Head and Neck Pathology (2020) 14:311-320
https://doi.org/10.1007/512105-020-01140-4

PROCEEDING OF THE NORTH AMERICAN SOCIETY OF HEAD AND NECK PATHOLOGY q

COMPANION MEETING, MARCH 1, 2020, LOS ANGELES, CALIFORNIA

Check for
updates

Salivary Gland Cancer in the Era of Routine Next-Generation

Sequencing

Emilija Todorovic' - Brendan C. Dickson? - llan Weinreb'

Received: 2 December 2019 / Accepted: 31 January 2020 / Published online: 2 March 2020

© Springer Science+Business Media, LLC, part of Springer Nature 2020

Abstract

Next-Generation Sequencing (NGS) is being utilized with increasing frequency in the characterization of salivary gland
tumours. The potential scenarios which may be encountered by using this technique in routine practice will be outlined
in further text by drawing from our own clinical experience. These include oncocytic mucoepidermoid carcinomas with
unusual variant morphology (and negative MAML?2 fluorescent in-situ hybridization results), a diagnosis of ameloblastoma
changed to adenoid cystic carcinoma (due to MYBLI fusion presence), a salivary duct carcinoma with an ETV6-NTRK3
fusion (otherwise seen in secretory carcinomas) and novel fusion partners such as EWSRI-BEND?2 (otherwise seen in pan-
creatic neuroendocrine carcinomas). As NGS continues to develop and more widespread clinical implementation increases,
we must be cognisant of the need for proper interpretation and in some cases verification using a secondary technique, the
limitations of this technique, and the ethical dilemmas one faces when encountering a novel fusion.
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Introduction

The pathologic classification of salivary gland tumours has
seen unparalleled growth in recent time. There are currently
over 30 distinct salivary gland tumour types in the latest
World Health Organization (WHO) classification system [1];
a significant progress from the mere 10—12 tumour types in
the original 1953 Armed Forces Institute (AFI) classification
system [2]. We have learned over time that a large propor-
tion of salivary gland tumours are fusion-driven by tumour-
specific rearrangements. This knowledge has thus placed a
plethora of ancillary diagnostic tools at our disposal; immu-
nohistochemistry (IHC), fluorescent in-situ hybridization
(FISH), and in recent years, Next-Generation Sequencing
(NGS) technologies [3-5]. It therefore should not come as
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a surprise that we have been able to refine the classifica-
tion and diagnosis of salivary gland tumours; an otherwise
famously histomorphologically diverse, overlapping, and
diagnostically challenging group of tumours. Nonetheless,
it was not until the arrival of NGS as a research and ancillary
diagnostic method that the rapid ’explosion’ of novel dis-
coveries occurred. Characterization of novel salivary gland
tumor types and fusion partners is occurring with ever-
increasing frequency, while the *waste-basket’ category of
adenocarcinoma NOS narrows [3, 6-8]. Perhaps even more
significantly, new insight into tumour pathobiology and
clinically actionable mutations such as NTRK are coming to
light [3, 8—12]. In this review, our institutional experience
with NGS—and decisions related to how these results are
incorporated into the reporting of challenging and equivocal
cases of salivary gland tumours—will be discussed.

Discussion

The role of Next-Generation Sequencing (NGS) as a criti-
cal ancillary diagnostic tool in solid tumours was origi-
nally affirmed in the domain of sarcoma pathology; where
molecular testing of tumours for diagnostic accuracy and
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appropriate clinical management is now considered standard
of care [13]. Briefly, the basic principle of NGS is mas-
sive parallel sequencing of nucleic acids i.e., specific DNA
regions of interest either through whole exome, transcrip-
tome or targeted panel sequencing. New types of RNA-based
NGS, such as RNA-Seq have become more and more uti-
lized in the detection of fusion transcripts, a common molec-
ular alteration seen in lymphomas, sarcomas and salivary
gland tumours [5, 6, 14, 15]. The advantages of NGS and
specifically RNA-Seq, compared to other methodologies,
such as FISH, include broader mutation coverage, the inter-
rogation of anywhere between 100 to over 1000 potential
fusions simultaneously, and possible identification of novel
fusion partners [5, 16]. From a practical standpoint, targeted
fusion panels allow for the routine use of formalin-fixed par-
affin-embedded (FFPE) tissue, allowing for easier integra-
tion of this method into the workflow of a surgical pathology
laboratory. However, despite the aforementioned benefits,
the disadvantages are that RNA-Seq remains an expensive
and time-consuming tool [5, 11, 16], thereby rendering it a
challenge to implement in most laboratories.

