
Current State of Knowledge on Salivary Gland Cancers

H. Helen Lina,†, Kirsten H. Limesandb,†, and David K. Anna,*

aDepartment of Diabetes and Metabolic Diseases Research, Beckman Research Institute, City of 
Hope Comprehensive Cancer Center, Duarte, CA 91010

bDepartment of Nutritional Sciences, University of Arizona, Tucson, AZ 85712

Abstract

Salivary gland cancers (SGCs), categorized as head and neck cancers (HNCs), constitute about 6% 

of head and neck cancer diagnoses based on estimate by American Head and Neck Society. 

Salivary gland tumors originate from different glandular cell types and are thus morphologically 

diverse. These tumors arise from any of the three major and various minor salivary glands. The 

incidence of SGCs has slowly increased during the last four decades. The etiology of SGCs is 

mostly unknown; however, specific gene mutations are associated with certain types of salivary 

tumors. Treatment options include surgical resection, radiation therapy (RT), chemotherapy, and 

multimodality therapy. HNC patients treated with RT often develop xerostomia and salivary 

hypofunction due to damaged salivary glands. In this review, we discuss etiology of SGCs, present 

findings on the role of autophagy in salivary tumorigenesis, review adverse effects of radiation 

treatment, and examine remedies for restoration of salivary function.
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I. INTRODUCTION

Salivary glands are exocrine organs that produce and release saliva into the oral cavity. In 

humans and rodents, three pairs of major salivary glands (parotid, submandibular, and 

sublingual) and hundreds of minor salivary glands are found throughout the lining of the oral 

cavity. In 2017, the World Health Organization (WHO) classified tumors of salivary glands 

into more than 30 malignant and benign histologic subtypes, based on cytology as an initial 

tool for assessment rather than originating anatomical site.1 Based on the Surveillance, 

Epidemiology, and End Results (SEER) program of the National Institutes of Health, 

salivary gland cancer (SGC) incidence in the United States (US) during 1975–2015 trended 

upward from 1.1 to 1.3 cases/100,000 individuals (Fig. 1), with a male-to-female ratio of ~ 

1.6:1. Incidence rate accelerated after age 50 to more than seven cases per 100,000 aged 70 

years and older.2,3 Year 2011 to 2015 SEER data registered 11% invasive cases of SGC 
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among all histologically confirmed cancers of the oral cavity and pharynx.3 In the same data 

set, major histology types of SGC included adenocarcinoma (62%) and epidermoid 

carcinoma (22%). Salivary adenocarcinoma is further classified into adenoid cystic 

carcinoma (AdCC), acinic cell carcinoma (AciCC), polymorphous adenocarcinoma, and 

salivary duct carcinoma (SDC), among others.1 Except for AdCC and AciCC, which carries 

a female predilection, overall incidence of SGCs from 1975 to 2015 in the US was 

consistently greater in males.3 Moreover, stage distribution was > 50% localized in females, 

whereas regional and distant distributions were dominant in males.3 Since 1974, treatment 

approaches for managing salivary cancer have gradually shifted from surgery only to a 

combination of surgery and radiotherapy/chemotherapy.4 Patients with high-grade and/or 

locally advanced malignant major SGC who receive adjuvant radiation therapy (RT) have a 

significant survival advantage compared to patients who undergo surgery alone.5 However, 

xerostomia and hyposalivation are adverse effects of radiotherapy that affect quality of life 

in treated patients.6 In this article, we review promising remedies for salivary hypofunction 

due to RT.

II. ETIOLOGY AND PATHOLOGY OF SALIVARY TUMORS

The etiology of salivary gland tumors (SGTs) remains mostly unknown. Risk factors for 

SGC include age, radiation or radioactive substance exposure, and environmental and 

occupational exposure to chemicals and sawdust (see https://www.cancer.net/cancer-types/

salivary-gland-cancer/risk-factors). The identification of molecular signatures in salivary 

tumor subtypes aids diagnosis, and these molecules serve as potential therapeutic targets.7 

This review also focuses on pathology and genetic profiles of selected malignancy subtypes 

in salivary glands.

