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Abstract
Cutaneous melanoma has always been a dreaded diagnosis because of its high mortality rate and its proclivity for invasiveness
and metastasis. Historically, advanced melanoma treatment has been limited to chemotherapy and nonspecific immunotherapy
agents that display poor curative potential and high toxicity. However, during the last decade, the evolving understanding of the
mutational burden of melanoma and immune system evasion mechanisms has led to the development of targeted therapy and
specific immunotherapy agents that have transformed the landscape of advanced melanoma treatment. Despite the considerable
strides in understanding the clinical implications of these agents, there is a scarcity of randomized clinical trials that directly
compare the efficacy of the aforementioned agents; hence, there are no clear preferences among the available first-line options.
In addition, the introduction of these agents was associated with a variety of dermatologic adverse events, some of which have
shown a detrimental effect on the continuity of treatment. This holds especially true in light of the current fragmentation of care
provided by the managing health care professionals. In this study, we attempt to summarize the current understanding of first-line
treatments. In addition, the paper describes the indirect comparative evidence that aids in bridging the gap in the literature.
Furthermore, this paper sheds light on the impact of the scarcity of dermatology specialist input in the management of dermatologic
adverse events associated with advanced melanoma treatment. It also looks into the potential avenues where dermatologic input
can bridge the gap in the care provided by oncologists, thus standardizing the care provided to patients with melanoma presenting
with dermatologic adverse events.
(JMIR Cancer 2021;7(4):e29912) doi: 10.2196/29912
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Introduction
Melanoma is a malignant transformation of the melanocytes. It
accounts for approximately 1% of all skin cancers; however, it
carries the highest mortality rate among all skin cancers [1,2].
The high mortality rate of melanoma is mainly because of its
early metastatic potential and aggressive nature [3]. Surgery
has been shown to be a successful treatment for localized
melanomas; however, advanced cases have a grim prognosis
[3]. In the last decade, medical management of advanced
melanoma has transformed the life expectancy of patients with
https://cancer.jmir.org/2021/4/e29912
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melanoma. The introduction of novel agents, namely
immunotherapy and targeted therapy, has increased the median
overall survival (OS) by 10-fold, from an average of 6 months
to >5 years [4,5]. Targeted therapy comprises agents that directly
inhibit mutated kinases, namely BRAF and mitogen-activated
protein kinase kinase, which have been implicated in the growth
and survival of cancerous melanocytes. However, the efficacy
of BRAF inhibitor (BRAFi) and mitogen-activated protein
kinase kinase inhibitor (MEKi) monotherapies is limited by
early resistance and an upsurge in treatment-associated skin
tumors. Consequently, a combined BRAFi plus MEKi approach
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was trialed, which resulted in superior survival rates while
minimizing the aforementioned limitations.
In addition, specific immunotherapy agents were developed
following Nobel Prize-winning discoveries that outlined the
pivotal role of certain immune downregulatory signals that
facilitate tumor growth. Hitherto, several single and combined
treatments have been approved as first-line therapy for advanced
melanoma.
It is worth mentioning that BRAF status testing is imperative
to the treatment choice; in general, immunotherapy is offered
to both patients with BRAF-positive and BRAF-negative
melanoma, whereas targeted therapy (BRAFi and MEKi) is
only used for patients who test positive for the BRAF mutation
[6-8].

Immunotherapy in Clinical Practice

regardless of the BRAF status: 2 anti–programmed death 1
(PD-1) agents, namely nivolumab and pembrolizumab; a single
anti–programmed death 1 ligand (PD-L1) agent, atezolizumab;
and a single anti–cytotoxic T-lymphocyte-associated protein 4
(CTLA4) agent, ipilimumab [6,7,9].
CheckMate 067, a phase 3 double-blind randomized controlled
trial (RCT), demonstrated the superiority of nivolumab with or
without ipilimumab over ipilimumab monotherapy. Because of
the study design, nivolumab plus ipilimumab combination
therapy was not directly tested against nivolumab monotherapy.
However, indirect analysis suggested that adding ipilimumab
to nivolumab monotherapy achieved higher progression-free
survival (PFS) and response rates, whereas no significant
difference was reported in OS (Table 1) [5]. Therefore, both
nivolumab-containing groups have been approved as first-line
treatments [6,7].

Currently, there are 3 types of immunotherapy treatments
approved for unresectable or metastatic melanoma treatment
Table 1. Summary of the 5-year efficacy results of CheckMate 067 along with the reported dermatologic adverse eventsa.
Study group

Nivolumab plus ipilimumab

Nivolumab

Ipilimumab

Value, median (months)

>60

36.9

19.9

HRb

0.52c

0.63d

N/Ae

11.5

6.9

2.9

Overall survival

Progression-free survival
Value, median (months)
HR

c

d

N/A

0.42

0.53

Adverse events (all grade), %

96

87

86

Adverse events (grade ≥3), %

59

23

28

Rash (all grade), %

30

24

22

Rash (grade ≥3), %

3

<1

2

Pruritus (all grade), %

36

23

36

Pruritus (grade ≥3), %

2

<1

<1

Vitiligo (all grade), %

9

11

5

Vitiligo (grade ≥3), %

0

<1

0

Dry skin (all grade), %

5

5

4

Dry skin (grade ≥3), %

0

0

0

Maculopapular rash (all grade), %

12

5

12

Maculopapular rash (grade ≥3), %

2

1

<1

Dermatologic adverse events

a

Adapted from Larkin et al [5].

b

HR: hazard ratio.

c

Nivolumab plus ipilimumab versus ipilimumab.

d

Nivolumab versus ipilimumab.

e

N/A: not applicable.

