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  Case report 

 A 31-year-old man was diagnosed with a Breslow 
1.4 mm depth malignant melanoma from the right 
side of his neck. Subsequent wide local excision of 
the scar showed no evidence of residual melanoma. 
Six years later he developed palpable left jugular 
chain lymph nodes confi rmed by ultrasound guided 
needle aspiration as metastatic melanoma. A positron 
emission tomography (PET)-scan showed metaboli-
cally active lymph nodes in the inferior left neck and 
left supraclavicular fossa. Surgical resection revealed 
that two of 52 nodes were positive for metastatic mel-
anoma. The patient emigrated to Australia and one 

year later he developed brain metastases and had this 
resected followed by whole brain irradiation. He also 
underwent a right nephrectomy for renal-confi ned 
melanoma metastases. He returned to Ireland 16 
months later and a baseline computed tomography 
(CT)-scan suggested left supraclavicular recurrence. A 
PET-scan confi rmed metabolically active disease in this 
area, extensive sub-diaphragmatic nodal disease as well 
as intramuscular disease in the left chest wall. 

 Mutational analysis using allele specifi c PCR was 
performed on archived tissue and confi rmed the 
presence of the  BRAF  V600E activating mutation. 
The patient was enrolled in a clinical trial comparing 

with paclitaxel. Unexpectedly, the  TECTA  var/var 
genotype suggested protection rather than suscepti-
bility to neuropathy, but this fi nding itself warrants 
replication.     
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an investigational oral  BRAF  inhibitor (dabrafenib) 
with standard dacarbazine chemotherapy. He was 
randomized to the investigational compound and 
commenced treatment in July 2011. At six-week 

follow-up he was noted to have painful grade II 
palmar-plantar hyperkeratosis impacting on his 
activities of daily living including walking and driving 
(Figure 1). Interval CT-scan revealed a partial res-
ponse based on RECIST (Response Evaluation 
Criteria In Solid Tumors). Following dermatology 
review, he was commenced on clobetasol (corticos-
teroid) 60% in polyethylene glycol 40% applied 
twice a day along with simple oral analgesia. Despite 
this the hyperkeratosis progressed to a grade III reac-
tion with signifi cant detrimental impact on his qual-
ity of life. The investigational drug was discontinued 
for a two-week period and recommenced as per 
protocol with a dose reduction. There was no dis-
cernable improvement in the hyperkeratosis and 
dermatology advised commencing acitretin 20 mg 
daily. At his most recent review after 50 weeks on 
study (dose reduction after 10 weeks) the skin toxic-
ity had reduced to grade I with almost complete 
resolution of the hyperkeratosis and no new lesions 
evident (Figure 2). Our patient continues on acitretin 
and the  BRAF  inhibitor compound.   

 Discussion 

 Approximately 40 – 60% of melanomas carry an 
activating mutation in the kinase domain of the 
 BRAF  gene [1].  BRAF  is a member of the RAF 
kinase family involved in the  RAS/RAF/MEK/ERK  
kinase pathway. Activating mutations in  BRAF  are 

  Figure 1.     Hyperkeratosis of right lateral palm and phalanges (left hand side). Hyperkeratosis of left plantar surface of foot (right hand side)  –  
similar fi ndings on right foot (not shown).  

  Figure 2.     Resolving hyperkeratosis of plantar surface of right foot 
(similar fi ndings in left foot, not shown).  
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associated with increased growth and proliferation 
of cancer cells. Ninety percent of  BRAF  mutations 
result in a substitution of glutamic acid for valine 
at amino acid 600 (the V600E mutation). 

 The pivotal phase III trial (BRIM 3), compar-
ing vemurafenib, an oral  BRAF  kinase inhibitor, to 
dacarbazine (DTIC) in treatment na ï ve patients 
with advanced metastatic melanoma, observed a 
signifi cant impact on progression free survival and 
overall survival. At six months, overall survival 
was 84% in the vemurafenib group and 64% in the 
DTIC group; however, longer follow-up is required 
in order to establish the true impact on overall 
survival [1]. More recently a randomized trial 
(BREAK 3), compared darafenib, an oral  BRAF  
kinase inhibitor, with dacarbazine and reported a 
signifi cant median progression free survival benefi t 
of 2.4 months after a median of duration of follow-
up of fi ve months [2]. 

 To date the most frequent signifi cant side effects 
reported with  BRAF  inhibitors are cutaneous, 
and include squamous cell carcinomas and keratoa-
canthomas, keratoderma/hyperkeratosis and desqua-
mation [2]. In phase I and II trials, 24% of patients 
treated with vemurafenib developed cutaneous 
lesions. This was slightly lower in the phase III 
trial with 18% of patients developing at least one 
cutaneous squamous cell carcinoma or keratoacan-
thoma [1]. Hyperkeratosis occurred in 24 – 28%. 
Similarly, in the recently reported phase III trial 
comparing dabrafenib with dacarbazine (BREAK 3), 
the most common cutaneous adverse events in the 
dabrafenib arm included hyperkeratosis (37%) and 
palmar-plantar erythrodysesthesia syndrome (20%). 
Interestingly the incidence of squamous cell carci-
noma/keratoacanthoma was lower in the dabrafenib 
trial (5%). Phototoxicity also occurred less frequently 
in patients than was seen in the vemurafenib trial 
(3% vs. 41%, respectively) [2]. Skin changes often 
occur within the fi rst months of therapy. The mech-
anism of development of cutaneous lesions is not 
fully understood. Studies have demonstrated that 
in non-cancerous cells lacking the V600E mutation, 
the inhibitor paradoxically activates downstream sig-
naling of the mitogen activated protein kinase 
(MAPK) pathway, promoting growth [3]. This, in 
turn, may explain why the combination of RAF 
and MEK inhibitors, used primarily to reduce resis-
tance which develops with monotherapy, is associated 
with less skin toxicity and no epithelial skin tumors 
as has been reported in single agent therapy [4]. 

