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Abstract

Background: Adenoid cystic carcinoma (ACC) is the second most common malignancy of the salivary glands,
accounting for ~ 1% of malignant tumors of the head and neck region and 10% of salivary gland neoplasms.
Predicting the long-term outcomes of patients with ACC is still challenging, as reliable prognostic biomarkers are
not available. Among salivary gland tumors, Myb overexpression is highly specific for ACC. In addition, the MYB-
NF1B fusion translocation is a hallmark of ACC, and although the detection of this translocation does not appear to
impact prognosis, the MYB-NF1B fusion is also implicated in MYB upregulation. Myb has recently been identified as
an activator of the Wnt/β-catenin signaling pathway, and aberrant cytoplasmic expression of β-catenin has been
observed in many salivary gland malignancies. In this study, we aim to analyze the impact of Myb and β-catenin
expression on prognosis in ACC.

Methods: A tissue microarray constructed from archival tissue from 64 patients with ACC was stained for Myb and
β-catenin; both localization and intensity were evaluated. In parallel, we abstracted demographic data, tumor
characteristics, survival data, and outcomes, including local recurrence, regional recurrence, and distant metastasis
from the medical record. Statistical analysis was performed.

Results: Our analysis supports that ACC patients negative for Myb by immunohistochemical methods have a higher
risk of developing metastasis than patients with Myb staining (HR: 4.06, 95% CI: 1.02–14.96, p-value: 0.03). Although not
statistically significant, cytoplasmic localization of β-catenin is may suggest a diminished rate of relapse-free survival (HR
2.45, 95%CI: 0.9–6.7, p = 0.08). Furthermore, Myb expression correlated with β-catenin expression, increasing 1.69 in
staining intensity units with each increase in β-catenin staining intensity (p-value: 0.04).

Conclusions: Our study suggests that Myb expression is protective; Myb positive patients have diminished risk of
distant metastasis. In contrast, there is a trend towards increased hazard of death in ACC patients with cytoplasmic β-
catenin expression. Additional analyses will be necessary to establish Myb and β-catenin as independent protective
and adverse biomarkers, respectively.
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Background
Adenoid cystic carcinoma (ACC) is the second most
common malignancy of salivary glands, accounting for
approximately 1% of all malignant tumors of the head
and neck region and 10% of all salivary gland neoplasms
[1, 2]. A biphasic salivary gland neoplasm, ACC is com-
posed of cells with myoepithelial and ductal phenotypes
forming tubular, cribriform, and/or solid architectural
patterns [3, 4]. Tumors are characterized by slow pro-
gression and frequent distant metastasis. Although ACC
does not often spread to regional lymph nodes, approxi-
mately 52% of ACC patients develop distant metastasis
with or without local-regional recurrence [5, 6].
The recommended treatment for ACC involves

complete resection followed by postoperative radiother-
apy for localized tumors; nonresectable cases are usually
fatal [4, 7]. ACC is relatively refractory to conventional
cytotoxic chemotherapy, perhaps by virtue of its slow
growth kinetics [8, 9]. Predicting the long term outcome
of individuals with ACC is challenging, as reliable prog-
nostic biomarkers are not available. A better understand-
ing of the pathophysiology and biomarkers in ACC is
essential in predicting clinical outcomes.
Among salivary gland tumors, high nuclear Myb stain-

ing is specific for adenoid cystic carcinoma.
Myb is a transcription factor involved in cellular differ-

entiation and proliferation and plays a role in oncogen-
esis in many types of cancer. The MYB locus (chr. 6)
can undergo translocation with the NF1B locus (chr.9),
and this MYB-NF1B t (6;9)(q22–23;p23–24) transloca-
tion is a molecular hallmark of ACC, found in over 50%
of cases [10, 11].
Despite multiple studies, it remains unclear whether

the MYB-NFIB fusion is associated with prognosis [12,
13]. On the other hand, overexpression of Myb has been
found in 60% of fusion negative ACC, indicating that
Myb overexpression may be a driver of pathogenesis in
ACC independent of fusion status [12]. In colorectal
cancers, c-Myb, a member of the MYB family, is a pre-
dictor of poor clinical outcome. Patients with low c-Myb
demonstrated significantly decreased disease-free and
overall survival [14]. Given these results, we sought to
determine the prognostic significance of Myb expression
in ACC.
β-catenin, a protein involved in cell-cell adhesion and