However, the enhanced efficacy of combined immunotherapy
comes with added adverse events [5]. Therefore, the choice
between combined and single agent immunotherapy must be
https://cancer.jmir.org/2021/4/e29912
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tailored to the patient’s circumstances, considering different
factors, such as the patient’s health status (absence of
autoimmune diseases or other comorbidities that might aggravate
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the immune-related adverse events) and the patient’s willingness
to tolerate the added toxicity associated with combination
therapy. Furthermore, the availability of support services that
can monitor and manage adverse events should be considered
[7].

BRAF-positive subgroup which are known to have worse
prognosis.
In KEYNOTE-006, a phase 3 open label RCT, pembrolizumab
monotherapy has been shown to improve PFS, OS, and response
rates compared with ipilimumab monotherapy (Table 2) [11].
As with nivolumab monotherapy, pembrolizumab monotherapy
is recommended as a first-line therapy if the added side effects
of combination immunotherapy cannot be tolerated [6,7]. The
tolerable adverse events profile of pembrolizumab paralleled
with its associated long-term survival rate nominates it as a
potential candidate for combined immunotherapy and combined
targeted therapy plus immunotherapy. However, there are no
published data that support its use in a combined regimen.

Patients with advanced melanoma were recruited in CheckMate
067 regardless of the tumor’s BRAF status; hence, nivolumab
plus ipilimumab combination therapy and nivolumab
monotherapy were approved for both BRAF-positive and
BRAF-negative melanomas. Of note, the percentage of
BRAF-positive melanomas in CheckMate 067 was 31.5%,
which is lower than the reported prevalence of BRAF mutations
among patients with melanoma (approximately 60%) [5,10].
Hence, the overall results might be a misrepresentation of the

Table 2. Summary of the 5-year efficacy results of KEYNOTE-006 along with the reported dermatologic adverse eventsa.
Pembrolizumabb

Ipilimumab

Value, median (months)

32.7

15.9

HRc

0.75d

N/Ae

Value, median (months)

8.4

3.4

HR

0.57d

N/A

Adverse events (all grade), %

77-82

74

Adverse events (grade ≥3), %

17

20

Rash (all grade), %

16-17

16

Rash (grade ≥3), %

0

0

Pruritus (all grade), %

20

26

Pruritus (grade ≥3), %

0

0

Study group
Overall survival

Progression-free survival

Dermatologic adverse events

a

Adapted from Schachter et al [12] and Robert et al [11].

b

Compiled results of the 2 pembrolizumab doses studied in KEYNOTE-006.

c

HR: hazard ratio.

d

Pembrolizumab versus ipilimumab.

e

N/A: not applicable.

To date, the following are approved first-line immunotherapy
treatments for unresectable or metastatic melanoma irrespective
of BRAF mutation status: nivolumab plus ipilimumab
combination, nivolumab monotherapy, and pembrolizumab
monotherapy [8]. Patients with BRAF-positive advanced
melanoma are offered additional first-line treatment options,
namely combined BRAFi plus MEKi regimens, as discussed
below.

Targeted Therapy in Clinical Practice
In total, 3 BRAFi have been approved for unresectable or
metastatic melanoma, namely vemurafenib, dabrafenib, and
encorafenib. In addition, 3 MEKi, namely cobimetinib,
trametinib, and binimetinib, have been approved for use along
with the aforementioned BRAFi agents. The superiority of
https://cancer.jmir.org/2021/4/e29912

XSL• FO
RenderX

combined BRAFi plus MEKi therapy over BRAFi monotherapy
was established in the coBRIM, COMBI-d, COMBI-v, and
COLUMBUS RCTs (Tables 3-5) [13-15]. Moreover, the
addition of MEKi to BRAFi monotherapies has been shown to
mitigate the high resistance rates and high toxicities associated
with BRAFi monotherapy and overcome the limited response
rates and early resistance in MEKi monotherapies. In light of
these results, BRAFi plus MEKi combination supplanted
targeted monotherapy regimens as first-line systemic treatments
for advanced melanoma [16-19]. To date, there is no evidence
available from head-to-head trials that compare the 3 approved
BRAFi plus MEKi combination regimens, namely vemurafenib
plus cobimetinib, dabrafenib plus trametinib, and encorafenib
plus binimetinib. The following section attempts to compare
these lines of treatment using indirect and comparative analyses.
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Table 3. Summary of the coBRIM efficacy results along with the reported dermatologic adverse eventsa.
Study group

Cobimetinib plus vemurafenib

Vemurafenib

Value, median (months)

22.3

17.4

HRb

0.70c

N/Ad

Value, median (months)

