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Abstract

Introduction—Minor salivary gland carcinomas of the head and neck are rare cancers with
variable clinical behavior. We explore the incidence, pathology, clinical behavior and the factors
predictive of outcome in a large cohort of patients treated at Memorial Sloan Kettering Cancer
Center (MSK) over a 30-year period (1985 to 2015).

Methods—cClinical, pathological, treatment and outcome data was collected. Unadjusted and
adjusted hazard ratios for each variable were calculated using univariate and multivariable Cox
regression for survival and recurrence outcomes.

Results—450 patients were included. 55% were female, 56% were less than 60 years old and
there was a median follow up of 74 months (range 1-364 months). The most common site was the
oral cavity with 306 tumors (68%), followed by oropharynx with 96 (21%), sinonasal cavity 38
(8%), trachea 7 (2%), and larynx 4 (1%). The most common histological types were
mucoepidermoid carcinoma (180 tumors, 40%), adenoid cystic carcinoma (141 tumors, 31%) and
polymorphous low grade adenocarcinoma (PLGA) (54 tumors, 12%). The 5-year predicted overall
survival was 86% and the disease specific survival was 94% at 5 years. Pathology and tumor stage
were significant variables on multivariate analysis for overall survival, disease specific survival,
recurrence free survival, local recurrence free survival, regional recurrence free survival and
distant recurrence free survival.

Conclusion—AJCC stage and pathology were the most predictive variables across all outcomes.
Tumor site, post-operative radiotherapy and margin status were not statistically significant
variables after tumor stage and pathology were controlled for in most outcomes.

Precis:

Large retrospective study of 450 minor salivary gland tumors of the Head and Neck. Tumor stage
and histological type are the most predictive variables of survival and recurrence.
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Introduction

Methods

Patients

Minor salivary gland carcinomas of the head and neck are a group of rare cancers with
significant heterogeneity in histological types and ultimate clinical behavior. The incidence
of salivary malignancy is estimated to be 4-135 cases per million population per year(1)
with only 10-15% arising in the minor salivary glands(2). The annual incidence of minor
salivary gland malignancies has been estimated to be 0.16-0.4/100,000 population(3).
Salivary gland carcinomas demonstrate an unparalleled histological diversity when
compared to any other organ systems(4). The most common histological types reported in
retrospective studies varies depending on the population, geographic location and reporting
center’s expertise(5). However, the two most common histological types are reported as
adenoid cystic carcinoma and mucoepidermoid carcinoma(2).

The majority of the literature on minor salivary tumors is limited due to the rarity and
diversity of these tumors(2). Previous reports describe these tumors within an anatomical
subsite(6) or by histological type in which major and minor tumors are reported together(7).
Few centers have enough volume of cases to report on meaningful outcomes.

In this study, we aim to explore the incidence, pathology, clinical behavior and the factors
predictive of outcome in a large cohort of patients with minor salivary gland cancers treated
at Memorial Sloan Kettering Cancer Center (MSK) over a 30-year period from 1985 to
2015.

Institutional Research Board approval was granted to perform a retrospective study
examining patients with malignancies of the minor salivary glands.

Patients that received primary treatment of minor salivary gland malignancy at MSK from
1985 to 2015 were identified. Only patients that received primary surgery at MSK, with
curative intent at the local site were included. Patients that had received previous treatments
or surgery at an outside institution for the primary treatment of the malignancy were
excluded.

Data collection

The electronic patient record was accessed to record clinical and pathological
characteristics, treatments and outcomes. Staging was recorded according to the American
Joint Committee on Cancer Staging Manual 7th Edition(8). Minor salivary glands are
staged, by convention, using the mucosal tumor staging classification, according to the
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anatomical site of the tumor. Patient data was stored on an institutional network drive using
the oncological database software, Caisis (Biodigital), with access available only to authors.

The anatomical site was determined using clinical examination and radiological imaging.
Tumors were categorized into oral cavity, nasal cavity and paranasal sinuses, oropharynx,
larynx and trachea. The oral cavity consisted of the subsites buccal mucosa, floor of the
mouth, hard palate, mandible, lip, retromolar trigone, tongue and upper gum. The
oropharynx included the subsites of base of tongue, soft palate and tonsil. The nasal cavity
included the subsites maxillary sinus, nasal cavity, nasal septum and nasopharynx.