At present, there are multiple commercially available
fusion assays on the market. Many of these are broad and
offer coverage of mutations which are encountered in lym-
phomas, sarcomas and epithelial neoplasms, such as sali-
vary gland carcinomas. The fusion gene panel which has
been used for sarcoma pathology at Mount Sinai Hospital
in Toronto overlaps significantly with known salivary gland
fusions and we have leveraged this platform in the routine
testing of challenging salivary gland tumours in recent
years. As NGS technology continues to advance, the cost
is expected to drop over time, making it inevitable that the
application of such tools will become more common-place
in the future. However, the challenges related to the inde-
pendent confirmation of the findings generated by NGS
will remain, as will the question of reporting guidelines,
particularly in the context of novel, unexpected findings.
Moreover, this raises the question of how and when to report
unexpected, but potentially targetable mutations which have
been seen previously in other tumour types. We will discuss
our approach to reporting these types of cases throughout
further text. However, it should be mentioned that standard-
ized reporting guidelines for molecular findings in tumours
have been proposed in the “Standards and Guidelines for
the Interpretation and Reporting of Sequence Variants in
Cancer” by Li et al. [17].

In further text we will aim to review the application of
NGS and specifically RNA-Seq in the context of salivary
gland tumours along with other ancillary diagnostic tools.
As in sarcoma pathology, several possible scenarios may
be encountered. To illustrate these, we will draw from our
own experience with “real-life” examples. For reference, our
cases were analyzed via the TruSight RNA Fusion Panel
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targeting 507 known fusion-related genes, using the Illu-
mina MiSeq system. This is one of the many platforms avail-
able for this purpose. As a brief background, NGS has been
applied for salivary gland tumours at our institution over
the last 3 years. We would like to clarify for the purpose
of this text that the ‘routine’ use of this test (as outlined
in the text title) is not synonymous with ‘reflexive’ testing
of all salivary gland tumours. In fact, here we do not seek
to establish absolute and definitive guidelines when NGS
ought to be employed but rather general guidelines that have
been devised based on our personal experience. Speaking in
broad terms, NGS has been employed in the testing of low
to intermediate grade salivary gland tumours with unusual
morphology or when the question of malignancy arose in a
potentially benign appearing neoplasm (i.e. when definitive
malignancy could not be ruled out by H&E and IHC). In this
sense, the use of NGS is best determined on a case-by-case
basis by the signing pathologist.

In most cases, the expected fusion is identified and cor-
relates with a compatible H&E impression in the differen-
tial diagnosis. In situations such as this, confirmation of
the initial H&E impression by an ancillary technique such
as RT-PCR, or FISH is not warranted as the finding sup-
ports a diagnosis that would have been made anyway. This
is more difficult in cases where the diagnosis is less certain,
or when variant fusions or novel fusions are encountered. It
has been our practice to report fusions only when they can
be reasonably reconciled with the diagnosis. For any novel
fusion identified that is not actionable and has no known
diagnostic gene for the differential diagnosis in question,
the result given is “no diagnostic and/or actionable fusion
gene(s) is identified” until such a time that the result can
be independently confirmed (e.g., FISH, RT-PCR). This
statement is in keeping with our previously outlined insti-
tutional policy regarding not reporting fusions identified on
this diagnostic panel unless they are clinically actionable
or diagnostic. It must be noted that these policies are insti-
tution specific and that practices may differ. However, in
keeping with Standards and Guidelines for the Interpreta-
tion and Reporting of Sequence Variants in Cancer [17],
these novel fusions would be best categorized and reported
as ‘Variants of Unknown Clinical Significance; Tier IIL.”
However, when an established driving gene typically seen
in a fusion is encountered but with a novel partner, and it
matches the expected diagnosis, the primary gene is reported
without the novel gene partner unless secondary validation
can be performed for the new partner. An example of this
is a recent “spindle cell rhabdomyosarcoma” of the base of
tongue with a CITED2 gene fusion. As the potential novel
partner was not independently confirmed, it was not identi-
fied in the report, however the presence of a rearrangement
of the CITED?2 gene was reported as it is a known event in
RMS and in keeping with the diagnosis [18]. These types
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of changes would therefore be categorized as “Variants of
Potential Clinical Significance; Tier II”.

The following discussion will look at different categories
of fusions encountered in our practice, how we think they
should be reported, and how this impacted on the diagno-
sis for the case. Please note that some of the cases used as
examples in this manuscript have been parts of clinical trials
or research projects, however we felt that they were optimal
examples which would allow us to illustrate our point to the
reader of how we would deal with them if they were real
time diagnostic cases. They are also illustrative of the cases
that we see in our practice.

