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Abstract

Background: We analyzed a population-based national registry to 
identify the most influential patient pretreatment and treatment fac-
tors affecting overall survival (OS) and cause-specific survival (CSS) 
in patients diagnosed with acinic cell carcinoma (ACC) of the major 
salivary glands.

Methods: Using the Surveillance, Epidemiology, and End Results 
(SEER) database of the US National Cancer Institute (NCI) related 
to survival, a total of 1,254 patients with diagnosed ACC of the major 
salivary glands from 1975 to 2016 met inclusion criteria. Factors sig-
nificant for OS and CSS were determined using univariate and multi-
variate analysis with the Cox proportional hazards model.

Results: Univariate OS analysis demonstrated that surgery favorably 
influenced longer survival compared to no surgery (hazard ratio (HR) 
2.35, P < 0.05). Patient age was found to be highly predictive of su-
perior OS (divided into 10-year age bands, P < 0.0001, younger age 
better). In multivariate OS analysis, there were statistically significant 
worse outcomes for men (HR 1.54, P < 0.05), grades III/IV (HR 2.5, 
P < 0.05), and distant disease (HR 3.55, P < 0.05) or regional disease 
(HR 1.22, P < 0.05). Patients diagnosed during years 1996 - 2016 had 
better OS when compared to earlier decades 1975 - 1995 (HR 1.38, 
P < 0.05). In univariate analysis, the mean CSS for grades I, II, and 
III/IV were 429 months (95% confidence interval (CI), ± 38.39), 426 
months (95% CI, ± 25.73) and 198 months (95% CI, ± 66.38). Multi-
variate analysis of CSS further demonstrated that there were statisti-

cally significant worse outcomes for men (HR 1.68, P < 0.05), grade 
III/IV (HR 3.2, P < 0.05), tumor size greater than 40 mm (P < 0.001), 
and distant disease (HR 4.48, P < 0.05) or regional disease (HR 1.84, 
P < 0.05).

Conclusions: To our knowledge, this is the largest population-based 
study of OS and CSS of major salivary gland ACC. We found that 
the patient pretreatment and treatment factors including younger age 
at diagnosis, female sex, early stage, lower grade, surgical excision, 
and recent year of diagnosis are associated with improved survival in 
patients diagnosed with ACC of the major salivary glands. We hope 
that this information will aid in construction of further research pro-
jects that better refine optimal treatment protocol of individualized 
patient care.

Keywords: Cancer; Head and neck; Salivary gland; Surgery; Radia-
tion

Introduction

Salivary gland malignancies constitute approximately 0.6% of 
all malignancies. Acinic cell carcinoma (ACC), first reported 
in the literature by Godwin et al in 1954, is a low-grade malig-
nancy that accounts for about 7% of salivary gland neoplasms 
and is one of the most common salivary gland malignancies 
(17%) [1-5]. Women are more commonly diagnosed than men 
but have a better prognosis. ACC patients are usually diag-
nosed early (age 51 mean) than those with other salivary gland 
tumors and a handful of patients are diagnosed younger than 
age 30. The younger diagnosed patients are generally found to 
have a better prognosis. There are no reported ethnic or racial 
associations with ACC [2, 3, 6]. The parotid gland is the most 
frequent site of origin (83.3%) and the most common presenta-
tion is a gradually growing mass in the tail of the parotid gland 
[7-9]. A total of 11% of ACCs are located in the submandibular 
gland, 3-12% in the minor salivary glands, and less than 1% in 
the sublingual gland [8, 9].

Several studies report previous radiation exposure and fa-
milial predisposition as risk factors for ACC [7, 10, 11]. Other 
risks for developing salivary malignancies and ACC include 
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industrial workers exposed to asbestos, rubber manufacturing, 
metal, nickel compounds, and woodworking, as well as em-
ployment in hairdressing and beauty shops [7].

Fine needle aspiration biopsy is often used to confirm the 
diagnosis [7]. Most patients first diagnosed with ACC have no-
ticed a growth within the past year, but about 7% of patients 
wait for 5 - 10 years before talking to their physician [12].

