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Abstract

Adenoid cystic carcinoma (AdCC) comprises of less than 1% of all head and neck cancers and less than 10% of all salivary
gland neoplasms. Dedifferentiation/high-grade transformation (HGT) in AdCC is a rare but well known phenomenon which
is associated with aggressive clinical behaviour and poor prognosis. We herein report the clinical, cytologic, histologic and
immunohistochemical findings of a left submandibular gland AdCC with transformation to high grade carcinomatous and
probable dedifferentiation to sarcomatoid component, occurring in a 64 year old male patient. To the author’s best knowledge,
this is the first case report of such dual transformation occurring in adenoid cystic carcinoma.

Keywords Adenoid cystic carcinoma - Dedifferentiation/high-grade transformation - Sarcomatoid differentiation

Introduction

Dedifferentiation/HGT is an unusual phenomenon that has
been described in a variety of salivary gland carcinomas,
including acinic cell carcinoma, epithelial-myoepithelial
carcinoma, polymorphous low-grade adenocarcinoma,
myoepithelial carcinoma, mucoepidermoid carcinoma, hya-
linising clear cell carcinoma, mammary analogue secretory
carcinoma, low grade cribriform cystadenocarcinoma and
AdCC [1]. The term “dedifferentiation” has been applied
traditionally to sarcomas and was first coined by Dahlin and
Beabout in reference to the abrupt transition of low-grade
chondrosarcoma to a histologically different high-grade sar-
coma [2]. Previously, this terminology was used for salivary
gland tumours where a low grade tumour is juxtaposed to a
high grade tumour, in which the original line of differentia-
tion is no longer apparent or it may acquire a new line of dif-
ferentiation [3]. However, current authors often tend to use
the term HGT instead of “dedifferentiation” as in majority
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of the epithelial tumours; the transformed component did
not exhibit complete loss of phenotypical characteristics
and could still be recognised as poorly differentiated adeno-
carcinoma/carcinoma or an undifferentiated carcinoma [4].
Since the first documentation of “dedifferentiated” AdCC
by Cheuk et al. [3], a total of 48 AdCC cases with dediffer-
entiation/HGT have been described in the literature till date
(Table 1). Only three cases of low grade AdCC transforming
to sarcomatoid component have been reported in the litera-
ture (Table 2) [3, 5, 6]. Herein, we report the first case of
AdCC arising in submandibular gland showing synchronous
transformation to high grade carcinomatous and also to a
sarcomatoid component.

Case Report

A 64 year old male presented with complaints of swelling
in the left submandibular region for six months. Positron
emission tomography—computed tomography (PET-CT)
performed at another center showed a well defined nodu-
lar soft tissue mass in the left submandibular gland and
multiple small left submandibular and intra parotid nodes.
Multiple parenchymal nodules were also noted in the right
lung basal zone. On clinical examination, a hard, mobile,
bosselated 8.0x 5.0 cm growth was felt in the left subman-
dibular area, free from the mandible. Fine needle aspiration
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Table 1 Review of reported
cases of adenoid cystic
carcinoma with high-grade
transformation/dedifferentiation

Authors Cases

Cheuke et al. [3]
Moles et al. [27]
Terasaki et al. [18]
Chau et al. [28]

Ide et al. [29]
Nagao et al. [16]
Brackrock et al. [30]
Sato et al. [17]
Seethala et al. [4]
Handra-Luca et al. [31]
Malhotra et al. [12]
Bonfitto et al. [32]
Costa et al. [10]
Panarelli et al. [5]
Boland et al. [33]
Argyris et al. [19]
Bavle et al. [34]

Ly etal. [13]