The histopathology of minor salivary glands is complex with multiple different
histopathological types. The WHO classification of Head and Neck tumors was used for
histological classification and for definitions of grade within pathological groups(9). Tumors
were categorized into low, intermediate and high histology risk groups to allow for analysis
because of the large number of histological types. Tumors categorized as high risk were
salivary duct carcinoma, high grade mucoepidermoid carcinoma (MEC), high grade
carcinoma ex-pleomorphic adenoma (CEPA), high grade adenocarcinoma, high grade
myoepithelial, high grade adenoid cystic carcinoma (ACC), and high grade acinic cell
carcinoma. Intermediate risk tumors included ACC. Tumors classified as low risk included
low grade acinic cell carcinoma, low and intermediate grade MEC, low grade
adenocarcinoma, low grade CEPA, low grade myoepithelial carcinoma and all
polymorphous adenocarcinoma (PLGA) and epithelial-myoepithelial carcinomas.

In tumors such as adenoid cystic carcinoma, mucoepidermoid carcinoma and myoepithelial
carcinoma, accepted histological convention was used to classify these tumors(10).
Lymphovascular invasion (LVI) was defined as the presence of malignant cells in lymphatic
or vascular vessels on histological examination. Perineural invasion (PNI) was defined as
tumor cells invading or spreading around the space surrounding nerves(11).

The margin status was determined by expert head and neck pathologists. A positive margin
was defined as tumor at a cut tumor surface and a negative margin was a specimen with
0.5cm or more normal tissue between the cut surface and the tumor. A close margin was
anything less than 0.5cm.

Definitions of outcomes

Overall survival was calculated from the day of definitive surgery to the last known hospital
follow up date or date of death found in the hospital records or social security index. Disease
specific survival was calculated from the day of surgery until last known follow up or death
from minor salivary cancer reported in the patient record. Recurrence was calculated from
the day of surgery until the first local, regional or distant recurrence reported in the patient
record. The patient’s disease status had to be confirmed in the patient’s chart by a member
of the head and neck departmental treatment team.
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Statistical analysis

Results

The Kaplan-Meier method was used to calculate estimates of survival and to compare the
different strata of a variable and describe the impact on the outcome. Unadjusted and
adjusted hazard ratios for each variable were calculated using univariate and multivariable
Cox regression respectively for overall survival, disease specific survival, recurrence free
survival, local recurrence free survival, regional recurrence free survival and distant
recurrence free survival. Variables identified in univariate analysis were considered for
inclusion in the multivariable model. A step-down reduction approach was used to remove
noncontributory variables, keeping those that have previously been shown to be important
and remained significant on analysis. Five and ten year predicted results for all the outcomes
were also calculated. Excel (Microsoft, 2015) was used to organize the data and SPSS (IBM,
Version 25) was used for statistical analysis.

Demographics

Treatment

There were 450 patients included in the study. 56% were less than 60 years old, with 25
(6%) at least 80 years old and 9 patients (2%) less than 20 years old. 55% were female and
most were without comorbidity (58%). 50% had a history of tobacco use and 60% had a
history of alcohol use. The median follow-up time was 74 months (range 1-364 months)
(Table 1).

All patients were treated with surgical resection, of whom 130 (29%) had a neck dissection.
280 (62%) received surgery alone, while 35% received adjuvant radiation and 2% received
adjuvant chemo-radiotherapy. The indications for adjuvant treatment were high grade
tumors, high stage disease and positive margins.

Salivary tumors site and histology

The most common site for minor salivary cancer was the oral cavity with 306 tumors (68%),
followed by oropharynx with 96 (21%), sinonasal cavity 38 (8%), trachea 7 (2%), and larynx
4 (1%) (Figure 1A).

The most common histological types were mucoepidermoid carcinoma (180 tumors, 40%),
adenoid cystic carcinoma (141 tumors, 31%), polymorphous low grade adenocarcinoma
(PLGA) (54 tumors, 12%), adenocarcinoma (28 tumors, 6%), myoepithelial carcinoma (10
tumors, 2%), acinic cell carcinoma (10 tumors, 2%), and 21 (5%) were other rare
histological types (Figure 1B).

