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The diagnostic utility of BRAF VE1 mutation-specific
immunohistochemistry in ameloblastoma
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Ameloblastoma is a benign, locally aggressive odontogenic neoplasm with variable solid and cystic morphology. On account of its
histologic variety, diagnostically challenging cases can bear resemblance to odontogenic keratocyst/keratocystic odontogenic
tumor (KCOT) or dentigerous cyst (DC). BRAFV600E mutation has been reported to be specific for and frequent in ameloblastoma,
and this study evaluated the usefulness of immunohistochemistry (IHC) using the BRAF VE1 mutant-specific antibody as a
diagnostic adjunct in this setting. We investigated 46 ameloblastomas, 30 KCOTs, and 30 DCs. BRAF VE1 IHC was performed on all
cases and allele-specific polymerase chain reaction (AS-PCR) for BRAFV600E mutation was performed on 30 ameloblastomas and any
IHC-positive KCOT/DC. BRAF VE1 IHC was positive in 31/37 (83.8%) mandibular ameloblastomas but not in any maxillary
ameloblastomas (0/9), KCOT (0/30), or DC (0/30). Equivocal staining was seen in 1/37 (3.3%) mandibular ameloblastomas. Of the 30
ameloblastomas subjected to AS-PCR, BRAFV600E mutation was identified in 19/23 (82.6%) mandibular ameloblastomas and 0/7
(0.0%) maxillary ameloblastomas. BRAFV600E mutant ameloblastomas were positive by IHC in 18/19 (94.7%) cases and equivocal in 1/
19 (5.3%) cases. All 11 (100.0%) BRAF-wild type ameloblastomas were negative by IHC. BRAF VE1 is an excellent tool for the
diagnosis of mandibular ameloblastoma but of limited utility in the maxilla, where it less commonly occurs and where BRAFV600E

mutation is considerably less frequent.
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INTRODUCTION
Ameloblastoma is a benign, locally aggressive odontogenic
neoplasm that conventionally exhibits variable solid and cystic
architecture1. Growth as a single macrocystic structure is
characteristic of unicystic ameloblastoma, a variant that may be
associated with more indolent biologic behavior in certain
instances2. On account of its frequent cystic presentation, the
diagnosis of ameloblastoma can be challenging on biopsy
specimens, particularly in light of the existence of numerous
odontogenic cysts which, like ameloblastoma, may or may not be
associated with an impacted tooth. Certain cystic entities, such as
dentigerous cyst (DC) or odontogenic keratocyst/keratocystic
odontogenic tumor (KCOT) are encountered more frequently than
ameloblastoma in routine practice and, together with ameloblas-
toma, represent principal diagnostic considerations in the workup
of a cystic mass from the jawbones.
Ameloblastomas characteristically present with prominent

nuclear palisading, nuclear hyperchromasia, or reverse polarization
of peripheral tumor cells, but these histopathologic features are
often muted or lost in areas of cystic or plexiform growth.
Additionally, KCOT exhibits nuclear palisading and hyperchromasia
of basal cells, and the parakeratosis of KCOT can bear resemblance
to the acanthomatous change seen in luminal tumor cells in
ameloblastoma with cystic morphology. Correct diagnosis can
usually be made on histopathologic features alone, even in biopsy
specimens, but for challenging cases immunohistochemical

adjuncts are lacking. Calretinin and CD56 expression has been
reported in ameloblastoma, but has also been reported in KCOT to
varying degrees, and these immunohistochemical stains are not
widely used in clinical practice3–6.
Ameloblastoma is associated with MAPK pathway alterations in