Expected Diagnosis, but with Unusual
Morphology or Negative Fish Testing Results

Generally speaking, most diagnoses of salivary gland
tumours are rendered or favoured almost purely on the
basis of histomorphology. Despite the relatively vast panel
of immunohistochemical stains used in an attempt to help
diagnose salivary gland tumours, the majority of these actu-
ally do not provide definitive answers, and therefore are not
particularly helpful. In the case of unusual morphology for
a suspected entity, FISH testing is often employed as a rea-
sonable next step and usually to confirm the initial working
diagnosis by demonstrating the presence of a tumour-spe-
cific fusion. When FISH testing fails to prove the presence of
a fusion in a case with a high *pre-test’ probability, NGS has
shown itself to be an indispensable adjunctive tool [5, 15].
To illustrate this point, we will use mucoepidermoid carci-
nomas (MEC) with variant histomorphology as an exam-
ple. The most common and perhaps, well known malignant
salivary gland neoplasm, mucoepidermoid carcinomas are
conventionally defined as being composed of «mucinous,
intermediate and squamoid/epidermoid tumour cells forming
cystic and solid patterns» [1]. These tumours are character-
ized by CRTC1-MAML?2 fusions (most commonly), CRTC3-
MAML3 [7], or rarely the EWSRI-POUS5F1 fusion [19],
the latter of which has not be reproduced since its original
description. Variant forms such as oncocytic, Warthin-like
and sclerosing MECs have been described in the literature
and have demonstrated the prevalence of this fusion which
is comparable to that of conventional MECs [20, 21]. One
such case was recently encountered at our institution and
will be discussed herein.

A parotid mass in a 54-year-old woman consisted of a
low-grade infiltrative salivary gland carcinoma which was
composed of solid lobules and ductal structures of large
cells with eosinophilic, granular cytoplasm and microcystic
spaces filled with eosinophilic secretions (Fig. 1). No appre-
ciable mucous cells were noted on Hematoxylin and Eosin
sections (H&E). Immunohistochemistry (IHC) showed that

Fig. 1 Oncocytic mucoepidermoid carcinoma with CRTCI-MAML?2
fusion: Despite a negative MAML2 FISH result and relative lack of
mucin, this tumour with predominantly solid nests of eosinophilic
cells with low-grade nuclear features and focal ductular structures,
had the appearance and staining pattern of an oncocytic mucoepider-
moid carcinoma and proven as such by NGS with a CRTCI-MAML2
fusion

the tumour was positive for CK5 and p40 and possibly focal
intracellular mucin on a mucicarmine special stain. The dif-
ferential diagnosis included an oncocytic mucoepidermoid
carcinoma, which was favoured on the basis of histomorpho-
logic findings and THC results, or an oncocytic carcinoma.
Oncocytic mucoepidermoid carcinomas are an interesting
variant in that they tend to be composed of almost a purely
oncocytic cell population [20]; hence it is not surprising
why oncocytic carcinoma is a common differential diagno-
sis. Other differential diagnoses for this tumour type include
oncocytic cystadenoma, Warthin’s tumour and acinic cell
carcinoma [20]. Subtle vacuolated cells suggestive of
mucous cells and strong p63 staining may support the diag-
nosis of MEC however neither are definitive and are subject
to sampling error and interobserver variability. Nonethe-
less, this particular case was referred for further MAML2
gene testing by FISH which yielded fusion-negative results.
Although between 75-93% of low to intermediate-grade
MECs are MAML? rearranged [7, 20, 22, 23], only between
46-56% of high-grade MECs are fusion positive [7, 22].
This means that a negative result does not rule out the diag-
nosis. Whole-exome sequencing has even demonstrated that
some of these fusion-negative tumours occur via an alternate
pathway with p53 mutations [24]. Alternatively and perhaps
more commonly, what we have conventionally considered
as being «high-grade MEC» might in fact represent other,
misdiagnosed tumour types [7]. It is only recently that rare
bona fide cases of MEC with high-grade transformation
have been suggested in the literature; in one particular case
report, conventional areas of MEC demonstrated the pres-
ence of a MAML? rearrangement by FISH while the predom-
inant transformed cells demonstrated multiple split signals
which were interpreted as rearrangement and polyploidy
[25]. However, polysomy has been demonstrated in a small
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number of high-grade MEC in other studies as well [22].
The tumour in our case, notably was low-grade and showed a
surprising FISH-negative result. Subsequent NGS confirmed
the presence of a CRTCI-MAML?2 fusion. Although FISH
is otherwise a robust ancillary technique which is generally
used as the default gold-standard test for the detection of
rearrangements in many institutions it is not without flaws.
The high sensitivity and specificity of FISH can be expected
in cases where canonical breakpoints are present. FISH per-
formed on cancers with non-canonical breakpoints may be
false negative [16]. Technical issues such as probe failure
can also account for false negatives or interobserver vari-
ability in signal interpretation. Nonetheless cases where the
histomorphology is suspicious for a certain entity and the
FISH yields unexpected negative results for the fusion merit
additional confirmatory testing via NGS.

