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Abstract

Objectives—There is a dearth of prospective evidence regarding cancer of the major salivary
glands. Outcomes and management of major salivary gland are based largely on retrospective
series spanning many decades and changes in surgical, radiation, imaging and systemic therapy
strategies and technique. We sought to report contemporary patterns of relapse and prognostic
factors for major salivary gland cancer.

Materials and Methods—112 patients with major salivary gland cancers underwent resection
with or without adjuvant therapy between January 1997 and September 2010. Outcomes were
documented with follow-up until December 2014. Survival was calculated by the Kaplan-Meier
method. Log-rank test and Cox proportional hazards regression were performed with locoregional
control (LRC), distant control (DC) and overall survival (OS) as the primary outcome variables.

Results—Median follow-up was 55.1 months. Rates of LRC for stage I/l and HI/1V at five years
were 95.7% and 61.9% respectively. Rates of DC at five years for stage I/11 and 111/IV were 93%
and 56.9% respectively. Multivariate analysis identified larger tumor size, clinical nerve
involvement and in parotid cancers, advanced T stage, no adjuvant radiation, and older age at
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diagnosis to be associated with increased risk of locoregional recurrence (all p<0.05). Distant
metastasis was associated with sublingual site, degree of clinical nerve involvement, high grade,
tumor size and in parotid tumors additionally deep lobe involvement on multivariate analysis (all
p<0.05).

Conclusion—Several prognostic factors were identified that may help guide decisions regarding

adjuvant therapy. DM remains a significant concern in the management of this disease.
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Head and neck cancer; salivary gland cancer; radiation therapy

Introduction

Malignancies of the major salivary glands - parotid, submandibular and sublingual -
represent a diverse subset of head and neck cancers. In all, they represent only 3-6.5% of
head and neck cancers[1, 2]. The overall annual incidence of this disease is
1.195/100,000[3]. The relative paucity and diverse biology of salivary gland cancer have
made progress in their management challenging. Surgery remains the cornerstone for
management of this disease site. Although it has never been evaluated in the setting of a
randomized clinical trial, postoperative radiation therapy has been increasingly used for
patients with recognized high-risk features, including high grade histologies, size greater
than 4 cm, extraparenchymal extension, close or positive margins, lymph node involvement,
bone involvement, and perineural invasion among others[4, 5]. Local therapies alone are not
sufficient in high-risk patients[6-8], and appropriate patient selection for systemic therapy
represents another clinical challenge. Unlike many other head and neck cancers, outcomes in
salivary cancer have not improved appreciably over time. Unfortunately patient
heterogeneity and paucity have precluded prospective, randomized trials that could guide us
in the integration of systemic therapy into the therapeutic armamentarium, and we must rely
on retrospective data.

Over the past two decades the management of head and neck cancer has evolved
significantly. Preoperative imaging, surgical, and radiation techniques have all become more
refined. Intensity modulated radiation therapy, aggressive facial nerve preservation and
microsurgical free tissue reconstructions have become de facto standards of care[9]. In the
present study, we report an updated experience relevant to current standards of practice.
With changes in management in head and neck cancer we will particularly focus on
prognostic factors for disease recurrence and overall patterns of recurrence within a modern
cohort of patients.

Materials and Methods

After obtaining Emory Institutional Review Board approval, we reviewed the records of 112
consecutive patients over the age of 18 with malignancies of the major salivary glands.
Patients with suspected squamous cell carcinoma skin metastases, metastatic disease at
presentation and no documented follow-up visits were excluded. All patients underwent
surgical resection at Emory University between January 1997 and September 2010.
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Outcomes were documented with follow-up until December 15t 2014. Diagnosis was made
by an attending head and neck pathologist. Initial staging for all patients included a detailed
physical exam and computed tomography; many additionally underwent positron emission
tomography (PET) and/or magnetic resonance imaging (MRI). Deaths were verified either
by medical records or the Social Security Death Index.

