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Abstract. A retrospective observational study was conducted 
on patients diagnosed with serine/threonine‑protein kinase 
B‑Raf (BRAF)‑mutated metastatic melanoma, who underwent 
first‑line therapy with BRAF and mitogen‑activated protein 
kinase kinase (MEK) inhibitors (vemurafenib, dabrafenib or a 
combination of dabrafenib and trametinib) at the Miguel Servet 
University Hospital (Zaragoza, Spain) between November, 
2011 and August, 2015. The aim of this study was to analyse 
the toxicity produced by BRAF and MEK inhibitors. The most 
common toxicities were similar to those published in clinical 
trials, particularly arthralgia, alopecia and photosensitivity 
in the vemurafenib group; asthenia, hyperkeratosis and dry 
skin in the dabrafenib group; and diarrhoea and dry skin in 
the dabrafenib plus trametinib group. Toxicities that had not 
been described in clinical trials were also identified. Thus, the 
present study confirmed that the results obtained in clinical 
trials are similar to those obtained in clinical practice.

Introduction

Melanoma is a malignant tumour of melanocytes, which are 
the cells that produce the pigment melanin and originate 
from the neural crest. Although the majority of melanomas 
develop on the skin, they may also occur on mucosal surfaces 
or other locations to which cells from the neural crest migrate, 
including the uveal tract.

The incidence of melanoma has been increasing in 
recent years, with ~160,000 cases diagnosed annually world-
wide (79,000 men and 81,000 women), which represents a 
percentage of 1.5% of all tumours in both genders. Melanoma 
is more common among women in Europe, with the highest 
incidence recorded in countries with strong solar irradiance 

and non‑native white populations, such as Australia, New 
Zealand, the United States of America and South Africa. 
In Europe, melanoma is more common in the north and 
west (populations with very white skin, exposed to the sun 
particularly during summer). However, while the frequency of 
melanoma occurrence tends to stabilise and even decrease in 
all the abovementioned areas, it continues to increase in the 
southern and eastern parts of Europe (1).

Approximately 3,600  cases are diagnosed annually in 
Spain. Similar to the rest of Europe, this type of tumour is 
more common among women compared with men (2.7 vs. 
1.5%, respectively). The incidence in Spain may be considered 
as high (global adjusted rate in 2002: 5.3 new cases/100,000 
inhabitants/year in men and 5.5 in women), with a significant 
increase, particularly since the 1990s.

Cases of melanoma have been recorded at all ages, 
although the majority are diagnosed between the ages of 40 
and 70 years (2).

The survival rates for melanoma depend on the stage at 
which it is diagnosed. For early‑stage disease (IA‑IB), the 
overall survival rate is 92‑97% at 5  years and 86‑95% at 
10 years; however, in more advanced stages (IIIA‑IIIC), the 
overall survival rate is 40‑78% at 5 years and 24‑68% at 
10 years (3).

The risk factors may be intrinsic (genetic and phenotypic) 
and extrinsic (environmental and exposure‑related). The 
most significant risk factors are considered to be sun expo-
sure, pigmentation characteristics, the presence of multiple 
moles, immunodepression and certain types of environmental 
exposure (4).

Patients presenting with a suspicious pigmented lesion 
should undergo excisional biopsy, preferably with clear 
margins.

Patients with stage I‑II localised melanomas should 
complete the diagnosis with a selective sentinel lymph node 
biopsy (SLNB), as the SLNB status is the most important 
prognostic factor in patients with localised melanoma (5).

