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Abstract

Differentiating adenoid cystic carcinoma (AdCC) from other basaloid neoplasm in a fine needle aspiration (FNA) sample can
be challenging. Activation of MYB in AdCC by the fusion transcript MYB-NFIB has been recently demonstrated in salivary
gland and other organs. The aim of this study is to evaluate the utility of MYB immunohistochemistry (IHC) in distinguish-
ing AdCCs and other basaloid neoplasm in cytology specimens. Eighteen FNA cases, from salivary gland and other sites,
and their subsequent surgical resection specimens were included in the study. Eight cases were confirmed AdCC on resec-
tion. MYB IHC was performed on slides made from cytology cell block and surgical resection paraffin blocks. Percentage
and intensity of nuclear staining in tumor cells was scored as O to 3. The staining results were concordant between cytology
specimens and their corresponding surgical resection tumors. Strong diffuse nuclear staining (score 3, N=15) was exclusively
observed in AdCC, both in cytology and surgical specimens. Only one pleomorphic adenoma and one poorly differentiated
basaloid carcinoma were positive for MYB staining (score 1 to 2). Any degree of nuclear MYB labeling was seen in 100%
AdCC cases (N =28/8) compared with of 20% (N =2/10) of all other non-AdCC cases (P=<0.001). The sensitivity and
specificity of any degree MYB positivity for AdCC in cytology specimen is 100% and 78%. The sensitivity and specificity
of strong diffuse MYB labeling (score 2 to 3) for AACC is 83% and 100% in cytology specimen. Strong diffuse nuclear stain-
ing of MYB is valuable in supporting a cytologic diagnosis of AdCC. However, weak and focal labeling of MYB should be
interpreted with caution as it can be seen in benign and other malignant basaloid lesions.
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Introduction

Adenoid cystic carcinoma (AdCC) is an aggressive malig-
nancy, accounting for approximately 5% of all neoplasm
of the head and neck [1]. AdCC arise in various anatomic
locations, including breast, tracheobronchial and lung, and
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morphologically resembles AACC in salivary gland [2—4].
Although AdCC is characterized by slow growth, the long-
term survival is determined by local recurrence rate despite
treatment, tendency for perineural invasion, and distant
metastasis [1].

Main histological patterns of AdCC include cribriform,
tubular and solid [1-4]. The more common cribriform
and tubular variants typically show abundant extracellu-
lar matrix arranged in globules with well-defined borders
partially surrounded by basaloid tumor cells [5-7], which
is reflected as characteristic cytology features of scattered
balls of mucopolysaccharide matrix material surrounded
by cohesive cellular clusters [6, 7]. However, in fine needle
aspiration (FNA) specimens with abundant basaloid cells
and lacking extracellular matrix materials, a broad differen-
tial diagnosis needs to be considered, including AdCC solid
variant and other salivary gland tumors with overlapping
morphology, such as pleomorphic adenoma (PA), basal cell
adenoma/carcinoma, epithelial-myoepithelial carcinoma,
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and polymorphous low-grade adenocarcinoma [7-10]. An
accurate FNA assessment is principal as it guides the level
of aggressiveness of the surgical intervention, but due to
significant morphologic overlap of basaloid cell neoplasm,
a definite diagnosis is not always rendered.

Recently, a growing number of studies have shown the
presence of a recurrent translocation in chromosome 6 and
9 in AdCC from different anatomical regions [11, 12]. This
characteristic tumor-specific translocation generates a fusion
of the MYB oncogene (v-Myb avian MYB viral oncogene
homolog) with NFIB (nuclear factor IB) transcription factor
gene [13, 14]. The prevalence of fusion is reported variably
between 30 and 100% of AdCC in the head and neck region,
as well as breast and bronchopulmonary AdCC [15-17].
Intriguingly, MYB overexpression has been observed in
cases of AdCC associated both with and without MYB-NFIB
fusion by immunohistochemistry (IHC) [18]. The diagnos-
tic value of MYB expression in diagnosing AdCC is still
in debate. Furthermore, the correlation between preceding
FNA cytology and consequent surgical specimens has not
been well validated. Therefore, we evaluated the diagnos-
tic value of IHC expression of MYB in FNA cases initially
diagnosed as “basaloid neoplasm” and correlated with sub-
sequent surgical specimens.

