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EDITORIAL COMMENT
Melanoma Treatment
The Heart Has Skin in the Game*
Adolfo G. Mauro, PHD,a Victor Yazbeck, MD,b Fadi N. Salloum, PHDa,b
C ancer and cardiovascular disease are neck
and neck when it comes to leading causes
of death worldwide. Many survivors who tri-

umph over cancer will experience cardiovascular
complications due to the undesired side effects of
cancer treatment. The field of oncology has tirelessly
pushed forward the development of as many new and
effective cancer therapies as possible in order to
improve the prognosis of patients with malignancies.
Unfortunately, many of these newer therapies require
further investigation into their cardiotoxic side effect
profiles.

Melanoma is the most aggressive of all skin can-
cers, and its incidence is rising dramatically, espe-
cially in young adults.1 As of today, melanoma
diagnosis is the fifth most common malignancy
overall and the second most common cancer in pa-
tients younger than 39 years of age.1,2 The prognosis
is even less encouraging, considering that the sur-
vival rate at 5 years following the diagnosis of stage IV
metastatic melanoma can be as low as 30%, as
reported by the American Cancer Society.

On a more positive note, treatment for stage IV
melanoma is rapidly evolving. Targeting the mitogen-
activated protein kinase (MAPK) pathway has shown
promising results. Phase III clinical trials on the use of
dual rapid accelerated fibrosarcoma B-type (BRAF)
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and mitogen-activated extracellular signal-related
kinase 1 (MEK1) inhibition have both revolutionized
the treatment of melanoma in the metastatic and
adjuvant settings by increasing overall survival
and/or cancer-free progression survival.3-8 BRAF in-
hibitors have shown critical issues regarding cardio-
vascular toxicity. Patients receiving this class of drugs
have displayed hypertension and QT-interval pro-
longation. MEK1 inhibitors have been developed to
counteract the BRAF-induced treatment-related
resistance; however, cardiovascular sequelae have
been highlighted, including hypertension and
decreased cardiac ejection fraction in up to 11% of
patients leading to dose interruption in 3% or
discontinuation in <1% of patients.9

Furthermore, the combination of BRAF and MEK
inhibitors was the first Food and Drug Administration–
approved combination for several malignancies such
as malignant melanoma, non–small-cell lung cancer,
anaplastic thyroid cancer, and more recently, for
metastatic tumors with BRAFV600 mutations in a
tumor-agnostic fashion.10 Therefore, it is vital to
understand the mechanisms behind the cardiotoxic
side effects of MEK inhibitor–based therapies, in or-
der to maximize the benefit for cancer patients
affected by these life-threatening malignancies.

In this issue of JACC: CardioOncology, Beck et al11

elegantly shed new light on this important topic. A
murine model of chronic administration of trameti-
nib, a MEK1 inhibitor, was used to induce cardiotox-
icity in mice. According to clinical observations, the
direct effect of MEK1 inhibition on the heart was
measured as a significant reduction in cardiac func-
tion quantified as a decline in ejection fraction. Mice
treated with trametinib had an almost 90% death rate
after 80 days of treatment. The mortality rate
observed by the investigators, however, was
extremely high and fortunately does not represent
the clinical observation in humans. Trametinib is
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usually prescribed in adult patients at a dosage of
2 mg orally once per day until disease progression or
unacceptable toxicity. It is noteworthy that the per-
centage of patients who developed cardiomyopathy
following treatment with trametinib was 11%, which
may suggest that the investigators in the current an-
imal study might have chosen too high a dosage. A
lower dosage may prevent such an exacerbated car-
diotoxic phenotype, but adjusting dosages from
humans to mice is a widely known challenge.

Myocardial vacuolization, atrophy, and calcifica-
tion were observed in almost one-third of the animals
treated with trametinib. A proinflammatory response
was investigated; increased M1 macrophage polari-
zation was observed, whereas transcriptomic analysis
revealed increased transcription of PI3K/AKT and
JAK/STAT signaling, including interleukin (IL)-6.
Increased plasma levels of pro-inflammatory IL-6 and
C-X-C motif chemokines 11 and 13 were measured
following the trametinib regimen. Trametinib also
reduced cardiac ERK1/2 activation while increasing
both transcriptional and protein levels of STAT3 and
AKT. All these parameters were also associated with
elevated genetic transcription of markers of mito-
chondrial biogenesis, mitophagy, and oxidative
stress. However, it would have been extremely
informative if mitochondrial biogenesis and mitoph-
agy markers could have been assessed at the protein
level. Transcriptomic changes associated with dis-
turbances in cardiac pump function were also
observed, which were in line with the functional as-
sessments in mice and the clinical evidence in
humans. On the other hand, it still remains unknown
how the course of the trametinib-induced cardiotox-
icity evolves through the entire experimental setting
since both echocardiographic and transcriptomic data
were collected as terminal assessments.

The inclusion of a tumor-bearing model would
have also provided additional information on the role
of cancer in the pathogenesis of trametinib cardio-
myopathy, especially owing to what we know about
the detrimental role of cancer and inflammation in
the development of heart disease.12 An elegant
feature of this study is the employment of human
cardiac organoids (hCOs) to model drug-induced
cardiotoxicities. By using hCOs, the investigators
were able to better understand the dynamics
of trametinib-induced cardiotoxicity. Moreover,
through the observation of a sustained recovery of
cardiac function following the discontinuation of
trametinib, measured in vivo as contraction ampli-
tude of hCOs, the investigators were able to note the
potentially transient effect of the drug on the heart.
In fact, across clinical trials in patients who received
trametinib in combination with dabrafenib, cardio-
myopathy appears to often be reversible upon treat-
ment discontinuation.13 These data are very
promising and might represent a valuable tool for
clinicians to use in conjunction with early screening
strategies.

However, as performed by Beck et al,11 the measure
of cardiac contraction alone might mask underlying
compensatory mechanisms that often accompany
many forms of cardiac disease, including cardiotox-
icity consequent to cancer therapy, particularly in the
early stages. Unfortunately, an unanswered clinical
question is how trametinib compares with other
currently approved MEK inhibitors (binimetinib,
cobimetinib, selumetinib) from a cardiac safety pro-
file, and how the combination of MEK and BRAF in-
hibitors would have affected cardiac function in the
models proposed by the investigators while assessing
the effect of anti–IL-6 on trametinib-induced car-
diotoxicity. Trametinib, like other drugs in this class
of therapies, is mostly used in combination with other
targeted agents, because inhibition of MEK alone
does not therapeutically provide sufficient disruption
of the activated RAS–RAF–MEK–ERK cascade.14 This
suggests potential avenues for future investigation.
As more is understood about trametinib and other
MEK inhibitors, researchers can begin to explore the
most efficient and safest combination to move for-
ward across several malignancies.

In conclusion, this work by Beck et al11 is an
important first step forward in modeling the phar-
macological inhibition of the MAPK pathway. How-
ever, several questions remain unanswered,
including identifying the appropriate dosage and the
characterization of a time course of trametinib-
induced cardiomyopathy. This, combined with a
better understanding of the tumor/heart axis in mel-
anoma treatment and the use of a clinically relevant
pharmacological approach comprising BRAF and MEK
inhibition, will help pave the way for more in-depth
mechanistic studies supporting a causal relationship
between MEK inhibitor-based therapies and subse-
quent cardiovascular toxicity. Ideally, this will result
in the discovery of tailored therapeutic strategies to
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prevent cardiac complications and improve the
overall quality of life in patients who derive clinical
benefit from this important targeted therapeutic
approach.
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