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Abstract
Patients with neurofibromatosis type 1 (NF1) have an increased lifetime risk for the develop-
ment of nervous system tumors, including high-grade gliomas (glioblastoma). NF1 is associ-
ated with the loss of expression of neurofibromin 1 (NF1 gene product). This hyperactivates 
the mitogen-activated protein kinase pathway, leading to cellular proliferation and survival. 
MEK-inhibitor monotherapy is a promising treatment strategy in this setting, but is associated 
with distinct adverse events, most prominently cutaneous toxicity. We report the case of a 
young NF1 patient with a recurrent, heavily pretreated mesencephalic glioblastoma who was 
treated with the MEK-inhibitor trametinib (2 mg once daily). A partial response was document-
ed, but unfortunately, he developed dose-limiting cutaneous toxicity (rash, paronychia). Based 
on interim results of a phase 2 trial in advanced BRAFV600 wild-type melanoma indicating that 
a low dose of the BRAF-inhibitor dabrafenib is able to counter trametinib-related cutaneous 
toxicity, dabrafenib 50 mg twice daily was added. The cutaneous adverse events gradually re-
covered after addition of dabrafenib to trametinib. The patient eventually achieved a durable 
complete response, has excellent tolerance of his treatment and remains fully active.
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Introduction

Neurofibromatosis type 1 (NF1) is an autosomal dominant genetic disease caused by a 
mutation in NF1, a gene that encodes the tumor suppressor protein neurofibromin 1. One half 
of cases are inherited (germline mutation), whilst the other half arise from a de novo mutation 
[1]. Neurofibromin 1 is expressed in many cell types, including neurons and glial cells, and 
accelerates the conversion of active GTP-bound RAS to inactive GDP-bound RAS. GTP-bound 
RAS activates the mitogen-activated protein kinase (MAPK, also called the RAF-MEK-ERK-
pathway) and AKT-mammalian target of rapamycin (AKT-mTOR) effector pathways, leading 
to cell growth and survival. Loss of neurofibromin 1 activity leads to hyperactivated RAS 
which at its turn hyperactivates these effector pathways leading to uncontrolled proliferation 
[2, 3].

Clinical manifestations of NF1 are variable and can be benign or malignant. Some result 
from monoallelic loss of NF1, while others require biallelic loss of NF1 or other concurrent 
genetic alterations (such as TP53 mutations).

Patients have a lifetime cancer risk of approximately 60%, with an approximately 40-fold 
increased risk of high-grade gliomas [1]. NF1 loss can lead to a spectrum of nervous system 
malignancies. Neurofibromas (dermal, plexiform, paraspinal) and optic nerve gliomas are 
more common in childhood and early adolescence, brainstem gliomas during late adoles-
cence, and glioblastoma and malignant peripheral nerve sheath tumors during adult life [1]. 
First-line treatment of NF1-associated high-grade gliomas does not differ from treatment of 
sporadic high-grade gliomas.

Case Presentation

A 19-year-old asymptomatic male patient, who had been diagnosed with NF1 at the age 
of 14 years in the context of café-au-lait macules, learning difficulty, and obstructive hydro-
cephalus (germline heterozygous NF1 mutation c.4466A>G in exon 10b), was diagnosed in 
August 2017 with a mesencephalic gadolinium-enhancing tumoral lesion of 11 mm in 
diameter on magnetic resonance imaging of the brain during routine follow-up for hydro-
cephalus. Due to its location, the lesion was considered unresectable. A stereotactic biopsy 
revealed a World Health Organization grade IV glioma (glioblastoma). Immunohistochemical 
staining showed glial fibrillary acidic protein, isocitrate dehydrogenase 1, transcriptional 
regulator ATRX, and p53 positivity with a Ki67 positivity of 5–10%. Fluorescence in situ 
hybridization did not show an amplification of the epidermal growth factor receptor gene. 
Further genetic testing of the tumor using next-generation sequencing lead to inconclusive 
results due to a limited amount of tumor tissue.

The patient was initially treated in September 2017 with radiation therapy (33 frac-
tions of 1.8 Gy, due to the brainstem location) and concomitant temozolomide chemo-
therapy (75 mg/m2), followed by 2 cycles of adjuvant temozolomide (150–200 mg/m2) 
after which he progressed in February 2018. He subsequently initiated treatment with the 
combination of the oral vascular endothelial growth factor receptor 1–3 inhibitor axitinib 
(5 mg twice daily) and the programmed cell death ligand 1 blocking immune checkpoint 
inhibitor avelumab (10 mg/kg) in a phase 2 clinical trial (NCT03291314). A confirmed 
complete response was achieved in May 2018. Treatment was continued but unfortu-
nately, progressive disease was documented in December 2018. Third-line treatment with 
axitinib (5 mg twice daily) plus lomustine (90 mg/m2) was started for a total of 2 cycles, 
until progression of disease in May 2019. At this point, fourth-line treatment with the 
MEK-inhibitor trametinib (2 mg once daily) was started (Fig. 1). Within the first month of 
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treatment, he developed grade 2 creatine kinase increase and grade 2 acneiform derma-
titis on the head and trunk which was treated with topical metronidazole and oral mino-
cycline. Eventually, an interruption of trametinib dosing and subsequent dose reduction 
to 1.5 mg once daily was required. In August 2019, a partial response was documented 
(Fig. 1). However, grade 1 acneiform dermatitis persisted, and grade 2 paronychia of the 
toenails developed which were treated with topical metronidazole, and chloramine and 
fusidic acid, respectively. Based on interim safety results from an ongoing phase 2 trial 
indicating that a low dose (50 mg twice daily) of the BRAF-inhibitor dabrafenib coun-
teracts trametinib-related cutaneous toxicity in patients with advanced BRAFV600 wild-
type melanoma, dabrafenib 50 mg twice daily was added to trametinib in November 2019 
[4]. In March 2020, a complete response was documented. Acneiform dermatitis and the 
paronychia gradually recovered after the addition of low-dose dabrafenib, and on his 
latest clinic visit in June 2020, the patient had a confirmed complete response (Fig. 1), 
excellent tolerance of his treatment and remains fully active.

