancer 
relapse and chemotherapy failure by considerably inhibiting multidrug resistance [59]. 

In skin cancers, flavonoids have shown anti-inflammatory, anti-proliferative, anti-angiogenic, 
and apoptotic activities. Specifically, topical administration of flavonoids leads to skin absorption 
and consequent activation of a cascade of protective signaling pathways and cell cycle arrest in G0-
G1 and G2-M phases [60]. Additionally, dietary intake of flavonoid-rich products has shown to 
ensure DNA protection of skin cells exposed to carcinogenic factors, such as UV radiation [56]. 
Among flavonoid compounds, apigenin, quercetin, silymarin, diosmetin, genistein, fisetin, and 
luteolin, have been identified as potential anti-cancer agents in skin cancers (Table 2) [57,59]. 

Table 2. The main flavonoid compounds with anti-cancer potential for skin cancer treatment—
chemical formula and structure, sources, and study references. 

Compound Chemical Formula Chemical Structure Sources References 

Apigenin 
5,7-Dihydroxy-2-(4-
hydroxyphenyl)-4H-

chromen-4-one 

 

Parsley, celery, 
chamomile, 

oranges, onions, 
honey, thyme, 

oregano, rosemary, 
basil, coriander, tea, 

beer, and wine 

[62–65] 

Quercetin 

2-(3,4-Dihydroxy-
phenyl)-3,5,7-

trihydroxy-4H-
chromen-4-one 

 

Apples, citrus, red 
onion, and the roots 
and leaves of many 

vegetables 

[66–71] 

Silymarin 

3,5,7-Trihydroxy-2-[3-
(4-hydroxy-3-

methoxyphenyl)-2-
(hydroxymethyl)-2,3-

dihydro-1,4-
benzodioxin-6-yl]-3,4-

dihydro-2H-1-
benzopyran-4-one 

 

Milk thistle seeds [72–74] 

Diosmetin 

5,7-Dihydroxy-2-(3-
hydroxy-4-

methoxyphenyl)-4H-
chromen-4-one 

 

Rosemary, 
bergamot juice, and 

citrus juice 
[75–78] 

Genistein 
5,7-Dihydroxy-3-(4-
hydroxyphenyl)-4H-

chromen-4-one 
 

Soy [79–82] 

Fisetin 

2-(3,4-Dihydroxy-
phenyl)-3,7-

dihydroxy-4H-
chromen-4-one 

 

Strawberries, 
apples, 

persimmons, 
grapes, onions, 
kiwi, and kale 

[82–84] 

Milk thistle seeds [72–74]

Diosmetin
5,7-Dihydroxy-2-(3-hydroxy-

4-methoxyphenyl)-4H-
chromen-4-one
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suppression [56,59–61]. Additionally, some flavonoid compounds have shown to prevent cancer 
relapse and chemotherapy failure by considerably inhibiting multidrug resistance [59]. 

In skin cancers, flavonoids have shown anti-inflammatory, anti-proliferative, anti-angiogenic, 
and apoptotic activities. Specifically, topical administration of flavonoids leads to skin absorption 
and consequent activation of a cascade of protective signaling pathways and cell cycle arrest in G0-
G1 and G2-M phases [60]. Additionally, dietary intake of flavonoid-rich products has shown to 
ensure DNA protection of skin cells exposed to carcinogenic factors, such as UV radiation [56]. 
Among flavonoid compounds, apigenin, quercetin, silymarin, diosmetin, genistein, fisetin, and 
luteolin, have been identified as potential anti-cancer agents in skin cancers (Table 2) [57,59]. 

Table 2. The main flavonoid compounds with anti-cancer potential for skin cancer treatment—
chemical formula and structure, sources, and study references. 

Compound Chemical Formula Chemical Structure Sources References 

Apigenin 
5,7-Dihydroxy-2-(4-
hydroxyphenyl)-4H-

chromen-4-one 

 

Parsley, celery, 
chamomile, 

oranges, onions, 
honey, thyme, 

oregano, rosemary, 
basil, coriander, tea, 

beer, and wine 

[62–65] 

Quercetin 

2-(3,4-Dihydroxy-
phenyl)-3,5,7-

trihydroxy-4H-
chromen-4-one 

 

Apples, citrus, red 
onion, and the roots 
and leaves of many 

vegetables 

[66–71] 

Silymarin 

3,5,7-Trihydroxy-2-[3-
(4-hydroxy-3-

methoxyphenyl)-2-
(hydroxymethyl)-2,3-

dihydro-1,4-
benzodioxin-6-yl]-3,4-

dihydro-2H-1-
benzopyran-4-one 

 

Milk thistle seeds [72–74] 

Diosmetin 

5,7-Dihydroxy-2-(3-
hydroxy-4-

methoxyphenyl)-4H-
chromen-4-one 

 

Rosemary, 
bergamot juice, and 

citrus juice 
[75–78] 

Genistein 
5,7-Dihydroxy-3-(4-
hydroxyphenyl)-4H-

chromen-4-one 
 

Soy [79–82] 

Fisetin 

2-(3,4-Dihydroxy-
phenyl)-3,7-

dihydroxy-4H-
chromen-4-one 

 

Strawberries, 
apples, 

persimmons, 
grapes, onions, 
kiwi, and kale 

[82–84] 

Rosemary, bergamot juice,
and citrus juice [75–78]

Genistein
5,7-Dihydroxy-3-(4-
hydroxyphenyl)-4H-

chromen-4-one
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suppression [56,59–61]. Additionally, some flavonoid compounds have shown to prevent cancer 
relapse and chemotherapy failure by considerably inhibiting multidrug resistance [59]. 

In skin cancers, flavonoids have shown anti-inflammatory, anti-proliferative, anti-angiogenic, 
and apoptotic activities. Specifically, topical administration of flavonoids leads to skin absorption 
and consequent activation of a cascade of protective signaling pathways and cell cycle arrest in G0-
G1 and G2-M phases [60]. Additionally, dietary intake of flavonoid-rich products has shown to 
ensure DNA protection of skin cells exposed to carcinogenic factors, such as UV radiation [56]. 
Among flavonoid compounds, apigenin, quercetin, silymarin, diosmetin, genistein, fisetin, and 
luteolin, have been identified as potential anti-cancer agents in skin cancers (Table 2) [57,59]. 

Table 2. The main flavonoid compounds with anti-cancer potential for skin cancer treatment—
chemical formula and structure, sources, and study references. 

Compound Chemical Formula Chemical Structure Sources References 

Apigenin 
5,7-Dihydroxy-2-(4-
hydroxyphenyl)-4H-

chromen-4-one 

 

Parsley, celery, 
chamomile, 

oranges, onions, 
honey, thyme, 

oregano, rosemary, 
basil, coriander, tea, 

beer, and wine 

[62–65] 

Quercetin 

2-(3,4-Dihydroxy-
phenyl)-3,5,7-

trihydroxy-4H-
chromen-4-one 

 

Apples, citrus, red 
onion, and the roots 
and leaves of many 

vegetables 

[66–71] 

Silymarin 

3,5,7-Trihydroxy-2-[3-
(4-hydroxy-3-

methoxyphenyl)-2-
(hydroxymethyl)-2,3-

dihydro-1,4-
benzodioxin-6-yl]-3,4-

dihydro-2H-1-
benzopyran-4-one 

 

Milk thistle seeds [72–74] 

Diosmetin 

5,7-Dihydroxy-2-(3-
hydroxy-4-

methoxyphenyl)-4H-
chromen-4-one 

 

Rosemary, 
bergamot juice, and 

citrus juice 
[75–78] 

Genistein 
5,7-Dihydroxy-3-(4-
hydroxyphenyl)-4H-

chromen-4-one 
 

Soy [79–82] 

Fisetin 

2-(3,4-Dihydroxy-
phenyl)-3,7-

dihydroxy-4H-
chromen-4-one 

 

Strawberries, 
apples, 

persimmons, 
grapes, onions, 
kiwi, and kale 

[82–84] 

Soy [79–82]

Fisetin 2-(3,4-Dihydroxy-phenyl)-3,7-
dihydroxy-4H-chromen-4-one
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suppression [56,59–61]. Additionally, some flavonoid compounds have shown to prevent cancer 
relapse and chemotherapy failure by considerably inhibiting multidrug resistance [59]. 