Materials and Methods
Case Selection

This study was approved by the institutional review board
(IRB). We retrospectively searched our cytopathology
archives for FNA interpretations with the terms “adenoid
cystic carcinoma”, “basaloid neoplasm” or “neoplasm
with basaloid features”. Their subsequent surgical resec-
tion pathology was retrieved. Surgical resection cases with
a diagnosis of “adenoid cystic carcinoma” and preceding
FNA with any diagnostic material were also reviewed. All
slides were re-reviewed for confirmation of diagnosis. A
detail clinical history and the follow-up in each case were
noted, including the age and sex of the patient, the anatomic
site and the size of the tumor.

Cytology Specimen Preparation

All cytology samples were collected in BD CytoRich Red
fixative (an ethanol-based fixative, Becton, Dickinson and
Company, Franklin Lakes, NJ). Cell blocks were made by
Hologic Cellient automated cell block system (Hologic, Mis-
sissauga, ON). Immunostaining was performed after forma-
lin fixation of cell blocks.
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MYB Immunohistochemsitry

Immunohistochemical studies were performed on 5-um sec-
tions of formalin-fixed, paraffin-embedded tissue. Slides were
first deparaffinized, and rehydrated. Antigen retrieval was
carried out with 0.01 M citrate buffer at pH 6.0. Slides were
placed in the retrieval solution and were heated in a 770-W
microwave oven for 14 min. Afterward, they were cooled to
room temperature, and rinsed in distilled water before staining.
All the slides were stained on the Dako Autostainer (Agilent/
Dako, Santa Clara CA, USA).

The sections were first blocked for endogenous peroxi-
dase activity with an application of Dual Endogenous Block
(Agilent/Dako) for 10 min, followed by a brief buffer wash.
The slides were then incubated with anti-c-MYB-phospho
S11 antibody (rabbit monoclonal, clone EP769Y, Abcam cat.
#45150) at 1:400 for 30 min. Following a buffer rinse, sections
were incubated with detection reagent Ventana Ultraview Uni-
versal HRP Multimer. The sections were washed, and treated
with a solution of diaminobenzidine (DAB) and hydrogen per-
oxide (Agilent/Dako) for 10 min, to produce the visible brown
pigment. After rinsing, a toning solution (DAB Enhancer, Agi-
lent/Dako) was used for 2 min to enrich the color. Following
rinsing, the sections were counterstained with hematoxylin,
dehydrated, and coverslipped with permanent media.

Sections of tonsil, with known positivity for the target pro-
teins were used as positive controls for staining. The positive
staining was defined as dark brown staining pattern, generally
confined to the expected nuclear region of the cell. Scant or
fine granular background staining, or no staining at all was
considered negative.

Nuclear MYB labeling was scored by percentage and
intensity of labeling. Scattered to no nuclear staining in tumor
cells is scored as “0”. Pale and focal nuclear staining of < 50%
tumor cells is assigned as score “1”. Moderate nuclear staining
of >50% tumor cells is given to score of “2”. Diffuse strong
staining in tumor cells which easily visible with a low power
objective is consider as score “3” (Fig. 1).

Statistical Analysis

The data was analyzed using GraphPad Prism 8.0 (San Diego,
CA). Fisher’s exact test or the chi-square test were used to
calculate the relative risk with confidence intervals. Results
with a p-value less than 0.05 is considered as statistically
significant.
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Fig. 1 Example cases with assigned MYB nuclear staining intensity
score. a 0—scattered to no nuclear staining in tumor cells. b 1—
pale and focal nuclear staining of <50% tumor cells. ¢ 2—moderate

Results

Total 18 FNA cases with paired surgical resections were
included in the study, including 8 confirmed AdCC cases
from submandibular glands (N =2), parotid (N =2), breast
(N=1) or lung (N=1) and 2 metastatic AACCs (bone and
lung). One case with final diagnosis of “poorly differenti-
ated carcinoma with basaloid features” in parotid gland was
also included. Nine parotid gland cases with final diagnoses
of “pleomorphic adenoma” (N =4), “basal cell adenocarci-
noma” (N=2), “mammary analogue secretory carcinoma”
(N=1), “acinar cell carcinoma” (N=1) and “salivary gland
adenocarcinoma” (N =1) were incorporated as controls
(Table 1).