approximately 80–90% of cases, most commonly as a result of
BRAFV600E mutation, and exhibits SMO mutations in approximately
15–40% of cases7–9. SMO mutations tend to co-occur with RAS or
FGFR2 mutations, though rarely they may co-occur with BRAF
mutations or may occur independently of MAPK pathway altera-
tions, and it is unclear whether they represent a separate molecular
subclass of ameloblastoma or a secondary genetic event8. Unicystic
ameloblastoma has been found to harbor BRAFV600E mutation in
over 90% of cases, and SMOmutations only rarely10. Other members
of the ameloblastoma family of tumors, including ameloblastic
fibroma, ameloblastic carcinoma and ameloblastic fibrosarcoma, are
characterized by a similar mutational profile, which otherwise
appears unique amongst odontogenic neoplasms or cysts11–13.
KCOT, on the other hand, is characterized by a high prevalence of
PTCH1 alterations in the absence of any SMO mutations or MAPK
pathway signaling dysregulation14,15. DC is considered to represent
reactive hyperplasia of dental follicular tissue in the setting of tooth
impaction, in which the reduced enamel epithelium undergoes
squamous metaplasia.
Several studies have shown BRAF VE1 immunohistochemistry

(IHC) to have perfect or near-perfect concordance for molecular
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detection of BRAFV600E mutation in ameloblastoma, in keeping
with the high sensitivity and specificity of this antibody for
BRAFV600E mutation as demonstrated across multiple tumor
types8,9,16–19. The aim of this study, therefore, was to evaluate
the utility of BRAF VE1 IHC as an alternative marker of BRAFV600E

mutation in the differential diagnosis of ameloblastoma and to
determine its usefulness in this context.

MATERIALS AND METHODS
Case selection
The study cohort consisted of 46 cases of ameloblastoma, 30 cases of KCOT
and 30 cases of DC that were retrieved from the Department of Pathology,
University Hospitals Cleveland Medical Center from 2000 to 2020.
Hematoxylin and eosin (H&E) stained slides were reviewed for diagnostic
confirmation by two pathologists (JW and IJS) based on 2017 WHO
classification criteria. Following failed BRAF VE1 immunohistochemistry in
five previously decalcified ameloblastoma specimens, the ameloblastoma
cohort was restricted to biopsy specimens not previously subjected to
decalcification. Thirty ameloblastoma specimens had adequate neoplastic
cellularity (>30% tumor nuclei) for molecular testing; the remaining
16 specimens had insufficient tissue for molecular analysis on account of
small sample size or inadequate neoplastic cellularity and were included to
evaluate BRAF VE1 performance in the setting of limited neoplastic
cellularity. All ameloblastoma cases included for molecular testing (cases
1–30) were in patients older than 18 years, in accordance with IRB
approval. The study was approved by the Institutional Review Board of
University Hospitals Cleveland Medical Center (STUDY20200628) and
conducted in accordance with the Declaration of Helsinki.

Immunohistochemistry
BRAF immunohistochemistry was performed on formalin-fixed, paraffin-
embedded 4 µm whole sections of all 106 specimens using a BRAFV600E

mutation-specific antibody (clone VE1, Ventana). Deaparaffinization,
antigen retrieval, incubation in primary antibody and counterstaining
was performed according to manufacturer specifications using an
automated immunohistochemical stainer (Ventana Medical Systems).
Appropriate positive (BRAFV600E mutant papillary thyroid carcinoma) and
negative controls were included. VE1 antibody immunoexpression was
independently scored by three pathologists (JW, SLA, IJS) as positive or
negative. Positive cases were defined as showing diffuse strong or weak
cytoplasmic staining in the majority (>50%) of neoplastic cells, with no
more than focal, granular staining of occasional background stromal cells.
Focal, weak nuclear staining, cytoplasmic staining of isolated tumor cells
near the periphery, and confluent cytoplasmic staining of epithelial and
stromal cells were considered negative. Diffuse nuclear staining of tumor
cells was considered positive if encountered in the absence of stromal
staining. Cases for which consensus scoring could not be achieved were
considered equivocal. Immunohistochemical scoring was performed prior
to molecular testing and the molecular pathologist (JMY) and laboratory
technologist were blinded to IHC results.