In skin cancers, flavonoids have shown anti-inflammatory, anti-proliferative, anti-angiogenic, 
and apoptotic activities. Specifically, topical administration of flavonoids leads to skin absorption 
and consequent activation of a cascade of protective signaling pathways and cell cycle arrest in G0-
G1 and G2-M phases [60]. Additionally, dietary intake of flavonoid-rich products has shown to 
ensure DNA protection of skin cells exposed to carcinogenic factors, such as UV radiation [56]. 
Among flavonoid compounds, apigenin, quercetin, silymarin, diosmetin, genistein, fisetin, and 
luteolin, have been identified as potential anti-cancer agents in skin cancers (Table 2) [57,59]. 

Table 2. The main flavonoid compounds with anti-cancer potential for skin cancer treatment—
chemical formula and structure, sources, and study references. 

Compound Chemical Formula Chemical Structure Sources References 

Apigenin 
5,7-Dihydroxy-2-(4-
hydroxyphenyl)-4H-

chromen-4-one 

 

Parsley, celery, 
chamomile, 

oranges, onions, 
honey, thyme, 

oregano, rosemary, 
basil, coriander, tea, 

beer, and wine 

[62–65] 

Quercetin 

2-(3,4-Dihydroxy-
phenyl)-3,5,7-

trihydroxy-4H-
chromen-4-one 

 

Apples, citrus, red 
onion, and the roots 
and leaves of many 

vegetables 

[66–71] 

Silymarin 

3,5,7-Trihydroxy-2-[3-
(4-hydroxy-3-

methoxyphenyl)-2-
(hydroxymethyl)-2,3-

dihydro-1,4-
benzodioxin-6-yl]-3,4-

dihydro-2H-1-
benzopyran-4-one 

 

Milk thistle seeds [72–74] 

Diosmetin 

5,7-Dihydroxy-2-(3-
hydroxy-4-

methoxyphenyl)-4H-
chromen-4-one 

 

Rosemary, 
bergamot juice, and 

citrus juice 
[75–78] 

Genistein 
5,7-Dihydroxy-3-(4-
hydroxyphenyl)-4H-

chromen-4-one 
 

Soy [79–82] 

Fisetin 

2-(3,4-Dihydroxy-
phenyl)-3,7-

dihydroxy-4H-
chromen-4-one 

 

Strawberries, 
apples, 

persimmons, 
grapes, onions, 
kiwi, and kale 

[82–84] 
Strawberries, apples,
persimmons, grapes,

onions, kiwi, and kale
[82–84]

Luteolin
2-(3,4-Dihydroxy-phenyl)-
5,7-dihydroxy-4H-chromen-

4-one
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Luteolin 

2-(3,4-Dihydroxy-
phenyl)-5,7-

dihydroxy-4H-
chromen-4-one 

 

Carrots, peppers, 
celery, olive oil, 

peppermint, thyme, 
rosemary, and 

oregano 

[85,86] 

3.2. Phenolic Acids 

Phenolic acids are a class of antioxidant compounds which are formed through the substitution 
of hydrogen atoms present on the benzene rings by a carboxylic and at least one hydroxyl group. 
They are ubiquitously present in plants and human metabolites and, by contrast to flavonoids, have 
suitable water solubility and high bioavailability [87]. Phenolic acids exhibit their anti-cancer 
properties by inducing apoptosis through the ASK-1, caspase-3, JNK-p38, and pRb pathways, 
suppressing cell cycle by p21, bcl2, and bcl-x upregulation and bim, bax, puma ans noxa 
downregulation, and reducing proliferation and angiogenesis by EGFR, MAPK, mTOR, PI3K/Akt, 
FAK/PTK2, and JAK/STAT upregulation. Additionally, they are involved in modulation of 
inflammatory and cytokine genes expression, which are further implicated in cellular proliferation, 
invasion, and metastasis inhibition [12]. Furthermore, as they are highly potent antioxidants owing 
to the presence of the hydroxyl substituent on the benzene ring, phenolic acids can act as 
chemopreventive agents for UV-induced skin cancer [88]. 

Among them, syringic acid, ferulic acid, and caffeic acid have received a considerable interest in 
the recent years (Table 3). Specifically, studies have shown that treatment with syringic acid led to 
suppressed UV-induced cyclooxygenase-2, matrix metalloproteinase-1, and prostaglandin E2 
expression and activator protein-1 activity [89]. Additionally, it inhibited the Nox/PTP-κ/EGFR 
pathway and subsequently reactive oxygen species formation. Its anti-cancer character might be 
attributed to the presence of the methoxy groups on the benzene ring [90,91]. Similarly, ferulic acid 
has shown to exhibit photoprotective character which could prevent UV-induced carcinogenesis. The 
antioxidant properties are generally based on its structural features, namely the hydroxyl group 
which neutralizes the reactive oxygen species as it acts as an electron donor, the vinyl chain and the 
methoxyl group which increase molecule stability, and the carboxylic group which prevents lipid 
peroxidation [92]. Moreover, caffeic acid acts as a chemopreventive agent by modulating 
inflammatory signaling [93], suppressing the rapamycin cascade signaling, inducing apoptosis [94], 
and altering cell cycle and caspase gene expression [95]. 

Table 3. The main phenolic acids with anti-cancer potential for skin cancer treatment – chemical 
formula and structure, sources, and study references. 

Compound Chemical Formula 
Chemical 
Structure 

Sources References 

Syringic 
acid 

4-Hydroxy-3,5-
dimethoxybenzoic acid 

 

Olives, dates, spices, pumpkin, 
grapes, acai palm, honey, and 

red wine 
[90,91,96] 

Ferulic acid 
3-(3-Hydroxy-4-methoxy-
phenyl)prop-2-enoic acid 

 

Whole grains, spinach, parsley, 
grapes, rhubarb, and cereal 

seeds, mainly wheat, oats, rye, 
and barley 

[92,97] 

Carrots, peppers, celery,
olive oil, peppermint,
thyme, rosemary, and

oregano

[85,86]

3.2. Phenolic Acids

Phenolic acids are a class of antioxidant compounds which are formed through the substitution of
hydrogen atoms present on the benzene rings by a carboxylic and at least one hydroxyl group. They are
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ubiquitously present in plants and human metabolites and, by contrast to flavonoids, have suitable water
solubility and high bioavailability [87]. Phenolic acids exhibit their anti-cancer properties by inducing
apoptosis through the ASK-1, caspase-3, JNK-p38, and pRb pathways, suppressing cell cycle by p21, bcl2,
and bcl-x upregulation and bim, bax, puma ans noxa downregulation, and reducing proliferation and
angiogenesis by EGFR, MAPK, mTOR, PI3K/Akt, FAK/PTK2, and JAK/STAT upregulation. Additionally,
they are involved in modulation of inflammatory and cytokine genes expression, which are further
implicated in cellular proliferation, invasion, and metastasis inhibition [12]. Furthermore, as they are
highly potent antioxidants owing to the presence of the hydroxyl substituent on the benzene ring,
phenolic acids can act as chemopreventive agents for UV-induced skin cancer [88].

Among them, syringic acid, ferulic acid, and caffeic acid have received a considerable interest
in the recent years (Table 3). Specifically, studies have shown that treatment with syringic acid
led to suppressed UV-induced cyclooxygenase-2, matrix metalloproteinase-1, and prostaglandin E2
expression and activator protein-1 activity [89]. Additionally, it inhibited the Nox/PTP-κ/EGFR pathway
and subsequently reactive oxygen species formation. Its anti-cancer character might be attributed to
the presence of the methoxy groups on the benzene ring [90,91]. Similarly, ferulic acid has shown to
exhibit photoprotective character which could prevent UV-induced carcinogenesis. The antioxidant
properties are generally based on its structural features, namely the hydroxyl group which neutralizes
the reactive oxygen species as it acts as an electron donor, the vinyl chain and the methoxyl group
which increase molecule stability, and the carboxylic group which prevents lipid peroxidation [92].
Moreover, caffeic acid acts as a chemopreventive agent by modulating inflammatory signaling [93],
suppressing the rapamycin cascade signaling, inducing apoptosis [94], and altering cell cycle and
caspase gene expression [95].