The gold standard of care is total or subtotal surgical exci-
sion. Adjuvant radiation therapy depends on the case and is 
especially used for recurrent ACC, positive margins, advanced 
ACC with cervical lymph node metastasis, and incomplete to-
tal removal of a tumor [5-7]. Some studies are exploring fast 
neutron beam radiation as an adjunct or replacement to surgery 
as a first-line treatment, especially for inoperable tumors or 
recurrences, for strong long-term local control of the disease. 
ACC is generally thought to be chemoresistant due to its slow 
metabolism. Some cases have reported chemotherapy to be 
useful for some pain relief but mostly ineffective [8, 13].

Long-term follow-up is recommended for all ACC pa-
tients, because although it usually shows low-grade behavior, 
the World Health Organization re-classified ACC as a “malig-
nant carcinoma” due to its high recurrence and metastasis rate 
[7, 13]. Several studies report the recurrence rate to be around 
35% and local recurrence has been reported in many instances 
up to 30 years after diagnosis. Metastases tend to occur in the 
cervical lymph nodes and lung, though other reported loca-
tions include the cavernous sinus, spine, sternum, orbit, liver, 
and skin [7, 8, 13].

There have been many predictive factors reported in the 
literature for ACC, including some factors associated with 
poorer prognosis such as histologic grade, metastasis at pres-
entation, male sex, and patients diagnosed at older age [6, 14].

We are presenting a multivariate analysis and review of 
the literature of ACC for the major salivary gland sites (sub-
mandibular and parotid) with subgroup analysis of effect of 
age (10-year bands), decade of diagnosis (10-year vs. 20-year 
bands), surgery +/- radiation, surgery type, race, male versus 
female, stage excluding metastatic disease or patients with M1 
disease from the entire analysis, and dose of radiation.

Materials and Methods

All data were acquired from the 1973 - 2016 database of the 
Surveillance, Epidemiology, and End Results (SEER) Program 
of the US National Cancer Institute (NCI). The SEER data-
base contains data from geographically specified US locations 
that spans a population of approximately 30 million people. 
Registry data are submitted without personal identifiers; there-
fore, patients’ informed consent and ethics committee approval 
were not required to perform this analysis. The primary end-
points were overall survival (OS) and cause-specific survival 
(CSS). For this analysis we examined 1,254 patients with a 
diagnosis of cancer of the major salivary glands and primary 
tumor histology of acinar cell neoplasms. As for the inclusion 
criteria, we included patients in our study in the SEER data-
base from 1973 to 2016. The patients were grouped by age at 
diagnosis, tumor stage, tumor size, tumor grade, patient race, 

patient gender, whether the patient received radiation, whether 
the patient received surgery, and diagnosis year.

Survival curves were estimated using the Kaplan-Meier 
method and used to compare treatment groups, age groups, 
Karnofsky performance status (KPS) groups, primary tumor 
histology groups, brain metastases number groups, and tumor 
volume groups. The 95% confidence intervals (CIs) for the 
median survival time of the groups were constructed. Approxi-
mate confidence intervals for the log hazard ratio were calcu-
lated using the estimate of standard error (se):

1

1k

i ij

se
e=

= ∑
where ei is the extent of exposure to risk of death for group i 
of k at the jth distinct observed time for group i of k (Armit-
age P, Berry G. Statistical Methods in Medical Research (third 
edition), Blackwell, 1994). Log-rank tests were employed to 
determine if there is statistical evidence of differences between 
the survival curves of the groups. Finally, the Cox proportional 
hazards model was used in a multivariate analysis of the treat-
ment groups, age groups, KPS groups, and primary tumor his-
tology groups. All statistical analyses utilized StatsDirect Ver-
sion 3.2.8 (StatsDirect Ltd., Altrincham, UK) and SigmaPlot 
Version 12.3 (SYSTAT Software, Inc., San Jose, CA, USA).

The Institutional Review Board (IRB) of Spokane stated 
that this project was exempt from IRB approval as it is a retro-
spective project utilizing a national database with already de-
identified cancer information and this study does not report on 
individual geographic locations or on individual patients.

Results

We identified 1,254 patients diagnosed with ACC of the major 
salivary glands in the SEER database meeting our inclusion 
criteria. The most common patient ages of diagnosis were ages 
40 to 69, and there was a slight prevalence of occurrence in 
female versus male patients (750/1,254). While 97% of the 
reported patients underwent surgery, only 35% received adju-
vant radiotherapy.