gene transcription, has been proposed to have a role in
tumor differentiation, invasion, and metastasis. When lo-
calized in the nucleus, β-catenin is involved in signaling
through the canonical Wnt pathway and mediating gene
expression. While at the plasma membrane, β-catenin
and E-cadherin form a complex, maintaining cell-cell ad-
hesion and mediating signal transduction important for
cell proliferation and differentiation. In the setting of
metastases, cytoplasmic localization of β-catenin is

thought to be involved in the epithelial-mesenchymal
transition, based on studies of breast and salivary gland
cancers [15–17].
In head and neck squamous cell carcinoma (HNSCC),

it has been suggested that β-catenin mainly functions in
adhesion rather than cell signaling [18]. Recent studies
have demonstrated reduced membrane localization and
increased cytoplasmic localization of β-catenin in malig-
nant salivary gland tumors when compared to benign
salivary gland tumors. Cytoplasmic localization of β-
catenin may be indicative of a lack of differentiation or
invasive potential in the malignant tumors [19]. Cyto-
plasmic localization of β-catenin in non-small cell lung
cancer (NSCLC) also correlates with poor prognosis
[20].
Further supporting a role for β-catenin in malignan-

cies, aberrant expression of β-catenin has been found to
promote the pathogenesis of gastric cancer and breast
cancer [21, 22]. Recent studies have demonstrated that
abnormal dephosphorylation of β-catenin, increased nu-
clear translocation, and reduced proteasome-mediated
degradation leads to the increased levels β-catenin in
ACC [23].
To date, the clinical significance of the overexpression

of Myb and the role of β-catenin localization in ACC is
unknown. Here, we sought to evaluate the prognostic
significance of β-catenin and Myb expression in a cohort
of patients with ACC. Our results suggest that a high
level of Myb is associated with diminished risk of metas-
tasis, while cytoplasmic localization of β-catenin is may
suggest decreased survival.

Methods
Patient selection
Data was collected and analyzed in accordance with
established guidelines and were reviewed and approved
by the University of California-San Francisco Institu-
tional Review Board. Seventy-three patients were identi-
fied through a search of the UCSF pathology database
for ACC of the head and neck between 1991 and 2015.
Eleven patients were excluded from the study: Myb and
β-catenin staining were not interpretable for two pa-
tients, and nine patients were excluded from the study
due to the lack of clinical follow-up data. After histologic
confirmation of the diagnosis by a board-certified path-
ologist (AvZ), sixty-two patients with a non-zero follow-
up data had intact, adequate tissue samples for analysis.
A retrospective chart review was completed to deter-
mine the clinical variables for this cohort.

Data collection
Tissue microarray (TMA) construction
From the 64 patients, representative duplicate or tripli-
cate 2 mm punches of formalin-fixed paraffin-embedded
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tumors were assembled into a tissue microarray (TMA).
The TMA blocks were subsequently sectioned and
stained for Myb and β-catenin.

Beta-catenin immunohistochemistry
Immunohistochemical staining for β-catenin was per-
formed on the Leica BOND III Automated stainer.
Briefly, 4 μm TMA sections were deparaffinized with xy-
lene and ethanol. Antigen retrieval was performed using
citrate buffer (pH 6.0) for 20 min. Sections were incu-
bated with clone 14/β-catenin (BD Transduction Lab,
Franklin Lakes, NJ) diluted 1:20 for 15 min. External
positive and negative controls were performed.
β-catenin staining was scored based on the intensity of

cytoplasmic staining using a 3-point scale from 0 to 3:
(0: absent; 1: weak; 2: moderate; 3: intense). Scoring was
performed by a board-certified pathologist (AvZ) blinded
to patient outcomes. The mean score of the multiple
tumor samples was utilized for statistical analysis.

