
Citation: Stoian, A.-R.; Rahnea-Nita,

G.; Ciuhu, A.-N.; Gales, L.; Anghel,

R.-M.; Rebegea, L.-F.; Rahnea-Nita,

R.-A.; Andronache, L.-F.; Soare, I.;

Stoleriu, G. The Benefits and

Challenges of the Multimodal

Treatment in Advanced/Metastatic

Malignant Melanoma. Diagnostics

2023, 13, 1635. https://doi.org/

10.3390/diagnostics13091635

Academic Editor: Sung Chul Lim

Received: 15 March 2023

Revised: 2 May 2023

Accepted: 3 May 2023

Published: 5 May 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

diagnostics

Case Report

The Benefits and Challenges of the Multimodal Treatment in
Advanced/Metastatic Malignant Melanoma
Alexandru-Rares Stoian 1,2,†, Gabriela Rahnea-Nita 1,3,* , Anda-Natalia Ciuhu 3,†, Laurentia Gales 1,4,† ,
Rodica-Maricela Anghel 1,4, Laura-Florentina Rebegea 5,6,7 , Roxana-Andreea Rahnea-Nita 1,3,†,
Liliana-Florina Andronache 1,†, Ioana Soare 8,† and Gabriela Stoleriu 6

1 Clinical Department, Faculty of Medicine, The University of Medicine and Pharmacy “Carol Davila”,
8 Eroii Sanitari Street, 050474 Bucharest, Romania

2 “Bagdasar-Arseni” Emergency Clinical Hospital, 041915 Bucharest, Romania
3 “Sf. Luca” Chronic Disease Hospital, 041915 Bucharest, Romania
4 The Oncological Institute “Prof. Dr. Alexandru Trestioreanu”, 022328 Bucharest, Romania
5 Radiotherapy Department, “Sf. Ap. Andrei” County Emergency Clinical Hospital, 800579 Galati, Romania
6 Clinical Department, Faculty of Medicine and Pharmacy, “Dunarea de Jos” University of Galati,

800008 Galati, Romania
7 Research Center in the Field of Medical and Pharmaceutical Sciences, ReFORM-UDJ, 800010 Galati, Romania
8 Clinical Department, The Faculty of Medicine, “Titu Maiorescu” University, 040051 Bucharest, Romania
* Correspondence: gabriela_rahnea@yahoo.com; Tel.: +40-213343010
† These authors contributed equally to this work.

Abstract: Currently, the treatment of malignant melanoma offers the longest and the most studied
experience of innovative treatments in malignant pathology. The algorithm of the therapeutic
decision in advanced or metastatic melanoma must comprise: the timing of the therapeutic initiation,
the sequencing of the specific oncological treatment (radiotherapy and chemotherapy still being
therapeutic alternatives in selected cases), the diagnosis and the management of adverse reactions.
We present the case of a patient diagnosed with metastatic malignant melanoma in November 2019,
who progressed successively under new systemic treatment throughout the 3 years of treatment and
experienced skin reactions of various degrees of severity. The comprehensive response to secondary
hilar pulmonary lymphatic determinations under subsequent chemotherapy was specific to the
presented case. The occurrence of vitiligo secondary to immunotherapy is a favorable prognostic
factor, but the occurrence of secondary cerebral determinations is an extremely severe prognostic
factor in malignant melanoma and a challenge in making the therapeutic decision. Previous treatment
with immune checkpoint inhibitors may trigger a favorable response to systemic chemotherapy. The
early and accurate diagnosis of the adverse events of the new therapies requires a multidisciplinary
approach, because it can radically change the therapeutic decision.

Keywords: malignant melanoma; new therapeutic approach; chemotherapy; adverse events

1. Introduction

Malignant melanoma (MM) has shown an increase in incidence in the last decade, with
exposure to ultraviolet radiation as the main triggering factor [1–3]. In a study conducted
in England, an increase in the incidence of the disease from an average of 837 cases/year
between 1981–1985 to 6963 cases/year between 2016–2018 was highlighted [1,2]. On the
other hand, in a study carried out in the United States, a rapid decrease in mortality
was highlighted through the efficiency of immune and targeted therapies in malignant
melanoma [4].

Described since the 14th century B.C.E. (before the Common Era) in the mummies
of Peru, malignant melanoma started to be recognized, named and subsequently studied
beginning in the 1800s when Rene Laennec introduced the term “melanosis” and Sir
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Robert Carswell named the malignant pigment lesions of the skin “melanoma” [5,6].
Since 1975, specific systemic therapies for malignant melanoma have been developed,
including the approval of Dacarbazine and, subsequently, treatments with high-dose alpha
interferon (IFN-α) and high-dose interleukin-2 (IL-2) [6]. Since the 2010s, progress in
systemic treatment has become exponential, in response to decades of molecular and
immunologic studies of cancers [7,8].

The mechanism of action of Dacarbazine, a standard treatment for malignant melanoma
for more than 30 years, has not been elucidated yet [9]. It is considered to have a cytotoxic
effect due to its structure as an alkylating agent and because it inhibits deoxyribonucleic
acid (DNA) synthesis through its action as a purine analogue [9]. Il-2, through the activa-
tion and proliferation of T lymphocytes and the stimulation of natural killer (NK) cells,
fostered a real interest in the treatment of cancers at the end of the 1990s, but it demon-
strates a response rate of only 15% in metastatic renal cancers and metastatic malignant
carcinoma. In high doses, IL-2 has demonstrated a clinical response of up to 50% in the
with malignant melanoma with lymphopenia [9]. Type I and II interferons (IFNs) present
antitumor action through signal transducer and activator of transcription (STAT) 1 and
2 activations and related mechanisms: the activation of mitogen-activated protein kinase
(MAPK) pathway, of mammalian target of rapamycin (mTOR) pathway and of nucleotide
Guanosine TriPhosphate (GTP)ases/cyclin-dependent kinases pathway. IFN-α stimulates
tumor immunogenicity and the response of antitumor dendritic cells through the polar-
ization, maturation and survival of dendritic cells. Therefore, IFNs have a proapoptotic,
anti-proliferative, antiangiogenic and potent immunoregulatory effect [10,11].