Three cytology cell blocks did not contain sufficient
tumor cells after processing and were excluded from fur-
ther analysis. All other cases demonstrated similar pattern
and intensity of MYB labeling between FNA cell blocks and
surgical specimens except two minor discrepancy. Staining
concordance was 100% between cytology specimens and
their corresponding surgical resection (Table 1). Minor dis-
crepancy was observed in one case of submandibular gland
AdCC and one case of poorly differentiated carcinoma with
basaloid features. In both cases, FNA cell blocks showed
relatively weak, score 1 MYB staining, while subsequent
surgical resections demonstrated stronger and diffuser MYB
staining and were scored as 2.

Strong diffuse nuclear staining (score 3, N=15) was exclu-
sively observed in AdCC cases both in cytology and surgical
specimens. Only one pleomorphic adenoma and one poorly
differentiated basaloid carcinoma are positive staining for
MYB (score 1 to 2). Any degree of nuclear MYB labeling
was seen in 100% AdCC cases (N =8/8) compared with of
20% (N =2/10) of all other non-AdCC cases (P=0.0001)
(Fig. 2). In addition, we did not see any correlation between
MYB expression intensity and AdCC tumor grades, histo-
logical patterns, or anatomic locations (data not shown).

Overall, the sensitivity and specificity of any degree
MYB positivity for detecting AACC in cytology specimen is
100% and 78%. The presence of diffuse, moderate to strong
MYB labeling (score 2 or 3) has a sensitivity of 100% in
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nuclear staining of > 50% tumor cells. d 3—diffuse strong staining in
tumor cells which easily visible with a low power objective

surgical specimens and a sensitivity of 83% in FNA cytol-
ogy specimens. The specificity of strong MYB labeling is
is 90% in surgical specimens, and 100% in cytology speci-
mens, respectively.

Discussion

A novel fusion transcript t(6:9) has been detected in AACC
occurring in the head and neck, breast and other anatomic
locations [11-13, 19-21]. The studies have demonstrated
that this genetic alteration is unique and specific to AACC,
irrespective of anatomic locations [18, 22]. The MYB (c-
MYB) oncogene is the cellular mammalian homolog of
v-MYB, a retroviral oncogene inked to avian leukemia,
which is essential for cellular differentiation in various organ
systems [21, 23]. Wild-type MYB protein has a half-life of
about 30 min, and thus its expression is low in normal adult
salivary glands [23]. The over-expression of 5’ portion of
MYB due to t(6:9) MYB-NFIB gene fusion can be detected
by IHC [13, 14]. Variable immunoreactivity for MYB by
THC has been reported in the literature, but may be due to
variation of detection capability of different MYB antibody
clones, or due to heterogeneous expression of the fusion
protein in different tumor cells [24]. Though there are grow-
ing reports of MYB over-expression in AdCC at various
anatomic locations, most reports are based on histologic
specimens and only few based on the analysis on cytology
materials [17]. In current study, we employed paired cytol-
ogy—histologic resection specimens, to validate the utiliza-
tion of MYB in diagnosis of AdCC.

Several previous reports state that the strong intensity
MYRB labeling was largely restricted to myoepithelial/basal
cell component, whereas the inner epithelial cells lacked
staining, especially in the tubular and cribriform types, sug-
gesting preferential activation of MYB in myoepithelial cells
[16, 18, 22, 24]. Other studies did not specify the preferen-
tial myoepithelial expression of MYB in AdCC [17, 25]. In
our series, restricted strong expression of MYB in basaloid
myoepithelial staining was noted in both cytology samples
and surgical specimens.
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Table 1 Comparison of MYB expression and pathologic diagnoses in paired FNA cytology samples and surgical resection from 18 patients

Case Gender Age FNA site Cytology diagnosis MYB * Resection Surgical histologic diag- MYB
nosis

1 F 78  Cervical lymph node Metastatic salivary gland 3 Lung Metastatic adenoid cystic 3
carcinoma with basaloid carcinoma
features

2 M 47  Submandibular gland Basaloid salivary gland 3 Submandibular gland Adenoid cystic carcinoma 3
neoplasm

3 M 39  Parotid Basaloid salivary gland 3 Partoid Adenoid cystic carcinoma 3
neoplasm

4 F 58  Submandibular gland Low grade salivary gland 1 Submandibular gland Adenoid cystic carcinoma 2
neoplasm with basaloid
features