Myb immunohistochemistry
Immunohistochemical staining for Myb was performed
using the Dako EnVision+ System (Dako, Glostrup,
Denmark). Briefly, 4um TMA sections were deparaffi-
nized with xylene and ethanol. Heat-induced epitope re-
trieval was completed with EnVision Module at 97 °C for
20 min in pH 9.0 buffer. Endogenous peroxidase activity
was blocked with Dako EnVision Flex. Tissue sections
were then incubated with an anti-Myb monoclonal anti-
body (Genetex, Irvine, CA). The reaction was visualized
using the Dako EnVision Flex+ System. External positive
and negative controls were performed.
Myb was scored based on both % cells staining and

the intensity of staining. The % of cells showing any
staining was visually assessed along with the intensity of
Myb staining using a 3-point scale: (0: absent; 1: weak; 2:
moderate; 3: intense). Scoring was performed by two in-
dependent board-certified pathologists (AvZ and SA)
with discrepant scores re-examined by both observers to
achieve a consensus score.

Clinical data
Demographic data, tumor characteristics, as well as out-
comes, including local recurrence, regional recurrence,
and distant metastasis, were obtained from the UCSF
electronic medical record. Time to local recurrence and
distant metastasis were defined as the time between such
events and the primary treatment. Overall survival (dur-
ation of total follow up) was defined as the time from
diagnosis to death by any cause.

Statistical analysis
All statistical analyses were carried out with STATA 14.
Event time was determined based on the date of

diagnosis or surgery to the time of an event (metastases,
recurrence, or death). Prognostic value of Myb expres-
sion, β-catenin expression, and other clinicopathological
characteristics were evaluated using the Cox propor-
tional hazard model. Hazard ratios are presented with
their 95% confidence intervals (CIs). Additionally, the re-
gression model was fit to assess the association between
Myb expression and β-catenin expression (measured
through respective staining intensities) in the tumor
samples evaluated. Statistical tests were two-sided at the
5% level of significance.

Results
Patient and clinical characteristics
The mean age of the patients was 55.0 years. The sub-
jects were comprised of 25 men and 39 women. The ma-
jority (62.5%) of the patients were white, with 26.6%
Asian and 10.9% African American or other. Most pa-
tients (57.8%) were nonsmokers.
As expected, most patients (73.4%) received additional

treatment after surgical resection (Table 1). Of the 64
patients who underwent primary surgery, 47 patients
had postoperative adjuvant radiotherapy, concurrent
chemoradiotherapy, or chemotherapy.
The majority (56.3%) of patients in the study were di-

agnosed with cancers at stage 3/4, and 70% had a tumor
originating in the minor salivary glands. Approximately
67.2% of cases exhibited predominantly tubular growth
patterns, while 20.3% demonstrated predominantly crib-
riform or solid growth patterns on histology. Micro-
scopic examination of the primary tumor tissue revealed
that perineural invasion was found in the majority of
cases (64.1%).

Prognostic factors affecting overall survival
β-catenin staining were not interpretable for two pa-
tients in our sample. They were excluded from statistical
analysis evaluating association between β-catenin expres-
sion and survival/ metastasis/ recurrence in ACC pa-
tients. Similarly, an additional patient was excluded due
to uninterpretable MYB staining from model evaluating
MYB expression as a prognostic factor. The mean clin-
ical follow-up time (diagnosis to death) was 58months
(0–303 months). Median follow up was 41.8 months.
Follow up data was right skewed, i.e., more people had a
shorter follow up. In the univariate analysis (Table 2),
age at diagnosis (HR: 1.03, 95% CI:1.0–1.1, p-value:
0.03), smoking history (HR: 2.9, 95% CI:1.1–8.2, p-value:
0.03) and clinical stage at diagnosis (HR: 2.21, 95% CI:
1.2–4.2, p-value: 0.02) were the only significant predic-
tors of survival.
Regarding β-catenin, staining was predominantly cyto-

plasmic in all cases. The risk of dying increased by 2.5
fold in patients with higher intensity of staining when
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compared to patients with one unit lower intensity of β-
catenin staining (HR 2.45, 95% CI: 0.9–6.7, p-value:
0.08), although the association did not reach statistical
significance. We also evaluated the prognostic value of
Myb by the percentage of cells staining, Myb by staining
intensity, sex, race of the patient, the dominant histo-
pathological pattern of the tumor, margin status, and
treatment received. Although not statistically significant,
our findings suggest that race and sex of the patient,
margin status, the dominant histological pattern of
tumor, and treatment may be potential predictors of sur-
vival (Table 2).