A. Mucoepidermoid Carcinoma

Mucoepidermoid carcinoma (MEC), one of the most common primary salivary gland 

malignancies, is characterized by components of mucin-producing, intermediate-type, and 

squamoid cells with cystic and solid growth patterns.1 CRTC1 (or MECT1)-MAML2 gene 

fusion is identified in a large number of MEC tumors and may be associated with low-grade 

tumors,8 is a favorable prognosticator,9 but may not be correlated to either.10 In contrast, 

gene amplification of HER2 or an increased gene copy number of either HER2 or epidermal 

growth factor receptor (EGFR) are associated with high-grade MEC.11 The genes basic 
leucine zipper and W2 domains 1 (BZW1)/eukaryotic initiation factor (eIF)5-mimic protein 
2 (5MP2) are highly expressed in MEC. Down-regulation of BZW1 arrests cell cycle in Mc3 

in vitro and reduces MEC cell tumorigenicity in vivo.12 In addition, it has been shown that 

BZW1 interacts with eIF2 and eIF3 to induce expression of ATF4, which in turn enhances 

survival of MEC cells under stress.13 In addition to BZW1, components of the interleukin 

(IL)-6 signaling pathway are also highly expressed in the MEC cell line University of 

Michigan–human epidermoid carcinoma (UM-HMC) cells, and treatment with the 

humanized antihuman IL-6R antibody tocilizumab enhances antitumor effects of 

conventional chemotherapy in preclinical MEC models.14 Furthermore, it has been shown 

that MEC cells are efficiently eliminated using a combination treatment of nuclear factor 
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(NF)-κB and histone deacetylase (HDAC) inhibitors.15 Thus, BZW1, the IL-6 pathway, NF-

κB, and HDAC may represent viable therapeutic targets for MEC therapy.

B. AdCC

AdCC is a tumor of parotid, submandibular, and mostly minor salivary glands, accounting 

for ~ 10% of all salivary malignancies.16 AdCC tumors, comprised of both epithelial and 

myoepithelial neoplastic cells, are generally slow-growing salivary gland malignancies. 

Although females have greater AdCC incidence than males (1.5:1), they also have better 

prognosis than males.17 The translocation of the proto-oncogene MYB with transcription 

factor NFIB, as demonstrated by the MYB-NFIB fusion transcript, was detected in 25 of 29 

(86%) AdCC tumor samples in one study18 and 21 of 82 (25.6%) tumors in another 

investigation.19 Driver mutations for AdCC include KDM6A, CREBBP, PIK3CA, 

SMARCA2, and TP53, among others,20 whereas therapeutic targets include c-KIT, NF-κB, 

EGFR, and HER2/Neu (for a review, see Ref. 21). Furthermore, it has been shown in an 

athymic nu/nu mouse model that the metastatic potential of human AdCC and metastatic 

AdCC (ACCM) cells is associated with expression of DNA-binding protein inhibitor ID1. 

Down-regulation of ID1 expression leads to a significant reduction in lung metastasis in 

mice injected intravenously with ACCM cells.22

C. AciCC

AciCC is one of the more common salivary malignancies, accounting for ~ 10%–12% of all 

SGCs.23 AciCC, comprised of cancer cells with acinar features, most commonly arises in 

the parotid gland.24 Of note, current WHO salivary tumor classification has branched out a 

subset of AciCC tumors, namely, mammary analog secretory carcinomas that are zymogen 

granule poor, mammaglobin positive, and contain a ETV6-NRTK3 translocation feature.
25–27 A recent National Cancer Database retrospective analysis of 2362 AciCC cases 

diagnosed between 2004 and 2012 revealed female dominance (61.3%), with median age at 

diagnosis of 54 years.23 All patients received surgery as primary treatment, and 43% also 

received adjuvant RT or chemoradiotherapy (CRT); however, these adjuvant therapies did 

not improve 5-yr survival rate significantly when compared to cases receiving surgery only 

among patients with high-grade AciCCs.23

D. Polymorphous Adenocarcinoma

The name of polymorphous adenocarcinoma (PAC) was formerly known as polymorphous 

low-grade adenocarcinoma, but the current WHO classification of PAC is now used.1,28 