Starting from the theory that tumor cells manage to “fool” the immune system through
the “peripheral tolerance” mechanism—a process of regulating the activation of T lym-
phocytes by which autoimmunization is prevented, the treatment of advanced/metastatic
malignant melanoma is being revolutionized by immune checkpoint inhibitors. An impor-
tant role in this process is played by immune control pathways: cytotoxic T-lymphocyte–
associated antigen 4 (CTLA-4) and programmed death receptor-1 (PD-1) [12,13]. The
CTLA-4 pathway inhibits the autoreactive potential in the initial stage of activation of
naïve T cells, at the level of lymph nodes, while the PD-1 pathway regulates this process, at
the level of peripheral tissues, in the late phase of the immune process, on the previously
activated T cell. PD-1 is expressed both at the level of T lymphocytes and at the level of
B lymphocytes, monocytes, dendritic cells and tumor-infiltrating lymphocytes (TILs). By
linking to its protein programmed cell death-ligands 1 and 2 (PD-L1 and PD-L2), PD-1
inhibits the activity of T cells [12–14]. Tumor cells from malignant melanoma overexpress
PD-L1 to escape the inflammatory process. Thus, the treatment of advanced/metastatic
malignant melanoma was revolutionized starting in the 2010s through: Ipilimumab (re-
combinant humanized monoclonal antibody that binds to CTLA-4), Pembrolizumab and
Nivolumab (direct anti PD-1 monoclonal antibodies), and Atezolizumab (fully humanized,
engineered monoclonal antibody of IgG1 isotype against PD-L1), including the association
between anti-CTLA-4 and anti-PD-1 [12,13].

BRAF, named also as NS7; B-raf; BRAF1; RAFB1; B-RAF1; BRAF-1, is a B-Raf proto-
oncogene, serine/threonine kinase, the gene that encodes a protein belonging to the
RAF family of serine/threonine protein kinases, located on chromosome 7q34. It was
noticed that 40–60% of the patients with malignant melanoma present BRAF(h) gene
mutations— most frequently, the modification of a single amino acid at the level of codon
600 (BRAFV600E). The oncogenic effect of BRAF mutation occurs by activating the MAPK
pathway/extracellular signal-regulated kinase (ERK), named MAPK/ERK kinase or MEK.
MEK is activated by MEK phosphorylation and subsequently ERK phosphorylation [15–18].
This characteristic determines the sensitivity of these tumors to targeted therapies with
the inhibition of the MAPK pathway. Thus, BRAF inhibitors (Dabrafenib, Vemurafenib,
Encorafenib) demonstrated an objective antitumor response in approximately 50% of the
patients with malignant melanoma, but with a short duration of approximately 6 months
due to mechanisms of resistance to treatment [15,16,19]. The simultaneous inhibition of
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BRAF kinase and MEK (trametinib, cobimetinib, binimetinib) determines long-term re-
sponses, an increased tumor response rate and a paradoxical decrease in skin toxicity, thus
becoming the standard treatment in malignant melanoma with present BRAF mutations,
with increases in the disease interval until progression of up to 1.8 months [20].

2. Materials and Methods

A 52-year-old patient from a rural area, with an occupational history of exposure to
sun, presented to our Oncology Department 3 years ago. At that time, the patient had
undergone a surgical treatment for a 2/2 cm pigmented ulcerated skin tumor formation
located at the level of the left basal posterior chest, 0.5 cm superior to a post-resection scar
from a similar skin lesion 12 months earlier (Figure 1).
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Figure 1. Melanoma relapse, at the time of the patient’s admission to the Surgical Department of
our team.

Histopathological and immunohistochemical tests revealed nodular pigmented malig-
nant melanoma, Breslow 15 mm (local staging pT4b), Clark V, 8 mitoses/mm2, in hot-spot,
“non-brisk” lymphocytic inflammatory infiltrates, presenting angiotropism, without any
lymphatic-vascular invasion, absent neurotropism, with V600E mutation detected in the
BRAF gene (c.1799T > A). The pre-therapeutic assessment comprised a computerized
tomography (CT) scan of the brain, thorax, abdomen and pelvis with contrast medium,
which revealed a thoraco-abdominal aortic aneurysm and lymphoscintigraphy with sur-
gical removal of the left axillary sentinel nodes. A complete left axillary excision was
performed, followed by the histopathological and immunohistochemical analysis of the
excised sentinel lymph nodes (3 lymph nodes with MM metastases, the largest metastatic
mass of 18 mm, subcapsular and extramedullary location, presenting extra lymph node
extension, p. V600E mutation in the present BRAF gene), pN2a stage. A positron emission
tomography (PET) scan/CT assessment at approximately 1 month after the axillary lymph
node removal pointed to a metabolically active upper left perijugular adenopathy with a
diameter of 29/30 mm, moderately fixed lymph nodes for 18Fluor-fluorodeoxyglucose (18F-
FDG) PET located bilaterally infrahilar and hilar pulmonary, possibly with a non-specific
inflammatory substrate; non-capturing pulmonary micronode of 5 mm, medial segment,
middle lobe. The subsequent therapeutic decision was established by the multidisciplinary
board, taking into account the extremely difficult surgical approach for the metabolically
active perijugular lesion and the coronavirus disease 2019 (COVID-19) pandemic at the
onset with severe restrictive health regimen, deciding to initiate the systemic oncological
treatment. The targeted treatment for the BRAF mutation was initiated with Dabrafenib in
the standard dose (150 mg BID (taken two times a day)) and Trametinib 2 mg/day. The
patient underwent this treatment for 6 months, with very good clinical tolerance, with a
few febrile spikes at the beginning of the treatment that were controlled with antipyretic
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treatment. The stage reassessment after 6 months, by magnetic resonance imaging (MRI)
of the cervical area with contrast medium and the CT of the thorax, abdomen and pelvis
with contrast medium, described the progression of the disease at the level of the lymph
nodes—a mass with a structure and non-homogeneous gadolinium of 30/22 mm in the
axial plane and 44 mm in the craniocaudal diameter, located in the left jugular carotid,
with a mass effect on the jugular vein—MRI appearance of adenopathy; multiple bilat-
eral superior latero-cervical adenopathies of 10 mm, submandibular of 13 mm, bilateral
deep latero-cervical of 11 mm, bilateral posterior laterocervical of 7 mm, lymph nodes of
maximum 22/8 mm in Barety’s space, infracentimeters in the aorto-pulmonary window,
lateral-aortic, right hilar of 20/13 mm.