BRAFV600E mutation analysis
BRAFV600E mutation analysis was performed on the 30 ameloblastoma
specimens with adequate (>30%) neoplastic cellularity and on any KCOT
and DC exhibiting positive immunohistochemical staining. DNA was
extracted from unstained formalin-fixed paraffin-embedded slides

according to manufacturer instructions using the Maxwell® RSC platform
and the Maxwell RSC DNA FFPE Kit (Promega Corporation, Madison WI).
BRAFV600E mutation analysis was performed using TaqMan™ Mutation
Detection Assay with castPCR Technology on the Applied Biosystems™
7500 Fast Real-Time PCR System (ThermoFisher Scientific, Waltham MA).
Briefly, after PCR amplification, detection of target DNA was performed
using oligonucleotide probes specific for BRAF-wild type and BRAFV600E

mutant alleles. The presence or absence of mutation was determined
based on the ratio of the fluorescent signals according to manufacturer-
validated cutoffs using the Mutation Detector Software v2.0 and Applied
Biosystems 7500 Software v2.3 (ThermoFisher Scientific, Waltham MA). T-
test and chi-squared test were used for statistical analysis with
clinicopathological parameters. A p value of ≤0.05 using a 95% confidence
interval was considered statistically significant.

RESULTS
Clinical and histopathologic characteristics
The clinical characteristics of the study cohort are summarized in
Table 1. With regards to ameloblastoma, patient age ranged from
11 to 85 years (mean 51.6 y) with a male:female ratio of 1.6:1. The
mandible was involved in 80.4% (37/46) of cases and the maxilla in
19.6% (9/46) of cases. Tumors ranged in size from 0.6–6.0 cm
(mean 3.4 cm).
The ameloblastoma cohort comprised 36 (78.3%) conventional

intraosseous ameloblastomas, 6 (13.0%) unicystic ameloblastomas,
and 4 (8.7%) peripheral ameloblastomas. Dominant follicular
growth was present in 55.0% (22/40) and dominant plexiform
growth was present in 35.0% (14/40) of conventional/peripheral
ameloblastoma; an admixture of follicular and plexiform patterns
of growth was present in 10% (4/40) of those cases. Unicystic
ameloblastomas were not assessed for patterns of growth as their
dominant growth pattern was considered macrocystic. The most
common histopathologic variants were classic (stellate reticulum-
like) and acanthomatous, which frequently co-existed. Ameloblas-
tomas containing any combination of those two variants, in the
absence of any other variants, comprised 87.0% (40/46) of the
cohort. Granular (6.5%, 3/46), basaloid (4.3%, 2/46) and desmo-
plastic (2.2%, 1/46) features were much less common and
oftentimes focal. The histologic findings are summarized in Fig. 1.

BRAF VE1 IHC
The results of BRAF VE1 IHC are summarized in Table 2. A total of
67.4% (31/46) of ameloblastomas were positive, with varying
intensity from weak to strong (Figs. 2–4). One case showed
peculiar diffuse nuclear positivity of tumor cells (Fig. 3a–c),
interpreted as positive. A total of 4.3% (2/46) of ameloblastomas,
one mandibular and one maxillary, were equivocal and 28.3% (13/
46) of ameloblastomas were negative. Equivocal cases exhibited
weak cytoplasmic staining in approximately half of tumor cells,
and did not achieve consensus interpretation. By anatomic
location, 83.8% (31/37) of mandibular ameloblastomas were
positive and 0.0% (0/9) maxillary ameloblastomas were positive.
No staining was identified in any KCOT (0/30, 0.0%) or DC (0/30,
0.0%) (Fig. 5).

Table 1. Clinical characteristics of ameloblastoma, KCOT and DC patients.

Ameloblastoma (46) KCOT (30) DC (30)

Age, mean (range) (y) 51.6 (11–85) 60.8 (23–79) 40.2 (11–79)

Sex

Male 28 (60.9%) 22 (73.3%) 14 (46.7%)

Female 18 (39.1%) 8 (26.7%) 16 (53.3%)

Anatomic location

Mandible 37 (80.4%) 19 (63.3%) 26 (86.7%)

Maxilla 9 (19.6%) 11 (36.7%) 4 (13.3%)

Size, mean (range) (cm) 3.4 (0.6–6.0) 1.9 (0.5–6.0) 1.7 (0.5–4.0)
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The ameloblastoma cohort included 16 paucicellular cases with
inadequate neoplastic cellularity for mutational analysis. These
specimens were positive for BRAF VE1 IHC in 81.3% (13/16) of
cases, relative to 67.4% (31/46) across the entire cohort. With
regards to mandibular ameloblastomas specifically, paucicellelular
specimens were positive in 92.9% (13/14) of cases, relative to
83.8% (31/37) across the entire cohort. This demonstrates good
reliability of BRAF VE1 IHC even in paucicellular or inflamed
specimens, in spite of a tendency for variable staining intensity.