All patients had primary surgery with curative intent as their initial treatment. Adjuvant
chemotherapy and radiation usage was dictated at the discretion of the treating physicians,
and the decision to give adjuvant therapy was generally driven by high risk factors, e.g.
close or positive margins, T3-T4 tumor, perineural invasion, high grade and/or positive
lymph nodes. Radiation was performed both at Emory University and outside facilities. All
tumors were prospectively or retrospectively pathologically staged according to the 7th
edition of the American Joint Committee on Cancer's staging system[10].

Statistical Analysis

Results

Descriptive statistics were reported for patient and disease characteristics. Kaplan-Meier
method was used to produce survival estimates of locoregional recurrence (LRR), distant
metastatic (DM) recurrence, and overall survival (OS) along with 5-year event free rate and
its 95% confidence interval. Time to events was measured from the date of initial surgical
resection. Patients were censored for LRR at time of DM, death or last clinical follow-up.
Patients were censored for DM at time of death or last clinical follow-up. Univariate and
multivariate survival analysis were carried out with a Cox proportional hazards model. The
univariate association with histology and clinical nerve involvement was carried by
ANOVA for numerical covariates; and Chi-Square test or Fisher's exact test for categorical
covariates, where appropriate. For the multivariate analysis, the initial list of variables
contained those with p < 0.2 in the univariate analysis as well as clinical relevant variables,
such as adjuvant radiation usage in the LRR analysis, with the final model determined by
backward elimination using a removal criterion of p > 0.2. All analyses were done using
SAS 9.3 (SAS Institute, Inc., Cary, North Carolina) and SAS macros developed by
Biostatistics and Bioinformatics Shared Resource at Winship Cancer Institute with a
significance level of 0.05 [11].

One hundred twelve eligible patients were identified: parotid (n=97 [86.6%]),
submandibular (h=11 [9.8%]), and sublingual tumors (n=4 [3.6%]). The median follow-up
was 55.1 months, and the median age at diagnosis was 56 years (range: 18-91)
Adenocarcinoma was the most common histology encountered (n=39 [34.8%]). Full patient,
disease, and treatment characteristics are listed in Table 1.

Adenocarcinoma (56.4%), acinic cell (22.7%) and mucoepidermoid were the most likely
histologies to present with pathologic nodal involvement (p<0.001). Adenocarcinoma
(61.6%) and adenoid cystic (30%) were most likely to present with advanced T stage
(p=0.002). Lymphovascular space invasion (LVSI) was most common in adenocarcinoma
(46%) and adenoid cystic carcinomas (40%) (p<0.001). Clinical nerve involvement was
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most common in adenocarcinomas (41%) (p=0.018). Patients with clinical nerve
involvement were more likely to have high-grade disease (p<0.001). There was no
association between histology and the presence of close or positive margins following
resection.

At the time of primary surgical resection, 45 (40.5%) patients underwent elective or
therapeutic lymph node dissection as indicated by clinical or radiographic findings at time of
diagnosis. 61 (54.5%) patients received adjuvant radiation, and 7 (6.3%) patients received
concurrent chemotherapy (carboplatin and paclitaxel or cisplatin) (Figure 1). Those
receiving radiation by stage were - Stage | 10/36 (28%), stage 11 12/27 (44%), stage III
11/15 (73%) and stage 1V 28/34 (82%). All patients with available records were treated
using intensity modulated radiation therapy. All patients who received adjuvant
chemotherapy were stage 1V, which represented 7/34 (14%) of stage 1V patients.

Locoregional Control

Actuarial rates of locoregional control at 5 years were 94.6% and 60.4% for stages /11 and
I1/1V, respectively. Of the 15 patients who had LRR, 7/15 patients had a local failure
component, and 11/15 had regional components to their recurrence.

Univariate analysis identified deep parotid location, male gender, lymph node dissection,
facial nerve involvement, advanced T stage, nodal involvement, stage I11/1V high tumor
grade, extracapsular extension, adjuvant chemotherapy, positive margin LVSI, older age and
larger tumor size to be associated with inferior locoregional control (Table 2). Notably, close
margin (<5 mm), perineural invasion, and bone invasion were not associated with LRR.