For the next 10 months, the patient underwent treatment with Nivolumab 240 mg
every 14 days, with a temporary interruption of the treatment for 6 weeks due to an
increase in serum transaminase values > 5xN, until the correction of the values under
corticotherapy. The occurrence of skin depigmentation was also noticed in the last 3 months
of nivolumab administration, predominantly at the level of the face and bilateral palms
with a clinical aspect of “vitiligo” (Figure 2), and at the level of the distal lateral extremity
of the postoperative scar, a 5 mm brown-blue lesion with a clinical aspect of malignant
melanoma relapse.
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Figure 2. Vitiligo-like lesions in the areas exposed to the sun: (a) face and forehead; (b) dorsal side of
the left hand; (c) face, forehead and left side of the neck; (d) dorsal side of the right hand.

After 10 months of treatment, the imaging evaluations, the CT scan of the cervical,
thoracic and abdominal area with contrast medium, the ultrasound of soft tissues in the
left lateral cervical area (Figure 3), and the angiography and the MRI of the cervical area
with contrast medium revealed the increase in the tumor mass located in the left jugular
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carotid area, with no progression of the other lymph node lesions described in previous
examinations (an image with adenopathy including necrotic areas, medial to the left jugular
carotid vascular mass of 58.7/26/24 mm, with a structure similar to adenomegalies upon
MRI examination). The patient was re-evaluated by the therapeutic indication board, and a
surgical approach was recommended for the lesions in progression. The histopathological
and immunohistochemical tests of the tumor lesion in the left cervical area revealed Sry-
related HMg-Box gene 10 (S100 SOX10) intensely positive in the tumor proliferation,
epithelial membrane antigen (EMA)—intensely positive at the level of the fibrous capsule,
Ki67 < 5%—Schwannoma, and for the previously described skin formation—malignant
melanoma relapse. The patient continued the treatment with Nivolumab, in the same
therapeutic sequence for 4 more months, until the next PET/CT imaging evaluation when
the metabolic and dimensional progression of a left lung adenopathy up to 22/11 mm
and standardized uptake values (SUV) of 10.13 were revealed. The histopathological and
immunohistochemical assessment of the lymph node lesion confirmed the progression of
the disease under treatment through malignant melanoma metastasis with the presence of
BRAF mutation.
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Figure 3. (a) Two nodular images, with the hyperechoic center of 0.66 and, respectively, 0.53 cm,
between external to common carotid artery (CCA) and internal jugular vein (IJV). (b) Hypoechoic
nodular image, with Doppler signal in the hilum, the transverse diameter of 2.57/2.42 cm; longitudi-
nal diameter of 4.54/2.14 cm, between internal carotid artery (ICA) and external carotid artery (ECA),
in direct contact with the vessels.—April 2021.

After using the combination of BRAF + MEK inhibitors as the first line and treat-
ment, with immune checkpoint inhibitors as a second line of treatment, i.e., the anti PD-1,
treatment was limited to chemotherapy, anti CTLA-4 (ipilimumab), and radiotherapy
(controversial)/re-challenge of the treatment with Dabrafenib + Trametinib (the BRAF +
MEK inhibitor combination in Romania). In January 2022, the targeted treatment was reini-
tiated, keeping the standard doses of treatment—Dabrafenib 150 mg BID (taken two times
a day), Trametinib 2 mg/day, but with extremely difficult clinical tolerance, manifested by
daily chills, facial edema, including that of the lips, generalized pustular erythematous, pru-
riginous eruption, with areas of integumentary peeling and depigmentation—symptoms
that are not controlled by corticoid and antihistaminic treatment. After a prolonged discon-
tinuation of treatment for approximately 6 weeks, until the disappearance of the clinical
complaints, the patient required admission to the Oncology Department for ongoing hospi-
talization for the titration of systemic treatment and clinical monitoring of the symptoms.
The clinical oncological and dermatological evaluation upon the attempt to resume the
treatment with Dabrafenib and Trametinib guided the diagnosis to allergic reactions to
the treatment but could not rule out a cutaneous adverse reaction with severely increased
potential.

