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Abstract
Background Ameloblastoma in 66% of the cases harbor a somatic mutation of the “mitogen-activated protein kinase” sign-
aling pathway (BRAF V600E). In V600E mutations, BRAF is in the permanent “on” state and relays the growth-promoting 
signals independently of the EGFR pathway. Therefore, mutant BRAF represents a target for handful of new drugs.
Methods We conducted a literature search, with the search terms “Vemurafenib, Dabrafenib, Ameloblastoma, and BRAF.” 
These included seven case reports with nine patients who underwent monotherapy with Dabrafenib or Vemurafenib or com-
bination therapy with Dabrafenib and Trametinib.
Results The patients age ranges from 10 years up to 86 years. The distribution of women and men is 4:5. Patients with an 
initial diagnosis of ameloblastoma, as well as recurrences or metastasized ameloblastoma were treated. Indications cover 
neoadjuvant therapy up to the use in metastasized patients in an irresectable state. Results ranging from “only” tumor size 
reduction to restitutio ad integrum.
Conclusion We see the use of BRAF Inhibitors to reduce tumor size with consecutive surgical treatment as a reasonable 
option for therapy. However, we are aware that at present the data are based only on case reports with the longest follow-up 
of just 38 months. We encourage further clinical trials in the use of BRAF Inhibitors for selecting ameloblastoma patients 
in a multi-center setting.

Keywords Ameloblastoma · BRAF · Facial reconstruction · Chemotherapy · Dabrafenib · Vemurafenib

Introduction

In patients with newly diagnosed cystic lesions of the jaws, 
the practitioner must always consider an ameloblastoma as 
a potential diagnosis.

Ameloblastoma show a relatively high recurrence rate, 
especially in cases of resection without sufficient safety mar-
gins [1].

The gold-standard therapy for ameloblastoma is still radi-
cal surgical resection with sufficient safety margins between 
1.5 and 2 cm and simultaneous reconstruction [1–7]

During the histological examination, a molecular biologi-
cal examination and DNA sequencing of the tissue sam-
ple can be performed. Despite the limited data available to 
date, a somatic mutation of the “mitogen-activated protein 
kinase” signaling pathway has been detected. In particular, 
the BRAF V600E mutation, which is a single-nucleotide 
mutation with substitution of glutamic acid for valine and 
is apparent in about 2/3 of the cases [8–12], leads to the 
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activation of the downstream MEK/ERK pathway, evasion 
of senescence and apoptosis, tissue invasion and metastasis, 
as well as the evasion of immune response [13].

The BRAF gene encodes the BRAF protein, a serine/
threonine protein kinase [14]. BRAF is an essential link in 
the EGFR (Epidermal Growth Factor Receptor) signal trans-
duction pathway. The activated enzyme-coupled EGF recep-
tor (type I receptor) can bind several enzymes at their SH 
regions. One of them is the adapter protein Grb2—it binds 
the GEF exchanger SOS via an SH3 domain. The Grb2-Sos 
complex now formed is used by the receptor as an “extended 
arm” to convert the inactive Ras-GDP into the active Ras-
GTP [15]. Ras-GTP is then able to recruit and activate the 
cytosolic serine/threonine kinase Raf at the cell membrane. 
The Raf protein then activates the kinase MEK (MAP/Erk 
kinase), which in turn phosphorylates tyrosine and threonine 
residues. MEK phosphorylates and thus now activates MAP 
kinase. The activated MAP kinase in turn phosphorylates or 
activates cytosolic and nuclear enzymes. It translocates to 
the nucleus and phosphorylates further downstream tran-
scription factors, which then drive the cell cycle and cell 
differentiation. After deactivation, they redistribute in the 
cytosol and are available for further activation cycles [16].

An important substrate of MAP kinase is the transcrip-
tion factor Elk-1, which forms a complex with SRF (Serum 
Responsive Factor). It binds to an SRE-type regulatory DNA 
sequence and activates the transcription machinery. Thus, 
additional transcription factors such as c-Fos and c-Jun are 
transcribed, which then initiate a second wave of transcrip-
tion as the Fos-Jun complex and stimulate the cell to dif-
ferentiate and proliferate [17].