Prognostic factors impacting metastasis
Information on metastasis and time to metastasis was
available for 58 patients. The mean follow-up time was
51.5 months (0–262.5 months), median follow up was
41.4 months. Myb staining was a significant factor affect-
ing the risk of distant metastasis. ACC patients with no
Myb staining had a higher risk of developing metastasis
than patients with any Myb staining (HR: 4.06, 95% CI:
1.02–14.96, p-value: 0.03). All patients with a positive
tumor margin experienceed metastasis at follow up.

Prognostic factors impacting recurrence
Information on recurrence (local, regional, and distant)
and time to recurrence were collected from 57 patients.
The mean time to recurrence was 50 (0.07–244.5)
months whereas median time to recurrence was 38.1
months. Only the stage at diagnosis was significantly
predictive of recurrence (HR: 3.31, 95% CI:1.02–10.69,
p-value: 0.04). All patients with a positive tumor margin
had recurrence at follow up.

Association between Myb and β-catenin expression
Linear regression was performed to evaluate the associ-
ation of Myb expression with β-catenin staining inten-
sity. A significant regression equation was found (F (1,
67) = 4.60, p-value: 0.04) with an R2 of 0.06. Myb expres-
sion increased 1.69 in staining intensity units for each
unit of β-catenin staining intensity.

Discussion
Our cohort includes 64 ACC patients with predomin-
antly of minor salivary gland tumors (69.6%). As would
be expected, these tumors frequently demonstrated peri-
neural invasion (78.9%). The stage at diagnosis was a
strong independent predictor of recurrence and poor
overall survival, as has been found in previous studies
[13]. Age at diagnosis and smoking history were also sig-
nificant predictors of overall survival in this cohort. All
cases of recurrence and metastasis had a positive margin
status. Evaluation of Myb and β-catenin expression by
immunohistochemistry support that any Myb expression

Table 1 Patient and tumor sample characteristics

Variable Overall N = 64 p-value

Age at diagnosis (in years) 55 (+/−15.1) 0.3

Sex 0.6

Male 25 (39%)

Female 39 (61%)

Race a 0.7

White 40 (62.5%)

Asian/PI 17 (26.6%)

African American and Other 07 (10.9%)

Smoking history b 0.1

No 37 (57.8%)

Yes 20 (31.3%)

Missing 07 (11.0%)

Tumor stage c 0.005

Early (Stage 2 or earlier) 22 (31.3%)

Late (Stage 3 or later) 36 (56.3%)

Missing 08 (12.5%)

Tumor location 0.04

Major salivary gland 19 (29.7%)

Minor salivary gland 45 (70.3%)

Perineural invasion d 0.1

Yes 41 (64.1%)

No 11 (17.9%)

Missing 12 (18.8%)

Margin status e 0.2

Negative 06 (09.4%)

Positive 45 (70.3%)

Missing 13 (20.3%)

Dominant pattern 0.3

Tubular/Cribriform 43 (67.2%)

Solid 15 (20.3%)

Missing 08 (12.5%)

Tumor necrosis 13 (20.3%) 0.3

Treatment f 0.3

Surgery 17 (26.6%)

Surgery +RT/C or RT/C alone 47 (73.4%)

Missing 01 (1.34%)
aThere were very few African American patients in our sample; thus, we
combined them with people who disclosed their race as other, who were
also few.
bPatients were categorized as smokers if they reported current or
formerly smoking.
cTumor stages were determined clinically using TNM tumor classification.
dPerineural invasion was determined histologically.
eAll patients in our study received some treatment. We dichotomized them in
two categories: those patients who received surgical treatment and those who
underwent radiation therapy (RT) and chemotherapy (C) in addition to surgery
or independent of surgical treatment.