12.3

7.2

HR

0.58c

N/A

Adverse events (all grade), %

99.2

98

Adverse events (grade ≥3), %

75.3

61.4

Rash (all grade), %

72.5

67.5

Rash (grade ≥3), %

17

16.3

Photosensitivity (all grade), %

47.8

37.8

Photosensitivity (grade ≥3), %

4.5

0

Alopecia (all grade), %

16.6

30.5

Alopecia (grade ≥3), %

0.4

0.4

Hyperkeratosis (all grade), %

10.1

27.2

Hyperkeratosis (grade ≥3), %

0.4

2.4

Squamous cell carcinoma (all grade), %

4

12.6

Squamous cell carcinoma (grade ≥3), %

3.6

12.6

Keratoacanthoma (all grade), %

1.6

9.3

Keratoacanthoma (grade ≥3), %

1.2

8.5

Overall survival

Progression-free survival

Dermatologic adverse events

a

Adapted from Ascierto et al [13].

b

HR: hazard ratio.

c

Cobimetinib plus vemurafenib versus vemurafenib.

d

N/A: not applicable.
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Table 4. Summary of the COMBI-d efficacy results along with the reported dermatologic adverse eventsa.
Study group

Dabrafenib plus trametinib

Dabrafenib

Value, median (months)

25.1

18.7

HRb

0.71c

N/Ad

Value, median (months)

11.0

8.8

HR

0.67c

N/A

Adverse events (all grade), %

87

90

Adverse events (grade ≥3), %

32

30

Rash (all grade), %

24

20

Rash (grade ≥3), %

0

<1

Dry skin (all grade), %

9

14

Dry skin (grade ≥3), %

0

0

Pruritus (all grade), %

7

11

Pruritus (grade ≥3), %

0

0

Alopecia (all grade), %

5

26

Alopecia (grade ≥3), %

0

0

Hyperkeratosis (all grade), %

6

33

Hyperkeratosis (grade ≥3), %

0

<1

Skin papilloma (all grade), %

1

18

Skin papilloma (grade ≥3), %

0

0

Dermatitis acneiform (all grade), %

8

3

Dermatitis acneiform (grade ≥3), %

0

0

Squamous cell carcinoma (all grade), %

3

9

Squamous cell carcinoma (grade ≥3), %

3

9

New primary melanoma (all grade), %

<1

2

New primary melanoma (grade ≥3), %

<1

<1

Overall survival

Progression-free survival

Dermatologic adverse events

a

Adapted from Long et al [14].

b

HR: hazard ratio.

c

Dabrafenib plus trametinib versus trametinib.

d

N/A: not applicable.
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Table 5. Summary of the COLUMBUS efficacy results along with the reported dermatologic adverse eventsa.
Study group

Encorafenib plus binimetinib

Encorafenib

Vemurafenib

Value, median (months)

33.6

23.5

16.9

HRb

0.61c

0.76d

N/Ae

Value, median (months)

14.9

9.6

7.3

HR

0.51c

0.68d

N/A

Adverse events (all grade), %

98.4

99.5

100

Adverse events (grade ≥3), %

68.2

67.7

65.6

Rash (all grade), %

16.1

20.8

30.1

Rash (grade ≥3), %

1.6

2.1

3.2

Pruritus (all grade), %

12.5

21.9

10.8

Pruritus (grade ≥3), %

0.5

0.5

0

Hyperkeratosis (all grade), %

15.1

40.1

29

Hyperkeratosis (grade ≥3), %

0.5

3.6

0

Dry skin (all grade), %

16.1

30.2

23.1

Dry skin (grade ≥3), %

0

0.5

0

Alopecia (all grade), %

14.6

56.3

37.6

Alopecia (grade ≥3), %

0

0

0

Palmoplantar erythrodysesthesia syndrome (all grade), %

7.3

51.6

14

Palmoplantar erythrodysesthesia syndrome (grade ≥3), %

0

13.5

1.1

Photosensitivity (all grade), %

3.6

3.6

25.3

Photosensitivity (grade ≥3), %

0.5

0

1.1

Palmoplantar keratoderma (all grade), %

9.9

26.6

17.7

Palmoplantar keratoderma (grade ≥3), %

0

2.1

1.1

Keratosis pilaris (all grade), %

4.7

3.6

25.3

Keratosis pilaris (grade ≥3), %

0.5

0

1.1

Papilloma (all grade), %

7

10

19

Papillomaf (grade ≥3), %

N/A

N/A

N/A

Squamous cell carcinomaf (all grade), %

3

8

17

Squamous cell carcinomaf (grade ≥3), %

N/A

N/A

N/A

Basal cell carcinomaf (all grade), %

2

1

2

Basal cell carcinomaf (grade ≥3), %

N/A

N/A

N/A

Overall survival

Progression-free survival

Dermatologic adverse events

f

a

Adapted from Ascierto et al [15] and Gogas et al [20].

b

HR: hazard ratio.

c

Encorafenib plus binimetinib versus vemurafenib.

d

Encorafenib versus vemurafenib.

e

N/A: not applicable.

f

These dermatologic adverse events were reported separately by Gogas et al [20] as all grade dermatologic adverse events with no further breakdown.
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Comparing Current Targeted Therapy
Combinations

validity of the results and establishes encorafenib plus
binimetinib as an effective second-line treatment for patients
who have progressed in previous systemic treatments.