In univariate and multivariate analysis of OS and CSS, we 
found statistically significant favorable outcomes in younger 
aged patients, tumor sizes smaller than 40 mm, localized dis-
ease stage rather than regional or distant, tumor grades I/II 
compared to III/IV, and treatment with surgery compared to no 
surgery. We did not find any racial associations of ACC of the 
major salivary glands.

Univariate OS analysis (Table 1) demonstrated that sur-
gery favorably influenced longer survival compared to no sur-
gery (HR 2.35, P < 0.05). Patient age was found to be highly 
predictive of superior OS (divided into 10-year age bands, P 
< 0.0001, younger age better) (Fig. 1). As expected, diagnosis 
year before 1996 decreased favorable outcome with a hazard 
ratio of 1.36 (P < 0.05).

Multivariate OS analysis (Table 1) confirmed that there 
were statistically significant worse outcomes for men (HR 
1.54, P < 0.05), grades III/IV (HR 2.5, P < 0.05), and distant 
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disease (HR 3.55, P < 0.05) or regional disease (HR 1.22, P < 
0.05). Patients diagnosed during years 1996 - 2016 had bet-
ter OS when compared to earlier decades 1975 - 1995 (HR 
1.38, P < 0.05). Both univariate and multivariate analysis of 
OS did not reveal adjuvant radiotherapy to be associated with 
improved outcome when compared to surgery alone.

Table 2 illustrates that the mean univariate analysis for 
CSS for grades I, II, and III/IV were 429 months (95% CI, ± 
38.39), 426 months (95% CI, ± 25.73) and 198 months (95% 
CI, ± 66.38), respectively. Patient age younger than 50 was 
found to be highly predictive of superior OS rates (P < 0.05). 
Male sex was again a slightly worse prognostic factor (HR 
1.58, P < 0.05) as well as tumor size greater than 40 mm (P < 
0.001) and surgery favorably influenced survival compared to 
no surgery (HR 2.74, P < 0.05).

Multivariate analysis of CSS (Table 2) further demon-
strated that there were statistically significant worse outcomes 
for men (HR 1.68, P < 0.05), grade III/IV (HR 3.2, P < 0.05), 
and distant disease (HR 4.48, P < 0.05) or regional disease (HR 
1.84, P < 0.05) (Fig. 2). Tumor size greater than 40 mm was 
statistically significant for worse outcomes (P < 0.001) (Fig. 3).

Discussion

ACC has an overall good prognosis from time of diagnosis, 
with around 90% 5-year survival and around 50% 20-year sur-

vival [15]. From our multivariate analysis of the SEER data-
base of 1,254 reported patients, we found that age less than 50 
years old, female gender, early stage, lower grade, complete 
surgical resection with negative margins, and recent diagnosis 
year are associated with better prognosis.

A review of the literature shows age 50 as the mean age 
of diagnosis, younger than most other salivary cancers. A total 
of 16% of patients are reported to be under age 30 when diag-
nosed and have a lower prevalence of metastasis, high grading, 
and larger tumor size, all leading to a better prognosis [2, 3, 6]. 
A study by Wahlberg et al reports that ACC patients < 50 years 
old had a better prognosis than ACC patients between the ages 
of 50 and 74, which our study also supports with statistical 
significance [14]. While most studies show that younger age 
at presentation predicts better prognosis, our study is unique 
because we highlight the importance of age in 10-year incre-
ments, making a continuous variable.

According to the US National Cancer Data Base Report, 
women are more commonly diagnosed with ACC than men 
(58.8% and 41.2%, respectively), and women further predomi-
nated the younger patients who were diagnosed under the age 
of 30 (64.4%) [2, 3, 5]. Biron et al reported 59.5% incidence 
in women and 40.5% in men, as well as a better prognosis for 
women with a multivariate analysis ratio of 0.71 when com-
pared to men [6]. Our study showed a similar pattern with a 
slight prevalence of occurrence in female versus male patients 
(750/1,254) and statistically significant worse outcomes for 
men (HR 1.54 - 1.68, P < 0.05) in both OS and CSS.

