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Abstract
BACKGROUND
Ameloblastomas are common benign epithelial odontogenic neoplasms that
present an aggressive and unpredictable behavior that may modify treatment
strategies. Different signaling pathways that participate in the progression of
these tumors have been identified. B-raf proto-oncogene serine/threonine kinase
(BRAF) is a protein involved in the behavior of ameloblastomas, and it is related
to many cell mechanisms. BRAF gene mutations have been identified in
ameloblastomas, of which the BRAF V600E (valine substituted by glutamic acid
at amino acid 600) mutation has been the most common and can be present
concomitantly with other mutations that may be involved in its behavior.
Targeted therapies have been used as an alternative in the case of resistance or
contraindications to conventional treatments.

AIM
To document the presence of BRAF V600E and additional mutations, their
behavior, and targeted therapies in these tumors.
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METHODS
An electronic literature search was conducted according to PRISMA guidelines in
PubMed/MEDLINE, Cochrane, EMBASE, and SpringerLink using the terms
“ameloblastomas”, “BRAF V600E”, “additional mutations”, and “targeted
therapies”. Ameloblastomas were classified according to WHO guidelines.
Inclusion criteria were articles in English, published not more than 10 years ago,
and studies with laboratory works related to BRAF V600E. Articles were
evaluated by two independent reviewers and retrieved for full-text evaluation.
The EBLIP Critical Appraisal Checklist was used to evaluate the quality of the
eligible studies. Descriptive statistical analysis was performed.

RESULTS
Two independent reviewers, with a substantial concordance indicated by a kappa
coefficient of k = 0.76, evaluated a total of 19 articles that were included in this
study. The analysis registered 521 conventional ameloblastomas (AM), 81
unicystic ameloblastomas (UA), 13 ameloblastic carcinomas (AC), three
metastatic ameloblastomas (MA), and six peripheral ameloblastomas (PA), of
which the histopathological type, anatomic location, laboratory tests, expression
of BRAF mutation, and additional mutations were registered. The BRAF V600E
mutation was found in 297 AM (57%), 63 UA (77.7%), 3 AC (23%), 1 MA (50%),
and 5 PA (83.3%). Follicular type predominated with a total of 116 cases (40%),
followed by plexiform type with 63 cases (22.1%). Furthermore, both types
presented additional mutations, in which alterations in JAK3 P132T, SMARCB1,
PIK3CA, CTNNB1, SMO, and BRAF G606E genes were found. Four case reports
were found with targeted therapy to BRAF V600E.

CONCLUSION
The identification of BRAF V600E and additional mutations as an aid in targeted
therapies has been a breakthrough in alternative treatments of ameloblastomas
where surgical treatments are contraindicated.

Key words: Ameloblastoma; B-raf proto-oncogene serine/threonine kinase; B-raf proto-
oncogene serine/threonine kinase V600E; Additional mutations; Targeted therapies

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Ameloblastoma is a common neoplasia that is developed from odontogenic
epithelium. It is an aggressive and recurrent tumor that can present metastases or
malignant transformation. This neoplasia is characterized by presenting different clinical
and histological varieties as well as several mutations related to its behavior. Nowadays,
there are several studies focused on targeted therapies against the mutations of this
tumor, one of the most frequent ones being B-raf proto-oncogene serine/threonine kinase
(BRAF) V600E, the treatment of which has been associated with good response. These
targeted therapies are suitable for resistant tumors. This study focused on BRAF V600E
mutations and its additional mutations and targeted therapies.