BRAFV600E mutation analysis
BRAFV600E mutation analysis was performed on the 30 amelo-
blastomas with adequate neoplastic cellularity and was not
performed on any KCOT or DC. The results of mutational analysis
are summarized in Table 3. BRAFV600E mutation was identified in
63.3% (19/30) ameloblastomas, and was identified in all positive
(18/18, 100.0%) and equivocal (1/1, 100.0%) cases by IHC. No
BRAFV600E mutations were identified in any of the 11 (0.0%) cases
that were negative by IHC. The sensitivity and specificity of BRAF
VE1 IHC for BRAFV600E mutation was 100.0% when considering the
equivocal case positive, and the sensitivity was 94.7% with the
equivocal case considered negative.
BRAFV600E-mutant ameloblastoma showed a statistically signifi-

cant predilection for the mandible (p= 0.00001) but showed no
statistically significant associations with patterns of growth or
histopathologic variants, though the association with histopatho-
logic variant approached significance (p= 0.087) (Table 4). Of
note, both ameloblastomas with basaloid features were BRAF-wild
type, and the one ameloblastoma with focal desmoplastic features
showed BRAF VE1 staining only in the portion with conventional
follicular growth, though the number of cases with these features
was too small to assess for statistical significance. The mean age at
diagnosis of BRAFV600E-mutant ameloblastoma was lower than

that of BRAF-wild type ameloblastoma, but this was not
statistically significant (56.9 vs. 63.4 yrs, p= 0.36). The salient
clinical, histopathologic, immunohistochemical and molecular
features are summarized in Fig. 1.

DISCUSSION
Over the past decade, tumor-specific genetic alterations have
been increasingly identified in odontogenic neoplasms. These
include MAPK pathway alterations and SMO mutations in
ameloblastoma, ameloblastic fibroma, ameloblastic carcinoma
and ameloblastic fibrosarcoma7–9,11–13; PTCH1 mutations in
KCOT15; CTNNB1 mutations in calcifying cystic odontogenic
tumor20; KRAS mutations in adenomatoid odontogenic tumor21;
EWSR1 rearrangements in clear cell odontogenic carcinoma22; and
FOS rearrangements in cementoblastoma23. Such findings hold
promise in facilitating diagnostic accuracy and developing
classification schemes in odontogenic pathology, and may
support the development of immunohistochemical surrogates
that prove helpful in diagnostically challenging scenarios or in the
setting of lack of pathologist familiarity/experience. Ameloblas-
toma is uniquely aggressive among odontogenic cysts and
neoplasms, requiring surgical resection with bony margins of at
least 1 cm, and correct diagnosis on biopsy specimens is
particularly critical for optimal patient management 24.
This study showed that the BRAF VE1 antibody is an excellent

marker for mandibular ameloblastoma with 100% specificity and
83.8% sensitivity in this location in the context of important
diagnostic mimics, and is highly predictive of BRAFV600E mutation.
Immunohistochemical staining varied in intensity from weak to
strong but in spite of this is reliable even in small biopsy
specimens or specimens with limited (<30%) neoplastic cellularity.
This is supported by a high rate of positivity of 92.9% in those
mandibular ameloblastomas (cases 31–46), which compares
favorably to the overall rate of positivity of 83.8% in mandibular
ameloblastomas across the entire cohort. Weak staining in
approximately half of tumor cells that was difficult to interpret
as positive or negative, and scored as equivocal, was seen in only
2 (4.3%) ameloblastomas, one of which was sequenced and found
to harbor BRAFV600E mutation. This suggests that reflex molecular
testing for BRAFV600E mutation in diagnostically challenging cases
with equivocal BRAF VE1 staining may be valuable in clinical
practice. The study cohort was restricted to non-decalcified
ameloblastomas following negative IHC in five previously dec-
alcified ameloblastoma specimens, and it is important to note that
BRAF VE1 IHC may be unreliable in the setting of prior
decalcification.