Due to the progression of the disease in the intrathoracic ganglionic areas, especially at
the level of the right pulmonary hilum, the treatment with Dacarbazine 500 mg/m2 every



Diagnostics 2023, 13, 1635 6 of 11

21 days was initiated from April 2022 until September 2022, when the patient exhibited
partial motor epileptic seizures on the right side of the body, motor deficit of the right
(crural > brachial) hemibody, dysphasia and headache. The patient’s emergency assessment
within the Neurosurgical Department revealed a left parasagittal frontal-parietal cerebral
tumor with a cystic component, of 36/50/44 mm in dimension, subsequently completely
resected. Histopathological and immunochemical tests made the diagnosis of amelanotic
malignant melanoma metastasis. Treatment with external stereotactic irradiation of the
target volumes was completed, with total dose (TD) of 25 Gy left frontal-parietal tumor bed,
using intensity-modulated radiation therapy and volumetric modulated arc therapy (IMRT-
VMAT) technique, respectively, with TD 30 Gy for tumor relapse of 7 mm, revealed upon
cerebral MRI assessment with contrast medium. It is worth mentioning that the thoracic
imaging evaluation described the complete response to the treatment with Dacarbazine at
the level of the intrathoracic lymph node areas.

Three weeks after completing radiotherapy, the patient presented again as an emer-
gency case to the Neurosurgical Department with severe neurologic symptoms for a
significant cerebral edema with thrombosis in the sagittal sinus and continuation in the
evolution of the cerebral disease through secondary leptomeningeal determinations. The
patient ended his struggle with the disease on Christmas day, after 2 months of “best
supportive care”.

3. Discussion

We consider that the peculiarities of our case are as follows:

• The description, in all of the imaging investigations carried out initially, but also
in the reassessment of the treatment, of a left latero-cervical adenopathy, stages II-
III, with dimensional progression under treatment with BRAF/MEK inhibitors and
Nivolumab—histopathologically and immunohistochemically invalidated during the
surgical verification—schwannoma;

• The development of a “vitiligo”-like cutaneous lesion with evolution at a distance,
during the treatment with Nivolumab;

• A 3rd degree severity skin reaction when BRAF/MEK inhibitors were reintroduced
into the treatment—an allergic reaction to treatment vs. an adverse skin reaction;

• An imaging response of intrathoracic ganglia to the treatment with Dacarbazine, after
the progression of these lesions under targeted treatment and immune checkpoint
inhibitors;

• Throughout the evolution of the disease, a single cerebral secondary determination
occurred, thus challenging the therapeutic decision.

Considering the clinical and imaging diagnosis of schwannomas at the level of the
head and neck, the specialized literature only mentions one incidence of this pathology of
5% of all soft tissue tumors, 45% being diagnosed at the peripheral or autonomic nerve
level of the head and neck, with symptoms associated with the nerve involved in the
tumor transformation [21,22]. Most frequently, schwannoma is associated with type II
neurofibromatosis, more rarely with type I, and it rarely becomes malignant [21]. It presents
a slow increase in dimensions, and it is described either as a small mass, homogenous
or more frequently well circumscribed tumors, heterogenous, iso/hypodense compared
to muscular structures, with cystic formations inside and with the displacement of the
adjacent structures upon the imaging evaluation [21,23]. The FDG-PET/CT scan revealed
that benign schwannomas present a varied behavior, being able to present increased
metabolic activity, acting like a malignant tumor [24]. The imaging descriptions, in our
case, either ultrasound, computed tomography or magnetic resonance imaging, led to the
diagnosis of an adenopathic image, indeed with a heterogeneous appearance of the tumor
mass and with the displacement of adjacent structures, without their invasion and with
an increase in dimensions of approximately 1.8 cm in 6 months, with increased metabolic
activity at 18F-FDG-PET/CT, which determined the change of the systemic treatment, from
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a targeted treatment for the BRAF mutation to immune checkpoint inhibitors—Nivolumab,
until the pathological examination.

The treatment with immune checkpoint inhibitors (anti-CTLA-4, anti-PD-1, anti-PD-
L1) caused a prolonged T-lymphocyte activation [25]. This hyperactivation of CD8+ T-
lymphocytes seems to be the mechanism that determines the occurrence of vitiligo-like
skin lesions in patients with malignant melanoma under treatment with immune check-
point inhibitors, called “vitiligo-like depigmentation” [25,26]. The incidence of occurrence
is 10–28% among patients with malignant melanoma, with an average onset period of
9 months from the initiation of treatment, and more frequently described in patients under
treatment with Pembrolizumab or Nivolumab [25,26]. Skin depigmentation was described
in elderly patients and most frequently located in the areas exposed to the sun: the face, the
neck region, the cleavage, and the palms, and it is described as a positive predictive factor
for the response and survival rate. A decrease of 40–50% in the risk of disease progression
was described [26]. We interpret the occurrence of vitiligo-like skin depigmentation in our
patient 4 months after the initiation of treatment with Nivolumab as an adverse reaction to
the treatment, with the expectation of a sustained and prolonged response to the adminis-
tration of anti-PD-1, but the progression of the disease was initially noted after 6 months of
treatment and confirmed after another 3 months of therapy.