To date, no direct studies have been conducted that would
prioritize dabrafenib plus trametinib over vemurafenib plus
cobimetinib or vice versa. coBRIM, which compared
vemurafenib plus cobimetinib and vemurafenib monotherapy,
and COMBI-v, which compared dabrafenib plus trametinib and
vemurafenib monotherapy, share some similarities in study
design features and control groups. On the basis of these
similarities, Galván‐Banqueri et al [21] conducted an indirect
comparison between the 2 combined regimens and concluded
that there were no significant differences in OS and PFS. The
similarities in PFS and OS were also reported in a systematic
review and network meta-analysis by Garzón‐Orjuela et al
[22]. However, this study highlighted disparities in safety
profiles; dabrafenib plus trametinib was found to be safer
because of the lower risk of grade 3 and grade 4 adverse events,
such as ocular adverse events (serous retinopathy) and elevated
liver enzymes.

Of note, the number of patients with elevated levels of lactate
dehydrogenase (a negative prognostic factor) involved in
COLUMBUS was lower than in other trials, which might
indicate that the patients enrolled had a healthier baseline.
However, apart from the disparity in lactate dehydrogenase
levels, the other prognostic factors were comparable. In addition,
vemurafenib monotherapy was a common control group in
COLUMBUS, COMBI-v, and coBRIM and produced
comparable results, which negates any significant differences
between study participants [13,25,26].

Indirect comparisons should be interpreted cautiously, as even
similarly designed trials might exhibit some degree of
discrepancy that would discredit any conclusions made. In case
of coBRIM and COMBI-v, there were differences in the
inclusion criteria, study end points (PFS was the primary end
point in coBRIM and secondary in COMBI-d), and allowance
of patient crossover between study arms [13,23].
In COLUMBUS, a phase 3 open label RCT, encorafenib plus
binimetinib displayed unprecedented efficacy rates for a BRAFi
plus MEKi combination therapy (median OS of 33.6 months
and median PFS of 14.9 months), especially in median OS. In
comparison, dabrafenib plus trametinib treatment achieved a
median OS of 25.1 months and a median PFS of 11 months,
which was similar to the vemurafenib plus cobimetinib
combination results, yielding 22.3 and 12.3 months for median
OS and PFS, respectively (Tables 3-5) [13-15].
The National Institute for Health and Care Excellence (UK)
recruited Pierre Fabre, a pharmaceutical company, to compare
the clinical efficacy and cost-effectiveness of encorafenib plus
binimetinib and dabrafenib plus trametinib by evaluating the
direct and indirect evidence. The results showed that there were
no significant differences in the clinical outcomes between the
2 BRAFi plus MEKi combinations; however, encorafenib plus
binimetinib was shown to be more cost-effective. Hence, it was
recommended by the National Institute for Health and Care
Excellence for BRAF-positive advanced melanomas [24].
The study designs of COLUMBUS, coBRIM, COMBI-d, and
COMBI-v had a notable difference in patient characteristics,
which might suggest the added benefit of certain targeted
therapy combinations in select patient subcategories. Unlike
coBRIM, COMBI-d, and COMBI-v, the COLUMBUS trial
allowed the recruitment of previously treated patients, including
those who were previously treated with BRAFi monotherapies
[13,25-27]. This shows that the clinical outcomes were achieved
in a cohort that might have developed resistance or progressed
with previous BRAFi agents. It also enhances the external
https://cancer.jmir.org/2021/4/e29912
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Pharmacokinetic analysis of the available BRAFi revealed
significant differences. Delord et al [28] compared encorafenib,
dabrafenib, and vemurafenib in a preclinical setting (cell lines
and xenograft melanoma tumors) and showed that although all
3 agents were able to inhibit BRAF V600E kinase activity at
the same concentration, encorafenib had a markedly prolonged
half-life (>30 hours) compared with that of dabrafenib (2 hours)
and vemurafenib (0.5 hours). This translated to increased drug
availability, prolonged target suppression, and enhanced
potency. Delord et al [28] demonstrated the increased potency
of encorafenib by showing that the half-maximal inhibitory
concentration (IC50) was achieved with a lower concentration
of encorafenib (<40 nmol/L) compared with that of dabrafenib
(<100 nmol/L) and vemurafenib (<1 μmol/L) [28]. The
prolonged half-life and superior potency of encorafenib might
explain the prolonged median OS of encorafenib plus
binimetinib evident in the COLUMBUS trial. Additional
research should delineate the impact of the pharmacokinetic
profile on the onset and overall onset of resistance, a notable
limiting factor of BRAFi and MEKi [17].
The frequency of certain dermatologic adverse events varied
considerably between the monotherapy groups in the
COLUMBUS trial and across other BRAF trials, which might
point to the presence of molecular differences in same-group
agents (Tables 3-5) [13-15]. One such difference is the
variability of kinase inhibition among BRAF isotypes.
Encorafenib was shown to exhibit similar inhibition on both
mutated and wild-type BRAF isotypes, whereas both dabrafenib
and vemurafenib inhibited mutated BRAF kinase more
efficiently with minimal inhibition of wild-type BRAF kinase
[29]. The uneven inhibition leads to the hyperstimulation of
wild-type BRAF kinase manifesting clinically as the paradoxical
rise of BRAFi-associated dermatologic adverse events, such as
squamous cell carcinoma, primary melanoma, and papillomas
[29,30]. Adelmann et al [29] introduced the term paradox
indices, which estimates a therapeutic window that represents
the concentration range within which maximum inhibition of
BRAF is achieved while maintaining the lowest paradoxical
activation of the downstream kinase extracellular
signal-regulated kinase (ERK), the culprit kinase that drives
treatment-induced dermatologic adverse events in wild-type
BRAF tissues [31]. Encorafenib had the highest paradox index
(50), representing the most potent agent with the widest safety
margin, followed by those of dabrafenib (10) and vemurafenib
JMIR Cancer 2021 | vol. 7 | iss. 4 | e29912 | p. 7
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(5.5) [29]. The clinical results corresponded with the reported
paradox indices, as vemurafenib-associated squamous cell
carcinoma was twice as common compared with the encorafenib
group; similar disparities were noted in papilloma and keratosis
pilaris (Table 5).
The unique pharmacokinetic profile of encorafenib could also
explain the disparity in the prevalence of nondermatologic
adverse events. For instance, pyrexia was shown to be the most
common adverse event and a substantial limiting factor among
patients treated with dabrafenib plus trametinib, causing the
most treatment interruptions (30%), dose reductions (14%), and
permanent terminations (3%) [26]. COLUMBUS trial revealed
a sizable decrease in pyrexia incidence in the encorafenib plus
binimetinib group (18%) compared with that in the dabrafenib
plus trametinib group (53%) in the COMBI-v trial [20,26]. In
addition, COLUMBUS showed that vemurafenib (an agent used
in the vemurafenib plus cobimetinib combination) monotherapy
group had an approximately 2-fold increase in pyrexia (30%)
compared with the encorafenib monotherapy group (16%) [20].
Both findings suggest that encorafenib plus binimetinib is,
potentially, the safest BRAFi plus MEKi currently offered for
treatment-induced pyrexia. Given the lack of direct evidence,
detailed comparisons of other critical adverse events, especially
those that impose the greatest threat of treatment interruption,
are much needed to help navigate the available treatments. To
date, all 3 combinations have been approved as first-line
treatments for BRAF-positive advanced melanoma, especially
in rapidly deteriorating cases [6,32].