Fig. 1 Summary of clinicopathologic, immunohistochemical, and molecular findings in ameloblastoma. Colored boxes indicate the
presence of a certain variable in a given case; specific colors are assigned by variable (row) to facilitate data visualization and do not carry
additional information.

Table 2. Results of BRAF VE1 IHC in ameloblastoma, KCOT and DC.

Positive Negative Equivocal

Ameloblastoma 31/46 (67.4%) 13/46 (28.3%) 2/46 (4.3%)

Mandible 31/37 (83.8%) 5/37 (13.3%) 1/37 (3.3%)

Maxilla 0/9 (0.0%) 8/9 (88.9%) 1/9 (11.1%)

KCOT 0/30 (0.0%) 30/30 (100.0%) 0/30 (0.0%)

DC 0/30 (0.0%) 30/30 (100.0%) 0/30 (0.0%)

Sensitivity: 67.4%; 83.8% for mandibular ameloblastoma Specificity: 100.0%.
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No maxillary ameloblastomas were positive for BRAF VE1 IHC in
this cohort, suggesting that this antibody is likely to be most
helpful as an immunohistochemical adjunct in the workup of
diagnostically challenging tumors of mandibular origin, where
ameloblastoma does occur at a 5-fold greater frequency1. This
limitation is to be expected, given that BRAFV600E mutation occurs
in over 70% of mandibular ameloblastomas but in only 5–20% of
maxillary ameloblastomas, for reasons that are not well
understood25,26. The near-perfect concordance between BRAF
VE1 IHC and BRAFV600E mutation in this cohort and in the
ameloblastoma literature suggests that BRAF VE1 IHC may also be
helpful as a screening tool for identifying ameloblastomas that
could possibly benefit from BRAF-inhibition, as has been reported

rarely27. More work is needed to determine whether RAS Q61R
IHC, possibly in conjunction with BRAF VE1 IHC, may be beneficial
in diagnostically challenging maxillary cases, since as many as 40%
of maxillary ameloblastomas harbor KRAS (G12R), NRAS (Q61R and
Q61K), and HRAS (Q61R, Q61K and G12S) mutations.
BRAFV600E mutant ameloblastoma in this cohort showed a

statistically significant mandibular predilection, in good agree-
ment with prior literature. BRAFV600E mutant ameloblastoma has
also been shown to present 1–2 decades earlier in life than BRAF-
wild type ameloblastoma, but in this study the differences in age
were not statistically significant9,28. This is likely because pediatric
ameloblastomas were omitted from the sequencing cohort, and it
raises the hypothesis that pediatric ameloblastomas, in particular,

Fig. 3 Variant BRAF VE1 immunopositivity in ameloblastoma. A–C Conventional ameloblastoma with cystic degeneration (case 6)
exhibiting strong, diffuse granular positivity for BRAF VE1, restricted to tumor nuclei and in the absence of any cytoplasmic or stromal staining.
D Ameloblastoma focally exhibiting desmoplastic features (case 32), in which tumor cells are compressed and hyperchromatic with minimal
cytoplasm. E, F BRAF VE1 cytoplasmic granular immunoreactivity of variable intensity in areas of conventional follicular growth, but with
absence of staining in areas with desmoplastic phenotype.

Fig. 2 BRAF VE1 immunopositivity in unicystic ameloblastoma. A Unicystic ameloblastoma exhibiting macrocystic growth (case 46).
B Cystic lining exhibiting subtle basal cell hyperplasia and discohesion. C Overt ameloblastic differentiation in the form of nuclear
hyperchromasia of basal cells and stellate reticulum-like change of suprabasal cells is present focally. D–F Confluent BRAF VE1
immunoreactivity throughout the cystic proliferation is noted, including in areas of subtle and more overt ameloblastic differentiation. Inset:
granular cytoplasmic immunoreactivity with BRAF VE1 IHC.
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Table 3. Sensitivity and specificity of BRAF VE1 IHC to BRAFV600E mutant ameloblastoma.