Park et al. Journal of Otolaryngology - Head and Neck Surgery           (2020) 49:48 Page 4 of 8



Table 2 Univariate Analysis: Outcomes of patients with ACC based on prognostic factors

Overall survival a N HR* 95% CI p-value

Myb Staining (high vs. low) 63 1.05 0.45–2.44 0.9

Myb staining (present vs. absent) 63 1.57 0.63–3.8 0.4

Myb % tumor average (continuous) 64 0.99 0.98–1.01 0.6

Myb % tumor average (high vs. low) 64 1.05 0.45–2.44 0.9

ß-catenin cytoplasmic staining 62 2.45 0.9–6.7 0.08

Age at diagnosis 64 1.03 1.0–1.1 0.03

Race 63 0.92 0.5–1.9 0.8

Sex 64 1.06 0.4–2.6 0.8

Smoking history 57 2.9 1.1–8.2 0.03

Stage at diagnosis 56 2.21 1.2–4.2 0.02

Margin status 51 1.62 0.21–12.5 0.6

Dominant pattern 56 1.64 0.6–4.4 0.3

Treatment 64 1.31 0.6–3.1 0.5

Metastasis b HR* 95% CI p-value

Myb Staining (high vs. low) 58 2.40 0.62–9.36 0.17

Myb staining (present vs. absent) 58 4.06 1.02–14.96 0.03

Myb % tumor average (continuous) 59 0.98 0.96–1.01 0.2

Myb % tumor average (high vs. low) 59 2.27 0.58–8.90 0.2

ß-cat cytoplasmic staining 57 1.35 0.39–4.67 0.64

Age at diagnosis 59 1.01 0.97–1.06 0.52

Race 58 0.36 0.08–1.57 0.18

Sex 59 0.46 0.09–2.22 0.34

Smoking history 54 0.72 0.15–3.59 0.69

Stage at diagnosis 51 1.62 0.79–3.32 0.19

Margin status 46 – – –

Dominant pattern 51 – – –

Treatment 59 1.22 0.34–4.37 0.76

Recurrence c HR* 95% CI p-value

Myb Staining (high vs. low) a 58 1.61 0.61–4.25 0.33

Myb staining (present vs. absent) b 58 1.05 0.36–3.05 0.91

Myb % tumor average (continuous) 59 1.01 0.19–1.02 0.23

Myb % tumor average (high vs. low) 59 0.50 0.18–1.36 0.16

ß-cat cytoplasmic staining c 57 1.88 0.64–5.54 0.25

Age at diagnosis 59 1.03 0.99–1.07 0.13

Race 58 1.22 0.55–2.74 0.62

Sex 59 0.43 0.14–1.35 0.15

Smoking history 54 1.99 0.67–5.95 0.22

Stage at diagnosis 51 3.31 1.02–10.69 0.04

Park et al. Journal of Otolaryngology - Head and Neck Surgery           (2020) 49:48 Page 5 of 8



is associated with diminished risk of metastasis (HR:
4.06, 95% CI: 1.02–14.96, p-value: 0.03) suggesting that
Myb expression is a valuable as a prognostic biomarker.
However, the effect size reported is not precise. True ef-
fect in the population could be either very small (1.02)
or very large (~ 15). Future studies with larger cohorts
need to confirm our hypothesis and generate a more
precise effect estimate of association between MYB and
ACC metastasis.
Higher intensity of cytoplasmic β-catenin staining was

suggestive of a higher risk of death. β-catenin staining
intensity was assessed visually using a 3 point scale. Al-
though not statistically significant, we observed that each
unit increase in staining intensity of β-catenin was asso-
ciated with a 2.5-fold increased risk of dying (HR 2.45,
95% CI: 0.9–6.7, p-value: 0.08). Furthermore, a linear re-
gression analysis demonstrated a significant association
between Myb and β-catenin expression. Each staining
intensity unit increase in β-catenin resulted in an in-
crease in 1.69 units in the average Myb staining intensity.
The mechanism behind the interaction between Myb
and β-catenin in ACC are unclear; however, c-Myb, a
member of the MYB family, has been found to be an ac-
tivator of the Wnt/β-catenin signaling pathway, promot-
ing invasion and metastasis of breast cancer [24]. Myb
and β-catenin have not been previously evaluated as bio-
markers with prognostic implications in ACC.