Immunotherapy Versus Targeted Therapy
To date, no evidence is available from head-to-head trials that
compare immunotherapy and targeted therapy for
BRAF-positive melanomas. Ugurel et al [33] conducted an
exploratory analysis comparing the PFS and OS of landmark
trials assessing advanced melanoma treatments. The study
included 25 prospective clinical trials from 2002 to 2017,
producing 83 Kaplan-Meier survival curves. Ugurel et al [33]
showed that there was a high concordance among the survival
curves of different agents within the same group of both targeted
and immunotherapy agents used as first-line therapies. However,
the survival data of the second or higher treatment lines showed
lower concordance. Moreover, the combined BRAFi plus MEKi
had superior PFS rates compared with those of combined
immunotherapy at 6 months (72.3% vs 63.8%). In addition, the
OS rates of combined BRAFi plus MEKi were also higher at
12 months (76.6%) than those of the combined immunotherapy
(73.1%). However, the OS rate curves crossed over in favor of
combined immunotherapy at 24 months, yielding 62.9%
compared with 53.3% in combined BRAFi plus MEKi [33]. It
is worth mentioning that the analysis of Ugurel et al [33] only
included trials that evaluated treatments of BRAF-positive
melanoma that were published up to January 1, 2017; hence,
the results of the aforementioned analysis did not account for
agents approved more recently, such as encorafenib plus
binimetninb.
Moreover, the 5-year update of CheckMate 067 demonstrated
the long-term survival benefit of nivolumab groups in patients
https://cancer.jmir.org/2021/4/e29912
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with BRAF-positive melanoma. The combination arm reported
a median OS of >60 months (median OS has not been reached
yet), representing the longest median OS of all the currently
available first-line treatments, followed by nivolumab
monotherapy, which achieved a median OS of 45.5 months
(Tables 1-5) [5]. Conversely, the 5-year combined pooled data
of COMBI-d and COMBI-v revealed that the median OS at 5
years was 25.9 months in patients with BRAF-positive
melanoma on combined dabrafenib plus trametinib treatment
[23]. Comparing the results from Checkmate 067 and COMBI-v
or COMBI-d would not present tangible evidence because of
the discrepancy in the characteristics of study populations [5,23].
The inferior 24-month survival outcome of targeted therapy
reported in the analysis of Ugurel et al [33] and the considerable
difference in the 5-year median survival between the nivolumab
groups and the dabrafenib plus trametinib combination group
delineate the acquired resistance phenomenon associated with
targeted therapy, which became eminent approximately 6
months after treatment initiation [5,17,23].
Similarly, the lower PFS and OS rates of immunotherapy during
the first year of treatment depicted in the findings of Ugurel et
al [33] displayed the primary resistance phenomenon associated
with immunotherapy agents [34]. It is worth mentioning that
the 5-year compiled data of CheckMate 067 denote a steadily
increasing rate in complete response, regardless of the BRAF
status, which might suggest the reversibility of
immunotherapy-associated resistance [5].
Furthermore, studies have shown that BRAFi plus MEKi agents
displayed a more pronounced therapeutic effect in patients with
high lactate dehydrogenase. Conversely, immunotherapy was
more effective in patients with normal levels of lactate
dehydrogenase [35,36].
These findings suggest the superiority of combined BRAFi plus
MEKi as an acute treatment especially in aggressive melanomas,
while supporting the superior role of immunotherapy as a
maintenance therapy. Furthermore, these findings suggest the
benefit of sequential therapy, where treatment could be initiated
by BRAFi plus MEKi and then maintained by immunotherapy,
thus harvesting the benefits of both lines of therapy. This
approach is corroborated by the 5-year analysis of the pooled
data of COMBI-d and COMBI-v trials, which showed that a
complete response was observed in patients who were treated
with immunotherapy following dabrafenib plus trametinib
therapy administered in the aforementioned trials [23]. This
regimen is currently being studied in ImmunoCobiVem
(ClinicalTrials.gov NCT02902029), a clinical trial assessing
the efficacy and safety of sequential treatment with cobimetinib
plus vemurafenib followed by atezolizumab.
The European Society for Medical Oncology recommends the
use of immunotherapy in unresectable melanoma regardless of
the BRAF mutation status, as long as the immunotherapy can
be safely administered, meaning that melanoma is not
progressing very quickly and there is no imminent threat to any
function or organ [6]. The US National Comprehensive Cancer
Network recommends both immunotherapy and targeted therapy
as first-line treatments for unresectable melanoma; however,
targeted therapy is preferred for rapidly deteriorating
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BRAF-positive melanomas [7]. Studies comparing targeted and
immunotherapy agents as first-line treatment are yet to be
published; such results will conceivably shape the guidelines
of this dynamic field.