PAC, a malignant epithelial tumor that commonly originates in minor salivary glands of the 

oral cavity, is mostly low grade and characterized by cytological uniformity and histological 

diversity.29,30 Genetic variations, including rearrangements of protein kinase D (PRKD) 

family members 1–331 and the activating mutation (E710D) of PRKD1,32 have been 

reported in cases of PAC. In a SEER study of 460 PAC cases, complete surgical resection 

was the primary treatment choice, and surgery with radiotherapy was second.33
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E. SDC

Histologically, SDC resembles ductal breast carcinoma. SDC is estimated to account for 

5%–10% of salivary gland malignancies1,34 but constitutes < 1.8% of all major SGTs in the 

SEER database.35 Although incidence is low, SDC is one of the highest-grade and 

aggressive salivary malignancies. In the SEER database between 1973 and 2008, 228 cases 

of SDC were identified.35 Among these, more than two-thirds of cases were advanced 

disease (stage III or IV), and about half of the cases had lymph node involvement at 

diagnosis. Similarly, based on 495 SDC cases diagnosed between 2004 and 2013 in the 

National Cancer Database, more than half were at advanced stage and had a male-to-female 

ratio of 2:1.36 Schmitt et al. summarized the literature on genetic aberrations in SDCs and 

found overexpression/gene amplification of ErbB2 (38%), EGFR (53%), and AR (83%), 

whereas mutations were detected in HRAS/NRAS (29%), PIK3CA (26%), and TP53 (53%) 

(see Ref. 37 for a review, and references therein). In addition, Kirsten rat sarcoma (KRAS) 

amplification was found in 100% of 37 SDC cases studied by Ku et al.38 These are thus 

potential target genes for therapies. However, a 25-yr study of 177 cases of SDCs in The 

Netherlands found that although AR and HER2 were immunopositive in 96% and 29% of 

SDC tumors, respectively, they presented no prognostic value.39 In a multivariable analyses, 

total amount of lymph node involvement was the only significant prognostic factor for poor 

overall survival and distant metastasis-free survival.39

III. MOUSE AS MODEL: ROLE OF AUTOPHAGY IN SALIVARY TUMOR 

DEVELOPMENT

Few animal models are appropriate for the study of SGTs. We established and characterized 

a conditional, inducible SDC mouse model using ductal activation of oncogenic KRAS.40 

We found that SDC develops in submandibular glands following elastase-driven and 

tamoxifen-inducible Cre recombinase (Ela-CreERT)–mediated activation of LGL-
KRasG12V. Mice had a median survival of 4 wk after tumor induction by tamoxifen.40 In 

addition, a mouse AciCC model (MMTV-Cre/Apcflox/flox/Ptenflox/flox), in which both Pten 
and Apc genes were inactivated through conditional mouse mammary tumor virus MMTV-
Cre–mediated recombination, developed SGTs with 100% penetrance, and these tumors 

showed morphologic similarity to human AciCC.41 Both canonical Wnt and mammalian 

target of rapamycin (mTOR) signaling pathways were constitutively activated in this mouse 

model, and treatment with mTOR inhibitor rapamycin effectively inhibited tumor cell 

proliferation, resulting in tumor regression. This study was further substantiated by findings 

showing that activation of components in the PI3K/AKT/mTOR pathway was better 

associated with AciCC, compared to other salivary gland malignancies.42 Furthermore, 

aberrant activation of the receptor activator of the NF-κB ligand (RANKL) in an MMTV-
RANKL transgenic mouse model induced SGTs that resembled poorly differentiated MEC.
43 Recently, Cao et al.44 established an inducible keratin 5–driven conditional (K5CrePR1) 