The most important prognostic factors have been incor-
porated into the revised 2009 American Joint Committee 
on Cancer staging guidelines (6) and include the following: 
Thickness and/or level of invasion; mitotic index, defined as 
mitoses per mm; ulceration or bleeding at the primary site; 
number of regional lymph nodes involved, with distinction 
of systemic macrometastasis and micrometastasis; systemic 

Comparative safety of BRAF and MEK inhibitors 
(vemurafenib, dabrafenib and trametinib) in first‑line 

therapy for BRAF‑mutated metastatic melanoma
ANA CEBOLLERO,  TERESA PUÉRTOLAS,  ISABEL PAJARES,  LOURDES CALERA  and  ANTONIO ANTÓN

Department of Medical Oncology, University Hospital Miguel Servet, 50009 Zaragoza, Spain

Received April 20, 2016;  Accepted June 13, 2016

DOI: 10.3892/mco.2016.978

Correspondence to: Dr Ana Cebollero, Deparment of Medical 
Oncology, University Hospital Miguel Servet, 3‑5 Avda Isabel la 
Católica, 50009 Zaragoza, Spain
E‑mail: acebolleromiguel@gmail.com

Key words: melanoma, toxicity, serine/threonine‑protein kinase 
B‑Raf/mitogen‑activated protein kinase kinase inhibitors

https://www.spandidos-publications.com/10.3892/mco.2016.978
https://www.spandidos-publications.com/10.3892/mco.2016.978


CEBOLLERO et al:  TOXICITY OF BRAF AND MEK INHIBITORS 459

metastasis (non‑visceral vs. lung vs. all other visceral sites); and 
elevated serum lactate dehydrogenase (LDH) level (3,4,7,8).

The therapeutic options for melanoma include surgery, 
immunotherapy, chemotherapy and radiotherapy.

Surgery includes excisional biopsy, with the margin width 
depending on Breslow thickness  (8) (measured in mm of 
vertical growth/invasion of the melanoma from the granular 
layer). For patients with melanomas with a Breslow thickness 
of 1 mm, the surgical margin is established at 1 cm; for a 
Breslow thickness of 1‑2 mm, the margins should be 1‑2 cm; 
finally, for a Breslow thickness of >2 mm, a 2‑cm margin is 
recommended. SLNB is performed in patients with a Breslow 
thickness of >1 mm and those with a Breslow thickness of 
0.75‑1 mm and certain risk factors, such as tumour ulceration, 
age <40 years, a Clark level of IV, regression, or a high mitotic 
index (8). Lymph node drainage should be performed if the 
result of SLNB is positive, or if there are clinically positive 
nodes (stage IIB or IIIC).

Despite surgical treatment, a significant proportion of 
patients relapse. The most important factors for relapse include 
tumour thickness, mitotic index, presence of ulceration 
and nodal metastasis. High‑risk patients, such as those with 
stage IIB‑C (T4 or with ulceration) and stage III disease, are 
candidates for adjuvant therapy (9).

Adjuvant therapy with high doses of interferon‑α has 
been shown to be beneficial in terms of progression‑free 
survival, but not overall survival, in patients with resected 
stage IIB‑III melanoma (10,11). Pegylated interferon has also 
shown benefits with regard to relapse‑free survival in patients 
with nodal metastasis (12). The adjuvant therapy options for 
stage IIB‑IIC patients include clinical trial, observation, or 
high doses of interferon‑α (category 2B). Adjuvant therapy 
options for stage III patients include clinical trial, observation, 
or high doses of interferon‑α (category 2B).

Adjuvant radiotherapy may be considered for selected 
patients with clinical lymph node metastasis and risk factors 
predicting a high risk of nodal relapse (category 2B) (13).

Over the last decade, there have been advances in targeted 
therapies in the field of metastatic melanoma. These therapies 
have led to a change in therapeutic strategies, as they are 
proving to be more effective compared with conventional 
chemotherapy.

In stage III studies, dacarbazine, the only conventional 
chemotherapy drug approved for the treatment of metastatic 
melanoma, was associated with a response rate of 7‑12% 
and a median overall survival of 5.6‑7.8  months  (14,15). 
Chemotherapy drug combinations may increase the response 
rates, but exert no effect on survival.

The use of ipilimumab, a monoclonal antibody that binds 
to cytotoxic T‑lymphocyte‑associated protein 4, has been 
demonstrated to improve survival when compared to a peptide 
vaccine (16). In combination with dacarbazine, ipilimumab has 
been associated with better overall survival when compared to 
dacarbazine monotherapy (17).