Sayar et al. [35]
Kusafuka et al. [36]
Noda et al. 37
Tando et al. [6]
Bhardwaj et al. [14]
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cytology (FNAC) was performed at another center and the
slides were reviewed at our hospital. The smears were cel-
lular and showed atypical basaloid cells in clusters and
occasional clumps of matrix material (Fig. 1a). A diagnosis
of basaloid neoplasm with adenoid cystic carcinoma and
basal cell adenocarcinoma as differentials was rendered
and histological correlation was suggested. Later on, a core
biopsy performed at our center was non-representative and
the patient was planned for surgery. Meanwhile, within a
month, the tumour grew rapidly forming multiple skin nod-
ules (Fig. 1b). Resection of the left submandibular mass
with left selective neck dissection was performed. On gross
examination, an infiltrative, grey-white, firm, vaguely nodu-
lar tumour measuring 6.5 X 4.5x 4.0 cm was identified. The
tumour infiltrated adjacent salivary gland, muscle and fat
and overlying skin surface showed nodularity. The inked
surgical resection margin was involved by tumour focally.
The histologic sections examined, showed an infiltrative
tumour with a variegated appearance, comprising of three
distinct histomorphologic patterns (Figs. 2, 3). The first and
predominant pattern was arranged in solid confluent nests,
islands and sheets of basaloid cells in a desmoplastic stroma.
Punctuate to large zones of comedo necrosis was seen. The
tumour cells were round to oval with scant to moderate
amount of cytoplasm, enlarged, vesicular nuclei with promi-
nent nucleoli and showed frequent mitoses. This component

was identified as poorly differentiated carcinomatous com-
ponent and amounted to 70% of the total tumour. The second
pattern was composed of pleomorphic spindle cells arranged
in vague fascicles and sheets, exhibiting marked nuclear
anaplasia, conspicuous nucleoli and brisk mitotic activity.
This was recognised as the sarcomatoid component and it
comprised approximately 25% of the tumour. The third and
minor component (approximately 5%) was conventional ade-
noid cystic carcinoma composed of basaloid cells arranged
in cribriform pattern which was identified focally in one of
the sections from the tumour. Perineural and lymphovas-
cular invasion were seen. The tumour was seen infiltrating
the adjacent salivary gland, muscle and dermis of overlying
skin, however, the epidermis was free. The inked surgical
margin was involved by tumour. Lymph nodes were free of
metastasis.

On immunohistochemistry, the conventional AdCC com-
ponent was positive for cytokeratin (AE1/AE3), CD117(C-
kit) and EMA (Epithelial Membrane Antigen). Immu-
nostains: vimentin, S100 protein and p63 highlighted the
myoepithelial cells in this component. The poorly differ-
entiated carcinomatous component was diffusely positive
for AE1/AE3, CD117, EMA and S100 protein while, an
immunostain for p63 was negative and vimentin was focally
positive. The sarcomatoid component was negative for AE1/
AE3, CD117 and p63 while, diffuse positivity for vimentin
was noted. EMA was weakly positive focally and occasional
cells showed S100 protein positivity. Immunostaining with
p53 displayed diffuse strong positivity in the poorly differen-
tiated carcinomatous and sarcomatoid component (80-90%)
while, it was focally positive in conventional AACC compo-
nent (20%). SOX10 (SRY-related HMG-box 10) protein was
expressed in the low grade and high grade carcinomatous
component, while there was loss of expression of the marker
in the sarcomatoid component. The MIB-1 labeling index
was approximately 90% in both high grade carcinomatous
and sarcomatoid components while it was about 10% in the
AdCC component. HER 2 staining was negative in all com-
ponents. Table 3 and Figs. 4, 5, 6, 7 show the comparative
immunohistochemical features of all three components.

A diagnosis of adenoid cystic carcinoma with HGT/
dedifferentiation to high grade carcinomatous and sarco-
matoid components was made and the tumour was staged
as pT4aNO. C-Kit (Exon 9, 11, 13 and 17) gene sequenc-
ing was done using an ABI 3500 DNA analyzer which
showed wild type for exon 9, 11, 13 and 17 in the KIT
gene and was negative for C-Kit mutation. The initial plan
to proceed with surgery in spite of radiologic evidence
of lung metastasis was due to the fact that lung metasta-
ses from adenoid cystic carcinoma are indolent for long
periods of time [7] or could be treated with local therapy
like radiation or radiofrequency ablation if they progressed
on follow up. However, in the renewed circumstances of
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Fig. 1 a FNA smears show-
ing atypical basaloid cells in
clusters (Giemsa stain, X 400);
b Clinical picture showing
multiple skin nodules over left
submandibular region