Figure 1C shows the most common histology types classified by site. Most tumors in the
oral cavity and oropharynx were mucoepidermoid tumors (45% and 40%, respectively).
However, in the other sites adenoid cystic carcinoma was the most frequent pathology seen,
accounting for 63% of sinonasal tumors, 75% of larynx tumors and 57% of tracheal tumors.
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Minor salivary tumors are staged according to the AJCC system for the primary site. The
majority of the tumors presented with an early T stage, with 49% cT1 and 25% cT2. 89%
had a clinically negative neck at presentation (Table 1).

Of the 130 patients that had a neck dissection as part of their treatment, 64 (49%) had
pathologically negative necks, while 24 (18%) were pN1, and 41 (9%) were pN2, and 1 was
pN3 (Table 2).

Four patients (1%) presented with metastatic disease and received local treatment to the
primary.

The majority of tumors were less than 2cm in size, 219 (49%). There were 144 (32%)
between 2.0-3.9cm, 39 (9%) between 4.0-5.9cm and 10 (2%) at least 6cm. The size was not
known in 38 (8%) tumors. For an accurate AJCC stage the pathological T stage and
pathological N stage were used. The majority of patients were stage | (223, 50%) or stage Il
(74, 16%). On margin assessment, 126 (28%) were positive, 103 (23%) were close and 214
(48%) were negative. Seven (2%) margin statuses were not reported.

PNI was present in 167 tumors (37%) and absent in 123 (27%). It was not known in 160
(36%) of tumors. LVI was present in 53 (11.8%) of tumors and absent in 213 (47.2%) of
tumors. It was not known in 185 (41%) of the tumors.

Regarding pathologic risk group, there were 233 (52%) patients in the low risk group, 113
(25%) in the intermediate risk group and 101 (22%) high risk group. Grading was not known
in 3 (1%) of the tumors, so risk could not be determined.

Overall Survival

The 5-year and 10-year predicted overall survival rates were 86% and 69%, respectively
(Figure 2). Factors predictive of failure in overall survival on univariate analysis were age
greater or equal to 60 years, male gender, history of tobacco, history of serious comorbidity,
PNI, LVI, close/positive margins, histological risk group, postoperative radiation,
pathological T and N stage as well as AJCC oncological overall stage (Table 3). Due to the
difficulty in margin assessment for these complex three dimension tumors it can be hard to
be confident of a wide resection. Therefore, we grouped positive and close margin results
together. On univariate analysis of margins, in all outcomes this grouping was supported as
positive and close margin groups had similar behaviors.

On multivariable analysis, age 60 or greater was significant and was associated with a 3.62
(95% CI 2.42 — 5.43) increased risk of death, p<0.001. Female gender was associated with a
lower risk of death, HR 0.59 (95% CI 0.42 — 0.84, p=0.003). Compared to tumors in the oral
cavity site, tumors of the larynx/ trachea sites had a decreased risk of death HR 0.20 (95%
Cl 0.05 - 0.83). Tumor histology is known to be an important predictor of overall survival
and in the adjusted model there was not a significant different in survival between low and
intermediate histology groups. The high-risk histology group had a 2.40 (95% CI 1.51 —
3.82, p<0.001) increased risk of death compared to the low risk histology group.
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Univariate analysis of margins showed that the positive margin and the close margin groups
had similar outcomes compared to the negative margins group. Positive and close margins
were therefore combined for analysis. Positive/close margins were associated with an
increased risk of death, HR 1.56 (95% CI, 1.02 — 2.39, p=0.042) compared to a negative
margin. Overall stage was an important predictor in the multivariable model. AJCC Stage II
tumors had a 1.60 (95% CI 0.86 — 2.99) increased risk compared to stage | and stage 111 and
IV had HRs of 6.01 (95% CI 3.08 — 11.74) and 4.73 (95% CI 2.34 — 6.36), respectively
compared to stage I. In the multivariable model PORT was associated with reduced risk of
death, HR 0.64 (95% CI 0.39 — 1.03), but this did not reach significance (p= 0.068).