Table 3. The main phenolic acids with anti-cancer potential for skin cancer treatment – chemical
formula and structure, sources, and study references.

Compound Chemical Formula Chemical Structure Sources References

Syringic
acid 4-Hydroxy-3,5-dimethoxybenzoic acid
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Luteolin 

2-(3,4-Dihydroxy-
phenyl)-5,7-

dihydroxy-4H-
chromen-4-one 

 

Carrots, peppers, 
celery, olive oil, 

peppermint, thyme, 
rosemary, and 

oregano 

[85,86] 

3.2. Phenolic Acids 

Phenolic acids are a class of antioxidant compounds which are formed through the substitution 
of hydrogen atoms present on the benzene rings by a carboxylic and at least one hydroxyl group. 
They are ubiquitously present in plants and human metabolites and, by contrast to flavonoids, have 
suitable water solubility and high bioavailability [87]. Phenolic acids exhibit their anti-cancer 
properties by inducing apoptosis through the ASK-1, caspase-3, JNK-p38, and pRb pathways, 
suppressing cell cycle by p21, bcl2, and bcl-x upregulation and bim, bax, puma ans noxa 
downregulation, and reducing proliferation and angiogenesis by EGFR, MAPK, mTOR, PI3K/Akt, 
FAK/PTK2, and JAK/STAT upregulation. Additionally, they are involved in modulation of 
inflammatory and cytokine genes expression, which are further implicated in cellular proliferation, 
invasion, and metastasis inhibition [12]. Furthermore, as they are highly potent antioxidants owing 
to the presence of the hydroxyl substituent on the benzene ring, phenolic acids can act as 
chemopreventive agents for UV-induced skin cancer [88]. 

Among them, syringic acid, ferulic acid, and caffeic acid have received a considerable interest in 
the recent years (Table 3). Specifically, studies have shown that treatment with syringic acid led to 
suppressed UV-induced cyclooxygenase-2, matrix metalloproteinase-1, and prostaglandin E2 
expression and activator protein-1 activity [89]. Additionally, it inhibited the Nox/PTP-κ/EGFR 
pathway and subsequently reactive oxygen species formation. Its anti-cancer character might be 
attributed to the presence of the methoxy groups on the benzene ring [90,91]. Similarly, ferulic acid 
has shown to exhibit photoprotective character which could prevent UV-induced carcinogenesis. The 
antioxidant properties are generally based on its structural features, namely the hydroxyl group 
which neutralizes the reactive oxygen species as it acts as an electron donor, the vinyl chain and the 
methoxyl group which increase molecule stability, and the carboxylic group which prevents lipid 
peroxidation [92]. Moreover, caffeic acid acts as a chemopreventive agent by modulating 
inflammatory signaling [93], suppressing the rapamycin cascade signaling, inducing apoptosis [94], 
and altering cell cycle and caspase gene expression [95]. 

Table 3. The main phenolic acids with anti-cancer potential for skin cancer treatment – chemical 
formula and structure, sources, and study references. 

Compound Chemical Formula 
Chemical 
Structure 

Sources References 

Syringic 
acid 

4-Hydroxy-3,5-
dimethoxybenzoic acid 

 

Olives, dates, spices, pumpkin, 
grapes, acai palm, honey, and 

red wine 
[90,91,96] 

Ferulic acid 
3-(3-Hydroxy-4-methoxy-
phenyl)prop-2-enoic acid 

 

Whole grains, spinach, parsley, 
grapes, rhubarb, and cereal 

seeds, mainly wheat, oats, rye, 
and barley 

[92,97] 

Olives, dates, spices, pumpkin,
grapes, acai palm, honey, and

red wine
[90,91,96]

Ferulic
acid

3-(3-Hydroxy-4-methoxy-phenyl)prop-2-
enoic acid
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Luteolin 

2-(3,4-Dihydroxy-
phenyl)-5,7-

dihydroxy-4H-
chromen-4-one 

 

Carrots, peppers, 
celery, olive oil, 

peppermint, thyme, 
rosemary, and 

oregano 

[85,86] 

3.2. Phenolic Acids 

Phenolic acids are a class of antioxidant compounds which are formed through the substitution 
of hydrogen atoms present on the benzene rings by a carboxylic and at least one hydroxyl group. 
They are ubiquitously present in plants and human metabolites and, by contrast to flavonoids, have 
suitable water solubility and high bioavailability [87]. Phenolic acids exhibit their anti-cancer 
properties by inducing apoptosis through the ASK-1, caspase-3, JNK-p38, and pRb pathways, 
suppressing cell cycle by p21, bcl2, and bcl-x upregulation and bim, bax, puma ans noxa 
downregulation, and reducing proliferation and angiogenesis by EGFR, MAPK, mTOR, PI3K/Akt, 
FAK/PTK2, and JAK/STAT upregulation. Additionally, they are involved in modulation of 
inflammatory and cytokine genes expression, which are further implicated in cellular proliferation, 
invasion, and metastasis inhibition [12]. Furthermore, as they are highly potent antioxidants owing 
to the presence of the hydroxyl substituent on the benzene ring, phenolic acids can act as 
chemopreventive agents for UV-induced skin cancer [88]. 

Among them, syringic acid, ferulic acid, and caffeic acid have received a considerable interest in 
the recent years (Table 3). Specifically, studies have shown that treatment with syringic acid led to 
suppressed UV-induced cyclooxygenase-2, matrix metalloproteinase-1, and prostaglandin E2 
expression and activator protein-1 activity [89]. Additionally, it inhibited the Nox/PTP-κ/EGFR 
pathway and subsequently reactive oxygen species formation. Its anti-cancer character might be 
attributed to the presence of the methoxy groups on the benzene ring [90,91]. Similarly, ferulic acid 
has shown to exhibit photoprotective character which could prevent UV-induced carcinogenesis. The 
antioxidant properties are generally based on its structural features, namely the hydroxyl group 
which neutralizes the reactive oxygen species as it acts as an electron donor, the vinyl chain and the 
methoxyl group which increase molecule stability, and the carboxylic group which prevents lipid 
peroxidation [92]. Moreover, caffeic acid acts as a chemopreventive agent by modulating 
inflammatory signaling [93], suppressing the rapamycin cascade signaling, inducing apoptosis [94], 
and altering cell cycle and caspase gene expression [95]. 

Table 3. The main phenolic acids with anti-cancer potential for skin cancer treatment – chemical 
formula and structure, sources, and study references. 

Compound Chemical Formula 
Chemical 
Structure 

Sources References 

Syringic 
acid 

4-Hydroxy-3,5-
dimethoxybenzoic acid 

 

Olives, dates, spices, pumpkin, 
grapes, acai palm, honey, and 

red wine 
[90,91,96] 

Ferulic acid 
3-(3-Hydroxy-4-methoxy-
phenyl)prop-2-enoic acid 

 

Whole grains, spinach, parsley, 
grapes, rhubarb, and cereal 

seeds, mainly wheat, oats, rye, 
and barley 

[92,97] 

Whole grains, spinach, parsley,
grapes, rhubarb, and cereal

seeds, mainly wheat, oats, rye,
and barley

[92,97]

Caffeic
acid 3-(3,4-Dihydroxy-phenyl)prop-2-enoic acid
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Caffeic acid 
3-(3,4-Dihydroxy-

phenyl)prop-2-enoic acid 

 

Coffee, wine, tea, and propolis [93–95,98] 

3.3. Lignin 

Lignin is the second most abundant renewable resource on earth, comprising a three-
dimensional heterogenous and phenolic polymer network synthesized in the cell wall of higher 
plants. The term involves a variety of natural aromatic compounds obtained through the oxidative 
coupling of monomeric precursors [99,100]. The main monomers implicated in lignin structure, also 
known as monolignols, are coniferyl alcohol, sinapyl alcohol, and p-coumaryl alcohol (Figure 2) 
[100,101]. Moreover, lignin structures is highly influenced by the extraction processes and the 
presence of different functional moieties, such as hydroxyl, methoxyl, carbonyl, and carboxyl groups. 
Through hydroxyalkylation reaction processes, such as phenolation, demethylation, or 
methylolation, lignin is transformed to phenolic compounds [101]. 