Fig.2 Histological findings a Scanning power appearance of a sec-
tion showing an infiltrative tumour involving dermis of overlying skin
(H&E stain, x 10). b—¢ Low-power view showing the predominant
poorly differentiated carcinomatous component of tumour arranged in
solid confluent nests, islands and sheets of basaloid cells with inter-

an aggressive histology, lung metastases and considering
the rapid growth in size in the period leading to surgery,
a guarded prognosis was explained to the patient who
declined adjuvant treatment. The patient was referred to

spersed comedo necrosis (H&E stain, b,x100; ¢,x200). d High-
power appearance of the same component showing round to oval
tumour cells with scant to moderate amount of cytoplasm, enlarged,
vesicular nuclei with prominent nucleoli (H&E stain, X 400)

palliative care for symptomatic management and within
four months, the disease recurred with a growth in the
alveolar region. Palliative radiotherapy was planned;
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Fig.3 Histological findings a Low-power view showing three dis-
tinct components of the tumour: conventional cribriform-type AdCC
(red arrow), sarcomatoid component (yellow arrow) and interven-
ing poorly differentiated carcinoma component (black arrow) (H&E

stain, X 100). b The sarcomatoid component is composed of pleo-

Table 3 Immunohistological
findings of present case

@ Springer

morphic spindle cells arranged in vague fascicles and sheets, exhib-
iting marked nuclear anaplasia and brisk mitotic activity (H&E
stain, X400). ¢ The conventional AACC composed of basaloid cells
arranged in cribriform pattern (H&E stain, X 200)

Histology Conventional AdCC High grade Sarcomatoid component
carcinomatous
component
Cribriform pattern Solid nests Fascicles of spindle cells with brisk
with comedo mitotic activity
necrosis
IHC
CK (AE1-AE3) + + -
CD117 + + -
P63 + - -
Vimentin + Myoepithelial cells Focal + Strongly +
P53 20% 80-90% 80-90%
Ki67 10% 90% 90%
S100 + Myoepithelial cells Diffuse + Mostly negative. Occasional cells +
SOX10 + + -
EMA + + Weak focally positive
Desmin - - -
Her2 - - -
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Fig.4 Immunohistochemical findings a, b Both conventional AdCC
(yellow arrow, a) and poorly differentiated carcinoma component (red
arrow, b) showing strong and diffuse positivity for cytokeratin (AE1/
AE3), whereas the sarcomatoid component is negative for the marker

however, the patient refused to undergo treatment and was
lost to follow up.

Discussion

AdCC of the salivary gland is a malignant tumour charac-
terised by a slow but relentless clinical course, with fre-
quent local recurrences, late metastases, and an ultimately
fatal outcome. Histologically, AdCC is a biphasic tumour
composed of ductal (luminal) and myoepithelial (ablumi-
nal) cells and exhibits three basic growth patterns (tubular,
cribriform and solid) [8]. The histomorphologic pattern
and percentage of the solid component form the basis of
the grading system defined by Szanto et al. [9]. AACC with
both tubular and cribriform patterns having a less aggressive
clinical course than those with the solid pattern [8].

Cheuk et al., first reported three cases of “de-differenti-
ated” AdCC [3]. In all the three cases, the de-differentiated
component was a distinct population of anaplastic cells
with more abundant cytoplasm, irregular-shaped tumour

IO
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(yellow arrow, b) (a, b,x100). ¢, d An immunostain for EMA high-
lights the conventional AdCC ( yellow arrow, ¢) and poorly differenti-
ated carcinoma component (red arrow, d) and is weakly and focally
positive in sarcomatoid component (yellow arrow, d) (¢, d, x 100)