Disease Specific Survival

The estimated disease specific survival (DSS) at 5-years and 10-years was 94% and 82%
(Figure 2). Factors predictive of DSS on univariate analysis were male gender (Figure 3A),
history of tobacco, PNI, LV1, positive margins, histological risk group (Figure 3C),
postoperative radiation, pathological T and N stage as well as AJCC oncological overall
stage (Figure 3D) (Table 4).

On univariate analysis, tumors of the sinonasal site had a higher risk of disease related death
compared to the oral cavity site, HR 2.52 (95% CI 1.14 — 5.60) (Figure 3B). Oropharynx
tumors also had a 1.91 (95% CI 1.01 — 3.62) times higher rate of disease-specific death.

A multivariable model calculating adjusted hazard ratios using the variables gender, tumor
site, pathology risk group, AJCC stage and post-operative radiation showed that gender, high
risk pathology group and AJCC stage remained significant predictors of disease related
death. Female gender had a lower risk of death in the adjusted model, HR 0.49 (0.26 — 0.90,
p=0.021). On multivariable analysis, the tumor sites predictive on univariate analysis were
no longer significant. Similarly, post-operative radiation was no longer significant for
disease specific survival. The high-risk pathology group had an increased risk of disease
related death, HR 7.24 (2.57 — 20.44, p <0.001). All the AJCC stages remained significant
on multivariable analysis (Table 5).

Treatment failure

There were 97 recurrences within the 450 patients with minor salivary tumors (Figure 4).
The most common site for recurrence was at a distant site, occurring in 41 patients. 21
patients had a local failure with recurrence at the primary site. There were 12 patients with a
regional failure. 13 patients had both a local and distant failure, 3 patients had a local and
regional failure and 6 patients had a regional and distant failure. 1 patient had a local,
regional and distant failure.

Recurrence free survival

The estimated 5-year and 10-year recurrence free survival (RFS) was 79% and 69% (Figure
2). The factors that were significant on univariate analysis were gender, tumor site, PNI,
LVI, margin status, pathology risk group, pT stage, pN stage, AJCC stage and post-operative
radiation. Age, alcohol, tobacco and comorbidities were not significant predictors of
recurrence (Supplemental 2).
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On multivariable analysis, the factors that remained statistically significant predictors of
recurrence were the pathological risk group and AJCC stage. The site of tumor and margin
status were not significant factors. Compared to the low risk histology group, intermediate
risk pathologies had an increased risk of recurrence, HR 3.31 (95% CI 1.65 — 6.65). High
risk pathologies were associated with a HR 4.83 (95% CI 2.47 — 9.45) compared to the low
risk group. Higher AJCC stage was also associated with increased risk of recurrence. Stage
Il patients had a 3.21 times increased risk of recurrence compared to stage | (95% CI 1.43-
7.22). Stage 1l and IV patients had 7.35 (95% CI 3.10 — 17.41) and 7.11 (95% CI 3.51 —
14.41) times increased risk of recurrence compared to stage |, respectively.

Local recurrence free survival

The estimated 5-year and 10-year local recurrence free survivals were 92% and 88%,
respectively (Figure 5). The factors on univariate analysis that were significant for local
recurrence were tumor site (sinonasal), LVI, margin status, pathology risk group, pT stage,
pN stage, AJCC stage and post-operative radiation (Supplemental 3).

In the multivariable model using tumor site, margin status, pathology risk group, pT stage
and post-operative radiation the factors that remained significant predictors of local
recurrence were the pathology risk group and pT stage. The intermediate pathology risk
group had an increased risk of local recurrence compared to the low risk group, HR 1.51
(95% C1 0.48 — 4.81) and the high-risk pathology group had a HR 4.78 (95% CI 1.71 -
13.36). The risk of local recurrence for pT2 tumors was greater than pT1 tumors, HR 4.23
(95% CI1 1.27 — 14.12). pT3 and pT4 tumor also had an increased risk of local recurrence in
the multivariable model, HR 16.27 (95% CI 3.61 — 73.30) and HR 9.57 (95% CI 3.10 —
29.58.0). Although the sinonasal site had an increased risk of local recurrence on univariate
analysis, this was not significant after controlling for the other variables.