Pten and Smad4 knockout mouse model. The 11 double knockout mice developed salivary 

AdCC (six cases), SDC (three cases), and salivary adenosquamous cell carcinoma (two 

cases) after salivary gland–specific delivery of progesterone receptor antagonist RU486, and 

tumors exhibited both mTOR activation and TGFβ1 overexpression. It is clear that SGT 

subtype development in these mouse models depends on specificity of driving promoter, but 
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aberrant pathways that are involved in tumorigenesis determine latency, penetrance, and 

other tumor growth characteristics.

Dysregulation of autophagy has been implicated in a variety of human diseases, including 

those that are vascular, infectious, metabolic, intestinal, pulmonary, and neurodegenerative, 

as well as in aging and a variety of cancers.45–47 The association of autophagy and cancer 

development may be stage dependent; autophagy may initially serve a preventive role 

against cancer, but in later stages of tumor development may serve to protect cancer cells.
48,49 An essential protein required for formation of autophagosome during macroautophagy 

is autophagy related 5 (ATG5).50 In an animal study of the Atg5f/f;Aqp5-Cre mouse model, 

in which autophagy was constitutively inactivated due to Atg5 inactivation in salivary acinar 

cells by aquoporin5-driven Cre recombinase, we found no differences in apoptosis, 

proliferation, or carbachol-induced salivary secretion, but Atg5 inactivation led to a 

moderate increase in acinar cell hypertrophy and accumulation of secretory granules in 

aging mice.51 Under stress of salivary excretory duct ligation, however, delayed apoptosis in 

autophagy-compromised salivary acinar cells occurred.52 To study the effect of autophagy 

on salivary tumor development, we crossed LGL-KRasG12V; Ela-Cre-ERT mice40 with 

Atg5f/f mice,53 and tamoxifen treatment simultaneously activated oncogenic KRas and 

disrupted Atg5 expression (atg5-KO).54 Compared to the autophagy-competent and 

oncogenic KRAS-induced SDC tumor-bearing mice, autophagy impairment extended 

survival of oncogenic KRAS-driven tumor-bearing mice by 38%. In addition, atg5-KO 

tumors spread more slowly during late tumorigenesis, despite having a quicker onset. 

Autophagy disruption impairs mitochondrial bioenergetics, as reflected by a reduced oxygen 

consumption rate, and dysregulates metabolite profiles, as revealed by a decrease in 

intracellular concentrations of 12 essential and nonessential amino acids in autophagy-

deficient tumor cells.54 Furthermore, overexpression of asparagine synthase, a key enzyme 

for de novo asparagine synthesis, has been shown to be linked to poor clinical outcome in 

multiple cancers, including those of the head and neck.54 Therefore, consistent with the 

literature on oncogenic RAS-induced pancreatic,55 lung,56 and colorectal57 cancers, 

autophagy displays a differential role during tumor initiation and progression (Fig. 2).

Based on the context-dependent role of autophagy in tumorigenesis, autophagy inhibitors 

and inducers have been exploited as targets for anticancer therapy, depending on their role in 

promoting tumor suppression or progression, respectively.58,59 AdCC is one of the most 

common malignancies of salivary glands. Treatment of salivary AdCC cells with anticancer 

drugs, including cisplatin, mTOR inhibitor temsirolimus, obatoclax, YM155, 

isoliquiritigenin, and zoledronic acid, reportedly induces autophagy but produces different 

outcomes.60 Among these agents, autophagy plays a protective part in AdCC cells treated 

with cisplatin-based adjuvant chemotherapy, such that autophagy inhibition by 3-

methyladenine, chloroquine, or Beclin-1 small-interfering RNA sensitized AdCC cells 

toward cisplatin-induced cytotoxicity.61,62 In contrast, autophagy inhibition attenuates 