On multivariate analysis, clinical nerve involvement, age at diagnosis and tumor size
remained significant in all patients as predictors of LRR. In parotid tumors additionally,
advanced T stage, adjuvant radiation (RT) and age at diagnosis as a continuous variable
were significant (Table 3,4). RT did appear to abrogate the risk conferred by some tumor
related features, as there was no significant difference in LRR with T3/4 vs T1/2, tumor size
(<2 v 2-3 v >3 cm), positive vs negative margins in those patients receiving adjuvant RT.
However RT did not lower risk of LRR in those with clinical nerve involvement (Figure 1).

Univariate analysis was performed in the subgroup of patients (n=51) who did not receive
radiation to identify factors associated with risk of LRR. Superficial parotid location
(p=0.018 HR 0.11 95%CI 0.02-0.68), T stage 1/2 (p=0.001 HR 0.03 95%CI 0.00-0.24), N
stage 0 (p=0.042 HR 0.17 95%CI 0.03-0.94), negative margin (p=0.034 HR 0.10 95%ClI
0.01-0.84) were all significantly associated with a decreased risk of LRR. Older age at
diagnosis (years) (p=0.023 HR 1.09 95%CI 1.01-1.17) and larger tumor size (cm) (p=0.048
HR 1.56 95%CI 1.00-2.41) were associated with an increased risk of LRR.

Distant Metastasis

Actuarial rates of distant control at 5 years were 93.0% and 56.9% for stages I/l and I11/1V
respectively. No patient developed a DM more than 46 months after surgery.
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Sublingual gland primary, deep parotid lobe involvement, tumor size, lymph node
dissection, degree of facial nerve involvement, advanced T stage, nodal involvement, stage
I11/1V, high grade, extracapsular extension, surgical margin involvement, adenocarcinoma
histology, the use of adjuvant RT, LVSI, perineural invasion (PNI) and age and tumor size
as continuous covariates were all associated with increased risk of DM in univariate analysis
(Table 2).

On multivariate analysis of all patients sublingual primary tumors, complete facial nerve
paralysis, high grade, advanced T stage and tumor size as a continuous variable all remained
associated with risk of DM. Three of four patients with sublingual primaries developed DM.
Examining parotid patients alone deep parotid lobe involvement, high grade and PNI
remained significant independent predictors of DM. Notably, nodal involvement was not
independently associated with DM. (Tables 3,4)

There was no association between the use of RT and risk of DM in multivariate analysis.
Radiation did not appear to mitigate the risk conferred by clinical nerve involvement, tumor
grade, perineural invasion, parotid location and increased tumor size on the development of
DM (Figure 2). Of the seven patients who received adjuvant concurrent chemoradiation, two
developed DM and four developed LRR.

Overall Survival

The actuarial rate of OS at 5 years was 76%: 94 and 50.6% for stage I/l and 111/1V
respectively. In patients who developed DM, subsequent survival was 47.4% at 2 years and
16.9% at five years. In patients who developed LRR, subsequent survival was 38.4% at two
years and five years (Figure 3).

Multivariate analysis identified male gender (p=0.001 HR 4.29 95%CI 1.75-10.48) alone as
associated with worse OS. In parotid patients male gender (p=0.030 HR3.03 95%ClI
1.12-8.24), complete CNI (p=0.008 HR 4.8 95%CI 1.5-16.7) and advanced T stage (p=0.032
HR 4.7 95%CI 1.2-20.0) were associated with worse OS.