islands infiltrating a desmoplastic stroma and total loss of
bicellular differentiation, characteristic of AACC. Seethala
et al. emphasized on using the term ‘high-grade transfor-
mation (HGT)’ instead of dedifferentiation in their case
series of 11 cases of adenoid cystic carcinomas with high
grade transformation (AdCC-HGT) because the so-called
dedifferentiated component was still recognisable as car-
cinoma (either poorly differentiated adenocarcinoma or
undifferentiated carcinoma) [4]. Since then, a fair num-
ber of cases with dedifferentiation or AACC-HGT have
been described in the literature (Table 1). The presence of
a sarcomatoid component as seen in our case is actually
suggestive of complete loss of original line of differentia-
tion, that is, transition from epithelial differentiation to
mesenchymal differentiation. Whether, the terminology
‘dedifferentiation’ is applicable to our case is a matter of
contention. Moreover, Costa et al. and others have reported
AdCCs which have undergone transformation to moder-
ately differentiated adenocarcinomas indicating that the
term, “high grade transformation” may not be sufficient
to explain this phenomenon [10].

@ Springer
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Fig.5 Immunohistochemical findings a, b Both conventional AdCC
(yellow arrow, a) and poorly differentiated carcinoma component (red

arrow, b) show strong and diffuse positivity for CD117, whereas the
sarcomatoid component is negative (yellow arrow, b) (a, b,x 100).

AdCC-HGT primarily affects older adults in the sixth
decade (age range 32 to 88 years) with a slight female pre-
dominance (male to female ratio 1:1.14). The most com-
mon sites of involvement were the submandibular gland (12
cases), paranasal sinus (9 cases), followed by parotid gland
and palate (7 cases each). Other rare involved sites were
nasal cavity (3 cases), lacrimal gland (3 cases), tongue (2
cases), pterygopalatine (1 case), lip (1 case), pyriform (1
case) and epipharynx (1 case). The tumour is usually grossly
aggressive with bone involvement at sinonasal or palatine
sites and extraglandular extension for submandibular sites,
often with positive surgical margins. The present case also
had similar clinical features, occurring in an elderly male,
arising in submandibular gland, showing rapid increase in
size, skin involvement, infiltration of adjacent muscle and
adipose tissue and a positive resection margin. Another sig-
nificant clinical feature of AAdCC-HGT is the high propen-
sity for lymph node metastasis (41%) and distant metastasis
(50%) as reported by Hellquist et al. [11]. This suggests a
possible role for considering ‘‘elective management’’ of the
neck in AACC-HGT. However, in the present case, although

@ Springer

¢, d Vimentin highlights the myoepithelial cells in the conventional
AdCC. ¢ The sarcomatoid component is diffusely positive for vimen-
tin (yellow arrow) (d,x 100) and is focally and weakly positive in
poorly differentiated carcinoma component (red arrow) (d, x 100)

the lymph nodes were uninvolved, the patient had multiple
lung nodules suggestive of distant metastasis.

The diagnosis of HGT in AdCC requires two distinct car-
cinomatous components: conventional AdCC of any growth
pattern, and high grade carcinoma with a loss of the histo-
logic features characteristic of AAdCC (e.g. biphasic ductal
and myoepithelial differentiation). The high grade carcinoma
is usually either a poorly differentiated adenocarcinoma or
less often, an undifferentiated carcinoma. Thus, diagnosing
AdCC-HGT is a challenge on FNAC. The cytological fea-
tures have been documented in three cases [12—-14]. Mal-
hotra et al. considered a broad range of differential diag-
noses (adenocarcinoma-nos, undifferentiated carcinoma,
salivary duct carcinoma, basaloid adenocarcinoma and
carcinoma ex-pleomorphic adenoma). However, on review
the aspirate smears revealed small groups of basaloid cells
of conventional AACC and thus they emphasized on a thor-
ough analysis of FNA smears as preoperative diagnosis of
AdCC would be helpful in deciding the extent of surgery
and would also promote thorough sectioning and sampling
of excised tumour [12]. The other two cases were diagnosed
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Fig.6 Immunohistochemical findings. a, b Immunostaining with
p63 highlights the myoepithelial cells in the conventional AdCC (red
arrow, a) (a,x100), while poorly differentiated carcinoma (yellow
arrow, a, b) and sarcomatoid component (red arrow, b) are negative