 
Figure 2. The chemical structures of the common monolignol precursors of lignin. 

Although it has not yet been converted into high-value products at large scales, lignin has shown 
to exhibit promising functions, including antioxidant, anti-microbial, and UV blocking. Additionally, 
as they do not cause cytotoxicity, lignin-based products could be applied for biomedical purposes 
[99]. In this context, lignin is a widely used bio-based UV-blocking material owing to its UV-
absorbing phydroxyphenyl, guaiacyl, and syringyl phenylpropanoid units [99,102]. 

3.4. Stilbenes 

Stilbenes, a class of non-flavonoid phenolic compounds, generally consist of C6-C2-C6 structures 
with two hydroxyl groups on the A ring and one on the B ring and are regarded as 1,2-
diphenylethylenes [103–106]. Most stilbenes are found in plants as aglycones or glycosides, thus 
offering anti-fungal and anti-bacterial protection [105,106]. Additionally, studies have demonstrated 
strong antioxidant and chemopreventive properties of the stilbenoid group [103]. Most common 
stilbene examples are the phytoalexins resveratrol and the resveratrol metabolites, pterostilbene and 
piceatannol (Table 4) [103,105]. 

Owing to its promising anti-inflammatory, antioxidant, anti-cancer, anti-mutagenic, anti-aging, 
and anti-allergenic properties, resveratrol is one of the most intensively studied stilbenes. Initially 
identified as an SIRT1 activator which regulates energy homeostasis and mitochondrial biogenesis 
within cells, it is now studied for its apoptosis promoting capacity by enhancing sensitivity to tumor 
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3.3. Lignin

Lignin is the second most abundant renewable resource on earth, comprising a three-dimensional
heterogenous and phenolic polymer network synthesized in the cell wall of higher plants. The term
involves a variety of natural aromatic compounds obtained through the oxidative coupling of
monomeric precursors [99,100]. The main monomers implicated in lignin structure, also known as
monolignols, are coniferyl alcohol, sinapyl alcohol, and p-coumaryl alcohol (Figure 2) [100,101].
Moreover, lignin structures is highly influenced by the extraction processes and the presence
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of different functional moieties, such as hydroxyl, methoxyl, carbonyl, and carboxyl groups.
Through hydroxyalkylation reaction processes, such as phenolation, demethylation, or methylolation,
lignin is transformed to phenolic compounds [101].

Cancers 2020, 12, x 8 of 22 

Caffeic acid 
3-(3,4-Dihydroxy-

phenyl)prop-2-enoic acid 

 

Coffee, wine, tea, and propolis [93–95,98] 

3.3. Lignin 

Lignin is the second most abundant renewable resource on earth, comprising a three-
dimensional heterogenous and phenolic polymer network synthesized in the cell wall of higher 
plants. The term involves a variety of natural aromatic compounds obtained through the oxidative 
coupling of monomeric precursors [99,100]. The main monomers implicated in lignin structure, also 
known as monolignols, are coniferyl alcohol, sinapyl alcohol, and p-coumaryl alcohol (Figure 2) 
[100,101]. Moreover, lignin structures is highly influenced by the extraction processes and the 
presence of different functional moieties, such as hydroxyl, methoxyl, carbonyl, and carboxyl groups. 
Through hydroxyalkylation reaction processes, such as phenolation, demethylation, or 
methylolation, lignin is transformed to phenolic compounds [101]. 

 
Figure 2. The chemical structures of the common monolignol precursors of lignin. 

Although it has not yet been converted into high-value products at large scales, lignin has shown 
to exhibit promising functions, including antioxidant, anti-microbial, and UV blocking. Additionally, 
as they do not cause cytotoxicity, lignin-based products could be applied for biomedical purposes 
[99]. In this context, lignin is a widely used bio-based UV-blocking material owing to its UV-
absorbing phydroxyphenyl, guaiacyl, and syringyl phenylpropanoid units [99,102]. 

3.4. Stilbenes 

Stilbenes, a class of non-flavonoid phenolic compounds, generally consist of C6-C2-C6 structures 
with two hydroxyl groups on the A ring and one on the B ring and are regarded as 1,2-
diphenylethylenes [103–106]. Most stilbenes are found in plants as aglycones or glycosides, thus 
offering anti-fungal and anti-bacterial protection [105,106]. Additionally, studies have demonstrated 
strong antioxidant and chemopreventive properties of the stilbenoid group [103]. Most common 
stilbene examples are the phytoalexins resveratrol and the resveratrol metabolites, pterostilbene and 
piceatannol (Table 4) [103,105]. 

Owing to its promising anti-inflammatory, antioxidant, anti-cancer, anti-mutagenic, anti-aging, 
and anti-allergenic properties, resveratrol is one of the most intensively studied stilbenes. Initially 
identified as an SIRT1 activator which regulates energy homeostasis and mitochondrial biogenesis 
within cells, it is now studied for its apoptosis promoting capacity by enhancing sensitivity to tumor 

Figure 2. The chemical structures of the common monolignol precursors of lignin.

Although it has not yet been converted into high-value products at large scales, lignin has
shown to exhibit promising functions, including antioxidant, anti-microbial, and UV blocking.
Additionally, as they do not cause cytotoxicity, lignin-based products could be applied for biomedical
purposes [99]. In this context, lignin is a widely used bio-based UV-blocking material owing to its
UV-absorbing phydroxyphenyl, guaiacyl, and syringyl phenylpropanoid units [99,102].

3.4. Stilbenes

Stilbenes, a class of non-flavonoid phenolic compounds, generally consist of C6-C2-C6

structures with two hydroxyl groups on the A ring and one on the B ring and are regarded as
1,2-diphenylethylenes [103–106]. Most stilbenes are found in plants as aglycones or glycosides,
thus offering anti-fungal and anti-bacterial protection [105,106]. Additionally, studies have demonstrated
strong antioxidant and chemopreventive properties of the stilbenoid group [103]. Most common
stilbene examples are the phytoalexins resveratrol and the resveratrol metabolites, pterostilbene and
piceatannol (Table 4) [103,105].

Owing to its promising anti-inflammatory, antioxidant, anti-cancer, anti-mutagenic, anti-aging, and
anti-allergenic properties, resveratrol is one of the most intensively studied stilbenes. Initially identified
as an SIRT1 activator which regulates energy homeostasis and mitochondrial biogenesis within cells,
it is now studied for its apoptosis promoting capacity by enhancing sensitivity to tumor necrosis factor-α
and suppressing NF-κB activation [104,106,107]. In skin cancer applications, studies have shown that
topical administration of resveratrol not only improved skin elasticity, hydration, and luminosity [108],
but also provided protection against UV radiations and UV-induced carcinogenesis by regulating
protein activity regarding apoptosis, decreasing reactive oxygen species production, inhibiting tumor
incidence and tumorigenesis, and modulating cell cycle molecules and cell signaling pathways [109].
Additionally, it has proved its potential to initiate senescence in squamous cells carcinoma cells through
its autolysosome form blockade and Rictor protein expression downregulation, which altered cancer
cell skeleton and suppressed cancer progression [110].
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Table 4. The main stilbenes with anti-cancer potential for skin cancer treatment—chemical formula
and structure, sources, and study references.

Compound Chemical Formula Chemical Structure Sources References

Resveratrol 5-[(E)-2-(4-Hydroxy-phenyl)ethenyl]
benzene-1,3-diol
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Pterostilbene and piceatannol, two resveratrol analogs, have also proved anti-cancer activities
similar or superior to resveratrol levels [104]. On one hand, pterostilbene, which has a higher
lipophilicity and, consequently higher bioavailability and membrane permeability, possesses intrinsic
antioxidant properties by activating the nuclear factor erythroid 2-related factor 2 and anti-inflammatory
character by targeting inducible nitric oxide synthase, cyclooxygenases, leukotrienes, NF-κB, tumor
necrosis factor-α, and interleukins [111]. Moreover, it can also increase lysosome size and induce
membrane destabilization and caspase-independent cell death [112]. On the other hand, piceatannol
leads to Bax upregulation, Bcl-2 downregulation, and caspase-3 activation, which induced melanoma
cell apoptosis [114].