Citation: González-González R, López-Verdín S, Lavalle-Carrasco J, Molina-Frechero N,
Isiordia-Espinoza M, Carreón-Burciaga RG, Bologna-Molina R. Current concepts in
ameloblastoma-targeted therapies in B-raf proto-oncogene serine/threonine kinase V600E
mutation: Systematic review. World J Clin Oncol 2020; 11(1): 31-42
URL: https://www.wjgnet.com/2218-4333/full/v11/i1/31.htm
DOI: https://dx.doi.org/10.5306/wjco.v11.i1.31

INTRODUCTION
Ameloblastoma is defined by WHO as a benign epithelial odontogenic intraosseous
neoplasia, which is characterized by expansion and a tendency for local recurrence[1].
It is an aggressive neoplasia formed by odontogenic epithelium with mature fibrous
stroma and odontogenic ectomesenchyme[2]. Histologically, it is characterized by cyst
like formations and tumor nests that remind the epithelial component of the enamel
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organ, as well as by the anastomosis of strands of odontogenic epithelium limited by
columnar cells that lack of morphological pattern of reticulum stellate-like cells[1-3]. Its
underlaying origins are epithelial rests of Malassez, remnants of Hertwig’s epithelial
sheath, and dental lamina[3]. It is the most common odontogenic epithelial neoplasia,
with  severe  clinical  implications,  capacity  of  malignant  transformation,  and
metastases[2].  Ameloblastoma global incidence is 0.5 cases per million population,
being more frequent in China and Africa, where it comprises 14% of all tumor and
cystic lesions that appear in the maxilla and mandible[2]. The first therapeutic choice is
total surgical resection, by which most of the cases achieve the total elimination of
neoplasia[4].  In  the  appearance  of  recurrent  ameloblastoma,  either  metastatic
ameloblastoma  (MA)  or  ameloblastic  carcinoma  (AC),  adjuvant  therapies  are
implemented, and they consist of radiotherapy (RT) and chemotherapy (CT), which
are controversial in their use due to a high recurrence rate and unpredictable results
when they are used as a first-line and sole therapy without surgical treatment[4,5]. Due
to these facts, new strategies of targeted therapies have been implemented in order to
knock down the  signaling pathways that  participate  in  the  development  of  this
neoplasia,  highlighting the MAPK signaling pathway with its predominant B-raf
proto-oncogene serine/threonine kinase (BRAF) V600E mutation and the presence of
additional  mutations[3].  Thus,  the aim of  this  study was to produce a  systematic
review in which current concepts and advances in targeted therapies regarding the
BRAF V600E mutation in ameloblastomas were evaluated.

MATERIALS AND METHODS

Search strategy
This study was developed according to the criteria established in the guidelines
recommended by  Preferred  Reporting  Items  for  Systematic  Reviews  and  Meta-
analyses. The electronic search was conducted in PubMed/MEDLINE, Cochrane,
EMBASE and SpringerLink. The employed keywords were the following, including
abbreviations: Ameloblastoma mutations, BRAF, BRAF V600E, PIK3CA, JAK P132T,
SMARCB1, SMO and associated mutations to BRAF and BRAF V600E, and treatments
in  ameloblastoma.  Ameloblastomas  were  defined  according  to  their  variants:
Ameloblastoma (AM)  (follicular  and  plexiform),  unicystic  ameloblastoma (UA)
(luminal/intraluminal and mural), MA, AC and peripheral ameloblastoma (PA). The
Booleans  and/or  were  employed  in  order  to  search  for  the  following  terms:
“Ameloblastoma” and/or “targeted therapies” and/or “BRAF” and/or “associated
mutations”, and/or “BRAF V600E”. The same strategy was employed for AM, UA,
MA, AC and PA. After the screening of titles and abstracts, the studies with useful
information were retrieved for full text evaluation. Open access and restricted access
articles were reviewed and were retrieved by institutional support. All AM, UA, MA,
AC  and  PA  were  classified  according  to  WHO[1].  Different  classifications  were
adapted.

Inclusion criteria
Two independent evaluators reviewed the selected articles, which were considered
eligible when they fulfilled all of the following criteria: (1) Studies whose content was
clearly associated with targeted therapies against BRAF V600E mutation in AM, UA,
MA, AC, or PA; (2) Articles that were published not more than 10 years before this
study was conducted (January 1st 2009–2019); (3) Articles in the English language; (4)
Articles with positive cases corroborated by molecular and immunohistochemical
(IHC) techniques for the study of BRAF mutations and additional mutations; and (5)
Articles included in PubMed/MEDLINE, Cochrane, EMBASE, and SpringerLink.
Different types of studies were considered, such as systematic reviews, meta-analyses,
and  molecular  studies  whose  objective  was  to  evaluate  targeted  therapies  in
ameloblastomas.