as poorly differentiated carcinoma by Bhardwaj et al. and
adenoid cystic carcinoma by Ly et al. on FNAC [13, 14].
The present case was diagnosed as basaloid neoplasm with
differentials of AdCC and basal cell adenocarcinoma on
FNAC. On histology, the conventional AACC and the HG
carcinoma components could be separate or a transitional
zone can be recognised. HGT has to be distinguished from
hybrid tumours and collision tumours. Hybrid tumours are
composed of two distinct tumours that can be identified as
defined tumour categories in the same topographic area
forming a single tumour mass. The hybrid tumours demon-
strate identical origin/histogenesis. For example, a hybrid
tumour composed of basal cell adenoma and adenoid cystic
carcinoma. However, a collision tumour comprises of two
histologically distinct tumours of clearly different origins
from two separate neoplastic clones of different cell types
developing close to each other. Majority of collision tumours
reported in literature are combinations of adenocarcinoma
and sarcoma or lymphoma [15]. The presence of a transi-
tional zone is helpful in distinguishing AACC-HGT from a
hybrid tumours and collision tumours. The distinction of

(b,x100). ¢, d The poorly differentiated carcinoma component is dif-
fusely positive for S100 protein (¢, x 100) and the sarcomatoid com-
ponent is mostly negative for S100 protein (d, x 100)

AdCC-HGT from grade III conventional AdCC could be
difficult at times. Seethala et al. enumerated the compara-
tive histologic and immunophenotypic features of both these
components and also proposed the criteria for diagnosis of
AdCC-HGT [4]. The poorly differentiated carcinoma com-
ponent in the present case was arranged in solid confluent
nests in a desmoplastic stroma and composed of cells with
large pleomorphic nuclei (at least 2-3 times the size of
grades I-II AdCC nuclei), exhibited loss of abluminal cell
layer as highlighted by p63 and was diffusely and strongly
positive for p53, thus fulfilling five of six major criteria
established by Seethala et al. However, micropapillae and
squamoid areas were not seen. The high grade component in
the reported cases showed significantly high Ki67 labeling
index and almost half of the reported cases demonstrated
overexpression of p53 and Cyclin-D1 in [3, 4, 10, 16, 17].
Her-2 immunopositivity has been described in only four
cases [14, 16, 17]. In the present case, both the high grade
components showed a Ki-67 labeling index of 90%, overex-
pressed p53 and were negative for Her-2. Cases with high
grade transformation showing sarcomatoid features are rare

@ Springer
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Fig.7 Immunohistochemical findings. The conventional AdCC and
high grade carcinomatous components (yellow and black arrows
respectively in both a, b) showing strong and diffuse nuclear positiv-

and only three cases have been reported till date [3, 5, 6]. In
all three cases the sarcomatoid component was the sole high
grade component and exhibited myoepithelial differentiation
in the form of strong and diffuse S100 positivity in two cases
and focal positivity in the third case [3, 5, 6, 18, 19]. In the
reported cases of AACC with HGT only five cases have been
described showing expression of myoepithelial markers in
the high grade component. This includes the three cases with
sarcomatoid differentiation [3, 5, 6], out of which one was
called as myoepithelial carcinoma [6]. Remaining two cases
showed solid nests with comedo necrosis as the dedifferenti-
ated component [18, 19], out of which one was reported as
myoepithelial carcinoma [19].

As described in literature, there was loss of myoepithe-
lial differentiation in the form of p63 negativity in both
the high grade carcinomatous component and sarcomatoid
component in the present case. However, an immunostain
for S-100 and CD117 showed diffuse strong positivity in
high grade carcinomatous component as mentioned in other
reported cases in literature [8] while S100 and CD117 was
negative in most of the tumor cells in the sarcomatoid com-
ponent. The sarcomatoid component was also negative for
cytokeratin (AE1/AE3) and desmin, while it was strongly
positive for vimentin. EMA showed weak patchy expres-
sion in few cells. Variable expression of these markers has
been reported in the prior cases with sarcomatoid dediffer-
entiation (Table 2). SOX10 protein, which is a transcrip-
tion factor for the differentiation of neural crest cells, was