zoledronic acid-63 and isoliquiritigenin-64induced autophagic and/or apoptotic cell death; 

thus, autophagy has a prodeath role in AdCC cells treated with these chemotherapeutic 

agents. Additionally, hypoxia-induced autophagy has been shown to contribute to AdCC 

incursion, so that inhibition of autophagy by chloroquine attenuates tumor invasion in AdCC 

cells.65 On the contrary, treatment of ACCM cells with antitumor compound silibinin 
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induces autophagy but inhibits proliferation and lung metastasis.66 Furthermore, MEC cells 

treated with the antitumor HDAC inhibitor apicidin and HDAC7-silenced MEC cells both 

display growth inhibition through G2/M-phase cell-cycle arrest and exhibit induction of 

apoptosis and autophagy.67,68 It is hypothesized that HDAC7 silencing or apicidin-induced 

autophagy has a prosurvival role, because inhibition of autophagy enhances apicidin-induced 

apoptosis in MEC cells.67,68 In summary, the role of autophagy in tumor growth, invasion, 

and metastasis is evidently context dependent, and targeting autophagy in cancer cells as an 

anticancer therapy requires careful evaluation.

IV. RADIATION AND OTHER TREATMENT FOR SALIVARY TUMORS

Selection of the course of treatment must consider tumor grade, tumor-node–metastasis 

stage, localization, extension, and histological features. Greater than 30 histological 

subtypes of SGC recognized by the WHO add a level of complexity for identifying standard 

of care. Primary treatment is typically surgery, with selection of adjuvant therapies 

predominantly based on head and neck cancer (HNC) studies69 or retrospective studies of 

SGC.70 Very few prospective trials and the rarity and heterogeneity of SGC further 

complicate design of randomized control trials.70 Adjuvant radiotherapy using 60–66 Gy 

delivered at 2 Gy/d fractions during 6 wk was used in high-risk patients with higher than 

stage 3 tumors in a postoperative setting.70 Tumors were frequently high grade and 

undifferentiated, but radiotherapy improved 5-yr survival rates by up to 51%.70 When 

considering only stage 4 SGC treated with adjuvant RT, the Danish Head and Neck Cancer 

Group reported a 5-yr survival rate of 30%, and a meta-analysis of parotid adenocarcinoma 

revealed a 35% 5-yr survival rate in the high-grade group.71 For unresectable tumors, 

photon-based radiation of 70 Gy is recommended.72 Concurrent CRT (usually with 

platinum-based therapies) in a metastatic or recurrent setting showed limited evidence of 

efficacy and is not recommended by the National Comprehensive Cancer Network.73 

Treatment of AdCC in particular uses combination chemotherapies comprised of cisplatin 

and one to three other compounds, with the addition of doxorubicin and cyclophosphamide 

producing highest response rates.70,74 Doublet therapy is preferred due to increasing 

toxicities with combined regimens, although the majority of response rates have been < 

50%. Combination therapy for MEC uses evaluated doublet regimens of carboplatinum and 

paclitaxel or cisplatin and gemcitabine with 26% and 24% response rates, respectively.72,74

A number of prognostic features indicative of poor outcomes has been identified in SGC, 

including poorly differentiated, high-grade perineural invasion and extracapsular spread.71 

One of the most predictive indicators of recurrence is neck metastasis.75 Patients with 

positive cervical lymph node metastasis at diagnosis are recommended to receive therapeutic 

neck dissection during surgical resection of SGC. Elective neck dissection is indicated when 

risk of occult lymph node metastasis exceeds 15%. Factors increasing risk include high-

grade advanced tumor stage, histological type, and poorly differentiated tumors.76