Exclusion criteria
Exclusion criteria were the following: (1) Review articles, book chapters, systematic
reviews, meta-analyses, and molecular studies in a language other than English; (2)
Articles which were published more than 10 years before the established date; (3)
Studies  of  targeted  therapies  not  directly  related  to  the  established  signaling
pathways; and (4) Articles that study isolated mutations which are not BRAF V00E-
related.

Quality assessment and data extraction
The quality of the eligible studies was evaluated by two independent reviewers using
the EBLIP Critical Appraisal Checklist[6].  Disagreements between reviewers were
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resolved by discussion. Both independent reviewers extracted the data required for
this study from each article and finally evaluated and discussed the data to achieve
concordance.  All  extracted data  were  registered in  a  table  to  eliminate  possible
mistakes.

RESULTS
The literature search recorded a total of 156 articles.  After the evaluation by two
independent  reviewers,  with  a  substantial  concordance  indicated  by  a  kappa
coefficient of k = 0.76, 19 articles, which fulfilled the inclusion criteria, were included
in this study. The other 137 articles were excluded as they did not accomplish the
inclusion  criteria.  Figure  1  summarizes  the  selection  of  the  articles  that  were
considered  in  the  elaboration  of  this  systematic  review.  The  reviewed  articles
registered 521 AM, 81 UA, 13 AC, 3 MA, and 6 PA, of which the histopathological
type, anatomic location, laboratory tests, expression of BRAF mutation, and additional
mutations  were  registered.  A  total  of  39  AM,  10  UA,  and  7  AC  presented  the
expression of BRAF. For AM, follicular type was the most predominant type of this
expression, with 15 out of 39 found cases. Follicular and plexiform types registered
the highest  quantity  of  additional  mutations  to  BRAF expression,  among which
mutations of NRAS Q161R, HRAS Q161R, FGFR2, KRAS, and other variants of BRAF
(G606E,  L548P,  V590G) were found to have mutated.  Bartels  et  al[7]  reported the
unique case of additional mutations with BRAF expression in which FGFR2 presented
concomitant mutation of PTEN and TP53. BRAF V600E mutation was found in 297
AM (57%), 63 UA (77.7%), 3 AC (23%), 1 MA (50%), and 5 PA (83.3%) cases. Follicular
type predominated with a total of 116 cases (40%), followed by plexiform type with 63
(22.1%). Additionally, both types presented additional mutations, in which alterations
in JAK3 P132T, SMARCB1, PIK3CA, CTNNB1, SMO, and BRAF G606E genes were
found. Figure 2 describes the anatomic location of the additional mutations,  and
Figure 3 describes the relation between BRAF and BRAF V600E expression with
additional mutation. The complete collected data and results can be found in Table 1.
Four cases of targeted therapy of ameloblastomas with the presence of BRAF V600E
were found. Reported cases with targeted therapies are described in Table 2.

DISCUSSION

BRAF V600E
BRAF is a protein that leads to different cell mechanisms, such as metabolism and
proliferation.  There  are  different  signaling pathways  that  are  activated in  these
mechanisms in an extracellular and intracellular manner.

More than 40 mutations of BRAF were identified in different neoplasms. The most
frequent ones are missense mutations of the 600 residues of the BRAF gene, in which
valine is replaced by glutamine (V600E) and results in the constitutive activation of
MEK/ERK signaling in tumors[8,9]. The BRAF V600E mutation has been employed as a
predictive,  diagnostic,  and  prognostic  biomarker  in  different  tumors.  In
ameloblastomas, the presence of this mutation was first described by Brown et al[10]