There are no reported ethnic or racial associations with 
ACC [2, 3, 6]. Our analysis also did not show any statistically 
significant differences according to race.

Because ACC is a slow growing malignancy, most present-
ing ACC tumors are of lower stage. A study from 2019 with 
1,509 ACC patients reports that over 40% presented at stage I, 
30-35% presented at stage II, 15% presented as stage III, and 
11% presented as stage IV. This downward trend is especially no-
ticeable when compared to other histological subtypes, as ACC 
had the lowest percentage of presenting stage IV compared to all 
other histological subtypes [5]. In our study, we classified stage 
as local (N0M0), regional (N1+M0), and distant (NxM1+). As 
expected with many malignancies, our study found and most 
authors in the literature agree that early stage ACC is generally 
found to have a better prognosis. In a multivariate analysis, Bi-
ron et al reported a multivariate hazard ratio for advanced stage 
ACC to be 2.02 compared to early stage ACC, which is similar 
to both our reported OS and CSS hazard ratios [6].

ACC tends to have a low-grade trend. Using American 
Joint Committee on Cancer (AJCC), Ferrell et al reported 
28.7% grade I, 11.7% grade II, and 6.7% grade III/IV out of 
1,509 ACC patients [5]. Interestingly, Biron et al concluded 
that histologic grade is a stronger predictor of survival than 
tumor, node, metastasis (TNM) classification. A total of 614 
patients showed decreased survival in grade III and grade IV 
disease (multivariate analysis ratio 3.37 and 8.10, respective-
ly) [6]. A limitation of our study is that while we also showed a 
low-grade trend for ACC and associated better outcomes with 
lower grade, the SEER database does not define a uniformed 
criterion for grading scale used to report grade. Grading ACC 
has been evolving and many improvements are being discussed 

Figure 1. Kaplan-Meier survival plot of overall survival based on age 
diagnosed.
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in the literature. Further research should be done to determine 
better treatment plans, especially of intermediate grades.

The standard of care for ACC is margin-free resection 
whenever possible or subtotal surgical excision if not. Prior 
literature has reported that more patients undergo surgery only 
compared to surgery and adjuvant radiotherapy [5, 6, 8, 12]. 
This review demonstrates the same findings. Surgical tech-
niques have been felt to improve because of emphasis on mar-
gin free resection, facial nerve preservation, and high-volume 
operative centers [16, 17].

There is debate regarding the role of radiation therapy with 
ACC. Most studies showing benefit in recurrent ACC, positive 
margins, and advanced T stage [6, 8, 18]. Our study showed 
decreased OS and CSS with patients treated with adjuvant ra-
diation therapy, but since surgery is often effective on its own 
for most uncomplicated patients, adjuvant therapy is often used 
in patients with a poorer prognosis. As ACC has a younger age 
distribution, the long-term effects of radiotherapy should be 
kept in mind during individualized treatment plans [19, 20].

The SEER data is limited by its input; information shared 
is not always complete and there may be human error. One lim-
itation of the SEER data is chemotherapy treatments, but since 
ACC is rarely treated with chemotherapy, this did not seem to 
affect our reported data. Margin status was reported, but it was 
very incomplete for this dataset, like some of the other vari-
ables. SEER data only shows OS or CSS, but not local control, 
so this data does not answer our questions in regard to radia-

tion therapy for local control. Technology and therapeutic ap-
proaches have greatly improved over the past 40 years, but the 
SEER database does not contain this specific type of informa-
tion. Thus, this retrospective analysis is meant to be hypothesis 
generating and future prospective trials will hopefully further 
answer these important questions. Finally, while not included 
within the SEER database, future analysis of molecular targets 
including genetic alterations would be very interesting.

Conclusions

To our knowledge, this is the largest population-based study of 
OS and CSS of major salivary gland ACC. We found that the 
patient pretreatment and treatment factors including younger 
age at diagnosis, female sex, early stage, lower grade, com-
plete surgical excision with negative margins, and recent year 
of diagnosis are associated with improved survival in patients 
diagnosed with ACC of the major salivary glands. We hope 
that this information will aid in construction of further research 
projects that better refine optimal treatment protocol of indi-
vidualized patient care.
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