MYB
MYB-NF1B t (6;9)(q22–23;p23–24) translocation results
in disruption of the MYB 3′ UTR, which contains a
negative regulatory site required for MYB downregula-
tion. The loss of negative regulation, coupled with the
juxtaposition of super-enhancer regions of NFIB and
MYB results in the overexpression of Myb [11].
Previous Myb expression studies demonstrated that

89% of tumors, regardless of fusion status, overexpressed
Myb RNA [25], and approximately 61–82% of analyzed
ACC tumors stained positive for Myb [12, 25, 26]. In

agreement with previous findings, the prevalence of Myb
staining in this study was 69%. The overexpression of
MYB is often associated with the t (6;9) translocation
producing the MYB-NFIB fusion protein, which is
thought to be the hallmark of ACC. However, previous
studies show MYB-NFIB is not a strong predictor of
prognosis [12, 13]. In addition, approximately 70% of fu-
sion negative ACC overexpress Myb, suggesting a role in
pathogenesis.
Given the rarity of ACC and resultant limits on sample

size, we could not analyze Myb expression as a factor in-
dependent of other variables including age at diagnosis,
stage at diagnosis, and smoking history. Nevertheless,
our study supports that Myb expression is protective
against the development of metastatic ACC. A higher-
powered analysis is necessary to establish Myb as an in-
dependent biomarker.

β-Catenin
Expression and localization of β-catenin are thought to
have a role in tumor differentiation, metastasis, and in-
vasion. Studies have found metastasis is promoted
through the dephosphorylation of β-catenin by PP2A,
which inhibits β-catenin degradation and increases β-
catenin expression in ACC [23].
Similar to previous findings [27], immunostaining for

β-catenin localized to the cytoplasm in all of our tumor
samples. The significance of the distribution is not en-
tirely clear; however, other studies have observed cyto-
plasmic localization of β-catenin in malignant salivary
gland tumors [24]. Our findings suggest that cytoplasmic
localization of β-catenin may be an indicator of aggres-
sive behavior and metastatic potential in malignant saliv-
ary gland tumors.
ACC is a rare cancer. One of the biggest limitations of

this study is the small sample size. As a result, the ana-
lyses may be under-powered to detect the true associa-
tions in the population. Future studies with a larger

Table 2 Univariate Analysis: Outcomes of patients with ACC based on prognostic factors (Continued)

Overall survival a N HR* 95% CI p-value

Margin status 46 – – –

Dominant pattern 51 1.56 0.32,7.54 0.58

Treatment 59 1.08 0.33–3.54 0.89

The N in the table is presented as a separate column because each predictor had a differential amount of missing, and thus the sample size is not consistent
among models fit to assess the different associations.
*: Hazard Ratios
** Follow-up information regarding overall survival, metastasis, and recurrence was missing for 9 patients, 11 patients, and 12 patients, respectively. Additionally,
ß-cat staining information was unavailable for 2 patients, and Myb staining information was unavailable for 1 patient.
No estimates have been presented for margin status and dominant histologic pattern. All cases of recurrence and metastasis had a positive margin status. Given
the small sample size and missing patient information for dominant histologic pattern, a survival model could not be fit to accurately analyze the data to provide
conclusive results.
aThe average follow-up time for patients in whom overall survival was evaluated was 58.3 months, ranging from 0 to 303.1 months
bThe average follow-up time for patients in whom metastasis was evaluated was 51.5 months, ranging from 0 to 262.5 months
cThe average follow-up time for patients in whom overall recurrence was evaluated was 50 months, ranging from 0.07–244.5 months
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cohort will be necessary to establish Myb and β-catenin
as independent prognostic biomarkers.

Conclusion
The absence of reliable prognostic markers presents a
challenge in predicting long-term outcomes in patients
with ACC; however, we believe our study provides
insight on potential prognostic factors for the assess-
ment of clinical outcome. We report in this study on the
association of Myb and β-catenin expression with differ-
ent clinical outcome in adenoid cystic carcinoma. Over-
expression of Myb and β-catenin has been demonstrated
previously in the setting of ACC, but the significance has
thus far been unclear. Our study found that expression
of Myb is associated with a decrease in risk of distant
metastasis, whereas increased cytoplasmic expression of
β-catenin might be associated with higher mortality
among ACC patients. Moreover, an association between
Myb and β-catenin expression is evident. We
hypothesize that both Myb and β-catenin are important
prognostic markers in ACC patients.