and Kurppa et  al[11],  who indicated its  influence on the resistance to the targeted
therapy of EGF receptors. Furthermore, Jhamb et al[8] described the relation between
BRAF and the RAS/MAPK pathway in the pathogenesis of AM. Since these findings,
several studies focusing on targeted therapies against BRAF mutations have been
developed. Sweeney et al[12] found the BRAF V600E mutation in 46% of the analyzed
AM. Moreover, they reported other variants of the BRAF mutation (L597R), which
results in the substitution of leucine residue by arginine in the 597 BRAF position by
an increment of kinase activity[13] and associations with SMO and FGFR2, found in the
maxilla. SMO is of interest as its mutations are frequent in ameloblastomas of the
maxilla and is, unlike BRAF, frequently not associated with other mutations. It is
important to highlight that in this review different mutational variants associated
with BRAF V600E (G606E and L597R) were found in follicular and plexiform AM,
respectively.  Although  the  functional  implication  of  these  variants  regarding
treatment has not been studied[14], and there are few reports of these mutations in
ameloblastomas. Further studies may possibly establish the relation between these
variants and their histological pathways, tumor behaviors, and treatment resistance.
Based on these findings, it is possible that additional mutations of BRAF V600E are
mainly associated with the histological pathway of AM. In the present study, more
than 500 cases of AM were analyzed, including those of the Sweeney et al[12] study, in
which  more  than  50%  of  the  total  cases  presented  the  BRAF  V600E  mutation.
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Table 1  Presence of B-raf proto-oncogene serine/threonine kinase and B-raf proto-oncogene serine/threonine kinase V600E and the
relation with additional mutations

BRAF type Ameloblastoma Histological
pattern Mutations Additional

mutation
Anatomic
location

Type Cases with
expression

Total cases Histological
pattern (cases)

Gene (cases/total) Gene (cases) Site (cases)

BRAF WT Ameloblastoma 39 521 Follicular (15) NRAS Q161R
(2/15)

Mandible (9)

Maxilla (1)

G606E (1/15) NS (5)

L584P, V590G
(1/15)

Plexiform (14) HRASQ161R
(2/14)

Mandible (10)

FGFR2 p.C382R
(2/14)

Maxilla (1)

NS (3)

Mixed (4) Mandible (4)

NS (6) FGFR2 (4/12) PTEN, TP53 (1) NS (6)

KRAS (1/12)

Unicystic
ameloblastoma

10 81 Luminal/intralu
minal (6)

Mandible (4)

Maxilla (2)

NS (4) Mandible (1)

NS (3)

Ameloblastic
carcinoma

7 13 Without cell
variant (5)

Mandible (3)

Maxilla (2)

NS (2) NS (2)

Metastasizing
ameloblastoma

0 2

BRAF V600E Ameloblastoma 297 521 Follicular (121) Mandible (91)

JAK3 P132T
(3/121)

SMARCB1 (1/121

PIK3CA (1/121)

CTNNB1 (1/121)

SMO (1/121)

SMO (1/121) FGFR2 (1) Maxilla (4)

Left frontal bone
(1)

G606E (2/121) NS (25)

Plexiform (65) JAK3 P132T
(1/65)

Mandible (38)

SMARCB1 (1/65)

PIK3CA (1/65)

PIK3CA (1/65) Maxilla (2)

BRAF 597R (1/65) SMO (1)

NS (25)

No follicular (20) Mandíbula (20)

No plexiform (15) NS (15)

Granular-cell (4) Mandible (4)

Mixted (10) Mandible (4)

NS (6)

Without cell
variant (1)

Mandible (1)

Desmoplastic (2) Mandible (1)

Maxilla (1)
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NS (59) FGF21 (23) Mandible (4)

FGFR11 (24) Maxilla (1)

NS (45)

Cavernus sinus
(1)

Coronoid process
(1)

Unicistyc
ameloblastoma

63 81 Luminal/Intralu
minal (21)

Mandible (19)

Maxilla (2)

Mural (20) Mandible (20)

NS (22) Mandible (12)

Maxilla (1)

NS (9)

Peripheral
ameloblastoma

5 6 NS (5) NS (5)

Ameloblastic
carcinoma

3 13 Without cell
variant (3)

Mandible (3)

Metastasizing 1 2 Follicular (1) Mandible (1)

NS Acanthomatous
(7)

Mandible (7)

Granular cells (2) Mandible (2)