Total BRAF VE1 positive BRAF VE1 equivocal BRAF VE1 negative

BRAFV600E mutant ameloblastoma 19/30 (63.3%) 18/19 (94.7%) 1/19 (5.3%) 0/19 (0.0%)

BRAF-wild type ameloblastoma 11/30 (36.7%) 0/11 (0.0%) 0/11 (0.0%) 11/11 (100%)

Sensitivity: 94.7%1. Positive predictive value: 100.0%.
Specificity: 100.0%. Negative predictive value: 91.6%1.
1With equivocal case considered as negative. With equivocal case considered positive, sensitivity and negative predictive value are both 100.0%.

Fig. 4 BRAF VE1 immunoreactivity in histologic variants of ameloblastoma. A, B Granular cell ameloblastoma (case 2) comprised of cells
with abundant granular cytoplasm, in the absence of conventional cytologic features of ameloblastoma. C Tumor cells are positive for BRAF
VE1, with weaker staining in cells with greater cytoplasmic granularity. D–F Basal cell ameloblastoma (case 17) with cortical perforation
exhibiting no BRAF VE1 immunoreactivity.

Fig. 5 BRAF VE1 immunonegativity in KCOT/DC and equivocal immunoreactivity in ameloblastoma. A, D KCOT characterized by cystic
proliferation of uniformly thin epithelium exhibiting nuclear hyperchromasia and parakeratosis; tumor cells are completely negative for BRAF
VE1 IHC. B, E DC characterized by nonkeratinized, uniformly thin stratified squamous cyst lining; cyst lining is completely negative for BRAF
VE1 IHC. C, F Unicystic ameloblastoma with incipient mural invasion (case 39) exhibiting very weak cytoplasmic granular staining of tumor
cells, interpreted as equivocal.
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may be enriched for BRAFV600E mutation. The impact of BRAFV600E

mutation on prognosis in the literature is less clear. BRAFV600E

mutation has been associated with less aggressive behavior9,
more aggressive behavior29, and no impact on prognosis28, while
in another study ameloblastomas with double or triple mutations
were associated with highest recurrence rates26. This study cohort
was not designed to assess outcomes as it consisted of biopsy
specimens only. Ameloblastoma is characterized by tremendous
histologic diversity including different patterns of growth (folli-
cular, plexiform or unicystic) and different variants in terms of
dominant cell type (classic/stellate reticulum-like, acanthomatous,
basaloid or granular) that accompany the characteristic
ameloblast-like peripheral cells1. Other rare variants also exist,
including desmoplastic ameloblastoma, adenoid ameloblastoma
and keratoameloblastoma. Generally speaking, these different
histologic presentations have no impact on prognosis, with the
important exception of unicystic ameloblastoma when it grows as
a single macrocystic structure with no invasion into surrounding
stroma, which may be treated more conservatively2. Adenoid
ameloblastoma, additionally, appears more aggressive, and there
is some discussion as to whether this represents a rare variant of
ameloblastoma or a distinct entity altogether30,31. More recently,
studies have attempted to determine whether histopathologic
presentation may predict genotype, with variable findings. Some
studies have shown that plexiform growth is significantly more
common in BRAF-wild type ameloblastoma8,9,32 and that follicular
growth is more common in BRAFV600E-mutant ameloblastoma26.
Unicystic ameloblastoma is also highly associated with BRAFV600E

mutation, in which it occurs in over 90% of cases, and in this
cohort all 6 unicystic ameloblastomas were BRAFV600E-mutant10.
This study failed to demonstrate, however, any statistically
significant association between BRAF mutational status and
histologic parameters, though findings may be limited by sample
size. The tendency for ameloblastomas with classic (stellate
reticulum-like) and/or acanthomatous cells to associate with
BRAFV600E mutation approached statistical significance, suggesting
that the most well-recognized presentation of ameloblastoma,
follicular growth with classic/acanthomatous cells may be