Equivocal Histomorphologic Diagnosis,
Diagnosis Determined or Altered by Fusion
Results

Of all the possible scenarios outlined in this paper, this
is one which carries the most immediate importance and
where NGS is most valuable. By demonstrating the pres-
ence of a fusion the final diagnosis can be changed with
significant clinical implications. In our instance, a nasal
cavity tumour biopsy was initially diagnosed as a recurrent

Fig.2 Adenoid cystic carci-
noma with squamous differenti-
ation and variant MYBLI-NFIB
fusion: a Cystic spaces lined by
basaloid cells with small hyper-
chromatic nuclei and peripheral
palisading showing cribriform
growth. b Focal squamous
pearls are noted in an otherwise
completely basaloid appearing
neoplasm on the initial biopsy.
This tumour originally called
ameloblastoma in the nasal
cavity was diagnosed as adenoid
cystic carcinoma on the basis of
an MYBLI-NFIB fusion by NGS
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ameloblastoma. This was based on an unconfirmed history
of ameloblastoma many years prior in another country. This
pathology could not be reviewed, but was supported by a
biopsy showing a basaloid tumour with focal squamous dif-
ferentiation, low-grade morphology and a combination of
trabecular, cystic and focal cribriform growth. The final
tumour resection consisted of prominent cystic structures
lined by nests of basaloid cells with extensive cribriform-
ing and peripheral nuclear palisading (Fig. 2a). The central
portions of the cyst demonstrated the presence of mucoid
secretions rather than necrosis. Other areas of the tumour
demonstrated more solid ’cord-like’ and trabecular growth.
There was evidence of invasive growth as well. The cell
population was homogenous, consisting of monomorphous
basaloid cells with peripheral palisading. Cell nuclei were
small, hyperchromatic and with inconspicuous nucleoli and
no evidence of overt cytologic atypia. No stellate reticu-
lum or inverse polarity was noted, however. The tumour did
appear biphasic in nature with focal duct formation. Focal
areas of the tumour demonstrated the presence of squamous
pearls (Fig. 2b). There was background stromal hyaliniza-
tion and fibrosis. Adenoid cystic carcinoma, adenocarcinoma
NOS, and basal cell adenocarcinoma entered the differential
diagnosis, along with an adenoid variant of ameloblastoma.
A previous BRAF V600E immunohistochemical stain was
negative which is noted in a proportion of ameloblastomas.
Because the final resection showed many features unusual
for an ameloblastoma, the tumour was sent for further testing
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via the RNA-Seq fusion panel. A MYBLI-NFIB fusion was
detected, confirming the diagnosis of an adenoid cystic
carcinoma.

There were multiple unusual features in this tumour,
including focal squamous metaplasia, large cysts and tra-
becular architecture. Adenoid cystic carcinomas are typically
basaloid neoplasms with small, hyperchromatic cells and
generally do not have squamous differentiation or promi-
nent cysts (despite the name “adenoid cystic carcinoma”).
Prior studies referencing elements of possible squamoid dif-
ferentiation in adenoid cystic carcinomas are sparse, hav-
ing either considered two simultaneous primaries, or have
raised the differential diagnosis of a basaloid squamous cell
carcinoma [26, 27]. Certainly, in the context of this biopsy
with the prior clinical history of an ameloblastoma in the
same location, the detection of the MYBLI-NFIB fusion was
considered sufficient evidence that the initial diagnosis was
incorrect despite some unusual morphologic features. This
molecular result had significant clinical implications and
hence reiterates the importance of NGS in situations like
this where the diagnosis was somewhat in question but with
a reasonably limited differential diagnosis. Importantly how-
ever, a negative NGS result would not have had significant
impact on the diagnosis or proven the original diagnosis of
ameloblastoma correct.

A similar recent case of a palate biopsy showed a tumour
consisting of relatively well-circumscribed nests of basaloid
cells with a predominantly trabecular and canalicular-like
architecture (Fig. 3). The tumour was composed of uniform
basaloid cells with enlarged elongated and round nuclei
with more open chromatin and occasional nucleoli. The
background stroma was fibrotic and hyalinized. No obvious
infiltrative growth was noted, however the biopsy lacked a
stromal interface for the most part. Although adenoid cystic
carcinoma was in the differential diagnosis, the favoured

Fig.3 Adenoid cystic carcinoma with canalicular architecture and
variant MYBLI-NFIB fusion: Well-demarcated islands formed by
small basaloid cells with a combination of patterns including trabecu-
lar and canalicular growth. This palatal tumour was also diagnosed as
adenoid cystic carcinoma on the basis of an MYBLI-NFIB fusion by
NGS

diagnosis was canalicular adenoma or polymorphous adeno-
carcinoma. Initially, immunohistochemistry was performed
and led to doubt of these diagnoses due to the absence of
S100 staining and diffuse p63 and p40 staining (unusual for
both canalicular adenoma and polymorphous adenocarci-
noma). The case was sent for NGS where an MYBLI-NFIB
was similarly detected and despite the unusual morphology
the finding was considered diagnostic of adenoid cystic
carcinoma in a setting of a basaloid tumour with the right
immunoprofile.