Distinct therapies have been evaluated in specific types of SGC based on genotype or 

histological indications. SDCs can exhibit increased histological staining for HER/neu or 

androgen receptor; therefore, herceptin- and androgen-deprivation therapy, respectively, have 

been evaluated in SGC patients.74,77 With AdCC, 85% of patients experience increased 
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EGFR; however, gefitinib therapy resulted in minimal benefit in a phase-II single-agent 

open-label study.78 In addition, 65%–95% of AdCC cases revealed elevated c-kit expression, 

but imatinib was ineffective.74

The lack of therapeutic options for SGC has led to evaluation of emerging treatments in an 

effort to improve 5-yr survival rates. Antiangiogenic therapy (sorafenib) in recurrent and/or 

metastatic SGCs appears to be less effective in AdCC cases compared to non-AdCC 

patients.79 Vorinostat inhibits HDACs and, as a single agent, demonstrated modest activity 

in MEC. Further investigation of its mechanism of action suggested that vironostat might 

influence expression of programmed cell death protein 1 PD-1 and its ligand PD-L1. A 

clinical trial (NCT02538510) combining vorinostat and pembrolizumab is currently 

underway in advanced SGCs, with anticipated completion in June 2019.74 The presence of 

gene fusion oncogenes in SGCs provides an avenue for future advancement in precision 

therapeutics that target novel proteins generated from these translocations.80

V. SIDE EFFECTS AND THERAPEUTIC INTERVENTION OF RADIATION-

INDUCED DAMAGE TO SALIVARY GLANDS

A significant amount of knowledge has been gained regarding radiosensitivity of salivary 

glands during HNC treatment. Similarly to SGC, locally advanced HNC treatment involves 

surgery and adjuvant radiation or CRT.81 Concurrent CRT of HNC produces significant 

benefits in locoregional control and survival.71 In patients with head and neck tumors 

without nodal involvement, most salivary glands are frequently spared from the radiation 

field; however, increasing nodal involvement markedly negatively affects salivary glands. A 

majority of studies focus on increased radiosensitivity of the parotid gland, and treatment 

plans limiting cumulative radiation mean dose to < 26–30 Gy show greater likelihood for 

retaining some function.82 A mean dose of < 39 Gy is recommended for submandibular 

glands, but positive results may be difficult to achieve with tumors located at the base of the 

tongue.82 Collateral damage to noncancerous salivary glands leads to xerostomia and 

salivary gland hypofunction. Xerostomia is a subjective parameter that stems from patient-

perceived dryness of the mouth. Salivary gland hypofunction is a quantitative measure of 

unstimulated or stimulated saliva reduction. Xerostomia may occur in the absence of salivary 

gland hypofunction and is likely influenced by saliva protein composition. Therefore, 

salivary gland dysfunction is utilized to incorporate both conditions.

Reduction in salivary flow is observed within 1 wk of commencing radiotherapy, with 

continued reduction observed throughout treatment. Patients frequently exhibit salivary 

gland dysfunction for months, years, or permanently, depending in part on radiation dose 

delivered to salivary glands.83 In addition to reduced total volume of secretion, salivary 

composition is also modulated following radiotherapy.84 Elevated sodium and chloride along 

with decreases in amylase, bicarbonate, and mucins collectively lead to reduced buffering 

capacity and a perception of “sticky” saliva. Histological evaluation of irradiated salivary 

glands reveals a selective loss of acinar parenchyma and continued presence of major ductal 

structures, large nerves, and myoepithelial cells.84 Lymphocytic infiltrate and fibrosis are 

commonly observed in patients at chronic time points following radiotherapy. A number of 
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imaging techniques have been evaluated to assess salivary gland damage following radiation, 

including computed tomography, magnetic resonance imaging, and ultrasound. Yang et al. 

took an additional step to quantitatively model sonogram images to identify patients with 

acute versus late toxicities.85

A. Clinical Remedies for Xerostomia

A number of therapeutic interventions have been proposed due to the significant effects of 

xerostomia in HNC patients. Importantly, some evidence of residual salivary function is 

often a criterion for clinical studies. Here, we focus on clinical study outcomes; preclinical 

models are reviewed elsewhere.86–88

B. Pharmacological Therapies

Amifostine was the first pharmacologic therapy used to prevent radiation-induced salivary 

gland hypofunction. Amifostine is an organic thiophosphate that facilitates scavenging of 

free radicals that are generated by radiation treatment. A recent Cochrane review assessing 