Combined Targeted and Immunotherapy
Regimen
On July 30, 2020, the United States Food and Drug
Administration approved atezolizumab combined with
vemurafenib plus cobimetinib as first-line treatment for
unresectable melanoma. This is the first approved combined
treatment regimen that incorporates targeted therapy and
immunotherapy [9].
Atezolizumab is a PD-L1 inhibitor that has been approved as a
monotherapy to treat other solid cancers, including breast and
urothelial cancers [37,38]. Atezolizumab monotherapy has also
been investigated in a phase 1 trial for the treatment of advanced
melanoma. In this study, Hamid et al [39] showed that
atezolizumab achieved a median OS of 23 months. In addition,
the median response duration exceeded 5 years, while
maintaining a tolerable safety profile. The response durability
and tolerability presented atezolizumab as a promising agent
for melanoma treatment.
However, the recent approval of atezolizumab was based on
the results of IMspire150, a phase 3 double-blind RCT that
assessed the efficacy and safety of atezolizumab plus
vemurafenib plus cobimetinib versus vemurafenib plus
cobimetinib plus placebo. Both arms were initially treated with
the vemurafenib plus cobimetinib combination for the first cycle
(a 28-day cycle), after which the intervention group was
commenced on atezolizumab, whereas the control group was
given a matched placebo. The PFS of the triple agent group was
15.1 months, which was significantly longer than that of the
dual agent group (10.6 months) [40]. Interestingly, the PFS
curves of the 2 groups parted ways after 7 months of treatment,
at approximately the same time that the acquired resistance of
BRAFi plus MEKi becomes apparent, highlighting the added
benefit of incorporating immunotherapy with combined targeted
therapy [17,33,40]. In addition, the median duration of response
was prolonged in the triple agent arm. At the time of the interim
analysis, the death rate of the triple agent group was 36%
compared with 43% in the control group. Accordingly, the OS
rate at 24 months was predicted to be 60% and 53% for the
triple and dual agent groups, respectively [40].
Notably, immune-mediated adverse events, which required
systemic corticosteroids, were more frequent in the triplet group.
These adverse events include dermatitis acneiform, acne,
pneumonitis, uveitis, hyperthyroidism, and raised liver enzymes.
Other dermatologic adverse events, such as photosensitivity
reactions, rash, pruritus, dry skin, and sunburn were also
reported in the triplet group [40].
The higher toxicity of the triple agent treatment was also
portrayed in KEYNOTE-022, a phase 2 double-blind RCT that
evaluated the addition of pembrolizumab to dabrafenib plus
trametinib combined therapy. The study showed that the triple
agent group had a superior median PFS of 16.0 months versus
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10.3 months in the dabrafenib plus trametinib only group.
However, the P value threshold for statistical significance
(P=.003) was not achieved for PFS (P=.04). However, the triple
agent group had a higher rate of patients with complete response
(18.3%) compared with that in the dual agent group (13.3%).
Furthermore, the triple agent group displayed improved response
duration; however, it was associated with higher toxicity, leading
to more frequent treatment discontinuations [41].
In light of the added toxicity of the triple agent approach and
the lack of mature data that demonstrate the OS benefit of the
triple therapy, guidelines are yet to outline the exact role of this
regimen in treating BRAF-positive melanoma and the
implications it has on the currently available dual agent options
[42]. The results of other ongoing trials that evaluate the triple
agent approach, such as ImmunoCobiVem (ClinicalTrials.gov
NCT02902029)
and
COMBI-I
(ClinicalTrials.gov
NCT02967692), will aid in delineating the role of combined
immunotherapy and targeted therapy in melanoma treatment.
Treatment-associated toxicity is pivotal in shaping current and
future guidelines, particularly for adverse events that have been
detrimental
to
treatment
continuation.
In
fact,
treatment-associated dermatologic adverse events have been
ranked high for both frequency and severity. Dermatologic
adverse events present in approximately 50% of patients with
advanced melanoma treated with immunotherapy. Targeted
therapy-related dermatologic adverse events occur in 90% of
the patients who are treated, rendering dermatologic adverse
events not only one of the most frequently reported adverse
events but also one of the most common reasons for treatment
interruption [32,43]. Immunotherapy-related dermatologic
adverse events include maculopapular rash, vitiligo, and pruritus
[44]. In contrast, dermatologic adverse events associated with
targeted therapy are not only more common but also are more
clinically relevant [32]. Targeted therapy-induced dermatologic
adverse events, which are responsible for most treatment
interruptions include proliferative cutaneous neoplasms, rash,
and photosensitivity reactions [45].