Adenoid cystic carcinomas are paradoxically considered
to be "low-grade’ neoplasms, yet with aggressive behavior,
perineural invasion, the tendency to keep recurring and
ultimately with a fatal outcome [1]. The disease-specific
survival rates in these tumour types decrease dramatically
from 89% at the 5-year mark, to half this amount, 40% at
the 15-year mark [28]. No standardized effective systemic
therapy has been defined thus far. These tumours are gener-
ally characterized by a MYB-NFIB fusion [1, 3, 11], however
cases with the variant MYBLI-NFIB fusion are well known.
Both the cases described above would have been missed by
MYB FISH testing alone. Molecular characterization of these
tumours via NGS has attempted to identify additional events
which might be a clue to potential targetable mutations [11].
Thierauf et al., performed prospective genotyping of ACCs
via NGS which demonstrated that a subset of tumours, up to
65% demonstrated NOTCH 1 aberrations, MYB-NFIB fusions
and MYBLI-NFIB fusions. These subsets were noted to have
a more aggressive course with shorter progression-free sur-
vival [11]. Importantly, in this cohort, 75% of non-resectable
patients had potentially actionable mutations related to the
NOTCHI1 aberrations, BRCAI mutations and alterations in
the PI3K-AKT-mTOR pathways with several ongoing trials
[11]. NOTCHI1 aberrations in particular define patients with
aggressive disease and propensity for metastases but also
a potential response to NOTCH-1 inhibitors [11]. Besides
serving as a confirmation of the diagnosis, the role of NGS
in these tumours is expected to become more and more rel-
evant in the detection of clinically and prognostically rel-
evant genetic alterations. This further emphasizes the need
to eventually move towards broader platforms than the cur-
rently used fusion-only NGS platform.

Positive Unexpected Result Which Does
not Change the Diagnosis but may be
Clinically Relevant

As alluded to in the context of adenoid cystic carcinomas
previously, the role of NGS in the detection of clinically rel-
evant mutations is critical. Not only can it show new insight
into tumour pathobiology; it can also identify potential clin-
ically actionable mutations. A salivary gland tumour was
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reviewed at our institution and was composed of eosino-
philic expansile nests of high-grade apocrine-type cells with
central comedonecrosis and extensive perineural and lym-
phovascular invasion (Fig. 4a). The tumour showed exten-
sive growth, positive margins and numerous cervical lymph
node metastases. Immunohistochemical stains showed that
the tumour was positive for BRST-2, and androgen receptor
(Fig. 4b), while it was negative for S100 (Fig. 4c). A diagno-
sis of salivary duct carcinoma was rendered on the basis of
histomorphology and immunohistochemistry. As the patient
happened to be enrolled in a clinical trial employing NGS
to detect actionable mutations, the tumour was discovered
to have an ETV6-NTRK3 fusion, which was subsequently
confirmed with FISH for ETV6 (Fig. 4d). ETV6-NTRK3
fusions have been defined for some time now in secretory
carcinomas of the salivary gland; first described by Skalova
et al., in 2010 [29]. These tumours are defined as gener-
ally being low-grade with a lobulated growth pattern and
composed of solid, microcystic, and papillary-cystic spaces.
The microcystic spaces are occupied by eosinophilic luminal
secretions. Tumour cells have low-grade nuclei with bubbly
eosinophilic and granular cytoplasm. Immunohistochemi-
cally they are uniformly S100 and mammaglobin positive.
Cases of secretory carcinomas with high-grade transforma-
tion are well known and may benefit from anti-NTRK thera-
pies, however, they represent a minority of cases.

NTRK fusions in general are known to be the oncogenic
drivers in multiple types of adult and pediatric tumours