Regional recurrence free survival

5-year and 10-year estimated regional recurrence free survival was 95% and 93%,
respectively. On univariate analysis, the factors predictive of regional recurrence were the
oropharynx subsite, margin status, high risk pathology group, pN stage and AJCC stage
(Supplemental 4).

On multivariable analysis using site, pathology risk group, pN stage and post-operative
radiation the variables that remained significant predictors of regional failure were the high-
risk pathology group and pN2 stage. Although the oropharynx subsite had a higher risk for
regional failure compared to oral cavity subsite, this was not significant after controlling for
the other variables.

Distant recurrence free survival

At 5 and 10 years, the distant recurrence free survival was 87% and 81%, respectively.
Factors on univariate analysis that were associated with distant failure included gender,
tumor site, PNI, LVI, margin status, pathology risk groups, pT stage, pN stage, AJCC stage,
and post-operative radiation (Supplemental 5).
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On a multivariable model, the variables that were predictive of distant failure were
pathology risk group and AJCC stage. Tumors of intermediate risk pathologies had a 8.18
times higher risk of distant failure compare to low risk pathologies (95% CI 2.79 — 23.99).
High risk pathologies had an 8.60 times increased risk of distant failure (95%CI 2.87 —
25.79) compared to low risk pathologies. The risk of distant recurrence in AJCC stage Il
patients was 3.98 times greater (95% CI 1.29 — 12.32,) compared to AJCC stage I. AJCC
stage Il and 1V also had a higher risk of distant failure, 11.05 (95% CI 3.70- 32.96) and
9.28 (3.52 — 24.44), respectively.

Of the 61 distant failures, the most common histology type was ACC (69%) (Figure 6).
Within the histology types, 30% of ACC patients and 21% of adenocarcinoma patients
developed a distant metastasis (Supplemental 1).

In the 4 patients with M1 disease included in the study, all had tumors in the oral cavity with
ACC histology. Two were still alive at the end of the study with OS of 38 and 30 months,
with 1 developing progression with liver metastasis. There were deaths from disease at 64
months and 155 months. Both died of progressive disease, but not local disease.

Discussion

Minor salivary gland carcinoma is a rare and heterogeneous group of tumors. This study
presents a large modern experience of 450 patients treated between 1985 and 2015 with
primary surgery at MSK. It includes all pathologies and subsites of minor salivary glands in
the head and neck.

Clinical series have often shown an increased incidence in females(9), similar to this study
with 55% of the cohort being female. However, a more recent SEER report suggested the
incidence is more equal between male and females, 49.9% versus 50.1%(12). Typically, the
most common ages to present with salivary carcinoma are the 6! and 7t decade (9). The
SEER data and this study support this finding for minor salivary carcinomas. However, these
tumors also do occur at the extremes of age.

A majority of patients presented with early stage tumors, with 49% cT1 and 89% with a cNO
neck. This has shown an interesting change from an historic series from our institution in
which only 27% had early stage tumors(13). Staging information was absent from the SEER
report of outcomes(12) but describes 39.8% presenting with localized disease. A number of
recent studies have reported on patients following post-operative radiation and had a lower
incidence of early stage tumors, 20% had T1 tumors in the Cianchetti study and 23.4% were
T1in a paper by Salgado et al (14, 15). There is a paucity in the description of presenting
stage for these tumors including all subsites and pathologies. This series represents surgical
treated patients, with only 1% presenting with M1 disease. The SEER data study reported
8.3% distant metastasis rate at presentation in all new diagnoses(12). In this study, the
number of T3 tumors was low, 6% were ¢T3 and 4% were pT3. However, the number of
clinical and pathological T4 tumors was 19% and 20% respectively. This may be due to the
staging system in which the smaller anatomical areas of the head and neck that minor
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salivary carcinomas originate from will not allow a tumor over 4cm without it invading a
major structure to become upstaged to T4.

The most frequent site for minor salivary carcinoma was the oral cavity, accounting for 68%
of the tumors and then the oropharynx representing 21% of the tumors. This has been
reported in the SEER data report, with 58.7% in the oral cavity and 21.2% in the
pharynx(12). These likely correlates with the greatest density of minor salivary glands.