3.5. Retinoids

Retinoids are polyphenolic compounds derived from vitamin A. Among its derivatives, retinol
and retinoic acid (Figure 3), also known as tretinoin, are the most commonly used for oral or topical
administration to prevent skin cancer [21]. Mechanisms that could be attributed to its anti-tumor effects
are based on inhibiting UV-induced phosphorylation of ERK1/2, JNK, and p38 proteins of the MAPK
family [12]. Furthermore, oral administration has also proved efficient against basal cell carcinoma,
squamous cell carcinoma, and actinic keratosis [115].
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4. Wound Dressings in Skin Cancer

The skin has the ability to repair itself following injuries due to surgery, trauma, or burns through
cutaneous wound healing processes [116]. Generally, it involves four main stages, namely coagulation,
inflammation, granulation, and remodeling, finally resulting in wound closure (Figure 4) [116,117].
However, wound areas larger than 2 cm2, wound duration longer that 2 months, and increased wound
depth which results in tendon, ligament, or bone exposure are the three main factors which delay
or stop the healing process. In this context, research is focused on developing wound dressings not
only for protection purposes, but also to promote healing and regeneration processes [118,119].
Therefore, the application of healing-promoting approaches has shown to trigger, accelerate,
and enhance wound healing, re-epithelialization, and collagen formation, which subsequently results
in reduced scar formation and complications [120,121].
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implicated mechanisms.

Based on their interaction with the wound site, wound dressings can be divided into three
main groups, namely inert or passive, interactive, and bioactive. As inert or passive dressings
are ordinary materials designed only for covering and providing protection to the wound against
pathogen contamination from the external environment [122], they are not suitable for regenerative
applications in skin cancer. On the contrary, interactive wound dressings are capable of altering the
wound microenvironment, by interacting with the surface and promoting healing processes [123].
Moreover, interactive dressings support all the stages involved in the healing process, such as
debris removal, granulation tissue formation, and re-epithelialization, while also decreasing exudate
formation and preventing bacterial colonization. Among them, hyaluronic acid, collagen, and
alginate-based dressings are the most commonly and extensively investigated products [25,118].
These natural polymers are highly advantageous owing to their cell proliferation and growth,
tissue regeneration, non-toxicity, minimal inflammatory and immunological response induction
characteristics. Additionally, their chemical structures provide unique physicochemical properties
which are fundamental for skin regeneration processes [124].
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Hyaluronic acid is a glycosaminoglycan and one of the most important extracellular matrix
components ubiquitously found in the connective tissues of all living organisms. Structurally, it is
a linear polysaccharide consisting of N-acetyl-d-glucosamine and glucuronic acid. Hyaluronic acid
interacts with receptors found on the surface of cells, thus promoting wound repair processes [125–127].
In the wound healing process, high molecular weight hyaluronic acid is produced by platelets which
further stimulates fibrinogen deposition and, as a major component of the edema fluid, it promotes
neutrophils recruitment for debris removal and tumor necrosis factor-α and interleukin-1β and
-8 release. Subsequently, as it is fragmented to low molecular weight hyaluronic acid which will
bind to CD44 receptors, leucocytes and monocytes are recruited. Moreover, it will interact with
toll-like receptor-2 and -4 present on lymphocytes and macrophages. Finally, hyaluronic acid guides
fibroblast invasion and proliferation, which is fundamental for collagen deposition, and differentiation
into myofibroblasts for wound contraction [128]. Therefore, hyaluronic acid-based hydrogels have
been widely investigated for wound healing purposes, with the most common comprising glycidyl
methacrylate-, thiol-, and DNA-functionalized hyaluronic acid [127].

Collagen, another extracellular matrix component, is the most commonly found protein in
the body produced by fibroblasts and involved in cellular and molecular cascades involved in
wound healing and debridement and tissue regeneration [127]. Collagen dressings are capable of
counterbalancing the elevated levels of matrix metalloproteinases which are usually released at the
wound site and proteolytically deteriorate native intact and partially degraded fragments of collagen
molecules. Currently, collagen is coupled with other natural and synthetic polymers, e.g., salmon
milt DNA, anionic polysaccharides, minocycline based hydrogels, α-tocopherulate, and alginic acid,
for developing novel dually functional collagen-based wound dressings that combine both wound
healing and exudate absorbing properties [127,129,130].

Alginate is natural anionic polymer extracted from brown seaweed widely applied in the
biomedical field owing to its biocompatibility, non-toxicity, and low cost [127,131]. Structurally, alginate
is linear branchless polysaccharide consisting of various (1→4′)-linked β-D-mannuronic acid and
α-L-guluronic acid subunit contents [127]. It is widely used as a wound dressing biomaterial as it
fulfills the requirements regarding exudate absorption and tissue regeneration. Specifically, owing to its
hydrophilic nature, alginate is able to absorb high amounts of wound exudate, while also maintaining the
required moisture and exhibiting a hemostatic effect [132,133]. Additionally, it enhances cell migration,
increases angiogenesis, promotes collagen type I production, and suppresses pro-inflammatory
cytokine concentrations for skin regeneration and prevents bacterial contamination within the wound
site [127,132]. Alginate can be easily crosslinked with other organic or inorganic materials, such as
calcium, sodium, collagen, and gelatin [127,133], which is reflected by the large number of commercially
available alginate-based dressings [132].

However, although they are highly efficient, interactive wound dressings are unable to solve deeper
lesions or effectively prevent microbial infections. Therefore, bioactive wound dressings are more
promising as they promote healing processes by the gradual release of the biocompounds encapsulated
within [25,134–136]. Moreover, for skin cancer applications, the regenerative properties of wound
dressings are not sufficient as they require the presence of anti-cancer agents for preventing cancer
recurrence. Therefore, wound dressings consisting of biopolymers as the regenerative component
and natural anti-cancer agents as the cancer recurrence-preventing component could represent ideal
candidates to use for regenerative applications in skin cancer.

In this context, Shukla et al. [137] developed hydrogels consisting of gellan gum and chitosan
crosslinked with poly(ethylene glycol) loaded with apigenin. Their results on rat wound models
showed a 96.11% release of the bioactive compound within 24 h and significant antioxidant activity.
While the unique properties of the hydrogels in terms of biocompatibility, biodegradability, moisture,
and antioxidant efficiency are considerably promising for wound healing and regeneration, the release
of the bioactive compound should be gradual in order to ensure an optimal concentration at the wound
site for longer periods.
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Moreover, quercetin-impregnated chitosan and fibrin scaffolds were developed by Karthick et al.
and Vedakumari et al., which exhibited ideal mechanical strength for a wound dressing material,
in vitro non-toxicity and bactericidal effects against Escherichia coli and Staphylococcus aureus strains,
and accelerated wound healing after topical administration on albino rats [138]. George et al.
investigated the therapeutic effects of a chitosan hydrogel crosslinked with dialdehyde cellulose
containing phyto-derived quercetin extracted from onion peel waste and zinc oxide nanoparticles.
The incorporation of nanoparticles increased drug loading within the hydrogel and inhibited
Staphylococcus aureus and Trichophyton rubrum strains growth. In vitro tests showed good
biocompatibility on normal L929 murine fibroblast cells and anti-cancer properties against A431
human skin carcinoma cell lines [139]. Furthermore, Jangde et al. [140] incorporated quercetin into a
multiphase hydrogel consisting of Carbopol® (the trade name for carbomers, high molecular weight
cross-linked poly(acrylic acid) polymers) and varying gelatin ratio. The most suitable hydrogel was
obtained at a ratio of gelatin to Carbopol® of 6 to 4, which exhibited accelerated wound healing and
reduced wound closure time albino rat models [141]. Ajmal et al. [142] designed a wound dressing
based on poly(ε-caprolactone) nanofibers loaded with ciprofloxacin hydrochloride and quercetin
in order to ensure both anti-bacterial and antioxidant properties. Results showed high entrapment
efficiency of more than 92% for both biocompounds and a prolonged in vitro release for 7 days.
Thus, the hydrogel was able to accelerate wound healing on full thickness wound models in rats by
improving collagen deposition and re-epithelialization within 16 days and prevent reactive oxygen
species production.