NS (2) PIK3CA,
CDKN2A (1)

Mandible (1)

PIK3CA, PTEN
(1)

Mandible (1)

NS (2) CDKN2A (1) Mandible (1)

CTNNB1 (1) Mandible (1)

No mutations Metastasizing
Ameloblastoma

1 2 Plexiform (1) Infratemporal
fosa (1)

Ameloblastic
Carcinoma

3 13 NS (3) NS (3)

Unicistyc
Ameloblastoma

1 81 NS (1)

1Expressed without mutation. NS: No specified; BRAF: B-raf proto-oncogene serine/threonine kinase; BRAF WT: B-raf proto-oncogene serine/threonine
kinase Wild-type.

Additionally, studies on the detection of BRAF with IHC have been done using BRAF
antibody clone VE-1,  which shows a high specificity and sensitivity in cells  that
express this mutation[15].  This expression was associated with recurrence, osseous
disruptions, and multilocular radiographic pathways[16], and although these variables
are not evaluated in this review, it is important to indicate that the presence of the
BRAF mutation is related to clinical behavior[10,12,16]. The presence of BRAF V600E in
AM is commonly associated with other mutations and can frequently be present in
younger patients[2,10,17,18].

In the analysis of UA, no additional mutations to BRAF V600E were reported. This
difference in UA may be related to: (1) BRAF expression being presented earlier in
tumorigenesis  of  ameloblastomas,  and  through  tumor  evolution  this  acquires
mutations additional to BRAF V600E, or (2) UA may be a prior neoplasia of AM, in
which  mutated  BRAF  is  present  from  the  beginning  of  the  pathology.  Another
important fact is that BRAF V600E expression is found in the same proportion in
luminal/intraluminal and mural types, which may indicate that this mutation is not
entirely associated with tumor behavior. This assumption may be supported by the
data found in AM, as most ameloblastomas with aggressive behavior present an
association between BRAF V600E and other mutations, and it is possible that these
additional mutations are related to behavior.

AC is classified as aggressive ameloblastic tumor with a tendency to metastasis,
mainly to the lung, with a median survival rate that varies between 5 and 17.6 years
according to global surveillance and those from the maxilla being more aggressive.
BRAF mutations have been described the same as for AM[1].

In this analysis, a total of 13 AC cases were registered, of which 23% (7) presented
the BRAF V600E mutation, which was the opposite to UA, where a great number of
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Figure 1

Figure 1  Flow diagram of articles identification and selection. BRAF: B-raf proto-oncogene serine/threonine
kinase.

cases were registered with this mutation. Additionally, none of the cases presented
any additional mutations, unlike AM, which presented a higher number of secondary
mutations in the cases with BRAF V600E. These results may be associated mainly with
the lack of cases reporting AC with BRAF analysis, which suggest that in further
studies the presence of BRAF should be evaluated in order to establish a treatment
strategy  for  more  aggressive  ameloblastomas,  which  may  possibly  lead  to  the
discovery of new additional mutations.

Six cases of PA were registered, of which 83.3% (5) presented the BRAF V600E
mutation, and one being an unspecified case. These ameloblastomas have a similar
histological pathway as their opposite, the intraosseous type, which may support the
expression of BRAF. However, the percentual difference is large (83.3% vs 57%) due to
the  low  number  of  reported  cases.  However,  because  of  their  location,  these
ameloblastomas  are  not  aggressive  in  comparison  with  their  opposite,  the
intraosseous type.

MA is an ameloblastoma that develops metastases despite its benign appearance.
Like most ameloblastomas, MA presents a higher predilection of metastasis to the
mandible, and its metastatic nests are commonly found in the lung, followed by the
lymph nodes. This neoplasia is usually of long latency before developing metastases
and can be associated with repeated recurrences after surgical treatment. This is an
uncommon entity and its  outcome depends on the metastatic  nests  and surgical
viability[1].  In  this  analysis,  MA  corresponds  to  less  than  1%  of  the  total  cases
registered, which indicates that it is an uncommon tumor and consequently poorly
studied. Two of the three registered cases presented BRAF V600E (66.6%) without
additional mutations. This allows us to conclude that secondary mutations of BRAF
V600E are possibly exclusive to AM.