Fig.4 Salivary duct carcinoma
with ETV6-NTRK3 fusion: a
Infiltrative nests of apocrine-
appearing cells with high-grade
cytologic atypia and extensive
comedo-necrosis. b Diffuse AR
and BRST-2 were seen (AR
shown here). ¢ The case showed
no evidence of secretory carci-
noma or low-grade morphology
and was S100 negative (shown
here). d. FISH showed an ETV6
rearrangement (shown here)
confirming the initial incidental
finding of ETV6-NTRK3 by
NGS
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such as infantile fibrosarcomas and lung tumours. This led
to the development of FDA-approved small-molecule inhibi-
tors such as Larotrectinib with a documented 75% overall
response rate in all solid tumours harbouring the NTRK
alteration, irrespective of tumour type [12]. The appropri-
ate detection of NTRK is therefore of paramount importance
in these cases. Detection methods have included DNA and
RNA-based assays, and as of late, Pan-Trk immunbhisto-
chemical staining [15, 30]. These methods have been com-
pared against one another in respect to their utility. In a large
multi-institutional study by Solomon et al., DNA-based NGS
of NTRK-positive solid tumours has demonstrated an overall
sensitivity of 81.1%. In fact, the greatest proportion of false-
negative cases harboured NTRK2 and NTRK3 fusions. Not
surprisingly, it performed worse in salivary gland tumours
(characterized by ETV6-NTRK3) compared to other solid
tumour types [15]. The sensitivity of DNA-based NGS is
variable as it depends on tumour purity and the extent and
depth of fusion NTRKI-3 breakpoints which are covered
[16]. DNA-based NGS therefore may miss a breakpoint if
it is not covered [16]. RNA-based sequencing on the other
hand is advantageous in that it can provide ample coverage
as introns are spliced out and therefore the assay for the par-
ticular coverage has less technical requirements than DNA-
based assays [15]. Ultimately, RNA-based NGS directly con-
firms evidence of transcription [16]. However, the downside
of RNA-based NGS is that RNA as a nucleic acid is easily
degraded and labile in nature, making it susceptible to easy
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loss when extracted from FFPE. With this, it requires ade-
quate storage and preservation of tissue and results can only
be reliably interpreted if the nucleic acid quality is deemed
appropriate. Although both DNA and RNA-based NGS are
excellent tools for mutation detection, they are time-consum-
ing (requiring anywhere from 2—4 weeks to receive results)
and expensive, requiring appropriate validation [5, 16].

The quest for a less expensive alternative test resulted in
the development of Pan-Trk immunohistochemistry for the
detection of NTRK3 with variable results [15, 30]. While
some studies concluded that pan-Trk is a highly specific
marker for the detection of NTRK3 fusions in secretory car-
cinomas, other studies found that it has performed worse in
salivary gland carcinomas compared to other solid tumour
types [15, 16, 30]. Briefly, although the role of NTRK immu-
nohistochemical staining is without a doubt a promising
screening tool for identifying patients which may be eligible
for NTRK inhibitors, it still requires additional confirmatory
testing. However, the discussion regarding the application of
IHC in this setting is an extensive topic meriting a separate
publication.

Generally speaking, the interpretation of immunohisto-
chemistry and NGS techniques must be done in conjunc-
tion with the histomorphologic findings as is illustrated in
our case of salivary duct carcinoma with the ETV6-NTRK3
fusion confirmed via NGS and verified with ETV6 FISH.
Our case both from a histomorphologic and immunohisto-
chemical perspective was in keeping with a salivary duct
carcinoma. It was re-reviewed to search for areas of more
classic secretory carcinoma or any finding that would sug-
gest a high-grade transformation event. The entire tumour
consisted only of typical salivary duct carcinoma. No clin-
icopathologic incentive existed to test for secretory carci-
noma. However, the result was incidentally detected during
the clinical trial which the patient happened to be a part
of. The actionable nature of this fusion warrants reporting
of the finding since it is a known fusion and was validated
by FISH (albeit the actionable gene, NTRK3 was not sec-
ondarily verified). At present we have no knowledge of the
implications of this fusion in salivary duct carcinoma neither
from a pathobiologic nor from a prognostic perspective. We
have seen this result in salivary duct carcinoma on more than
one occasion, however the incidence is not known in this
tumour type at this time. A literature search was conducted
and only one recent study demonstrated the presence of this
fusion in a single case of salivary duct carcinoma [31]; all
other reported cases of ETV6-NTRK3 have been diagnosed
as secretory carcinomas [12, 30]. In theory, even a small
incidence of 1-2% in salivary duct carcinoma would be far
more relevant than in secretory carcinoma, owing to the poor
prognosis for this tumour type. Salivary duct carcinomas are
otherwise known to be characterized as having alterations
in PI3K, p53 and HRAS [10]. Reporting this ETV6-NTRK3

finding may offer the patient additional therapeutic options,
however it does not warrant a change in diagnosis on its
own without a pathologic interpretation that supports it. This
stresses the importance of not interpreting results of NGS
testing in a vacuum; especially when advancing technology
allows for not infrequent ’incidental’ discoveries.

Positive Unexpected Result Which Does
Not Definitively Alter the Diagnosis
and has no Perceived Clinical Implications