associated with BRAFV600E mutation. Additionally, both ameloblas-
tomas with basaloid features in this series were BRAF-wild type,
suggesting that, overall, specific genotype-phenotype correlations
could possibly be identified in adequately powered studies. Of
note, the single ameloblastoma in this cohort with desmoplastic
features showed absence of BRAF VE1 staining in tumor cells
compressed by desmoplastic stroma, but this is unlikely to be of
any biologic significance. BRAFV600E mutation has been previously
reported in desmoplastic ameloblastoma and it is likely the case
that the compressed tumor cells, with high nuclear/cytoplasmic
ratio, simply express insufficient cytoplasmic BRAF V600E for
immunohistochemical detection 11.
One ameloblastoma in this series exhibited peculiar diffuse

nuclear staining of tumor cells in the absence of stromal staining
and was found subsequently to harbor a BRAFV600E mutation.
Nuclear staining with the BRAF VE1 antibody has been rarely
reported and is considered non-specific as it does not correlate
with mutational status33–35. These reported cases, however,
exhibited focal, weak staining of tumor nuclei, occasionally in
the context of equivocal cytoplasmic/stromal staining, unlike our
case. Whether diffuse nuclear staining of tumor cells, as identified
in our case, occurs with any frequency and whether it consistently
associates with BRAFV600E mutation or any other clinical or
prognostic variable is unknown and requires additional study.
Lastly, BRAF VE1 IHC was negative in all KCOT and DC,

suggesting that BRAFV600E mutation plays no role in the
pathogenesis of these conditions. Regarding KCOT, this finding
stands in contrast to a prior study identifying frequent BRAFV600E

mutation in KCOT36 and in agreement with the findings of a large
cohort of sequenced KCOTs identifying near-universal PTCH1
alterations but no BRAFV600E mutations 15.
In conclusion, BRAF VE1 IHC is an accurate diagnostic adjunct

for mandibular ameloblastoma, specific for its diagnosis in the
context of important mimics and concordant with BRAFV600E

mutational status. Its utility in the maxilla is limited on account of
low frequency BRAFV600E mutation in maxillary ameloblastomas,
and even in the mandible negative staining must be interpreted
with caution on account of the occurrence of occasional BRAF-wild

Table 4. Association between BRAFV600E/BRAF VE1 status and clinical/histopathologic features.

BRAFV600E mutant
ameloblastomaa

BRAFV600E mutant and BRAF
VE1-positive ameloblastomab

BRAF-wild type and BRAF VE1-
negative ameloblastomab

p valueb

Anatomic location <0.001

Mandible 19/23 (82.6%) 32/37 (86.5%) 5/37 (13.5%)

Maxilla 0/7 (0.0%) 0/8 (0.0%) 8/8 (100%)

Extraosseous/peripheral 2/4 (50%) 2/4 (50.0%) 2/4 (50.0%) 1.0

Pattern of growth 0.352

Follicular 10/14 (71.4%) 17/22 (77.3%) 5/22 (22.7%)

Plexiform 4/10 (40.0%) 7/14 (50.0%) 7/14 (50.0%)

Mixed follicular/plexiform 3/4 (75.0%) 3/4 (75.0%) 1/4 (25.0%)

Unicystic 2/2 (100.0%) 5/5 (100.0%) 0/5 (0.0%)

Histopathologic variant 0.087

Classic and/or acanthomatousc 17/26 (65.4%) 28/39 (71.8%) 11/39 (28.2%)

Granulard 2/2 (100.0%) 3/3 (100.0%) 0/3 (0.0%)

Basaloidd 0/2 (0.0%) 0/2 (0.0%) 2/2 (100.0%)

Desmoplasticd 0/0 1/1 (100.0%) 0/1 (0.0%)

Mean age (years) 53.9 56.9 63.4 0.362
aFrom cohort of 30 sequenced ameloblastomas.
bAcross entire cohort of 45 cases, having excluded case 39 as BRAF VE1 IHC was equivocal and mutational analysis could not be performed.
cCases exhibiting classic and/or acanthomatous variants exclusively, in the absence of other variants.
dIncludes cases in which these variants are at least focally present.
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type ameloblastoma. In challenging pathology settings BRAF VE1
IHC may contribute to correct diagnosis, and holds promise for
identifying cases that may benefit from neoadjuvant therapy in
the future.
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