After the progression of the disease at the level of the mediastinal lymph nodes,
confirmed by imaging scans and lymph node biopsy, the option was to “re-challenge”
the treatment with BRAF/MEK inhibitors [27,28]—once, due to the “false progression”
established in the first therapeutic line (through the progression of a lesion that turned out
to be schwannoma), the second time due to the scientific synthesis that reported a disease
control rate of 57%, a complete response in 8% of the cases, partial response in 20% of
the cases and stable disease in 28% of the cases [27,28]. If, upon the first administration
of BRAF/MEK inhibitors, the clinical tolerance of the treatment was a very good one,
with minimal adverse reactions, at the second administration, we faced skin reactions
from the very beginning with extension of medium severity at the level of the jugular
mucosa, difficult to manage due to the fact that the patient followed the treatment at
home in another city, and he required the interruption of treatment and the initiation of
treatment with corticoids and antihistaminic drugs at home, through recommendation
by phone. Therefore, the severity of the skin reactions could only be quantified through
the patient’s case history and through the remaining skin lesions clinically evaluated
upon presentation. The following are known as severe adverse skin reactions to the
administration of BRAF/MEK inhibitors: Stevens–Johnson syndrome and toxic epidermal
necrolysis, with a lethal potential in evolution [29]. The mean onset period of these skin
manifestations was reported to be between 11 and 15 days from the beginning of the
treatment [29]. The most potent agent in the occurrence of these adverse reactions proved
to be the treatment with Vemurafenib, but they were also reported during the treatment
with Dabrafenib [29]. During the evaluation by phone of the adverse reactions experienced
by the patient at home, a potentially severe evolution was suspected toward the Stevens–
Johnson syndrome, and the immediate interruption of the treatment was indicated along
with the initiation of the corticoid treatment. The clinical and biological evaluation (specific
markers for immediate or delayed allergic reactions) with the titration of the treatment
under strict medical control delayed the therapeutic decision by approximately 4 weeks,
and it was not possible to clearly differentiate between the two probabilities that could
induce the described skin reactions. This had an impact on the subsequent therapeutic
decisions, of delaying the treatment with Ipilimumab and initiating the treatment with
Dacarbazine.

Around 40–50% of the patients with malignant melanoma develop cerebral metastases
along the evolution of the disease, exhibiting high cerebral tropism after lung and breast
cancers [30,31]. The occurrence of cerebral metastases represents a poor prognostic factor
for the evolution of the disease, also influenced by the site of metastasis, the number of
metastases and their size [30,31]. In the case of oligometastases, surgical treatment remains
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the first therapeutic option. However, radiotherapy and the new systemic treatments
bring real benefits in disease control and survival rates. Stereotactic radiosurgery has
added a benefit of 8–10 months to the mean survival period [32]. The combination of
BRAF/MEK inhibitors determines greater responses than 58% in intracranial disease, but
with short duration of response, and the treatment with anti-PD-1 demonstrated durable
responses in 20% of the cases [30–32]. Ipilimumab and the combination of Ipilimumab
with anti-PD-1 seem to have the most sustained benefit in the systemic treatment of brain
metastases in patients with malignant melanoma so far [32]. However, the association of
the surgical treatment with stereotactic radiosurgery, followed by the administration of
systemic treatment, has been proven to provide the best benefit to survival [32]. Therefore,
in the case of a young patient with very good performance status until the onset of the
neurological symptoms, with proof of a single cerebral metastasis, the therapeutic approach
was the neurosurgical treatment, followed by stereotactic radiotherapy. The complete
imaging response of the disease to the systemic treatment with Dacarbazine did not show
any benefit in the control of the intracranial disease, for which reason, after the local control
of the cerebral disease, the patient’s case was to be re-analyzed by the oncology indication
board in order to establish the opportunity for the treatment with anti-CTLA-4 and the risk
of immune-mediated adverse skin reactions with lethal potential.

The most frequent and severe complications of stereotactic radiotherapy are ra-
dionecrosis and hemorrhage. Radionecrosis occurs in 50% of the patients, with com-
plications described in 30% of the patients, and exhibits benefits after the treatment with
corticoids [32,33]. Unfortunately, our patient also presented extensive thrombosis of the
sagittal sinus associated with the early radionecrosis after stereotactic radiotherapy, with
unfavorable evolution under corticotherapy and low molecular weight heparin in the
therapeutic dose, with death occurring as a result of these complications.

In an analysis of 463 patients with malignant melanoma who underwent chemotherapy
after anti-PD-1 treatment, a number of 0.4% for complete responses were reported in a
medial progression-free interval of 2.5 months [34]. The best response in terms of the
objective response rate and the free interval until the progression of the disease was
identified in the case of the treatment with Taxane. Studies on “rescue” chemotherapy after
the administration of immune checkpoint inhibitors in other cancer sites have reported a
possible benefit of this therapeutic sequence [34–36].

The innovative treatments of the past 20 years have brought clear benefits to the
treatment of advanced/metastatic malignant melanoma:

• Highly increased clinical effectiveness;
• Combined therapies (e.g., BRAF/MEK inhibitors) that increase clinical tolerance and

decrease toxicity;
• Active interventions in advanced disease in order to increase the disease-free interval

with the approval of new therapies for adjuvant purposes (e.g., Nivolumab, Pem-
brolizumab, Dabrafenib/Trametinib);

• Therapeutic diversity with the possibility of disease attack, in case of progression
under a therapeutic option, in patients with good performance status;

• Increased survival until disease progression, increased overall survival, lasting benefit
of the treatment.

However, there are also new challenges:

• The development of new algorithms in the sequential administration of these thera-
peutic agents;

• The establishment of the best interval of the disease for the initiation of the specific
treatment—adjuvant/“follow-up”;

• The multidisciplinary approach to the disease—in establishing the sequence of the
specific oncological treatments—surgery, systemic treatment, radiotherapy;

• The selection of patients for whom certain treatments bring maximum benefit;
• The early and correct diagnosis and the control of the adverse reactions of the new

therapies by the multidisciplinary team.
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4. Conclusions

Despite the current systemic therapeutic diversity, the choice of the therapeutic se-
quence (surgery/systemic treatment/radiotherapy) remains the first important decision-
making step.

Any suspicious lesion (especially in the case of oligometastatic neoplasms) must be
histopathologically examined.

In the context of the description, it is necessary to augment the interdisciplinary
team with specialists in dermatology and allergy for the new therapeutic variants of skin
reactions with severe evolutionary potential (e.g., drug-induced hypersensitivity syndrome,
Stevens–Johnson syndrome and toxic epidermic necrolysis).

The complications of current treatments with severe potential must be evaluated,
diagnosed and treated early to ensure the continuity of the oncological treatment.