Thus, the activated EGFR transduction pathway forces 
proliferation and prevents apoptosis [18]. In this signaling 
pathway, BRAF functions as a regulated molecular switch 
that is switched to the “on” state. In many tumors (e.g., colo-
rectal carcinomas, malignant melanomas, thyroid carcino-
mas, NSCLC, and others), BRAF is in the permanent “on” 
state due to an activating V600E mutation in the BRAF gene 
and relays the growth-promoting signals independently of 
EGFR pathway activation—the signaling cascade is uncou-
pled from EGFR by mutant BRAF. Thus, blocking EGFR 
with anti-EGFR therapies in tumors with an activating 
BRAF mutation fails to silence EGFR signaling [19, 20]. On 
the other hand, mutant BRAF represents a target for handful 
of new drugs.

These include, for example, Dabrafenib or Vemurafenib, 
as selective, reversible inhibitors of RAF kinases. Both 
drugs are approved by the European Medicines Agency for 
the treatment of metastatic and non-resectable malignant 
melanoma, respectively. Dabrafenib has additional approval 
for the therapy of advanced non-small cell lung cancer in 
combination with Trametinib. The most common side effects 
of both drugs (which may affect more than 3 in 10 patients) 

are arthralgias, fatigue, rash, photosensitivity reactions, 
nausea and vomiting, alopecia, diarrhea, headache, pruritus, 
skin papillomas, and hyperkeratosis. The most common seri-
ous side effects include the development of squamous cell 
carcinoma, keratoacanthoma, and increase in liver enzymes 
[21, 22].

Since both drugs are currently not approved for the treat-
ment of BRAF-V600E-mutated ameloblastoma, only iso-
lated case reports on off-label use can be found in the litera-
ture. Therefore, we would like to summarize the described 
cases, present the effects and results, and give a hopeful 
outlook into the future of drug or at least combined drug-
surgical therapy of ameloblastoma in this paper.

Review of the literature

The literature search we conducted in PubMed, Ovid, Web 
of Science, Science direct, and Scopus yielded a total of just 
7 papers with the search terms “Vemurafenib, Dabrafenib, 
Ameloblastoma, BRAF.” These include seven case reports 
with nine patients who underwent monotherapy with Dab-
rafenib or Vemurafenib or combination therapy with Dab-
rafenib and Trametinib (Table 1).

The patient population covers the entire expected spec-
trum in terms of both demographic- and disease-related 
characteristics. The youngest treated patient was 10 years 
old, and the oldest patient was 86 years old. There was an 
almost homogeneous distribution of women and men, with a 
distribution of 4:5. There were patients with an initial diag-
nosis of ameloblastoma, as well as patients with recurrences 
or metastasized ameloblastoma patients (initial diagnosis 
and recurrences). The indications here covered neoadjuvant 
therapy up to the use in multiple metastasized patients in 
an irresectable state. The results of off-label therapy corre-
sponded to the broad spectrum of use. From “only” a tumor 
size reduction to restitutio ad integrum was reported (Fig. 1).

For example, Hirschhorn et al. reported three cases in 
children aged 10, 13, and 15 years with initial diagnosis of 
mandibular ameloblastoma. Here, neoadjuvant administra-
tion of Dabrafenib 4.5 mg/kg per day was given for durations 
of 15, 16, and 20 months, respectively. This reduced the size 
of the tumor to such an extent that complete resection of the 
tumor could subsequently take place without removal of the 
temporomandibular joint and without continuity resection 
of the mandible. The follow-up period of up to 38 months 
showed no evidence of tumor recurrence. Histologic workup 
revealed novel bone surrounding the residual tumor and the 
former core area of the original tumor. Both trabecular bone 
and cortical bone were evident. BRAF-mutated alleles still 
showed up in the molecular genetic analysis, but at a signifi-
cantly reduced allele frequency [23].
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A similar result was observed by Tan et al. The patient 
also received Dabrafenib monotherapy, but this was only 
for 73 days, as the patient discontinued therapy due to side 
effects. This was followed by composite resection of the 
tumor with titanium plate placement and pectoralis major 
skin flap. 90% of the tumor volume was reduced using the 
BRAF inhibitor and the BRAF-mutated alleles also appeared 
in significantly lower frequency. A special feature of this 
case is that histologically substantially greater areas of 
squamous differentiation were found in the treated speci-
men [24].