11 clinical trials with more than 1000 patients concluded that amifostine reduced the risk of 

moderate to severe (greater than grade 2) xerostomia when measured at the end of 

radiotherapy and again at 3 mo posttreatment. In contrast, there was insufficient evidence 

showing that amifostine reduced xerostomia or improved salivary flow rates at 12 mo 

postradiotherapy. These studies also reported a significant increase in side effects from 

amifostine, including nausea and vomiting, hypotension, and allergic responses.83

Saliva secretion requires innervation of salivary glands by the sympathetic and 

parasympathetic nervous systems. Therefore, parasympathetic agonists such as pilocarpine 

have been hypothesized to stimulate secretion from remaining salivary glands following 

radiotherapy. Despite considerable favorable evidence in rodent models of radiation-induced 

salivary gland dysfunction, a recent Cochrane review that assessed 12 clinical trials with 

more than 900 patients concluded that there was insufficient evidence showing that 

pilocarpine improved xerostomia, salivary gland hypofunction, or quality of life.83 

Assessment occurred at the end of radiotherapy and again at 3 and 6 mo posttreatment. 

Although most patients reported side effects (nausea, sweating, vasodilation, and headaches) 

of pilocarpine to be mild, a small number of subjects (6%–15%) elected to discontinue its 

use due to the severe degree of side effects.89 In contrast, a meta-analysis of six clinical 

trials involving 369 patients reported that administration of pilocarpine during radiotherapy 

improved unstimulated salivary flow rates immediately after radiotherapy and at 3 mo, 

although patient-reported complaints of xerostomia did not differ among treatment groups. 

Six months after radiotherapy, unstimulated salivary flow rates did not decrease nor differ 

from levels at the end of radiotherapy; however, patients reported improvements in 

perceptions of xerostomia.90 Therefore, the jury is still out as to whether pilocarpine should 

be used to treat radiation-induced xerostomia.

Palifermin is a recombinant human keratinocyte growth factor that is approved for the 

treatment of radiation-induced mucositis. Based on its efficacy, palifermin was evaluated for 

secondary use in prevention of radiation-induced xerostomia. A recent Cochrane review 

evaluated three trials of 471 patients receiving palifermin or placebo and determined that 
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there was insufficient evidence for a difference in the occurrence of greater than grade 2 

xerostomia among treatment groups at 12 mo postradiotherapy.83

Saliva stimulants and substitutes are frequently used as palliative remedies for salivary gland 

dysfunction. Saliva stimulants include items such as chewing gum, organic acids, or mints, 

and saliva substitutes may be water or artificial saliva. Some of these agents can provide 

some relief, but efficacy is transient, frequent reapplication is required, and the products do 

not provide all of the beneficial functions of saliva.83,86,91

C. Nonpharmacological Therapies

A few studies have evaluated the potential of nonpharmacological therapies to improve 

xerostomia after radiotherapy. The greatest amount of work has evaluated hyperbaric oxygen 

and acupuncture, with a smaller number of studies investigating the use of Chinese herbs or 

trace minerals (zinc or selenium).83 Hyperbaric oxygen therapy (HBOT) involves patient 

treatment in specialized chambers with atmospheric conditions of 100% oxygen. This results 

in elevated oxygen levels delivered to tissues and is hypothesized to aid in wound-healing 

responses, especially with necrotic damage. A systematic review of seven studies involving 

246 patients determined that HBOT reduced symptoms of xerostomia.92 Electrostimulation 

and acupuncture have also been investigated in treatment of xerostomia; however, a 