After treatment with BRAF/MEK inhibitors or immune checkpoint inhibitors, systemic
chemotherapy (e.g., Dacarbazine) can still have benefits in the treatment of metastatic
melanoma.

Author Contributions: Conceptualization, A.-R.S., G.R.-N. and L.-F.R.; methodology, L.G., L.-F.A.
and G.S.; software, G.R.-N. and G.S.; validation, A.-R.S., L.G., L.-F.A., R.-M.A., R.-A.R.-N., A.-N.C.,
I.S., G.R.-N., L.-F.R. and G.S.; formal analysis, I.S., R.-M.A. and R.-A.R.-N.; investigation, A.-R.S.,
L.G., L.-F.A., R.-M.A., R.-A.R.-N., A.-N.C., I.S. and G.R.-N.; resources, G.R.-N., L.-F.R. and G.S.; data
curation, R.-A.R.-N., A.-N.C., L.-F.R. and G.S.; writing—original draft preparation, A.-R.S., G.R.-N.
and L.-F.R.; writing—review and editing, G.R.-N. and G.S.; visualization, L.G., L.-F.A., R.-M.A.,
R.-A.R.-N., A.-N.C. and I.S.; supervision, A.-R.S., L.-F.R. and G.S.; project administration, A.-R.S.,
G.R.-N. and L.-F.R. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of “St. Luca” Chronic Disease Hospital, Bucharest:
No. 3083/17.03.2022.

Informed Consent Statement: Informed consent was obtained from the subject involved in the study.
Written informed consent was obtained from the patient to publish this paper.

Data Availability Statement: The data presented in this study are available on reasonable request
from the corresponding authors.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Borik-Heil, L.; Endler, G.; Parson, W.; Zuckermann, A.; Schnaller, L.; Uyanik-Ünal, K.; Jaksch, P.; Böhmig, G.; Cejka, D.; Staufer,

K.; et al. Cumulative UV Exposure or a Modified SCINEXA™-Skin Aging Score Do Not Play a Substantial Role in Predicting
the Risk of Developing Keratinocyte Cancers after Solid Organ Transplantation—A Case Control Study. Cancers 2023, 15, 864.
[CrossRef] [PubMed]

2. Juszko-Piekut, M.; Mozdzierz, A.; Koosza, Z.; Krolikowska-Jeruzalska, M.; Wawro-Bielecka, P.; Kowalska-Ziomek, G.; Olczyk, D.;
Stojko, J. Incidence of melanoma and non-melanoma skin cancer in the inhabitants of the Upper Silesia, Poland. In Highlights in
Skin Cancer; Vereecken, P., Ed.; IntechOpen: London, UK, 2013. Available online: https://www.intechopen.com/chapters/43189
(accessed on 15 January 2023).

3. Memon, A.; Bannister, P.; Rogers, I.; Sundin, J.; Al-Ayadhy, B.; James, P.; Mcnally, R. Changing epidemiology and age-specific
incidence of cutaneous malignant melanoma in England: An analysis of the national cancer registration data by age, gender and
anatomical site, 1981–2018. Lancet Reg. Health Eur. 2021, 2, 100024. [CrossRef] [PubMed]

4. Islami, F.; Ward, E.M.; Sung, H.; Cronin, K.A.; Tangka, F.K.L.; Sherman, R.L.; Zhao, J.; Anderson, R.N.; Henley, S.J.; Yabroff, K.R.;
et al. Annual Report to the Nation on the Status of Cancer, Part 1: National Cancer Statistics. J. Natl. Cancer Inst. 2021, 113,
1648–1669. [CrossRef] [PubMed]

5. Morton, D.L.; Essner, R.; Kirkwood, J.M.; Wollman, R.C. History of melanoma. In Holland-Frei Cancer Medicine, 6th ed.; BC Decker:
Hamilton, ON, USA, 2003. Available online: https://www.ncbi.nlm.nih.gov/books/NBK13962/ (accessed on 15 March 2023).

6. Rebecca, V.W.; Sondak, V.K.; Smalley, K.S. A brief history of melanoma: From mummies to mutations. Melanoma Res. 2012, 22,
114–122. [CrossRef] [PubMed]

https://doi.org/10.3390/cancers15030864
https://www.ncbi.nlm.nih.gov/pubmed/36765822
https://www.intechopen.com/chapters/43189
https://doi.org/10.1016/j.lanepe.2021.100024
https://www.ncbi.nlm.nih.gov/pubmed/34557790
https://doi.org/10.1093/jnci/djab131
https://www.ncbi.nlm.nih.gov/pubmed/34240195
https://www.ncbi.nlm.nih.gov/books/NBK13962/
https://doi.org/10.1097/CMR.0b013e328351fa4d
https://www.ncbi.nlm.nih.gov/pubmed/22395415


Diagnostics 2023, 13, 1635 10 of 11

7. Srivastava, N.; McDermott, D. Update on benefit of immunotherapy and targeted therapy in melanoma: The changing landscape.
Cancer Manag. Res. 2014, 6, 279–289. [CrossRef] [PubMed]

8. Skudalski, L.; Waldman, R.; Kerr, P.E.; Grant-Kels, J.M. Melanoma: An update on systemic therapies. J. Am. Acad. Dermatol. 2022,
86, 515–524. [CrossRef]

9. Monroy-Garcia, A.; de Lourdes Mora-Garcia, M.; Hernandez- Montes, J. Cancer immunology and novel strategies for im-
munotherapy. In Molecular Oncology: Principles and Recent Advances; Bentham Science Publisher: Sharjah, UAE, 2012; Volume 1,
pp. 130–147, ISBN 978-1-60805-016-1. [CrossRef]

10. Yu, R.; Zhu, B.; Chen, D. Type I interferon-mediated tumor immunity and its role in immunotherapy. Cell. Mol. Life Sci. 2022, 79,
191. [CrossRef]

11. Tarhini, A.A.; Gogas, H.; Kirkwood, J.M. IFN-α in the treatment of melanoma. J. Immunol. 2012, 189, 3789–3793. [CrossRef]
12. Buchbinder, E.I.; Desai, A. CTLA-4 and PD-1 Pathways: Similarities, Differences, and Implications of Their Inhibition. Am. J. Clin.