In particular, Brunet et  al. demonstrated the efficacy 
of the combination therapy of Dabrafenib and Trametinib 

in recurrent metastatic ameloblastoma. The 26-year-old 
patient clinically presented with hemoptysis and cough 
13 years after her initial ameloblastoma resection. With 
CT-diagnosed bipulmonary space-occupying lesions that 
later proved to be metastases from the ameloblastoma, she 
began combination therapy with Dabrafenib and Trametinib. 
Complete remission of the pulmonary metastases was seen 
after only 12 weeks. The therapy was ultimately continued 
for a total of 30 months [25].

Even a reduction of the dose with continued efficacy can 
be found in the literature. In the case of Faden et al., the 
83-year-old woman had her dose of Dabrafenib reduced to 
only 75 mg due to her functional status and general disease. 

Fig. 1  BRAF pathway: from the 
outer membrane to the nucleus
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Despite this, monthly follow-up visits showed a significant 
decrease in tumor mass in the mandible. The initial dyspha-
gia as well as the limited mouth closure due to the large mass 
also regressed significantly, allowing the patient to regain 
oral food intake [26].

Broudic-Guibert et al. also demonstrated good efficacy 
for Vemurafenib. It was used in a 33-year-old patient who 
had already undergone a mandibular resection at the age 
of 2 years due to an ameloblastoma. At the age of 33, he 
was presented with progressive dyspnea due to > 30 bilateral 
lung metastases. Here, too, the dose had to be halved due to 
arthralgias, nausea, and skin rash. Radiological follow-up 
showed a 30% reduction of tumor volume and a significant 
improvement of initial obstructive and restrictive lung prob-
lems [27].

Finally, Kaye et al. showed for the massively metasta-
sized irresectable state the effect of the combination therapy 

Dabrafenib and Trametinib. The 40-year-old patient was 
already operated 3 times due to an ameloblastoma recur-
rence and underwent radiation once. Now he presented again 
due to a recurrence with bilateral neck masses, pulmonary 
nodules and a soft tissue mass obstructing the right bronchus 
as well as a contralateral hilar metastasis. Again, the com-
bination therapy consisted of Dabrafenib and Trametinib. 
Already 8 weeks after the start of therapy, no FDG-18-en-
riching space-occupying lesions were detectable in the lung. 
Tumor masses in the neck and jaw were also significantly 
regressed. Even after 20 weeks of therapy, the tumor showed 
regression in all areas [28].

Thus, we currently see a very low use of BRAF inhibitors 
in V600E-mutated ameloblastoma in the literature. However, 
the success of the therapy is clearly shown in all age groups 
and all tumor stages. For clinical and histological examples 
see Figs. 2 and 3.

Fig. 2  Top row shows the reconstructed 3-dimensional computerized 
tomography demonstrating on the left an osteolytic lesion involving 
the right mandibular body and ramus. On the right the partial radio-
logic response is demonstrated, observed after 10 months of targeted 
therapy which brought the mandible to a near pre-disease state. Mid-
dle and bottom rows—a consecutive series of MR images at different 
time points along the treatment course, from left to right, including 
Coronal T2 Fat saturated images (middle row) and corresponding 
Coronal T1 post-contrast Fat-suppressed images (bottom row). The 

Earliest scan from Oct 2018 (Image 1) shows the heterogeneous, 
mixed solid, and cystic nature of the intramedullary lesion, with 
resultant Bucco–lingual expansion of the body and ramus of the right 
mandible. One can notice the noticeable gradual reduction of the 
tumor mass with accompanying improvement of the bony contour, till 
the Nadir at June 2019 (Image 3). A 4th  follow-up scan performed 
on Nov 2019 showed a suspected recurrent cystic lesion distal to the 
tooth bud, which upon curettage, eventually represented histologically 
proven pseudo-progression
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Discussion

Considering the fact that depending on the study, on aver-
age 2/3 of ameloblastoma show the BRAF-V600E mutation 
and that the standard therapy currently does not include a 
standardized drug therapy, and the data of the case reports 
cannot be given enough value. Therefore, BRAF inhibitor 
therapy should at least be considered in the treatment of 
ameloblastoma if the mutation is detected, especially in view 
of the fact that there is no standard therapy for metastatic 
ameloblastoma. Furthermore, the toxicity of such a mono- or 
combination therapy is generally good with the most com-
mon adverse events being rash, pyrexia, asthenia, headache, 
nausea, and arthralgia [29]. Even the use in children showed 
an acceptable side effect profile, so that the therapy with 
BRAF-inhibitors seems to be a conceivable therapy alterna-
tive to surgery. Especially, the complete response of some 
patients highlights the potential benefits of BRAF-targeted 
therapy. Yet, some molecular study showed that the residual 
disease still harbored BRAF mutation, although with a sig-
nificantly decreased variant allele frequency. Collectively, 