Location and additional mutations of BRAF V600E
Overall, ameloblastomas have a predilection for the mandible, mainly located in the
body,  ramus,  and  symphysis[1,2,17].  Registered  data  showed  that  BRAF  V600E
mutations were more frequent in the mandible with an approximate ratio of 21:1,
although this data is not precise as 79 (24.6%) cases with the mutation were registered
without the specific anatomic location.

In this analysis, BRAF V600E cases without additional mutations corresponded to
93.7%, compared with those that presented multiple mutations at 6.23%. This explains
why treatment based on the knockdown of BRAF V600E may be successful. Overall,
in mandible 4.3% (10/231)  of  the registered cases presented multiple  mutations,
whereas in maxilla the percentage was higher (27.7%). This could be an interesting
finding,  as  it  is  possible  that  targeted therapies  to  BRAF are  more  successful  in
mandibular tumors, whereas in the maxilla, combined therapies should be considered
as the more frequently registered secondary mutation was SMO[19]. Additionally, SMO
mutations can be isolated, which may modify the treatment strategy. This result is
interesting as the recurrence risk is related to the mutational status and tumors with
multiples mutations are associated with high recurrences[19]. Although there are few
additional mutations of BRAF V600E in ameloblastomas, these were more frequently
present in the mandible, and it is possible that these mutations are exclusive to AM.
Additional mutations that were frequently registered in this review were JAK P132T,
SMO, SMARCB1, PIK3CA, and CTNNB1 in the mandible and BRAF L597R, FGFR2,
PIK3CA,  and SMO in  the  maxilla.  Other  secondary  mutations  with  unspecified
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Table 2  Targeted therapies to B-raf proto-oncogene serine/threonine kinase V600E in ameloblastomas

Ref. Age

Evolu-
tion
tumor
(yr)

Gender Tumor Locali-
zation

Primary
tumor/
recur-
rent

Pre-
vious
treat-
ments

Size

Course
of the
disea-
ses

Muta-
tion
detected

Treat-
ment

Evolu-
tion

Follow-
up

Kaye et
al[27]

40 30 M MA Left jaw,
bilateral
neck
mass,
pulmo-
nary
metas-
tases

Recurrent Surgical
resection
and
radiot-
herapy

NS Three
recur-
rences
(13, 9, 7
yr),
surgical
resection
(two
recur-
rences),
RT (last
recurrenc
e), neck
bilateral
and lung
metas-
tasis.
(imaging
diagnosis
CT)

BRAF
V600E
(gene
profile
and IHC)

BRAF/M
EK
inhibition
(Dabra-
fenib 150
mg twice
daily +
Trame-
tinib 2
mg once
daily)

Decrease
of the
tumor
size and
metas-
tases in
the first
four days

20 wk
(tumor
response
to
treatment
, without
toxicity)

Faden et
al[26]

83 16 F AM Right jaw Recurrent Conser-
vative
surgery

3.79 cm ×
5.87 cm ×
5.62 cm

Two
recur-
rences,
difficult
to
nutrition,
not
suitable
for
surgery

BRAF
V600E

Dabra-
fenib 75
mg twice
daily

Decrease
of the
tumor
size

12 wk
(tumor
response
to
treatment
)

Fernand
es et
al[29]

29 12 F AM Ramus
and left
jaw

Recurrent Surgical
resection
and
radiot-
herapy

1.3 cm ×
0.9 cm
(residual
tumor)

Tumor
recur-
rence by
conser-
vative
surgery
for 16 yr,
metas-
tases in
cavernou
s sinus
and
tumorl
extention
to orbit

BRAF
V600E
(PCR
allele-
specific)

Vemuraf
enib 960
PO twice
daily and
analgesic
treatment

Decrease
of the
tumor
size with
sympto-
matology
(anorexy,
nausea
and
fatigue)

11 wk,
asympto
=matic
with
treatment
tolerance

Tan et
al[28]

85 NS M AM Left jaw Primary Surgical
resection

4 cm (CT
Scan)