Dermatologic Adverse Events: A
Challenge in Clinical Practice
Advanced melanoma treatment-related dermatologic adverse
events are mainly managed by oncologists and dermatologists.
However, the former are more involved in the management of
dermatologic adverse events, as advanced cutaneous melanoma
cases are referred to oncology care, with minimal care provided
by dermatologists.
Furthermore, the literature shows that there is hesitancy in
requesting dermatology input when managing dermatologic
adverse events despite the challenges that they present in clinical
practice, including dose reduction or, more importantly,
treatment interruption or termination [46-48]. The following
are 3 studies that showcase this phenomenon and illustrate the
degree of dermatology specialist input in managing oncology
treatment-related dermatologic adverse events.
In a French study by Peuvrel et al [46], 67 nondermatologist
health care professionals who manage patients with cancer on
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targeted therapy were surveyed. Although there was consistency
in treating common, uncomplicated cases, greater disparity was
evident in managing complex cases, such as secondary skin
infection or cases associated with radiodermatitis. Moreover,
the study revealed that dermatologic consultations were
prompted mainly if dermatologic adverse events were
exacerbated or were persistent for >2 weeks. It also identified
that nondermatologists struggled to grade dermatologic adverse
events and manage those located in skin appendages, such as
nails and the scalp. Less than half of the respondents would
refer to a dermatologist if they needed help in managing
cutaneous side effects.
The disparity in management and latency in seeking specialist
input was echoed in a German study by Hassel et al [47] where
oncologists and dermato-oncologists were provided with pictures
and medical history of a patient with an acneiform rash, a
dermatologic adverse event associated with targeted therapy
and were asked to provide information on grading and treatment
strategies. The results showed that dermato-oncologists had a
more liberal use of local antibiotics (P=.006) and isotretinoin
(P=.002). However, the data showed that dermato-oncologists
delayed targeted therapy less often because of skin toxicity
(P=.009). Despite these discrepancies, only 9% of the
oncologists referred the patient to a dermatologist [47].
Finally, in the Unites States, Boone et al [48] surveyed 110
oncology clinicians who manage patients on targeted therapy.
Of the health practitioners surveyed, 17% reported rash in
approximately 90% of their patients: 32% had terminated
treatment because of rash, and 60% had to reduce the dose.
Despite the high rate of rash causing considerable treatment
disruptions, only 8% of those surveyed requested dermatology
consultations and fewer than half actively treated mild rashes
[48].
Although it might be inappropriate to draw generalizations from
questionnaire-based studies, the aforementioned studies provide
insight into the oncology practice in different parts of the world.
All of these studies revealed a delay in seeking dermatology
consultations despite facing challenging dermatologic adverse
events that led to treatment disruptions. However, the
questionnaires did not account for the impact of late dermatology
consultations on the physical and psychological well-being of
the patients, nor did they account for the implications of any
untreated dermatologic adverse events, which have been shown
to be detrimental to the patients’ quality of life [49,50].
Dermatologic adverse events have been shown to cause notable
treatment termination and dose reduction, which might hinder
clinical resolution and lead to disease progression [45]. Late
dermatology consultations, if acquired, attempt to alleviate
clinical symptoms of severe or persistent dermatologic adverse
events; however, they may not reverse the negative connotations
that patients have toward the treatment regimens, which may
result in poor compliance. Moreover, late dermatology
consultations will only allow melanoma treatment continuation
when the dermatologic adverse events are controlled and will
have a limited role in certain dermatologic adverse events that
persist even after treatment termination. Therefore, a more
proactive role is needed from dermatologists to screen for and
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manage early dermatologic adverse events to ensure maximal
clinical benefit of melanoma treatment.
Furthermore, immunotherapy landmark trials excluded patients
with autoimmune diseases, including autoimmune dermatitis;
hence, no recommendations can be made regarding patients
with ongoing autoimmune skin diseases [5,12]. However,
observational studies have not only shown an exacerbation of
autoimmune dermatitis, such as psoriasis, in patients undergoing
immunotherapy treatment but have also reported new cases in
previously healthy patients [51,52]. This alludes to the
importance of integrated dermato-oncology evaluation before
treatment commencement, especially in patients with ongoing
autoimmune dermatitis or those predisposed to develop such
diseases.
The American Academy of Dermatology recommends a
collaborative approach between dermatologists and oncologists
to limit treatment interruptions and improve patients’ quality
of life. The academy also recommends routine dermatologic
assessments to be carried out depending on the agent used, age
of the patient, and predisposition to skin cancer, including any
previous history of skin cancer or sun damage. In the recent
American Academy of Dermatology guidelines for treating
melanoma, dermatologic assessments were specifically
recommended for 3 patient subgroups. First, patients on BRAFi
monotherapy (targeted therapy) should be assessed every 2-4
weeks for the first 3 months. Second, patients on immunotherapy
should be assessed during the first month of treatment, with
additional assessments as needed. Finally, patients with
autoimmune dermatitis, such as atopic dermatitis, should be
assessed before therapy commencement for counseling and
treatment [32]. Moreover, the US National Comprehensive
Cancer Network recommends regular dermatology assessments
and referrals for patients with melanoma on targeted therapy
[7]. In the United Kingdom, dermatologic adverse events are
managed primarily by oncologists, and there are no
recommendations for routine dermatologic evaluations.