this indicated that short-term BRAF monotherapy is highly 
effective but probably not curative [24]. This can be seen as 
an explanation for the frequent recurrences of ameloblas-
toma. However, it also underscores that BRAF inhibitors 
should perhaps not necessarily be used as the sole therapy 
at this time. Rather, their use to reduce tumor size with 
consecutive surgical treatment seems reasonable. This can 
significantly reduce the extent of surgery and save patients, 
especially children, from often mutilating surgery for far 
advanced findings. BRAF inhibitors simplify the already 
difficult and complex procedures to restore facial structures 
with respect to aesthetical aspects [23]. In addition, neoad-
juvant use reduces the incidence of local recurrence in cases 
with limited surgical options. The only decisive factor seems 
to be a sufficient duration of therapy, as often a slow clinical 
response is observed due to the low proliferation index of 
ameloblastoma. Often amplified by alternative oncogenic 
pathways that evade BRAF inhibitor therapy. Here, fixed 
cut-off values need to be defined at which either therapy 
can be stopped or surgical resection of the finding should 
be performed [24].

Fig. 3  Top row: (A, B) Tumor at initial diagnosis. A Photomicro-
graph of one of the initial lesions of unicystic ameloblastoma—mural 
type, showing typical basal cells with a palisading pattern (arrows) 
and stellate reticulum-like appearance of the more superficial layers 
(asterisk) of the cystic epithelium (HE, original magnification X200). 
B BRAF immunostain of the initial lesion showing diffuse and strong 
reaction (BRAF, original magnification ×200). Tumor after anti-
BRAF therapy. C BRAF immunostain shows only weak reaction 
of the ameloblastic lining epithelium (BRAF, original magnifica-
tion ×200); Novel bone. D The bone at the periphery of the residual 
lesion was viable, of woven type and free of disease (HE, original 
magnification ×100). E The same field as in D seen with polarized 
light. The arrows point to small fragments of lamellar bone, while the 
main bone mass is of woven type (HE and polarized light, original 
magnification ×100); bottom row: Targeted therapy-mediated immune 
response (F). The persistent cystic lesion lined by ameloblastic epi-
thelium. The lumen contains sheets of lining epithelium admixed 
with an inflammatory reaction predominated by multinucleated giant 
cells (asterisks) shown at a higher magnification in (H). In addition, 

the connective tissue wall contains many aggregates of multinucle-
ated giant cells (arrow) (HE, original magnification ×40). G Major 
architectural alterations of tumor—The lining ameloblastic epi-
thelium is devoid of the characteristic basal cell palisading pattern, 
and the other layers show dis-cohesion and/or changes indicative of 
apoptosis, which consist of an eosinophilic cytoplasm and small and 
pyknotic, almost absent, nucleus (HE, original magnification ×200). 
H–J Inflammatory reaction (H). The solid aggregate in the lumen 
from (F) at a higher magnification is composed of disintegrating 
ameloblastic epithelium admixed with numerous inflammatory cells, 
multinucleated giant cells, and hemorrhagic areas (HE, original mag-
nification ×200); I CD68 (marker of macrophages) showing remark-
able infiltration into the ameloblastic lining epithelium; numerous 
positively stained cells are also seen within the connective tissue wall 
(CD68, original magnification ×200). J CK19 immunostain (marker 
of odontogenic epithelium) highlights residual ameloblastic epi-
thelium. One of the multinucleated giant cells contains remnants of 
CK19-stained fragments (arrow) (CK19, original magnification ×400)
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Conclusion

It should always be remembered that the face is essential 
to one’s perceived personal identity and is the primary 
organ of interpersonal communication and social interac-
tion. Especially in children, ameloblastoma might result in 
impaired facial development, and disfigurement and pro-
foundly impact of quality of life. Although long-term stud-
ies on BRAF inhibitors in BRAF-V600E-mutated amelo-
blastoma are lacking, we see their use to reduce tumor size 
with consecutive surgical treatment as a reasonable option 
for therapy. However, we are aware that at present the data 
are based only on case reports with the longest follow-up of 
just 38 months. The authors encourage the development of 
clinical trials in the use of BRAF Inhibitor drugs for select 
ameloblastoma patients in a high-volume multi-center 
setting.
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