@ Springer

ity for SOX10, while the sarcomatoid component (red arrow, in both
a, b) is negative for the marker (a, x 25, b, x 100)

recently found to be expressed in salivary gland tumours
arising from myoepithelial, acinar and intercalated duct
cells such as acinic cell carcinomas, adenoid cystic carci-
nomas, epithelial-myoepithelial carcinomas, myoepithelial
carcinomas, pleomorphic adenomas and is not expressed in
tumors arising from striated and excretory ducts like salivary
duct carcinomas, mucoepidermoid carcinomas, squamous
cell carcinomas, oncocytic carcinomas/oncocytomas and
Warthin tumor [20]. AACCs show consistent expression of
SOX10 and hence it is considered as a potential marker for
the diagnosis of these tumours [20]. Immunohistochemsitry
with SOX10 in our case displayed positivity in the low grade
and high grade carcinomatous component, while there was
loss of expression of the marker in the sarcomatoid compo-
nent. Therefore, the sarcomatoid component showed loss
of expression of both epithelial and myoepithelial mark-
ers and also showed non expression of the marker sugges-
tive of cell of origin (SOX10) and thus was identified as a
true sarcomatoid dedifferentiation in our case. We believe
that the distinct carcinomatous and sarcomatoid morpho-
logic components of the high grade transformation in this
case actually represents a mesenchymal dedifferentiation
of the neoplastic epithelial cells. However, the possibility
of collision of separate malignant processes is a subject of
debate. Although c-Kit (CD117) is overexpressed in AdCCs,
activating mutations are rare as in our case which did not
show c-Kit mutation suggesting that Imatinib may not be
effective in the treatment of these tumours [21]. Recently
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a recurrent translocation, t (6;9)(q21-24;p13-23), was rec-
ognized in AdCC which is associated with fusion of the
MYB-NFIB genes [22]. However, since MYB rearrange-
ments are described in literature in about less than half of
AdCCs and MYB FISH probe is associated with technical
problems, MYB FISH is not as clinically useful as it was
supposed to be [23]. Moreover, MYB antibody available is
highly sensitive and shows expression in 46% to 61% of
translocation negative tumours [20]. Studies have shown
strong MYB expression in most of MYB positive AdCC
while only focal weak positivity was seen in other salivary
gland tumors. Hence MYB could be a useful marker for
differentiation of AdCCs from other salivary gland tumours
[20]. MYBL1-NFIB fusions as a result of t (8;9) translo-
cations have been identified recently in a subset of MYB-
NFIB negative cases [24]. Whole genome sequencing of
AdCCs has shown wide mutational diversity and low rates
of somatic mutations involving different pathways, includ-
ing fibroblast growth factor, insulin-like growth factor, P13K
and NOTCH signalling and MYB-MYC signalling pathways
[25]. MYB/MYBLI activations due to gene fusion or other
mechanisms are found in>80% of AdCCs and may also be
useful potential therapeutic targets [8]. Furthermore, AdCCs
which are negative for MYB or MYBL1 fusions show muta-
tions in the NOTCH signalling pathway [25]. High grade
tumours with solid morphology and loss of myoepithelial
cells were associated with activation of Notch signaling by
gain-of-function mutation in NOTCH]1 or loss-of-function
aberrations in SPEN which is a negative NOTCH signaling
regulator. Hence activation of Notch signaling was found
to be associated with an aggressive phenotype [25]. There-
fore, this opens up the possibility of targeting these tumors
with NOTCHI1 inhibitors, as proved by a recent study [26].
The NOTCH pathway or MYB/MYBL1 activation was not
interrogated in the present case since the targeted therapy
for these pathways is still investigational.

In conclusion, we present the first report of AdCC with
high-grade transformation to poorly differentiated carcinoma
and dedifferentiation to sarcoma. Additional cases need to be
examined to understand the clinico-pathological behaviour
and underlying molecular pathogenesis. We emphasize on
thorough sampling of all initially diagnosed adenoid cystic
carcinomas and use of broad panel of immunohistochemistry
to rule out presence of high-grade transformation since it is
a highly aggressive disease with poor prognosis.
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