Tumor
recur-
rence
with
patho-
logical
fracture

BRAF
V600E
(PCR
allele-
specific)

Dabrafen
ib 150 mg
PO twice
daily

Decrea-
sed of
tumor
size with
develo-
pment of
actinic
keratosis
on face,
back and
scalp and
thic-
kening
voice

16 wk,
notable
decrease
of tumor
size

NS: No specified; PO: Oral administration; BRAF: B-raf proto-oncogene serine/threonine kinase; IHC: Immunohistochemical; CT: Chemotherapy; MA:
Metastatic ameloblastomas; AM: Ameloblastomas.

anatomic location were BRAF G606E, CTNNB1, CDKN2A, and PTEN.
To date, there are no references to the association between JAK3 P132T presence

and ameloblastomas. However, this gene has been studied in some neoplasia, such as
head and neck squamous cell carcinoma (HNSCC), with a reported relation to racial
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Figure 2

Figure 2  Anatomic location of B-raf proto-oncogene serine/threonine kinase V600E additional mutations. a,
b: Additional mutations of the same ameloblastomas. Figure does not represent the specific site of each additional
mutation, only whether it is present in the maxilla or the mandible.

predisposition and megakaryocytic leukemias related to leukemogenesis[20,21].
SMO is a protein whose upregulation is related to signaling of the Sonic Hedgehog

(SHH) pathway participating in the pathogenesis of several malignant neoplasia[22].
However, the regulation of SMO in ameloblastomas is not well characterized, but it
has been suggested that overexpression can lead to a constitutive activation of the
SHH signaling pathway and finally contribute to cell survival and proliferation. The
results observed in our analysis detected concomitant mutations of BRAF V600E with
SMO and a higher predilection to the maxilla; thus, it is considered that this neoplasia
may have a more aggressive behavior due the participation of  SMO in the SHH
signaling pathway and its relation to BRAF V600E. It is interesting that the presence of
the isolated SMO mutation in maxillary ameloblastomas has been pointed out. This
finding may be important, as it is possible that treatment of maxillary ameloblastomas
should mainly focus on targeted therapies against SMO, and as this is present in the
SHH signaling pathway, maxillary tumors may be more aggressive.

SMARCB1  is  a  gene  that  codifies  for  the  SWI/SNF  complex,  which  plays  an
important role in the regulation of transcriptional mechanisms. Its main function is
the regulation of the cell cycle trough pRb and HDAC1. Furthermore, this gene is
involved in the SWI/SNF complex that suppresses E2F activity knocking down the
phase S. It is normally expressed in all the tissues. SMARCB1 alterations have been
associated with rhabdoid malignant  neoplasia  as  well  as  benign lesions  such as
schwannomatosis[23]. Of all the cases, 11% of additional mutations of BRAF V600E
were associated with SMARCB1. Although the relation of this gene to ameloblastomas
behavior has not been established.

PIK3CA is an important regulator of the signaling of the tyrosine kinase receptors
that are crucial in the proliferation, growth, and differentiation mechanisms. It is one
of the most frequently mutated oncogenes and is observed in different neoplasia[24].
The  alterations  in  this  gene  have  been observed in  10%–33% of  HNSCC,  whose
amplification is related to a low expression of PTEN[24]. The findings in this study
indicate the presence of the PIK3CA mutation in 11% of ameloblastomas with BRAF
V600E,  which may indicate  that  ameloblastomas with these  mutations are  more
susceptible to recurrence.

Although a direct association between PIK3CA with recurrence was not found in
this analysis, recurrence was involved in multiple mutations associated with BRAF
V600E[19].  Thus, ameloblastomas related to BRAF V600E associated with multiple
mutations are tumors that can acquire several characteristics from the additional
mutated genes.