 Similar hand-foot reactions complicated by 
hyperkeratosis have been seen with sorafenib, a non-
specifi c RAF kinase inhibitor with a spectrum of 
activity on a number of targets including the RAF-1 
pathway, with hyperkeratosis reported in 30 – 60% of 

patients. This is also seen to a lesser extent with 
other multi-kinase inhibitors, e.g. sunitinib [5,6]. 
The reaction induced by RAF inhibitors exhibits sev-
eral of the features of classic hand-foot syndrome, 
including erythema, paresthesias, fi ssuring, and non-
specifi c infl ammatory infi ltrates. However, hyperk-
eratosis (palmar and/or plantar), typically yellowish, 
painful diffuse hyperkeratotic plaques located on the 
pressure areas, is not a common feature in classic 
hand-foot syndrome and is thought to be a unique 
effect of multi-tyrosine kinase inhibitors [5]. Cutane-
ous lesions associated with multi-kinase inhibitors 
have been described as a continuum of abnormal 
keratinocyte proliferation, ranging from benign 
follicular cystic lesions to malignant squamous cell 
carcinoma [3]. Histologic examination has found 
epidermal parakeratosis and dyskeratosis with 
band-like areas of necrotic keratinocytes and a dense 
perivascular lymphocytic dermal infi ltrate [6]. 
Dose reduction can decrease the symptoms but the 
hyperkeratosis usually persists [7]. 

 Recommended treatment for hyperkeratosis 
includes topical agents that inhibit keratinocyte pro-
liferation [8]. There are little data on topical or sys-
temic therapy for  BRAF  induced hyperkeratosis. 
Acitretin is an oral second generation retinoid most 
commonly used in the treatment of resistant psoria-
sis. It is thought to work by slowing down the prolif-
eration of the skin cells. It binds to nuclear receptors 
that regulate gene transcription inducing keratino-
cyte  differentiation and reducing epidermal hyper-
plasia. Retinoids also down-regulate proto-oncogenes 
through activation of the retinoic acid receptor. There 
is no known potential interaction with RAF inhibi-
tors. A recent case report has suggested that the use 
of acitretin may be effective in reducing the number 
of new malignant and benign skin lesions in patients 
being treated with  BRAF  inhibitors [9]. 

 Given the frequency and potentially debilitating 
nature of this problem, we propose that acitretin is 
a treatment option that can be administered safely 
with  BRAF  inhibitors in advanced melanoma.        
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 Palliative treatments are often given to patients with 
a reduced performance status, limited life expec-
tancy, and pre-existing symptom burden. Therefore, 
they should ideally relieve symptoms quickly, effec-
tively and durably, while also causing minimum tox-
icity [1]. Toxicity is largely due to the irradiation of 
normal organs, and in some cases may be enhanced 
by systemic therapy [2]. The widespread availability 
of advanced radiotherapy technologies, including 
intensity-modulated radiotherapy (IMRT), provi -
des greater opportunities for sparing organs-at-risk 
(OAR) and increasing the therapeutic ratio of our 
treatments [3]. However, the use of IMRT for pal-
liation faces signifi cant challenges, including per-
ceptions that it is inevitably time and labor intensive 
and that it may be an ineffi cient or inappropriate 
use of resources, a current lack of high-level sup-
portive clinical evidence, and weaknesses in the 
implementation of new technologies and treatment 
techniques [4]. Serious efforts are required to over-

come these barriers and make available the potential 
advantages of widely available technologies to all 
patients who may benefi t. 

 In this report, we describe the introduction of 
volumetric IMRT (RapidArc, Varian Medical Sys-
tems, Palo Alto, CA, USA) for palliating large-
volume pelvic bone metastases, which we defi ned as 
those including the hemi- or full pelvis, either with 
or without inclusion of one or both hips and/or lower 
lumbar spine. The rationale for considering this an 
appropriate site for organ-sparing radiotherapy 
included: 1) standard conventional antero-posterior/
postero-anterior (APPA) or box techniques often 
result in large volumes of bowel receiving the pre-
scription dose, and the concave pelvic target volume 
encircling normal organs (bowel, bladder and genital 
region) lends itself to IMRT and the use of standard 
solutions to optimize planning target volume (PTV) 
coverage and spare central OARs; 2) gastrointestinal 
toxicity occurs frequently after large-fi eld pelvic 
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