Discussion

Cancer of the major salivary glands represents a heterogeneous disease with a low overall
incidence. These factors have partially contributed to our inability to make substantive
improvement in outcomes related to this disease. Notably, there is a lack of randomized or
prospective evidence guiding practice. Improvements that have been seen in head and neck
cancer outcomes as a whole are not reflected within the salivary cancer population. The
findings in our contemporary series, which spans a relatively short treatment period, closely
follow the studies that precede it regardless of era[12-14]. Overall survival at five years in
our series was 74.7%. Overall rates of distant and locoregional control are similar to
previously published series at 79% and 82.6% respectively. Survival following distant
recurrence is exceedingly poor.

Our experience identifies LRR to be associated with tumor size and age at diagnosis and
additionally in parotid primary tumors, advanced T stage and use of radiation. Sublingual
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primaries, complete facial nerve paralysis, tumor size, high grade, advanced T stage and in
parotid patients additionally deep lobe involvement and perineural invasion were all
associated with increased risk of DM on multivariable analysis. Patients with tumors >3 cm
in size appeared to fare particularly poorly (Figure 4). Neither histologic subtype nor nodal
involvement remained significant for recurrence on multivariate analysis. This is the first
series to identify sublingual primary and deep parotid lobe involvement as a predictor of
DM. Prior series have identified submandibular primary as a predictor of DM[15]. Both
submandibular and sublingual tumors presumably are at higher risk for DM due to the rich
lymphatic network that traverses their space. Similarly deep parotid lobe cancers are more
proximal to the deep parotid and deep cervical lymphatics, which speculatively may play a
role in increased DM. These findings are valuable as we have little evidence to base the
usage of adjuvant therapy. A comparison of our series and prognostic factors identified on
multivariate analysis in previously published series is detailed in Table 5.

The absolute indications for postoperative RT in salivary cancer remain controversial, as no
prospective evidence exists to guide practice. In our series use of RT was strongly associated
with an improved risk of LRR in parotid primary cancer with a HR of 13.80 on multivariate
analysis. RT did appear to mitigate LRR risk conferred by some adverse prognostic features
identified in our study (Figure 1). Several disease and treatment characteristics were
identified that increase risk of LRR in patients not receiving RT. These factors may help
guide usage of adjuvant RT. When examining the DM risk of adverse prognostic features
stratified by the receipt of radiation, there did not appear to be any treatment interaction. In
our cohort 17/18 patients who developed DM received adjuvant radiation therapy. It does
not appear that the improvement in local control conferred by radiation has any role in
preventing DM.

One of the most significant advancements of the past decades in management of head and
neck cancer has been the adoption of concurrent chemotherapy in both the definitive and
postoperative settings[16-19]. Improvements in local control, overall survival and possibly
distant control can be seen in selected squamous cell head and neck cancer patients with
high-risk features. There is little evidence, however, that chemotherapy can improve
outcomes in salivary cancer. The high rates of DM and poor outcomes following emphasize
the need to develop effective systemic therapies.

A recent small series reported results with the use of concurrent chemoradiation in largely
high-risk patients (n=22)[20]. These investigators reported excellent 3-year locoregional and
distant control of 92 and 83%, respectively. While the results of this study are promising, the
small size of the cohort and limited follow-up (median 2.3 years) preclude definitive
conclusions regarding the value of chemotherapy in this setting. A similar retrospective
series with short follow-up included 12 high-risk patients receiving chemoradiation. They
showed that the use of chemoradiation was associated with significantly better local control
with no difference in overall survival compared to patients receiving RT alone[21]. Seven
patients in our study received adjuvant chemoradiation. This relatively low number limits
our ability draw conclusions on the efficacy of added chemotherapy. The use of
chemotherapy was not associated with a lower risk of LRR or DM in multivariate analysis.
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Notably, 5 of 7 high-risk patients who received combined chemoradiation experienced either
a distant or locoregional recurrence.