Silymarin was also evaluated as a bioactive compound for wound dressing application. In this
regard, Tsai et al. [143] developed a bacterial cellulose nanofiber film onto which silymarin-loaded
zein nanoparticles were adsorbed. Their findings proved enhanced antioxidant and anti-bacterial
activities for silymarin-containing films, which protected salmon muscle against lipid oxidation
and deterioration.

Additionally, Kim et al. developed crosslinked interpenetrating polymer networks hydrogels
consisting of poly(N-isopropylacrylamide) and hyaluronic acid for the transdermal delivery of luteolin.
Texture and rheometry analyses proved that the 3% crosslinker-containing hydrogel has the most
adhesive and stable network, which was further applied for drug release evaluation. Results showed
no cytotoxicity and inhibited keratinocyte hyperproliferation in psoriasis, which could further be
applied in skin cancer applications in order to prevent cancer cell proliferation [144].

A novel fibrous material consisting of poly(ε-caprolactone) and chitosan containing ferulic
acid was prepared by Yakub et al. through electrospinning or electrospinning combined with
dip-coating. The composition and design of the matrix influenced ferulic acid incorporation and results
showed higher anti-bacterial activity when compared to the application of ferulic acid-containing
poly(ε-caprolactone) and chitosan-coated poly(ε-caprolactone) fiber mats against Staphylococcus aureus
strains. Additionally, the incorporation of ferulic acid within the polymer matrix increased the
anti-cancer character against HeLa tumor cells while maintaining its antioxidant activity [145].
Likewise, Poornima et al. investigated the release of quercetin and resveratrol from similar polymer
matrices for their anti-inflammatory and pro-angiogenic activities, respectively. The in vitro studies
showed a sustained release for both biocompounds of up to 48% and 55%, respectively, for 120 h.
Furthermore, in vivo studies on rats resulted in complete wound healing in 15 days when treated with
the biomaterials and 20 days for the control [146].

Moreover, caffeic acid has also been widely studied for its potential in regenerative wound
dressing applications. In this context, Oh et al. [147] compared the effects of poly (ε-caprolactone), poly
(ε-caprolactone) and chitosan, and poly (ε-caprolactone) and chitosan-caffeic acid conjugate fibrous mats
fabricated by electrospinning. The chitosan-caffeic acid conjugate-based fibrous mat exhibited significantly
increased tensile properties and higher initial cell attachment, cell proliferation, and anti-microbial effects,
which proves its potential for wound healing and regeneration. Subsequently, Ignatova et al. designed and
fabricated fibrous materials based on poly(3-hydroxybutyrate), quaternized chitosan, κ-carrageenan,
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and caffeic acid through electrospinning or electrospinning in conjunction with dip-coating and
polyelectrolyte complex formation. Results showed that caffeic acid release is influenced by fiber
composition. In this regard, caffeic acid-containing mats obtained through polyelectrolyte complex
formation exhibited anti-bacterial character against Staphylococcus aureus and Escherichia coli strains and
an enhanced antioxidant activity [148]. Similar results were obtained by the same research group for
poly(3-hydroxybutyrate) and polyvinylpyrrolidone poly (3-hydroxybutyrate) containing caffeic acid
phenethyl ester [149] and poly (ethylene glycol)-based fibrous materials containing caffeic acid [150].

Jaganathan et al. [151] prepared materials based on Artocarpus heterophyllus-derived lignin and
chitosan with varying wt% concentrations for biomedical purposes. Lignin significantly improved
mechanical stability of the material and biocompatibility towards NIH 3t3 cells, proving the suitability
of the biocomposites for regenerative wound dressing applications. Moreover, Zhang et al. [152]
introduced lignin into a polyvinyl alcohol and chitosan composite hydrogel for enhancing its mechanical
strength and accelerate wound healing processes on murine wound models. Zmejkoski et al. [153]
fabricated dressing materials based on bacterial cellulose and coniferyl alcohol composite hydrogel.
Their findings showed a sustained release of the bioactive compound, with the highest release within
the first hour and a slower release within the following 72 h, and inhibitory and/or bactericidal effects.

Resveratrol is another antioxidant biocompound extensively investigated for wound healing and
regeneration. Therefore, Berce et al. [154] synthesized a polymeric sponge consisting of chitosan and
sodium hyaluronate for the controlled release of resveratrol. In vitro and in vivo studies confirmed its
potential to stimulate tissue regeneration by enhancing granulation formation which facilitates wound
healing, while also achieving bacteriostatic effects. Similarly, Hussain et al. developed hyaluronic
acid-functionalized chitosan nanoparticles for an efficient topical administration of resveratrol and
curcumin. The optimized formulation was characterized by an entrapment efficiency of approximately
90% for both biocompounds and non-Fickian diffusion and sustained release mechanism for in vivo
studies [155]. Furthermore, Gokce et al. [156] synthesized resveratrol-loaded hyaluronic acid and
dipalmitoylphosphatidylcholine microparticles embedded within a dermal matrix consisting of
collagen-laminin. The release of resveratrol was sustained, reaching 70% after 6 h. Application on
full-thickness excision diabetic rat models resulted in improved collagen fibers as the addition of
resveratrol delayed dermal matrix degradation by collagenases and prevented inflammation due to
antioxidant properties. Lakshmanan et al. [157] developed electrospun poly(ε-caprolactone)-based
scaffolds containing resveratrol. In vivo experiments full-thickness ischemic mice wound models
showed a considerably faster wound closure and re-epithelialization than the collagen-treated and
negative control groups. Additionally, the anti-apoptotic and regenerative potential was demonstrated
through the activation of thioredoxin-1 and heme oxygenase-1 mediated vascular endothelial growth
factor signaling and the expression of bcl-2 in wound edges after treatment.

Therefore, it can be concluded that the combination of biocompatible polymers which are known
for both their regenerative and anti-microbial properties with natural anti-cancer agents is a promising
strategy for the development of wound dressings that could be applied in skin cancer before or after
surgical interventions. In this manner, these dressings could promote tumor regression and prevent
cancer recurrence, without causing adverse effects as in the case of conventional topical field treatments.

5. Conclusions and Future Perspectives

For skin cancer treatment, radical tumor excision remains the most effective approach among the
available strategies. However, surgical interventions can be disfiguring, requiring additional skin grafts
to cover the defects. In this context, post-surgery management should involve the application of wound
dressings for promoting skin regeneration and preventing tumor recurrence and microbial infections,
which still represents a considerable clinical challenge. While topical field administration is widely
applied in skin cancer management, current options are still limited due to the various related side effects
and the prolonged treatment periods. In this regard, plant-derived compounds have proved to exhibit
DNA protection, antioxidant, anti-inflammatory, chemopreventive, and chemotherapeutic activities
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and could represent a promising alternative. Therefore, wound dressings consisting of biopolymers
as the regenerative component and natural anti-cancer agents as the cancer recurrence-preventing
component could represent ideal candidates to use for regenerative applications in skin cancer. As most
studies focus on the healing potential, the number of publications on this subject is still relatively
limited and further research is fundamental for developing regenerative wound dressings for skin
cancer. In this context, research studies that not only assess the antioxidant potential of these bioactive
dressings but also the anti-cancer properties should be performed.
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97. Zduńska, K.; Dana, A.; Kolodziejczak, A.; Rotsztejn, H. Antioxidant Properties of Ferulic Acid and Its
Possible Application. Ski. Pharmacol. Physiol. 2018, 31, 332–336. [CrossRef]

98. Espíndola, K.M.M.; Ferreira, R.G.; Narvaez, L.E.M.; Silva Rosario, A.C.R.; da Silva, A.H.M.; Silva, A.G.B.;
Vieira, A.P.O.; Monteiro, M.C. Chemical and Pharmacological Aspects of Caffeic Acid and Its Activity in
Hepatocarcinoma. Front. Oncol. 2019, 9. [CrossRef]