5 M 48  Parotid Basaloid salivary gland N/A Partoid Adenoid cystic carcinoma 2
neoplasm

6 M 59  Parotid Consistent with adenoid 2 Bone Metastatic adenoid cystic 2
cystic carcinoma carcinoma

7 M 84 Lung Consistent with adenoid N/A Lung Adenoid cystic carcinoma 3
cystic carcinoma

8 F 50 Breast Suspicious for ductal car- 3 Breast Adenoid cystic carcinoma, 3
cinoma solid variant

9 M 86  Parotid Carcinoma with basaloid 1 Partoid Poorly differentiated 2
features carcinoma with basaloid

features

10 M 48  Parotid Basaloid salivary gland 1 Partoid Pleomorphic adenoma 1
neoplasm

11 F 58  Parotid Basaloid salivary gland 0 Partoid Pleomorphic adenoma 0
neoplasm

12 F 58  Cervical lymph node Metastatic salivary gland 0 Partoid Acinar cell carcinoma 0
carcinoma

13 F 69  Parotid Basaloid salivary gland 0 Partoid Pleomorphic adenoma 0
neoplasm

14 F 76  Parotid Ductal type salivary gland 0 Partoid Salivary gland adenocarci- 0
carcinoma noma, NOS

15 F 55  Parotid Low grade salivary gland 0 Partoid Mammary analogue secre- 0
neoplasm with basaloid tory carcinoma
features

16 M 70  Parotid Basaloid salivary gland 0 Partoid Basal cell adenocarcinoma 0
neoplasm

17 F 59  Parotid Low grade salivary gland 0 Partoid Pleomorphic adenoma 0
neoplasm with basaloid
features

18 F 81  Parotid Basaloid salivary gland N/A Partoid Basal cell adenocarcinoma 0

neoplasm

*Three cytology cell blocks did not preserve sufficient tumor cells after processing

In AdCC, the presence of MYB-NFIB fusion transcript
ranges from 28 to 86%, while MYB protein expression has
been noted in 55-97% of cases on IHC [13, 15-17, 19, 22,
24]. It has been also noted that MYB overexpression also
occur in cases without fusion, indicating that expression
of MYB may be mediated by other pathways as well [18].
In our study, the sensitivity of any degree MYB positivity
for detecting AdCC in cytology specimen is nearly 100%.
Intriguingly, one relatively low expression case (score 1) was
found in 4 investigated pleomorphic adenomas. This may
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due to unspecific cross labeling of MYB antibody. A larger
cohort study to investigate the incidence and grade of MYB
expression in pleomorphic adenomas is warranted.

The cytology of AdCC is characteristic with extracellular
matrix spheres. However, in the salivary glands, differentiat-
ing AdCC from pleomorphic adenomas and other basaloid
neoplasms in FNA materials can be challenging, especially
when aspirated lack extracellular hyaline globules or pre-
dominantly with solid morphology [7, 15]. In breast, AdCC
also can be difficult to distinguish from other cribriform or
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Fig.2 Immunohistochemical
labeling for MYB in basaloid
salivary neoplasm in FNA cell
blocks. a, b A pleomorphic
adenoma display scatter to no
nuclear staining of MYB. ¢, d
An adenoid cystic carcinoma
display strong and diffuse
nuclear MYB staining in tumor
cells

basal-type lesions, including collagenous spherulosis and
microglandular adenosis [2, 26]. In our study, specificity
of any degree MYB positivity for detecting AdCC at all
anatomic locations in cytology specimen was 78%. The
presence of diffuse, moderate-strong MYB labeling has a
specificity of 100% in FNA cytology specimens. Our results
also suggested that overexpression of MYB may be utilized
for AACC diagnosis in difficult cases.

In summary, we validated MYB on cytologic FNA cell
blocks and found MYB over-expression in FNA materials is
highly concordant with corresponding subsequent surgical
resection specimens. Strong and diffuse nuclear IHC labe-
ling for MYB may serve as an important adjunct tool in
AdCC of all grades and histological patterns in FNA cytol-
ogy diagnosis in variety anatomic locations.
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