Abbreviations
TMA: Tissue microarrayACCAdenoid cystic carcinomaβ-cateninBeta-catenin

Acknowledgments
Not applicable.

Authors’ contributions
SP compiled the data set, analyzed the statistical analysis, and drafted the
manuscript; MV performed and analyzed the data and contributed to the
writing and revision of the manuscript; contributed to the writing and
revision of the manuscript; AvZ evaluated the immunohistochemical stains
performed on the tissue microarray. AvZ also contributed to the Material &
Method section of the manuscript; contributed to the writing and revision of
the manuscript; SA evaluated the immunohistochemical stains performed on
the tissue microarray; JH contributed to the design of the project outline;
contributed to the writing and revision of the manuscript; HK contributed to
the design of the project outline; contributed to the writing and revision of
the manuscript; SY managed patient cases and contributed to the collection
of the clinical dataset; contributed to the writing and revision of the
manuscript; PH organized the project design, directed the manuscript
revision and interpretation of the data set analysis; contributed to the writing
and revision of the manuscript; All authors accept responsibility for all
content of the final manuscript.

Funding
Patrick Ha: NIH/NIDCR R01DE023227.

Availability of data and materials
All data generated or analyzed during this study are included in this
published article.

Ethics approval and consent to participate
All of the experiments were in accordance with regulations and established
guidelines and were.
reviewed and approved by the University of California-San Francisco Institu-
tional Review Board.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Columbia University College of Dental Medicine, New York, NY, USA.
2Department of Otolaryngology Head and Neck Surgery, University of
California San Francisco, San Francisco, California, USA. 3Department of
Pathology, University of California San Francisco, San Francisco, California,
USA. 4Department of Radiation Oncology, University of California San
Francisco, San Francisco, California, USA. 5Department of Pathology,
University of New Mexico School of Medicine, Albuquerque, NM, USA.

Received: 19 March 2020 Accepted: 5 July 2020

References
1. Kokemueller H, et al. Adenoid cystic carcinoma of the head and neck--a 20

years experience. Int J Oral Maxillofac Surg. 2004;33(1):25–31.
2. Bradley PJ. Adenoid cystic carcinoma of the head and neck: a review. Curr

Opin Otolaryngol Head Neck Surg. 2004;12(2):127–32.
3. Li J, et al. Development and characterization of salivary adenoid cystic

carcinoma cell line. Oral Oncol. 2014;50(10):991–9.
4. Seethala RR. An update on grading of salivary gland carcinomas. Head Neck

Pathol. 2009;3(1):69–77.
5. Matsuba HM, et al. Adenoid cystic salivary gland carcinoma. A

histopathologic review of treatment failure patterns. Cancer. 1986;57(3):519–
24.

6. Lloyd S, et al. Determinants and patterns of survival in adenoid cystic
carcinoma of the head and neck, including an analysis of adjuvant radiation
therapy. Am J Clin Oncol. 2011;34(1):76–81.

7. Chen AM, et al. Adenoid cystic carcinoma of the head and neck treated by
surgery with or without postoperative radiation therapy: prognostic features
of recurrence. Int J Radiat Oncol Biol Phys. 2006;66(1):152–9.

8. Ellington CL, et al. Adenoid cystic carcinoma of the head and neck:
incidence and survival trends based on 1973-2007 surveillance,
epidemiology, and end results data. Cancer. 2012;118(18):4444–51.

9. Bjorndal K, et al. Salivary adenoid cystic carcinoma in Denmark 1990-2005:
Outcome and independent prognostic factors including the benefit of
radiotherapy. Results of the Danish head and neck Cancer group (DAHA
NCA). Oral Oncol. 2015;51(12):1138–42.

10. West RB, et al. MYB expression and translocation in adenoid cystic
carcinomas and other salivary gland tumors with clinicopathologic
correlation. Am J Surg Pathol. 2011;35(1):92–9.