99. Lee, S.C.; Tran, T.M.T.; Choi, J.W.; Won, K. Lignin for white natural sunscreens. Int. J. Biol. Macromol. 2019,
122, 549–554. [CrossRef] [PubMed]

100. Supanchaiyamat, N.; Jetsrisuparb, K.; Knijnenburg, J.T.N.; Tsang, D.C.W.; Hunt, A.J. Lignin materials for
adsorption: Current trend, perspectives and opportunities. Bioresour. Technol. 2019, 272, 570–581. [CrossRef]
[PubMed]

101. Bajwa, D.S.; Pourhashem, G.; Ullah, A.H.; Bajwa, S.G. A concise review of current lignin production,
applications, products and their environmental impact. Ind. Crop. Prod. 2019, 139, 111526. [CrossRef]

102. Wu, W.; Liu, T.; Deng, X.; Sun, Q.; Cao, X.; Feng, Y.; Wang, B.; Roy, V.A.L.; Li, R.K.Y. Ecofriendly
UV-protective films based on poly(propylene carbonate) biocomposites filled with TiO2 decorated lignin.
Int. J. Biol. Macromol. 2019, 126, 1030–1036. [CrossRef]

103. Nagapan, T.S.; Ghazali, A.R.; Basri, D.F.; Lim, W.N. Photoprotective Effect of Stilbenes And Its Derivatives
against Ultraviolet Radiation-Induced Skin Disorders. Biomed. Pharmacol. J. 2018, 11, 1199–1208. [CrossRef]

104. Padmanabhan, P.; Correa-Betanzo, J.; Paliyath, G. Berries and Related Fruits. In Encyclopedia of Food and
Health; Caballero, B., Finglas, P.M., Toldrá, F., Eds.; Academic Press: Cambridge, MA, USA; Oxford, UK,
2016; pp. 364–371. [CrossRef]

105. Martinez, K.B.; Mackert, J.D.; McIntosh, M.K. Chapter 18—Polyphenols and Intestinal Health. In Nutrition
and Functional Foods for Healthy Aging; Watson, R.R., Ed.; Academic Press: Cambridge, MA, USA, 2017;
pp. 191–210. [CrossRef]

106. Fernández-Quintela, A.; González, M.; Aguirre, L.; Milton-Laskibar, I.; Léniz, A.; Portillo, M.P. Chapter
17—Resveratrol and Protection in Hepatic Steatosis: Antioxidant Effects. In The Liver; Patel, V.B.,
Rajendram, R., Preedy, V.R., Eds.; Academic Press: Boston, MA, USA, 2018; pp. 199–209. [CrossRef]

107. Lee, Y.; Lee, J.-Y. Chapter 8—Protective Actions of Polyphenols in the Development of Nonalcoholic Fatty
Liver Disease. In Dietary Interventions in Liver Disease; Watson, R.R., Preedy, V.R., Eds.; Academic Press:
Cambridge, MA, USA, 2019; pp. 91–99. [CrossRef]

108. Iqbal, J.; Abbasi, B.A.; Ahmad, R.; Batool, R.; Mahmood, T.; Ali, B.; Khalil, A.T.; Kanwal, S.; Afzal Shah, S.;
Alam, M.M.; et al. Potential phytochemicals in the fight against skin cancer: Current landscape and future
perspectives. Biomed. Pharmacother. 2019, 109, 1381–1393. [CrossRef]

109. Xiao, Q.; Zhu, W.; Feng, W.; Lee, S.S.; Leung, A.W.; Shen, J.; Gao, L.; Xu, C. A Review of Resveratrol as a Potent
Chemoprotective and Synergistic Agent in Cancer Chemotherapy. Front. Pharmacol. 2019, 9. [CrossRef]

110. Kim, S.M.; Kim, S.Z. Biological activities of resveratrol against cancer. J. Phys. Chem. Biophys. 2018. [CrossRef]
111. Chen, R.-J.; Kuo, H.-C.; Cheng, L.-H.; Lee, Y.-H.; Chang, W.-T.; Wang, B., Jr.; Wang, Y.-J.; Cheng, H.-C.

Apoptotic and Nonapoptotic Activities of Pterostilbene against Cancer. Int. J. Mol. Sci. 2018, 19, 287.
[CrossRef]

112. Chen, R.-J.; Lee, Y.-H.; Yeh, Y.-L.; Wu, W.-S.; Ho, C.-T.; Li, C.-Y.; Wang, B., Jr.; Wang, Y.-J. Autophagy-inducing
effect of pterostilbene: A prospective therapeutic/preventive option for skin diseases. J. Food Drug Anal. 2017,
25, 125–133. [CrossRef]

113. Kershaw, J.; Kim, K.-H. The Therapeutic Potential of Piceatannol, a Natural Stilbene, in Metabolic Diseases:
A Review. J. Med. Food 2017, 20, 427–438. [CrossRef] [PubMed]

114. Du, M.; Zhang, Z.; Gao, T. Piceatannol induced apoptosis through up-regulation of microRNA-181a in
melanoma cells. Biol. Res. 2017, 50, 36. [CrossRef] [PubMed]

115. Lopez, A.T.; Carvajal, R.D.; Geskin, L. Secondary prevention strategies for nonmelanoma skin cancer.
Oncology 2018, 32, 195–200. [PubMed]

239



Cancers 2020, 12, 2954

116. Shedoeva, A.; Leavesley, D.; Upton, Z.; Fan, C. Wound Healing and the Use of Medicinal Plants. Evid. Based
Complement. Altern. Med. 2019, 2019, 2684108. [CrossRef]

117. Fazil, M.; Nikhat, S. Topical medicines for wound healing: A systematic review of Unani literature with
recent advances. J. Ethnopharmacol. 2020, 257, 112878. [CrossRef]

118. Weller, C.D.; Team, V.; Sussman, G. First-Line Interactive Wound Dressing Update: A Comprehensive Review
of the Evidence. Front. Pharmacol. 2020, 11, 155. [CrossRef]

119. Saghazadeh, S.; Rinoldi, C.; Schot, M.; Kashaf, S.S.; Sharifi, F.; Jalilian, E.; Nuutila, K.; Giatsidis, G.;
Mostafalu, P.; Derakhshandeh, H.; et al. Drug delivery systems and materials for wound healing applications.
Adv. Drug Deliv. Rev. 2018, 127, 138–166. [CrossRef]

120. Shpichka, A.; Butnaru, D.; Bezrukov, E.A.; Sukhanov, R.B.; Atala, A.; Burdukovskii, V.; Zhang, Y.; Timashev, P.
Skin tissue regeneration for burn injury. Stem Cell Res. Ther. 2019, 10, 94. [CrossRef]

121. Simões, D.; Miguel, S.P.; Ribeiro, M.P.; Coutinho, P.; Mendonça, A.G.; Correia, I.J. Recent advances on
antimicrobial wound dressing: A review. Eur. J. Pharm. Biopharm. 2018, 127, 130–141. [CrossRef]

122. Andreu, V.; Mendoza, G.; Arruebo, M.; Irusta, S. Smart Dressings Based on Nanostructured Fibers Containing
Natural Origin Antimicrobial, Anti-Inflammatory, and Regenerative Compounds. Materials 2015, 8, 5154–5193.
[CrossRef]

123. Weller, C.; Team, V. Interactive dressings and their role in moist wound management. In Advanced Textiles for
Wound Care; Elsevier: Amsterdam, The Netherlands, 2019; pp. 105–134.

124. Rahimi, M.; Noruzi, E.B.; Sheykhsaran, E.; Ebadi, B.; Kariminezhad, Z.; Molaparast, M.; Mehrabani, M.G.;
Mehramouz, B.; Yousefi, M.; Ahmadi, R.; et al. Carbohydrate polymer-based silver nanocomposites: Recent
progress in the antimicrobial wound dressings. Carbohydr. Polym. 2020, 231, 115696. [CrossRef] [PubMed]

125. Naseri-Nosar, M.; Ziora, Z.M. Wound dressings from naturally-occurring polymers: A review on
homopolysaccharide-based composites. Carbohydr. Polym. 2018, 189, 379–398. [CrossRef] [PubMed]

126. Chircov, C.; Grumezescu, A.M.; Bejenaru, L.E. Hyaluronic acid-based scaffolds for tissue engineering. Rom.
J. Morphol. Embryol. Rev. Roum. Morphol. Embryol. 2018, 59, 71–76.