Approximately 40‑60% of metastatic melanoma patients 
harbour a BRAF mutation, which entails the activation of a 
signalling cascade through the mitogen‑activated protein 
(MAP) kinase pathway, involved in such cell processes as 
proliferation, differentiation, survival, stress response and 
apoptosis (18,19).

Vemurafenib is a powerful inhibitor of mutated BRAF. 
Dabrafenib is a reversible, ATP‑competitive inhibitor that 
selectively inhibits BRAF kinase.

Both drugs have achieved an increase in the rates of 
progression‑free and overall survival in stage III clinical trials 
compared with conventional chemotherapy in patients with 
BRAF‑mutated metastatic melanoma (20,21).

However, the majority of these patients develop resistance, 
which is associated with a median progression‑free survival of 
6‑7 months. The majority of the resistance mechanisms include 
reactivation of the MAP kinase pathway (22‑24). Trametinib, a 
mitogen‑activated protein kinase kinase (MEK) inhibitor, has 
been associated with an increase in overall survival in patients 
with BRAF‑mutated metastatic melanoma, compared with 
chemotherapy (25).

It has been observed that the combination of BRAF and 
MEK inhibitors (dabrafenib and trametinib), compared with 
BRAF inhibitors as monotherapy, delays the appearance of 
resistance and reduces the incidence of hyperproliferative skin 
lesions. This was the reasoning behind a series of stage III 
clinical trials, one of which demonstrated an increase in 
overall survival resulting from the combination of BRAF and 
MEK inhibitors, compared with BRAF inhibitor monotherapy, 
without a notable increase in toxicity (26).

In a clinical trial comparing vemurafenib to chemotherapy, 
an increase in progression‑free survival was observed in favour 
of vemurafenib [5.6 vs. 1.6 months; hazard ratio (HR)=0.26; 
95% confidence interval (CI): 0.20‑0.33], with an overall 
survival rate at 6 months of 84% (95% CI: 78‑89) for the vemu-
rafenib group vs. 64% (95% CI: 56‑73) for the chemotherapy 
group. The majority of the patients exhibited a reduction in 
tumour size with vemurafenib, with a 48% of confirmed objec-
tive responses (including 2 patients with complete response 
and 104 patients with partial response) (20).

In the clinical trial that compared vemurafenib to dabrafenib 
in combination with trametinib, the progression‑free survival 
for the vemurafenib group was 7.3 months vs. 11.4 months for 
the combination group (HR=0.56; 95% CI: 0.46‑0.69) with an 
overall survival rate at 12 months of 72% (95% CI: 67‑77) for 
the combination group vs. 65% (95% CI: 59‑70) for the vemu-
rafenib group. The overall survival rate for the vemurafenib 
group was 17.2 months (HR=0.69; 95% CI: 0.53‑0.89), while 
overall survival had not been reached by the combination 
group when the data were published. Of the patients in treat-
ment with the drug combination, 13% had a complete response 
vs. 7% in the vemurafenib group, with 64% partial responses 
vs. 52% in the vemurafenib group.

Clinical guidelines currently recommend treatment with 
BRAF inhibitors, either as monotherapy or in combination with 
MEK inhibitors (category 1) for patients with BRAF‑mutated 
metastatic melanoma (9).

The toxicity associated with these types of targeted 
therapies differs significantly from the toxicity caused by 
conventional chemotherapy, which makes it crucial to recog-
nise and effectively treat these toxicities.

The main toxicities reported for vemurafenib in 
clinical tr ials are cutaneous adverse events (44%) 
(rash/keratoacanthoma/hyperkeratosis/skin tags/hand‑foot 
syndrome/cutaneous squamous cell carcinoma), arthralgia 
(21%), fatigue (13%), alopecia (8%), diarrhoea (6%), nausea 
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(8%) and photosensitivity (20). The most commonly described 
toxicities for dabrafenib are pyrexia (28%), cutaneous adverse 
events (32%) (hyperkeratosis/skin tags/ hand‑foot syndrome), 
asthenia (35%), arthralgia (27%) and headache (29%) (21). The 
main toxicities described for the dabrafenib‑trametinib combi-
nation are pyrexia (51%), nausea (30%), diarrhoea (24%), chills 
(30%), fatigue (35%), headache (30%) and vomiting (20%) (26).