Fig. 1. Axial images from gadolinium-enhanced T1 magnetic resonance imaging of the brain showing the 
ring-like glioma appearance in the mesencephalon before initiation of trametinib monotherapy (A); partial 
response 3 months after initiation of trametinib monotherapy (B); confirmed partial response 5 months after 
initiation of trametinib monotherapy, before the addition of low-dose dabrafenib (C); complete response 4 
months after initiating the combination of trametinib and low-dose dabrafenib (D); confirmed complete re-
sponse 7 months after initiating the combination of trametinib and low-dose dabrafenib (E). The patient has 
a ventriculoperitoneal shunt for hydrocephalus.
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Discussion

Molecular-targeted therapies under investigation for NF1-associated gliomas include 
mTOR-inhibitors and MAPK-inhibitors, most commonly MEK-inhibitors, that block the hyper-
activated AKT-mTOR- and MAPK-pathway, respectively. A phase 2 trial of the oral mTOR-
inhibitor everolimus in NF1-associated pediatric low-grade glioma showed disease control in 
15 of 22 patients (1 complete and 2 partial responses, 12 stable disease) [5]. A phase 2 trial 
of the MEK-inhibitor selumetinib in patients with NF1-associated recurrent, refractory, or 
progressive low-grade glioma showed a confirmed objective response in 10 of 25 evaluable 
patients (40%) and disease control in all 25 patients. The progression-free survival at 2 years 
was 96% (95% confidence interval 74–99%) [6]. In inoperable plexiform neurofibromas, 
early phase trials have shown promising activity with trametinib and selumetinib with a 
confirmed objective response rate of 46–70%. The median duration of response was not 
reached in either trial [7, 8]. Clinical benefit has also been reported with trametinib in 
NF1-associated glioblastoma [9].

Treatment with MEK-inhibitor monotherapy is associated with distinct adverse events, 
including fatigue, muscular (muscle cramps, creatine kinase increase, rhabdomyolysis), 
cardiovascular (arterial hypertension, left ventricular ejection fraction decrease), ocular 
(serous retinopathy, retinal vein occlusion), digestive (nausea, vomiting, diarrhea), and most 
commonly cutaneous adverse events (acneiform dermatitis, paronychia). Grade 1–2 rash 
appears in 40–64% of patients, grade 3–4 rash in 4–12% [6, 7]. Twenty-five to forty percent 
of patients treated with MEK-inhibitors require a dose reduction for skin toxicity; permanent 
treatment interruptions related to cutaneous adverse events are rare but have been reported 
[6, 7].

This report describes the case of a young patient with NF1 who achieved a sustained 
response of recurrent mesencephalic glioblastoma after treatment with the MEK-inhibitor 
trametinib. Addition of a low dose of the BRAF-inhibitor dabrafenib increased tolerance of 
trametinib by reducing trametinib-related cutaneous adverse events without compromising 
efficacy.

Unfortunately, due to limited tissue availability, loss of function of NF1 or other muta-
tions could not be determined in the tumor lesion. However, genetic studies in patients with 
NF1-associated high- and low-grade glioma showed that loss of heterozygosity of the germline 
NF1 mutation was present in the majority of samples [10]. Loss of neurofibromin 1 expression 
mechanistically leads to a proliferative cellular phenotype through activation of the MAPK-
pathway. Concurrent BRAF mutations have not been described in patients with NF1-asso-
ciated glioblastoma and have been described but are rare (<5%) in NF1-associated low-grade 
glioma and malignant peripheral nerve sheath tumors [10–13]. The confirmed response to 
MEK-inhibition strongly suggests that NF1 loss was the main driver of the MAPK-pathway 
and, by consequence, cellular survival and proliferation in this patient.

Although dabrafenib is a monomer-selective RAF-inhibitor specifically targeting mutant 
BRAFV600, it also improves tolerance of trametinib by reducing the incidence and severity of 
skin toxicity. This has been confirmed in large phase 3 trials in advanced BRAFV600 mutant 
melanoma where the incidence of trametinib-related cutaneous toxicity (acneiform derma-
titis, paronychia) is lower with the combination of dabrafenib and trametinib (28% all-grade) 
than with trametinib monotherapy (57% all-grade), at the same trametinib dosing [14, 15]. 
Adding a low dose (50 mg twice daily) of dabrafenib allows to decrease the incidence of 
trametinib-related skin toxicity, with a low risk for increasing the incidence of dabrafenib-
related pyrexia, as has been shown by preliminary results of a phase 2 trial in advanced 
BRAFV600 wild-type (NRASQ61R/K/L mutant or wild-type) melanoma (NCT04059224) [4]. The 
concept of addition of low-dose dabrafenib to prevent or counter trametinib-related skin 
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toxicity is under further investigation in this trial in advanced melanoma but also merits 
further investigation in NF1-associated glioma and other tumor types driven by MAPK-
pathway alterations.
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