Oncol. 2016, 39, 98–106. [CrossRef]
13. Fellner, C. Ipilimumab (yervoy) prolongs survival in advanced melanoma: Serious side effects and a hefty price tag may limit its

use. Pharm. Ther. 2012, 37, 503–530.
14. Mires, tean, C.C.; Iancu, R.I.; Iancu, D.T. Immunotherapy and Radiotherapy as an Antitumoral Long-Range Weapon—A Partnership

with Unsolved Challenges: Dose, Fractionation, Volumes, Therapeutic Sequence. Curr. Oncol. 2022, 29, 7388–7395. [CrossRef]
[PubMed]

15. Sullivan, R.J.; Flaherty, K.T. BRAF in Melanoma: Pathogenesis, Diagnosis, Inhibition, and Resistance. J. Skin Cancer 2011, 2011,
423239. [CrossRef] [PubMed]

16. Eroglu, Z.; Ribas, A. Combination therapy with BRAF and MEK inhibitors for melanoma: Latest evidence and place in therapy.
Ther. Adv. Med. Oncol. 2016, 8, 48–56. [CrossRef] [PubMed]

17. Loras, A.; Gil-Barrachina, M.; Marqués-Torrejón, M.Á.; Perez-Pastor, G.; Martinez-Cadenas, C. UV-Induced Somatic Mutations
Driving Clonal Evolution in Healthy Skin, Nevus, and Cutaneous Melanoma. Life 2022, 12, 1339. [CrossRef]

18. Ronchi, A.; Montella, M.; Zito Marino, F.; Caraglia, M.; Grimaldi, A.; Argenziano, G.; Moscarella, E.; Brancaccio, G.; Troiani, T.;
Napolitano, S.; et al. Predictive Evaluation on Cytological Sample of Metastatic Melanoma: The Role of BRAF Immunocytochem-
istry in the Molecular Era. Diagnostics 2021, 11, 1110. [CrossRef]

19. Palamaris, K.; Moutafi, M.; Gakiopoulou, H.; Theocharis, S. Histone Deacetylase (HDAC) Inhibitors: A Promising Weapon to
Tackle Therapy Resistance in Melanoma. Int. J. Mol. Sci. 2022, 23, 3660. [CrossRef]

20. Kim, K.B.; Kefford, R.; Pavlick, A.C.; Infante, J.R.; Ribas, A.; Sosman, J.A.; Fecher, L.A.; Millward, M.; McArthur, G.A.; Hwu, P.;
et al. Phase II study of the MEK1/MEK2 inhibitor Trametinib in patients with metastatic BRAF-mutant cutaneous melanoma
previously treated with or without a BRAF inhibitor. J. Clin. Oncol. 2013, 31, 482–489. [CrossRef]

21. Crist, J.; Hodge, J.R.; Frick, M.; Leung, F.P.; Hsu, E.; Gi, M.T.; Venkatesh, S.K. Magnetic Resonance Imaging Appearance of
Schwannomas from Head to Toe: A Pictorial Review. J. Clin. Imaging Sci. 2017, 7, 38. [CrossRef]

22. Tamas, T.; Dinu, C.; Lenghel, L.M.; Bot,an, E.; Tamas, A.; Stoia, S.; Leucuta, D.C.; Bran, S.; Onisor, F.; Băciut, , G.; et al. High-
Frequency Ultrasound in Diagnosis and Treatment of Non-Melanoma Skin Cancer in the Head and Neck Region. Diagnostics
2023, 13, 1002. [CrossRef]

23. Skolnik, A.D.; Loevner, L.A.; Sampathu, D.M.; Newman, J.G.; Lee, J.Y.; Bagley, L.J.; Learned, K.O. Cranial Nerve Schwannomas:
Diagnostic Imaging Approach. Radiographics 2016, 36, 1463–1477. [CrossRef]

24. Monson, K.; Dewey, B.; Ugorowski, M.; Broski, S. 18F-FDG PET/CT Imaging Features of Benign Schwannomas. J. Nucl. Med.
2019, 60, 2053.

25. Lommerts, J.E.; Bekkenk, M.W.; Luiten, R.M. Vitiligo induced by immune checkpoint inhibitors in melanoma patients: An expert
opinion. Expert Opin. Drug Saf. 2021, 20, 883–888. [CrossRef] [PubMed]

26. Guida, M.; Strippoli, S.; Maule, M.; Quaglino, P.; Ramondetta, A.; Chiaron Sileni, V.; Antonini Cappellini, G.; Queirolo, P.; Ridolfi,
L.; Del Vecchio, M.; et al. Immune checkpoint inhibitor associated vitiligo and its impact on survival in patients with metastatic
melanoma: An Italian Melanoma Intergroup study. ESMO Open 2021, 6, 100064. [CrossRef] [PubMed]

27. Tietze, J.K.; Forschner, A.; Loquai, C.; Mitzel-Rink, H.; Zimmer, L.; Meiss, F.; Rafei-Shamsabadi, D.; Utikal, J.; Bergmann, M.;
Meier, F.; et al. The efficacy of re-challenge with BRAF inhibitors after previous progression to BRAF inhibitors in melanoma: A
retrospective multicenter study. Oncotarget 2018, 9, 34336–34346. [CrossRef] [PubMed]