The aims of this study were to analyse the toxicity of 
therapy with BRAF and MEK inhibitors in clinical practice 
and to compare the resulting data with those obtained from 
clinical trials.

Materials and methods

Patient inclusion criteria and evaluation. A retrospective 
observational study was conducted on patients diagnosed with 
BRAF‑mutated metastatic melanoma who received first‑line 
therapy with BRAF and/or MEK inhibitors, either as mono-
therapy or in combination, at the Miguel Servet University 
Hospital (Zaragoza, Spain) between November, 2011 and 
August, 2015. The inclusion criteria consisted of a histological 
diagnosis of unresectable stage IIIC/IV melanoma, presence of 
a BRAF mutation, age >18 years, and no prior treatment with 
BRAF and/or MEK inhibitors. The exclusion criteria were an 
Eastern Cooperative Oncology Group (ECOG) performance 
status score of >2, unmeasurable disease and inadequate organ 
function.

Toxicity was evaluated using the US National Cancer 
Institute Common Terminology Criteria for Adverse Events, 
version 4.0 (27).

The variables recorded included date of birth, gender, 
TNM stage at treatment initiation (M1a, M1b, M1c, unresect-
able IIIC), Eastern Cooperative Oncology Group (ECOG) 
performance status score at treatment initiation, presence or 
absence of brain metastasis, therapy received (vemurafenib, 
dabrafenib, dabrafenib in combination with trametinib), treat-
ment start/end date, standard dose, dose reduction, described 
toxicities, degree and time of appearance (immediate, early 
or late), best response achieved (complete response, partial 
response or stable disease) according to the Response 
Evaluation Criteria in Solid Tumours (RECIST) (28), reason 
for suspension of treatment (disease progression, death, 
toxicity, patient refusal), administration of subsequent treat-
ment, date of progression and date of death/final follow‑up.

Statistical analysis. Clinical data were obtained from patient 
clinical records in paper form. Statistical analysis was performed 
using the SPSS Statistics software package. The arithmetic 
median and standard deviation were used as statistics.

Results

Patient characteristics. Of the 23 patients analysed, 11 were 
treated with vemurafenib, 6 with dabrafenib and 6 with a 
combination of dabrafenib and trametinib, 13 patients were 
women and 14 patients presented with stage M1c at diagnosis. 
The median age at treatment initiation was 59±11.9 years. The 
majority of the patients had a good performance status at treat-
ment initiation (0/1 in 21 patients). Of the 23 patients, only 
4 presented with brain metastasis at treatment initiation. The 

LDH levels were over the normal range in at least half of the 
patients, with a mean value of 287±249.6 IU/l.

Treatment. The majority of the patients (n=20) started 
therapy at a standard dose, compared with 3 who started off 
at a reduced dose due to associated comorbidities. During 
the course of treatment, 43.5% of the patients had to reduce 
the starting dose by 1 level and 9% had to reduce the dose 
by 2 levels (according to the clinical trial criteria). The main 
reasons for dose reduction were hand‑foot syndrome (8.7%), 
low‑grade fever (8.7%), asthenia (4.3%), photosensitivity 
(4.3%), hypertransaminasaemia/hyperbilirubinaemia (4.3%), 
prolongation of the QT interval (4.3%), fluid retention (4.3%) 
and one episode of autoimmune thyroiditis (4.3%). The median 
overall treatment duration for all patients was 11±6.7 months.

Response to treatment. The treatment response was evaluated 
by means of RECIST; 3 patients achieved a complete response, 
14 achieved a partial response and 5 achieved disease stabili-
sation.