127. Homaeigohar, S.; Boccaccini, A.R. Antibacterial biohybrid nanofibers for wound dressings. Acta Biomater.
2020, 107, 25–49. [CrossRef] [PubMed]

128. Graça, M.F.P.; Miguel, S.P.; Cabral, C.S.D.; Correia, I.J. Hyaluronic acid—Based wound dressings: A review.
Carbohydr. Polym. 2020, 241, 116364. [CrossRef]

129. Fleck, C.A.; Simman, R. Modern Collagen Wound Dressings: Function and Purpose. J. Am. Coll. Certif.
Wound Spec. 2010, 2, 50–54. [CrossRef]

130. Axibal, E.; Brown, M. Surgical Dressings and Novel Skin Substitutes. Dermatol. Clin. 2019, 37, 349–366.
[CrossRef]

131. Ezzat, H.A.; Hegazy, M.A.; Nada, N.A.; Ibrahim, M.A. Effect of nano metal oxides on the electronic properties
of cellulose, chitosan and sodium alginate. Biointerface Res. Appl. Chem. 2019, 9, 4143–4149. [CrossRef]

132. Koehler, J.; Brandl, F.P.; Goepferich, A.M. Hydrogel wound dressings for bioactive treatment of acute and
chronic wounds. Eur. Polym. J. 2018, 100, 1–11. [CrossRef]

133. Varaprasad, K.; Jayaramudu, T.; Kanikireddy, V.; Toro, C.; Sadiku, E.R. Alginate-based composite materials
for wound dressing application:A mini review. Carbohydr. Polym. 2020, 236, 116025. [CrossRef] [PubMed]

134. Schoukens, G. 5—Bioactive dressings to promote wound healing. In Advanced Textiles for Wound Care, 2nd ed.;
Rajendran, S., Ed.; Woodhead Publishing: Sawston, Cambridge, UK, 2019; pp. 135–167. [CrossRef]

135. Mandla, S.; Davenport Huyer, L.; Radisic, M. Review: Multimodal bioactive material approaches for wound
healing. APL Bioeng. 2018, 2, 021503. [CrossRef] [PubMed]

136. Felgueiras, H.P.; Tavares, T.D.; Amorim, M.T.P. Biodegradable, spun nanocomposite polymeric fibrous
dressings loaded with bioactive biomolecules for an effective wound healing: A review. IOP Conf. Ser. Mater.
Sci. Eng. 2019, 634, 012033. [CrossRef]

137. Shukla, R.; Kashaw, S.; Jain, A.; Lodhi, S. Fabrication of Apigenin loaded Gellan Gum–Chitosan Hydrogels
(GGCH–HGs) for effective diabetic wound healing. Int. J. Biol. Macromol. 2016, 91. [CrossRef]

240



Cancers 2020, 12, 2954

138. Vedakumari, W.S.; Ayaz, N.; Karthick, A.S.; Senthil, R.; Sastry, T.P. Quercetin impregnated chitosan–fibrin
composite scaffolds as potential wound dressing materials—Fabrication, characterization and in vivo analysis.
Eur. J. Pharm. Sci. 2017, 97, 106–112. [CrossRef] [PubMed]

139. George, D.; Maheswari, P.U.; Begum, K.M.M.S. Synergic formulation of onion peel quercetin loaded
chitosan-cellulose hydrogel with green zinc oxide nanoparticles towards controlled release, biocompatibility,
antimicrobial and anticancer activity. Int. J. Biol. Macromol. 2019, 132, 784–794. [CrossRef]

140. Mastropietro, D.; Park, K.; Omidian, H. 4.23 Polymers in Oral Drug Delivery. In Comprehensive Biomaterials II;
Ducheyne, P., Ed.; Elsevier: Oxford, UK, 2017; pp. 430–444. [CrossRef]

141. Jangde, R.; Srivastava, S.; Singh, M.R.; Singh, D. In vitro and In vivo characterization of quercetin loaded
multiphase hydrogel for wound healing application. Int. J. Biol. Macromol. 2018, 115, 1211–1217. [CrossRef]

142. Ajmal, G.; Bonde, G.V.; Thokala, S.; Mittal, P.; Khan, G.; Singh, J.; Pandey, V.K.; Mishra, B. Ciprofloxacin
HCl and quercetin functionalized electrospun nanofiber membrane: Fabrication and its evaluation in full
thickness wound healing. Artif. Cells Nanomed. Biotechnol. 2019, 47, 228–240. [CrossRef]

143. Tsai, Y.-H.; Yang, Y.-N.; Ho, Y.-C.; Tsai, M.-L.; Mi, F.-L. Drug release and antioxidant/antibacterial activities
of silymarin-zein nanoparticle/bacterial cellulose nanofiber composite films. Carbohydr. Polym. 2018, 180,
286–296. [CrossRef]

144. Kim, A.R.; Lee, S.L.; Park, S.N. Properties and in vitro drug release of pH- and temperature-sensitive
double cross-linked interpenetrating polymer network hydrogels based on hyaluronic acid/poly
(N-isopropylacrylamide) for transdermal delivery of luteolin. Int. J. Biol. Macromol. 2018, 118, 731–740.
[CrossRef]

145. Yakub, G.; Ignatova, M.; Manolova, N.; Rashkov, I.; Toshkova, R.; Georgieva, A.; Markova, N. Chitosan/ferulic
acid-coated poly(ε-caprolactone) electrospun materials with antioxidant, antibacterial and antitumor
properties. Int. J. Biol. Macromol. 2018, 107, 689–702. [CrossRef]

146. Poornima, B.; Korrapati, P.S. Fabrication of chitosan-polycaprolactone composite nanofibrous scaffold for
simultaneous delivery of ferulic acid and resveratrol. Carbohydr. Polym. 2017, 157, 1741–1749. [CrossRef]
[PubMed]

147. Oh, G.-W.; Ko, S.-C.; Je, J.-Y.; Kim, Y.-M.; Oh, J.; Jung, W.-K. Fabrication, characterization and determination of
biological activities of poly(ε-caprolactone)/chitosan-caffeic acid composite fibrous mat for wound dressing
application. Int. J. Biol. Macromol. 2016, 93, 1549–1558. [CrossRef]

148. Ignatova, M.; Manolova, N.; Rashkov, I.; Markova, N. Quaternized chitosan/κ-carrageenan/caffeic acid–coated
poly(3-hydroxybutyrate) fibrous materials: Preparation, antibacterial and antioxidant activity. Int. J. Pharm.
2016, 513, 528–537. [CrossRef] [PubMed]

149. Ignatova, M.; Manolova, N.; Rashkov, I.; Markova, N. Antibacterial and antioxidant electrospun materials
from poly(3-hydroxybutyrate) and polyvinylpyrrolidone containing caffeic acid phenethyl ester—“in” and
“on” strategies for enhanced solubility. Int. J. Pharm. 2018, 545, 342–356. [CrossRef]

150. Ignatova, M.G.; Manolova, N.E.; Rashkov, I.B.; Markova, N.D.; Toshkova, R.A.; Georgieva, A.K.; Nikolova, E.B.
Poly(3-hydroxybutyrate)/caffeic acid electrospun fibrous materials coated with polyelectrolyte complex and
their antibacterial activity and in vitro antitumor effect against HeLa cells. Mater. Sci. Eng. C 2016, 65,
379–392. [CrossRef]

151. Jaganathan, G.; Manivannan, K.; Lakshmanan, S.; Sithique, M.A. Fabrication and characterization of
Artocarpus heterophyllus waste derived lignin added chitosan biocomposites for wound dressing application.
Sustain. Chem. Pharm. 2018, 10, 27–32. [CrossRef]

152. Zhang, Y.; Jiang, M.; Zhang, Y.; Cao, Q.; Wang, X.; Han, Y.; Sun, G.; Li, Y.; Zhou, J. Novel lignin–chitosan–PVA
composite hydrogel for wound dressing. Mater. Sci. Eng. C 2019, 104, 110002. [CrossRef]
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