The role of concurrent chemotherapy in the setting of high-risk salivary gland cancer is
currently being examined (RTOG 1008: A Randomized Phase 11 Study of Adjuvant
Concurrent Radiation and Chemotherapy Versus Radiation Alone in Resected High-Risk
Malignant Salivary Gland Tumors, clinical trial registry: NCT01272037.) The results of this
trial will hopefully elucidate the role of concurrent chemotherapy in high-risk patients. The
role of full dose adjuvant chemotherapy in the non-metastatic setting requires further study.
Traditional chemotherapies in the metastatic setting have had poor response rates from
15-50% with time to relapse typically 5-6 months[7, 22, 23]. Targeted therapies that exploit
actionable mutations identified within the various salivary cancer histologies are needed[23].
While trials to date evaluating targeted therapies have also had poor results[24-26], recent
studies have identified translocation generated gene fusions and their signaling pathways,
present in multiple salivary subtypes. This will hopefully lead to the identification of further
novel therapeutic strategies[27].

Limitations of our study primarily involve the retrospective nature of the series with
heterogeneity of pathologists, surgical and radiation treatment. We are unable to ascertain
the reason why some patients with involved margins and advanced T stage did not receive
adjuvant therapy. As well, given the year of diagnosis of included patients the recently
described histologic subtype, mammary analog secretory carcinoma, was not identified.

In conclusion, our series identifies prognostic features associated with local and distant
disease recurrence in cancer of the major salivary glands treated with current era
management that may help guide decisions regarding adjuvant therapy. Adjuvant radiation
therapy reduces risk of locoregional failure, however this does not translate to improvement
in distant metastatic control. We establish that distant disease recurrence remains a
significant concern in the treatment of major salivary gland cancer, and the identification of
active systemic agents is paramount in this disease.
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Kaplan-Meier estimate of distant metastasis by A) Clinical nerve involvement B) Grade C)
Parotid lobe location D) Perineural invasion
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Kaplan-Meier estimate of risk of distant metastasis stratified by tumor size
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Table 1
Patient and Treatment Characteristic
Characteristic n=112 (%)
Primary Site Submandibular 11 (9.8)
Parotid 97 (86.6)
Sublingual 4 (3.6)
Parotid Lobe Superficial 59 (64.8)
Deep 32 (35.2)
Missing 6
Gender Male 47 (42.0)
Female 65 (58.0)
Age <55 65 (58.0)
>55 46 (42.0)
Tumor Size <2cm 31(28.4)
2-3¢cm 33(30.3)
23 cm 45 (41.3)
Missing 3
Lymph Node Dissection No 66 (59.5)
Yes 45 (40.5)
Degree of Clinical Nerve Involvement | None 86 (76.9)
Partial 15 (13.4)
Complete 11 (9.8)
T Stage lor2 71 (63.4)
3oré 41 (36.6)
Nodal Involvement Yes 34 (30.4)
No 78 (69.6)
Stage 111 63 (56.3)
mnnv 49 (43.8)
Grade Low or Intermediate 65 (58.0)
High 47 (42.0)
Positive Margin Yes 41 (36.6)
No 71 (63.4)
Bone Invasion Yes 4 (3.6)
No 108 (96.4)
Adjuvant Radiation Yes 61 (54.5)
No 51 (45.5)
Adjuvant Chemotherapy No 105 (93.8)
Yes 7(6.3)
Histology Adenocarcinoma 39 (34.8)
Acinic Cell Carcinoma 22 (19.6)
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Characteristic n=112 (%)
Adenoid Cystic Carcinoma 10 (8.9)
Mucoepidermoid Carcinoma | 28 (25.0)
CEP 9 (8.0)
Salivary Duct Carcinoma 2(1.8)
Basal Cell Adenocarcinoma | 1(0.9)
Basaloid Carcinoma 1(0.9)

Radiation Dose (median, Gy) 63 (53-72)

Radiation field including neck No 7(31.8)
Ipsilateral 13 (59.1)
Bilateral 2(9.1)
Missing 29
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Table 2

Univariate Analysis by Prognostic Factors (All Patients)