Of the patients in whom treatment was suspended, 84% 
was due to disease progression, whereas only 10% cases with 
suspended treatment were attributed to unacceptable toxicity. 
Of the 23 patients, 18 received treatment subsequent to the 
inhibitor, mostly with standard chemotherapy.

Toxicity. As regards toxicity, the main adverse effects among 
patients treated by monotherapy with vemurafenib (n=11) were 
arthralgia, alopecia, asthenia, photosensitivity, hyperkeratosis, 
dry skin and fluid retention. Arthralgia and alopecia appeared 
in all 11 patients (100%), photosensitivity in 10 (91%), dry skin 
in 9 (82%) and asthenia and hyperkeratosis in 8 patients (73%). 
These toxicities were all grade 1‑2, except for 1 patient who 
developed grade 3 photosensitivity, which was the reason for 
treatment suspension.

Moreover, during treatment with vemurafenib, there was 
one case of grade 3 prolongation of the QT interval with 
immediate onset, and one case of grade 1 prolongation of the 
QT interval with delayed onset. There was one case of basal 
cell carcinoma, which was surgically removed without subse-
quent incidents, and one case of grade 3 hand‑foot syndrome, 
which led to a reduction in dosage. Fluid retention appeared 
in half of the cases, mostly with early onset, and of grade 3 
severity in one patient.

There was one case of paralysis of the facial nerve and a 
case of grade 3 autoimmune thyroiditis with delayed onset, 
which was the cause of a definitive suspension of treatment.

The side effects suffered by the group of patients treated 
with dabrafenib monotherapy (n=6) were arthralgia, asthenia, 
hyperkeratosis, dry skin and curly hair growth. Cutaneous 
adverse events were more common, with hyperkeratosis, 
dry skin and facial erythema in 6 patients (100%), followed 
by arthralgia and asthenia in 5 patients (83%). All these 
toxicities were grade 1‑2, with the onset mostly during the 
first weeks of treatment. There was also one case of grade 1 
vitiligo with immediate onset and one case of hair colour 
change with delayed onset.

The most severe toxicity was one case of grade 3 hand‑foot 
syndrome with delayed onset, the consequence of which was 
treatment suspension.
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Finally, in the group of patients treated with dabrafenib 
in combination with trametinib (n=6), there was less general 
toxicity compared with the previously described treatments, 
and also a reduction in the frequency of adverse effects. 
The most common toxicities were grade 1‑2 diarrhoea in 
5 patients (83%) and grade 1‑2 dry skin in 3 patients (50%). 
Analytical alterations were observed more frequently 
compared with the other two treatment groups. Of note, there 
was one case with grade 2 hypertransaminasaemia, which 
led to the reduction of the dosage by one level; one case 
with a grade 3 increase in creatine phosphokinase with early 
onset; one case with grade 1 diminished renal function with 
delayed onset; and one case with grade 1 hypophosphataemia 
with delayed onset.

Discussion

The demographic and clinical characteristics of the patients in 
the three treatment groups were very similar compared with 
the clinical trials conducted. The median age of the patients 
at treatment initiation in the clinical trials was <65 years. The 
majority of the patients had an ECOG performance status of 
0 and 1 (our sample included certain patients with an ECOG 
performance status of 2) and the patients presented with 
advanced clinical stages, the greatest proportion being stage 
M1c.

Unlike in the clinical trials, our sample included more 
patients with LDH levels above the normal range, and patients 
with brain metastasis, which is associated with a worse prog-
nosis (20,21). In the clinical trials, where patients presented 
with brain metastasis, these were to have been treated previ-
ously, without exhibiting an increase in the size of the lesions 
over a period of ≤12 weeks prior to recruitment.