11. Drier Y, et al. An oncogenic MYB feedback loop drives alternate cell fates in
adenoid cystic carcinoma. Nat Genet. 2016;48(3):265–72.

12. Mitani Y, et al. Comprehensive analysis of the MYB-NFIB gene fusion in
salivary adenoid cystic carcinoma: incidence, variability, and
clinicopathologic significance. Clin Cancer Res. 2010;16(19):4722–31.

13. Rettig EM, et al. MYB rearrangement and clinicopathologic characteristics in
head and neck adenoid cystic carcinoma. Laryngoscope. 2015;125(9):E292–
9.

14. Biroccio A, et al. C-Myb and Bcl-x overexpression predicts poor prognosis in
colorectal cancer: clinical and experimental findings. Am J Pathol. 2001;
158(4):1289–99.

15. Ishii K, et al. Involvement of epithelial-mesenchymal transition in adenoid
cystic carcinoma metastasis. Int J Oncol. 2011;38(4):921–31.

16. Harigopal M, et al. Automated quantitative analysis of E-cadherin expression
in lymph node metastases is predictive of survival in invasive ductal breast
cancer. Clin Cancer Res. 2005;11(11):4083–9.

17. Schneider S, et al. The prognostic significance of beta-catenin, cyclin D1
and PIN1 in minor salivary gland carcinoma: beta-catenin predicts overall
survival. Eur Arch Otorhinolaryngol. 2016;273(5):1283–92.

18. Yu Z, et al. Beta-catenin functions mainly as an adhesion molecule in
patients with squamous cell cancer of the head and neck. Clin Cancer Res.
2005;11(7):2471–7.

19. Chandrashekar C, Angadi PV, Krishnapillai R. Beta-catenin expression in
benign and malignant salivary gland tumors. Int J Surg Pathol. 2011;19(4):
433–40.

20. Jin J, et al. Prognostic significance of beta-catenin expression in patients
with non-small cell lung cancer: a meta-analysis. Transl Lung Cancer Res.
2017;6(1):97–108.

21. Kim MY, Han SI, Lim SC. Roles of cyclin-dependent kinase 8 and beta-
catenin in the oncogenesis and progression of gastric adenocarcinoma. Int
J Oncol. 2011;38(5):1375–83.

Park et al. Journal of Otolaryngology - Head and Neck Surgery           (2020) 49:48 Page 7 of 8



22. Cheng CW, et al. Prognostic significance of cyclin D1, beta-catenin, and
MTA1 in patients with invasive ductal carcinoma of the breast. Ann Surg
Oncol. 2012;19(13):4129–39.

23. Ishibashi K, et al. Regulation of beta-catenin phosphorylation by PR55beta in
adenoid cystic carcinoma. Cancer Genomics Proteomics. 2018;15(1):53–60.

24. Li Y, et al. C-Myb enhances breast Cancer invasion and metastasis through
the Wnt/beta-catenin/Axin2 pathway. Cancer Res. 2016;76(11):3364–75.

25. Brill LB 2nd, et al. Analysis of MYB expression and MYB-NFIB gene fusions in
adenoid cystic carcinoma and other salivary neoplasms. Mod Pathol. 2011;
24(9):1169–76.

26. Fehr A, et al. The MYB-NFIB gene fusion-a novel genetic link between adenoid
cystic carcinoma and dermal cylindroma. J Pathol. 2011;224(3):322–7.

27. Ferrazzo KL, et al. Differential expression of galectin-3, beta-catenin, and
cyclin D1 in adenoid cystic carcinoma and polymorphous low-grade
adenocarcinoma of salivary glands. J Oral Pathol Med. 2009;38(9):701–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Park et al. Journal of Otolaryngology - Head and Neck Surgery           (2020) 49:48 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patient selection
	Data collection
	Tissue microarray (TMA) construction
	Beta-catenin immunohistochemistry
	Myb immunohistochemistry
	Clinical data
	Statistical analysis


	Results
	Patient and clinical characteristics
	Prognostic factors affecting overall survival
	Prognostic factors impacting metastasis
	Prognostic factors impacting recurrence
	Association between Myb and β-catenin expression

	Discussion
	MYB
	β-Catenin

	Conclusion
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