28. Zaremba, A.; Eggermont, A.M.M.; Robert, C.; Dummer, R.; Ugurel, S.; Livingstone, E.; Ascierto, P.A.; Long, G.V.; Schadendorf, D.;
Zimmer, L. The concepts of rechallenge and retreatment with immune checkpoint blockade in melanoma patients. Eur. J. Cancer
2021, 155, 268–280. [CrossRef] [PubMed]

29. Torres-Navarro, I.; de Unamuno-Bustos, B.; Botella-Estrada, R. Systematic review of BRAF/MEK inhibitors-induced Severe
Cutaneous Adverse Reactions (SCARs). J. Eur. Acad. Dermatol. Venereol. 2021, 35, 607–614. [CrossRef] [PubMed]

30. Janavicius, M.; Lachej, N.; Anglickiene, G.; Vincerzevskiene, I.; Brasiuniene, B. Outcomes of Treatment for Melanoma Brain
Metastases. J. Skin Cancer 2020, 2020, 7520924. [CrossRef]

31. Costa Svedman, F.; Das, I.; Tuominen, R.; Darai Ramqvist, E.; Höiom, V.; Egyhazi Brage, S. Proliferation and Immune Response
Gene Signatures Associated with Clinical Outcome to Immunotherapy and Targeted Therapy in Metastatic Cutaneous Malignant
Melanoma. Cancers 2022, 14, 3587. [CrossRef]

https://doi.org/10.2147/CMAR.S64979
https://www.ncbi.nlm.nih.gov/pubmed/25018651
https://doi.org/10.1016/j.jaad.2021.09.075
https://doi.org/10.2174/978160805016111201010130
https://doi.org/10.1007/s00018-022-04219-z
https://doi.org/10.4049/jimmunol.1290060
https://doi.org/10.1097/COC.0000000000000239
https://doi.org/10.3390/curroncol29100580
https://www.ncbi.nlm.nih.gov/pubmed/36290857
https://doi.org/10.1155/2011/423239
https://www.ncbi.nlm.nih.gov/pubmed/22175026
https://doi.org/10.1177/1758834015616934
https://www.ncbi.nlm.nih.gov/pubmed/26753005
https://doi.org/10.3390/life12091339
https://doi.org/10.3390/diagnostics11061110
https://doi.org/10.3390/ijms23073660
https://doi.org/10.1200/JCO.2012.43.5966
https://doi.org/10.4103/jcis.JCIS_40_17
https://doi.org/10.3390/diagnostics13051002
https://doi.org/10.1148/rg.2016150199
https://doi.org/10.1080/14740338.2021.1915279
https://www.ncbi.nlm.nih.gov/pubmed/33896329
https://doi.org/10.1016/j.esmoop.2021.100064
https://www.ncbi.nlm.nih.gov/pubmed/33711672
https://doi.org/10.18632/oncotarget.26149
https://www.ncbi.nlm.nih.gov/pubmed/30344946
https://doi.org/10.1016/j.ejca.2021.07.002
https://www.ncbi.nlm.nih.gov/pubmed/34392069
https://doi.org/10.1111/jdv.16894
https://www.ncbi.nlm.nih.gov/pubmed/32846030
https://doi.org/10.1155/2020/7520924
https://doi.org/10.3390/cancers14153587


Diagnostics 2023, 13, 1635 11 of 11

32. Tawbi, H.A.; Boutros, C.; Kok, D.; Robert, C.; McArthur, G. New Era in the Management of Melanoma Brain Metastases. Am. Soc.
Clin. Oncol. Educ. Book 2018, 38, 741–750. [CrossRef]

33. Fetcko, K.; Lukas, R.V.; Watson, G.A.; Zhang, L.; Dey, M. Survival and complications of stereotactic radiosurgery: A systematic
review of stereotactic radiosurgery for newly diagnosed and recurrent high-grade gliomas. Medicine 2017, 96, e8293. [CrossRef]

34. Goldinger, S.M.; Buder-Bakhaya, K.; Lo, S.N.; Forschner, A.; McKean, M.; Zimmer, L.; Khoo, C.; Dummer, R.; Eroglu, Z.;
Buchbinder, E.I.; et al. Chemotherapy after immune checkpoint inhibitor failure in metastatic melanoma: A retrospective
multicentre analysis. Eur. J. Cancer 2022, 162, 22–33. [CrossRef] [PubMed]

35. Tone, M.; Izumo, T.; Awano, N.; Kuse, N.; Inomata, M.; Jo, T.; Yoshimura, H.; Miyamoto, S.; Kunitoh, H. Treatment effect and
safety profile of salvage chemotherapy following immune checkpoint inhibitors in lung cancer. Lung. Cancer Manag. 2019, 4,
LMT12. [CrossRef] [PubMed]

36. Heinhuis, K.M.; Ros, W.; Kok, M.; Steeghs, N.; Beijnen, J.H.; Schellens, J.H.M. Enhancing antitumor response by combining
immune checkpoint inhibitors with chemotherapy in solid tumors. Ann. Oncol. 2019, 30, 219–235. [CrossRef] [PubMed]

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

https://doi.org/10.1200/EDBK_200819
https://doi.org/10.1097/MD.0000000000008293
https://doi.org/10.1016/j.ejca.2021.11.022
https://www.ncbi.nlm.nih.gov/pubmed/34952480
https://doi.org/10.2217/lmt-2019-0001
https://www.ncbi.nlm.nih.gov/pubmed/31645892
https://doi.org/10.1093/annonc/mdy551
https://www.ncbi.nlm.nih.gov/pubmed/30608567

	Introduction 
	Materials and Methods 
	Discussion 
	Conclusions 
	References