The most common reasons for treatment suspension in the 
clinical trials was pyrexia (3%) and reduced ejection fraction 
(3%), both in the group of patients treated with dabrafenib 
monotherapy, and in the group treated with dabrafenib in 
combination with trametinib (in the two clinical trials that 
analysed the efficacy of this combination) (21,26). The most 
common reason for suspending treatment in the vemurafenib 
group was arthralgia (2%), while rash was the most common 
reason for reducing the dosage and interrupting treatment  
(14 and 11%, respectively) (20). In the case of dabrafenib, as 
monotherapy or in combination with trametinib, the most 
common cause for reducing the dosage and interrupting treat-
ment was pyrexia (30 and 14%, respectively) (21,26).

In the present study, the reasons for reducing dosage were 
hand‑foot syndrome (9%) in the vemurafenib group; pyrexia 
and diarrhoea (16%) in the dabrafenib in combination with 
trametinib group; and arthralgia, hand‑foot syndrome and 
pyrexia (16%) in the dabrafenib monotherapy group.

Special mention should be made of 2 cases of reduced 
dosage in our study that led to a definitive suspension of 
treatment in the vemurafenib monotherapy group, 1 due to an 
episode of autoimmune thyroiditis, and 1 due to prolongation 
of the QT interval.

Side effects in the vemurafenib group led to a reduction 
of the dosage or interruption of treatment in 38‑56% of the 
patients in clinical trials  (20), compared with 54% in our 
sample.

Side effects in the dabrafenib plus trametinib group in 
previous trials (21,26) led to the interruption of treatment in 
55% of the patients, compared with 25% in our study.

In the clinical trial comparing vemurafenib to dacarba-
zine  (20), arthralgia (21%), asthenia (13%) and cutaneous 
adverse events (rash) (18%) were the most common side effects 
in the vemurafenib group. Grade 2‑3 photosensitivity appeared 
in 12% of the patients evaluated, compared with 91% in our 
study. One significant difference was the development of squa-
mous cell carcinoma in several patients in that clinical trial 
(12%), whereas no cases were reported in our sample.

In the clinical trial that compared vemurafenib to 
dabrafenib combined with trametinib (26) the most common 
side effects in the vemurafenib group were arthralgia (51%), 
rash (43%), alopecia (39%), diarrhoea (38%), nausea (36%) and 
photosensitivity (22%).

In the clinical trial that compared dabrafenib to dabrafenib 
combined with trametinib (25) the most common side effects in 
both groups were pyrexia (28 and 51%, respectively), asthenia 
(35%), nausea (26 and 30%, respectively), headache (29 and 
30% respectively), chills (16 and 30% respectively), arthralgia 
(27 and 24% respectively), rash (22 and 23% respectively) and 
hypertension (14 and 22% respectively). The frequency with 
which these side effects appeared in our study was lower, with 
the most common toxicities being asthenia and arthralgia (83%) 
in the dabrafenib group, and diarrhoea (83%) and cutaneous 
adverse events (90%) in the combination group. Furthermore, 
no cases of rash or hypertension were reported in either of 
the two groups (dabrafenib monotherapy and dabrafenib in 
combination with trametinib). A noteworthy characteristic of 
the clinical trials is that the combination group (dabrafenib 
plus trametinib) had fewer cutaneous adverse events compared 
with the group of patients receiving dabrafenib monotherapy. 
Of these, mention should be made of the lower incidence of 
hyperkeratosis, skin tags, alopecia and cutaneous squamous 
cell carcinoma.

The proportion of patients suffering from grade 3 toxicities 
was low in both studies, with the majority of toxicities being 
grade 1‑2. No toxicity‑related deaths were reported in our study.

Despite the limitations of our study, namely its small sample 
size and the fact that it is a retrospective observational study, 
with the consequent limitations in data collection, it offers 
relevant information on the toxicity of treatment with BRAF 
and MEK inhibitors in patients diagnosed with metastatic 
melanoma, as the experience in clinical practice is scarce.

The present study demonstrated that the toxicities 
associated with antineoplastic therapy with BRAF and 
MEK inhibitors for patients with BRAF‑mutated metastatic 
melanoma in an unselected population were similar to those 
published in the clinical trials that led to their approval.
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