To further support the notion that NGS results should not
be reported in a vacuum, the following scenario identifies a
positive unexpected result which does not definitively alter
the final diagnosis and does not have significant treatment
implications. A middle-age male patient underwent a partial
maxillectomy for a salivary gland neoplasm described as
being composed of infiltrative neoplastic glands with bland
nuclei, no mitotic activity or necrosis and showing focal cri-
briform architecture in a myxoid/desmoplastic background.
The tumour showed no squamous differentiation or intracel-
lular mucin (Fig. 5). The tumour was positive for keratins
only and negative for myoepithelial markers and p63. The
final diagnosis was an adenocarcinoma NOS, which showed
focal bone invasion (pT4,N0O). The patient has since been
lost to follow up. Subsequent NGS testing was performed,
for research purposes, years later and demonstrated the pres-
ence of a CRTCI1-MAML?2 fusion which is otherwise seen
in mucoepidermoid carcinoma. However, as the morpho-
logic features do not fit with this diagnosis definitively (no
morphologic squamous differentiation or p63 positivity, and
no mucin by histology or mucicarmine), the final diagnosis
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Fig.5 Adenocarcinoma NOS with CRTCI1-MAML?2 fusion: Infiltra-
tive glands with low to intermediate-grade cytologic features and
lacking any morphologic, histochemical or immunohistochemical
evidence of the squamous or mucinous features typical of mucoepi-
dermoid carcinoma. However, the case was eventually shown to be
CRTCI-MAML?2 positive by NGS. While it may not be appropriate to
change the diagnosis it is likely this tumour is related to, or is in fact a
variant morphology in mucoepidermoid carcinoma
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would not be altered in retrospect necessarily. The fusion
was not reported clinically as it was a research case, however
if it were a diagnostic example the fusion could be reported
as being suggestive of mucoepidermoid carcinoma, or alter-
natively could be viewed as of uncertain significance given
the lack of morphologic evidence to support the diagnosis.
This would be a matter of opinion and in any event would
not alter the therapy or prognosis substantively.

Novel Fusion/Novel Fusion Partner

Unlike the aforementioned example of the significance of
reporting NTRK fusions with known therapeutic options,
one of the most compelling questions which comes with
routine utilization of NGS is what to do when one detects
novel fusions or fusion partners. This is commonplace in
soft tissue tumours, as in the example mentioned earlier
of a CITED? rearranged spindle cell rhabdomyosarcoma.
While obviously interesting from a research perspective,
the question of reporting these results without secondary
verification is important and not as clear cut. In one such
example from our archives, a young patient was diagnosed
with a high-grade adenocarcinoma NOS of the tongue base.
The tumour had a polymorphous appearance composed of
atypical cells arranged in cribriform structures, dyscohe-
sive sheets and individually infiltrative cells (Fig. 6). The
cells showed markedly atypical nuclei with eosinophilic
and focally vacuolated cytoplasm, some of which showed
a signet ring-like appearance. Mitotic activity was high.
Focal intracellular mucin was noted and confirmed by the
mucicarmine stain. All keratins were positive in the cribri-
form cells and lost in the discohesive and singly-infiltrative
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Fig.6 Adenocarcinoma NOS with a novel EWSRI-BEND? fusion:
Cribriform structures and individually infiltrative cells with high-
grade nuclei and a signet-ring/lobular breast-like appearance in the
dyscohesive cells. This tumour shows an unrecognizable morphology
and was shown to have a novel EWSRI-BEND? fusion by NGS. This
type of finding may suggest a novel “cribriform and lobular adenocar-
cinoma” entity, but it is not appropriate to report clinically as it has
no diagnostic or therapeutic implications at this time
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cells. There was focal p63 staining. The case was reported
as a high-grade adenocarcinoma NOS (favoured to be
arising from the minor salivary glands) and the differen-
tial diagnosis of a high-grade mucoepidermoid carcinoma
and an unusual variant of adenosquamous carcinoma was
raised. Subsequent NGS testing for research purposes dem-
onstrated the presence of an EWSRI-BEND? fusion gene.
To our knowledge, EWSRI-BEND? fusions have not been
described in salivary gland neoplasia to date. This specific
fusion has been rarely demonstrated in other tumour types,
such as pancreatic neuroendocrine tumours [32], but these
have no resemblance to this tumour. Conversely, EWSRI
in and of itself is a well-known fusion partner in several
tumours, including hyalinizing clear cell carcinomas of the
salivary glands and myoepithelial tumours of soft tissue (the
tumour in our example did not bear histomorphologic resem-
blance to either of these). In the setting of a fusion with one
known gene, such as EWSRI, which does not currently fit
with the morphology whatsoever, the decision of whether or
not to report a finding of uncertain significance is a matter
of personal judgement. This was previously mentioned in
the situation with the CITED?2 fusion where only the pri-
mary gene was reported. Although following the reporting
guidelines, one might argue that reporting it as a “Variant of
Unknown Clinical Significance; Tier III”, we feel that this
may actually serve to misdiagnose the patient with either
a myoepithelial tumour of soft tissue or hyalinizing clear
cell carcinoma (neither of which fit with the morphology in
the case). Moreover, with no known clinical and therapeutic
implications, reporting it would not follow our institutional
policy for reporting actionable or diagnostic mutations only.
A situation where this may change would be if an EWSRI
FISH rearrangement was already reported and not believed
to be diagnostic. NGS would then be able to show a novel
fusion that may be used to “rule out” hyalinizing clear cell
carcinoma, but should be reported and interpreted with great
caution. It is precisely for this reason that NGS is best used
in conjunction with other ancillary techniques as independ-
ent confirmatory testing. This may be achieved through
FISH, RT-PCR or Sanger sequencing which may identify
the fusion end-product [5, 16].