Targeted therapies against BRAF V600E
In  vitro  studies  have been developed in order  to  evaluate  the therapeutic  use of
treatments against the BRAF V600E mutation. Brown et al[10] evaluated the in vitro
effects of vemurafenib in the activation of the MAPK signaling pathway and the
proliferation in the AM-1 cell line. Their results demonstrated the knock-down of cell
proliferation and indicated that vemurafenib treatment is a potential alternative in
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Figure 3

Figure 3  Mutation distribution and relationship with pathological features. Information on histology and anatomical site is included below for each case. NS: No
specified. BRAF WT: B-raf proto-oncogene serine/threonine kinase wild-type.

ameloblastomas whose surgical treatment is related with significant facial deformities
and frequent recurrences. Furthermore, vemurafenib is recommended in MA, local
aggressive  tumors,  and  non-candidate  patients  as  an  alternative  to  surgical
treatment[10].  Thus,  patients  who  present  BRAF V600E  mutation  are  eligible  for
targeted therapies,  using combined treatments related to knocking down BRAF-
related signaling pathways. A great example is combined therapy with vemurafenib
(BRAF inhibitor) and trametinib (MEK inhibitor) of which some reported cases have
shown excellent results, especially in MA[10,24].

Although there are no reports of serial cases that indicate the success of targeted
therapies  in  ameloblastomas,  they  have  been  used  as  adjuvant  or  neoadjuvant
therapies  in  order  to  improve the  outcome of  treatments,  to  increase  functional
mobility, and to improve cosmetic results[25-27]. Thus, the use of targeted therapies has
been limited as previously described.

This analysis demonstrates most of the molecular alterations of ameloblastomas
and their relation to anatomic location and possible association with behavior. The
identification of BRAF V600E and the additional mutations as an aid in targeted
therapies has been a breakthrough in alternative treatments of ameloblastomas where
surgical treatment is contraindicated. The analyzed studies evaluate several mutations
and their possible association with the biology of these tumors. The findings are an
important advancement in the study of ameloblastomas and alternative treatments,
although the latter is limited to few case reports. Further studies are necessary in
order to adequately determine the success of targeted therapies and resistance to
treatment by the BRAF V600E mutation.

ARTICLE HIGHLIGHTS
Research background
Ameloblastomas are benign tumors that arise from the odontogenic epithelium whose behavior
is defined as aggressive, infiltrative, recurrent, with aesthetic implications and rarely propense to
local and distant metastases. Recently B-raf proto-oncogene serine/threonine kinase (BRAF)
V600E gene mutation has been reported in ameloblastomas. Thus, targeted therapies against this
mutation have been evaluated as an alternative treatment. In this study, a systematic review was
performed in order to evaluate the frequent mutation of BRAF and another associated mutations,
as well as targeted therapies against them.

Research motivation
Performing  a  systematic  review  allows  to  know  the  reports  of  frequent  mutations  in
ameloblastomas  and  alternative  treatments  against  them,  as  well  as  evaluate  therapeutic
response.

Research objectives
The aim of this study was to evaluate the presence of BRAF V600E mutation and another related
mutations in ameloblastomas and provide information about the role of the mutations in the
behavior of ameloblastomas, as well as targeted therapies reported.

Research methods
A literature research was carried out between January 1st  2009-2019 in order to perform a
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systematic review, of which 19 articles with relevant content regarding BRAF and its mutations
in ameloblastomas were included, as well as targeted therapies against them.

Research results
A total of 624 ameloblastomas were evaluated, in which BRAF V600E was the most frequent
mutation. Of the total of the included articles, four case reports registered targeted therapies
against BRAF V600E.

Research conclusion
In the current study, the most frequent mutation was BRAF V600E, which interestingly was
frequently associated to other mutations that conferred more aggressiveness with recurrence and
metastases. Regarding anatomic location, it is suggested that associated mutations to BRAF
V600E are more common in the mandible. Targeted therapies against this mutation represented
a significant outcome in patients that presented these types of tumors. Since this is the first
systematic review developed about this subject, it could be suggested that the use of targeted
therapies as adjuvant to surgical treatment may offer important outcome in the clinical evolution
and the follow up, specially in recurrent, metastatic and malignant ameloblastic tumors.

Research prospective
The information obtained in this review demonstrates the current implementation of targeted
therapies against BRAF V600E mutation in ameloblastic tumors.
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