Closing the Gap Between Dermatologists
and Oncologists
Collaborative efforts between dermatologists and oncologists
should be established throughout the treatment period. This is
especially true because of the rapid pace of developments in
advanced melanoma management, including the approval of
novel agents, approval of new combinations of existing agents,
and adaptation of unresectable melanoma treatments in adjuvant
and neoadjuvant settings. In addition, many of these agents are
widely used in other oncology disciplines. These factors
contribute to the increasing patient pool, which might benefit
from a more unanimous treatment approach.
Several clinical models have been implemented to improve the
quality of care provided to patients with cancer, presenting with
dermatologic adverse events. For instance, in North America,
cutaneous oncology clinics have been established, which are
run by trained dermatologists who manage dermatologic adverse
events. Furthermore, several European countries have adopted
dermato-oncology training programs that equip dermatologists
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with the means to diagnose and treat dermatologic adverse
events associated with different cancer treatments. In contrast,
the United Kingdom offers dermato-oncology services, such as
transplant skin clinics that provide routine skin assessments that
screen and manage dermatologic adverse events. However,
these clinics are limited to certain tertiary hospitals, with no
routine dermatology input provided in other hospitals [53].
Several proposed steps at the institutional level, if applied,
should contribute to improved and holistic care for patients with
advanced melanoma (Figure 1). First, a wider range of hospitals
should implement dermato-oncology joint clinics. Second, a
multidisciplinary team approach should be incorporated
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throughout the treatment period. In addition, pretreatment
dermatologic evaluations should be incorporated into the care
of patients with advanced melanoma who have ongoing
autoimmune dermatitis and those who are predisposed to
develop such diseases. Third, dermato-oncology interdisciplinary
training should be established as part of specialist training or
as an independent fellowship program, which will allow the
transfer of expertise between the 2 specialties. These efforts
will provide dermatologists and oncologists with a better
understanding of the characteristics of these agents, enabling
them to recognize and manage early signs of serious
dermatologic adverse events, thereby limiting unnecessary
treatment interruptions.

Figure 1. Proposed steps to improve the quality of care provided to patients with melanoma.

On the departmental scale, dermatologists should formulate
easy-to-follow management guidelines for common
dermatologic adverse events, thus creating a higher degree of
independence among oncologists when faced with dermatologic
adverse events. Moreover, these guidelines should highlight the
scenarios that mandate dermatology referrals, thereby facilitating
the universality of care across hospitals.

https://cancer.jmir.org/2021/4/e29912

XSL• FO
RenderX

Conclusions
Because of the novelty of targeted therapy and immunotherapy,
there are no mature data from head-to-head trials that compare
targeted therapy and immunotherapy or delineate the role of
combined or sequential targeted and immunotherapy regimens.
Indirect data analyses suggest that combined targeted therapy
has an advantageous therapeutic effect on rapidly developing,
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prognostically poor melanomas, whereas immunotherapy agents
show a more durable long-term melanoma growth inhibition.
Further direct comparative studies will undoubtedly offer a
better understanding of the ideal treatment approach for
advanced cutaneous melanoma.
Incidentally, dermatologic adverse events are among the most
frequently reported adverse events with targeted therapy and
immunotherapy. Because of the unclear role of dermatologists
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in managing dermatologic adverse events in the current
guidelines, managing oncologists are faced with a plethora of
treatment-related dermatologic adverse events that have been
shown to be detrimental to treatment continuity and patients’
quality of life. Hence, evidence-based guidelines that incorporate
dermato-oncology management are much needed to improve
the quality of care provided to patients with advanced
melanoma.
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