The most difficult scenario is the detection of an entirely
novel fusion, with two previously unreported genes and
thus no knowledge of the clinical and pathologic implica-
tions. Generally speaking these fusions are not reported in
our institution when found on this diagnostic fusion panel.
Differentiating these from novel disease-defining events can
be challenging and so novel, unvalidated, fusions are not
reported when there is no perceived clinical implication.
Reporting entirely novel fusions in the absence of known
literature, and/or independent supporting data (e.g., FISH,
RT-PCR) is a controversial issue. Our current policy is that
novel findings are reported only if they are known to be
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clinically actionable or if one of the genes in the fusion suf-
ficiently matches the morphologic interpretation such that
it is considered a variant fusion for a known entity. These
results cannot always be verified independently by a second-
ary technique, however we believe this is preferable when
possible, particularly if a novel actionable fusion will alter
the therapy.

These different scenarios ultimately drive home the point
that NGS, as any other laboratory diagnostic test, requires
proper independent confirmation. This is particularly of
importance in cases of novel fusion partners [5]. The new
findings must be independently confirmed via an already
established diagnostic test such as FISH or RT-PCR [15].
This is also illustrated in our EWSRI-BEND? fusion case
which in our opinion is likely a novel “cribriform and lobular
adenocarcinoma” for which additional cases must be sought
out to better characterize.

Expanding the Range of Morphology
and New Entities

One of the key reasons why NGS has been beneficial in
the development of salivary gland pathology comes with
the recognition of novel tumour types or novel variants [8].
By independently confirming tumour-type specific trans-
locations via either FISH or NGS, common tumours with
unusual morphology were able to be defined as simply vari-
ants; as opposed to different entities all together [21]. NGS
has allowed us to prove that certain morphologies repre-
sent specific entities, such as “Microsecretory Adenocar-
cinoma” [6], or prove novel variants of existing tumours,
such as “Mucoacinar Carcinoma”, a CRTCI-MAML?2
positive mucoepidermoid carcinoma with serous acinar
differentiation.

As mentioned in the opening paragraph of this paper, ade-
nocarcinoma NOS has for a long time represented a ’waste-
basket’ term for tumours with ductal or glandular differentia-
tion which could not be classified into any other diagnostic
category [1]. Accounting for, not insignificantly, between
10-15% of all salivary gland carcinomas [1] this has been a
“frustrating’ category one would revert to either in a limited
biopsy setting or for lack of any other diagnostic options. It
was not until the arrival of ancillary techniques and espe-
cially NGS, that a number of tumours from this category
were re-categorized to more specific entities. Microsecretory
adenocarcinomas were initially identified as being distinc-
tive low-grade tumour types with an infiltrative growth pat-
tern consisting of small infiltrative microcysts and cords in
a fibromyxoid stroma. Tumour cells were described as being
intercalated duct-like with clear to eosinophilic cytoplasm
and prominent basophilic intraluminal secretions. Features
of high-grade malignancy such as an elevated mitotic count

and tumour-type necrosis were notably absent. All tumours
were diffusely positive for S100 and p63, while negative
for SMA, calponin, mammoglobin and p40 [6]. Testing by
RNA-Seq by Bishop et al., all tumours with this appearance
were found to harbour a novel MEF2C-SS18 fusion [6]. This
fusion had not previously been seen in any solid tumour
types or adenocarcinomas NOS in general. Importantly, it
was the fact that the tumour was already recognized morpho-
logically and that the fusion was seen in multiple cases and
validated by RT-PCR that this could move to being a report-
able fusion. A novel fusion such as this would not have been
reported incidentally if this were not the case, which is the
argument against reporting EWSRI-BEND? clinically since
it was an unrecognized tumour and the fusion is a “one-off”
event so far. Cases such as this will likely further narrow the
number of diagnosed adenocarcinoma NOS cases, which
will in the future be reserved solely for the most challeng-
ing, rare cases.

Conclusion

NGS has undoubtedly contributed to the sophistication of
salivary gland tumour pathology and will likely continue to
reveal new discoveries. However, it must be stressed, that,
despite the outlined benefits of NGS, care must be taken not
to intrepret results in a vacuum. It is ultimately the com-
bination of histology, ancillary immunohistochemical and
molecular results which must be evaluated as a whole before
arriving at a final diagnosis. This emphasizes the need for
clear communication in complex scenarios between the
pathologist and treating clinician.

To summarize our view and experience with NGS tech-
nologies in salivary gland tumours; the need for proper
independent confirmation, appropriate result interpretation
and clear reporting of findings are becoming the ‘pillars’ of
standard of care in this era of molecular pathology.
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