Cochrane review concluded that there was insufficient evidence that these interventions 

provided objective relief.93 The salivary gland transfer technique involves surgical 

movement of one submandibular gland to the submental region, contralateral to the head and 

neck tumor. This process results in a 95% reduction in total radiation dose delivered to 

submandibular glands and retains blood flow through facial vessels.94 A meta-analysis of six 

clinical trials involving 177 patients reported that salivary gland transfer preserved a greater 

level of salivary secretion at acute time points after radiotherapy, and follow-up at 1–2 yr 

later revealed sustained salivary function.94 Despite these promising results, concerns 

regarding complications with surgical procedure appear to prohibit widespread adoption.

D. Gene Therapy

A phase-I/II clinical trial involving 11 squamous cell carcinoma patients previously treated 

with radiation determined safety and initial efficacy of adenoviral gene therapy encoding the 

aquaporin 1 gene (AdhAQP1). Five patients from this trial exhibited objective response in 

the first 42 d after viral transduction, as defined by at least a 50% increase in salivary flow 

rate and improvement in subjective parameters (perception of oral dryness and amount of 

saliva present using visual analog scale assessments).95 Longer-term follow-up of these 

responders revealed continued improvement in salivary flow rates, although levels were 

lower than peak values that were observed acutely after the gene therapy procedure.96 Next-

generation vectors use adeno-associated virus serotype 2 (AAV2) to promote longer 

expression of the gene of interest and reduced immunological reactions.97,98

E. Future Directions

We have previously demonstrated in a mouse model that induction of autophagy is important 

to prevent radiation-induced salivary gland hypofunction.99 We extended this work to 

evaluate the ability of a rapalog (CCI-779, temsirolimus) to restore salivary gland function to 
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previously irradiated salivary glands. Administration of CCI-779 led to increased salivary 

secretion and amylase production within 30 d of radiation treatment, but irradiated glands 

exhibited reduced levels of both.100 A clinical pilot study is underway to evaluate the ability 

of the orally available rapalog everolimus to improve salivary gland function and xerostomia 

in HNC patients receiving definitive radiotherapy with curative intent.

VI. CONCLUSIONS

SGC is a rare form of HNC with many subtypes, depending on tumor-originating cells. 

Currently, gene translocations and mutations have been detected in major subtypes of SGC; 

however, cancer etiology is largely unknown. Treatment of SGC is mainly surgical, and 

depending on stage at diagnosis, adjuvant radiation and chemotherapy are also indicated for 

high-grade tumors. Autophagy has been investigated as a target for chemotherapeutics. 

Radiotherapy for treatment of HNC often causes xerostomia and affects quality of life in 

patients. Many unanswered questions and studies remain for future research.
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FIG. 1: 
Rising long-term SEER incident rates of SGC spanning 40 yr, from 1975 to 2015. Data were 

extracted from the SEER*Explorer interactive website2 (https://seer.cancer.gov/explorer/; 

updated April 16, 2018) of the National Cancer Institute. All ethnicities and age groups of 

both sexes were included in nine SEER areas (San Francisco, Connecticut, Detroit, Hawaii, 

Iowa, New Mexico, Seattle, Utah, and Atlanta). Rates are per 100,000 individuals, and 

annual percent-change estimates were calculated from underlying rates using Joinpoint 

Trend Analysis software (https://surveillance.cancer.gov/joinpoint; version 4.6, February 

2018, National Cancer Institute; created by SEER. cancer.gov/explorer/application.php on 

07/23/2018).
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FIG. 2: 
Role of autophagy during tumor initiation and progression. Autophagy suppresses but does 

not prevent tumor initiation in oncogenic KRAS-induced SDC. Once premalignant cells 

progress to malignant cells, autophagy has a protective role against unfavorable tumor 

microenvironment, such as hypoxia and poor nutrient supply, to promote tumor progression. 

Similar observations have been reported in oncogenic KRAS-induced pancreatic,55 lung,56 

and colorectal57 cancers.
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