Locoregional Recurrence

Distant Metastasis

Prognostic Factor p p

Primary Site 0.501 0.014
Deep Parotid Lobe 0.044 <0.001
Male Gender 0.017 0.059
Smoking History 0.803 0.156
Lymph Node Dissection 0.032 <0.001
Clinical Nerve Involvement 0.003 <0.001
T Stage <0.001 <0.001
N Stage 0.001 <0.001
Stage 0.004 <0.001
Grade 0.038 <0.001
Extracapsular extension 0.010 <0.001
Close Margin (<0.5 cm) 0.440 0.801
Positive Margin 0.011 0.004
Bone Invasion 0.142 0.249
Histology 0.426 <0.001
LVSI 0.012 <0.001
PNI 0.120 <0.001
Adjuvant Radiation 0.328 <0.001
Adjuvant Chemotherapy <0.001 0.082
Surgery year 0.806 0.966
Age at Diagnosis (continuous) 0.007 0.022
Tumor Size (continuous) <0.001 <0.001

Page 17

CM- centimeter, T-tumor, N-node, LVSI-lymphovascular space invasion, PNI-perineural invasion. Bolded values denote statistical significance.
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Table 3

Multivariate Analysis by Prognostic Factors (All Patients)

Locoregional Recurrence

Distant Metastasis

HR 95% ClI p

HR 95% ClI p

Adjuvant Radiation

No vs Yes

3.08 (0.72-13.27) | 0.131

0.21 (1.31-4.22) 0.172

Tumor Size (cm)

1.57 (1.18-2.09) | 0.002

2.35(1.31-4.22) 0.004

Age at Diagnosis

1.05 (1.01-1.09) | 0.027

Gender Male vs Female 3.04 (0.80-11.60) | 0.104 | 3.12(0.91-10.65) 0.069
CNI No vs Yes 0.19 (0.05-0.78) 0.021
Positive Margin No vs Yes 0.42 (0.12-1.43) | 0.165
Bone Invasion No vs Yes 0.10 (0.01-1.04) | 0.054

Primary Site Submandibular 0.08 (0.01-0.94) 0.045
Parotid 0.07 (0.01-0.40) 0.003

Sublingual Reference -
Grade Low/Intermediate vs High 0.19(0.04-0.94) 0.041
Degree of CNI None 0.09(0.02-0.32) <0.001
Partial 0.08(0.01-0.46) 0.005

Complete Reference -
T stage T1/2 vs T3/4 6.81 (1.08-42.83) 0.041
Histology Adenocarcinoma 7.14 (0.73-70.01) 0.092

Acinic Cell

1.89 (0.10-36.37) 0.673

Adenoid Cystic

9.09 (0.44-188.54) | 0.154

Mucoepidermoid

0.41 (0.01-23.90) 0.670

Other

Reference -

CM- centimeter, CNI-clinical nerve involvement. Bolded values denote statistical significance.
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Table 4

Multivariate Analysis by Prognostic Factors (Parotid Alone)

Locoregional Recurrence

Distant Metastasis

HR 95% CI p HR 95% CI p

T Stage T1/2 vs T3/4 0.05 (0.01-0.38) | 0.004 | 4.23(0.58-30.89) | 0.156
Positive Margin No vs Yes 0.32(0.08-1.23) 0.098
Bone Invasion No vs Yes 0.06 (0.00-1.04) 0.053
Adjuvant Radiation No vs Yes 13.80 (2.11-90.47) | 0.006
Degree of CNI None vs Complete 0.06 (0.01-0.66) 0.021
Partial vs Complete 0.18 (0.01-2.23) 0.182

Parotid Gland Location Superficial vs Deep 0.08 (0.02-0.38) | 0.001

Grade Low/Intermediate vs High 0.15 (0.03-0.72) | 0.018

PNI No vs Yes 6.53 (0.74-57.58) | 0.091 | 0.04(0.01-0.29) | 0.001

Age at Diagnosis 1.08 (1.02-1.13) 0.007 | 1.04(0.99-1.08) | 0.149

PNI-perineural invasion, T-tumor, CNI-clinical nerve involvement. Bolded values denote statistical significance.
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