The most common pathological type in this series was mucoepidermoid carcinoma (40%)
followed by adenoid cystic carcinoma (31%). However, this did vary by subsite with
mucoepidermoid carcinoma more frequently found in the oral cavity and oropharynx and
adenoid cystic carcinoma being the more common histological type in the sinonasal tract
and in the larynx and trachea. Other studies reporting individual subsites have shown
mucoepidermoid to be more frequent in the oral cavity(16), however adenoid cystic
carcinoma has been reported to be the most frequent pathology in other reports (17). This
report from a Canadian institution had a high percentage of sinonasal tumors (40.4%) than
most of the literature. The mucosa at the anatomical site also appears to have a correlation
with the histological type of tumor (Fig 1A). In the squamous cell predominate mucosa of
the oral cavity and oropharynx, the proportion of MEC was higher than that of ACC (45%
and 40% versus 27% and 29%). In contrast, the proportion of ACC in the respiratory
epithelium lined sites of the sinonasal tract and larynx/ trachea group was higher compared
to MEC, (MEC 8% and 18% versus ACC 63% and 64%).

The variation in histology and different grading systems for the different pathologies
provides difficultly in summarizing the effect of tumor grade on outcome for minor salivary
carcinoma. In this series, we grouped pathologies into high, intermediate and low risk
groups. 22% of this cohort were regarded as high risk pathologies. Other series assigned a
grade to each individual pathology and then reported all the grades individually(17).
Therefore, the proportion of patient with high grade pathology varied between 20— 43%.

The 5-year predicted overall survival in this study was 86%. This is similar to previous
reports, Spiro et al reported a 5-year survival rate of 75%(13), Vander Poorten et al reported
68%(18) and Loh et al reported 73.8%(17).

The DSS in this study was 94% at 5 years and 82% at 10 years. After 10-years patients
continued to die from their cancer. Therefore, there is a long natural history for patients with
minor salivary carcinoma. Examining the Kaplan Meir plot of recurrence free survival
(Figure 5), distant recurrence occurs more frequently than local and regional recurrences and
can occur at any time interval following diagnosis. There were 61 distant recurrences
compared to 38 local failures and 22 regional failures. The DSS and RFS curves after 24
months are similar in their shape indicating most of the late recurrence is distant metastasis.
Therefore, the continued mortality of this disease in the long term is the effect of distant
disease. This has been shown previously in a Netherland registry report that showed distant
recurrences occurring late and after 5 years(18). ACC accounted for 69% of all the distant
failures. Late failure did occur with other pathologies but this was very uncommon. After 24
months of follow up there were 44 distant recurrences, with ACC accounting for 32 of these.
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There were 5 late distant metastases from adenocarcinomas, 1 mixed carcinoma, 5 MEC
carcinoma and 1 PLGA. This could suggest that long term follow up beyond 5 years is only
indicated in patients with ACC.

A detailed analysis of predictive factors for all survival and recurrence outcomes was
performed with a multivariable model being possible due to the large cohort and individual
patient data being available. There were a number of significant factors predictive of overall
survival on both univariate and multivariable analysis.

Age was important for overall survival but had no effect on the other survival or recurrence
outcomes in multivariable analysis. This has been seen in other studies(6, 18-20) and age
should not impact the optimal treatment plan(2), although it may affect the practical
considerations in choosing appropriate therapy. Females had better overall survival and
disease specific outcome compared to men on multivariable analysis. This implies that while
gender is an important predictor of mortality, there is also an interaction between gender and
the disease process.

Disease site has previously been shown to be an important prognostic factor on univariate
analysis with sinonasal tumors having a worse outcome(17, 21). However, in our study,
when tumor stage and grade are controlled for with multivariable analysis, site was no
longer significant(17). In this cohort, patients with oral cavity tumors had a worse overall
survival when age, gender, margin, pathology, stage and adjuvant radiation were controlled
for. Further multivariable analysis did not show tumor site had a statistically significant
effect on disease specific survival or the different recurrence free survivals. Crude survival of
larynx and tracheal tumors appears positive and may represent a smaller volume of tumor
but there were no statistically different results.

The role of a negative resection margin on outcome has previously been shown to be
correlated with better outcomes(16), but local and regional control is usually good in most
tumors with the long-term mortality attributed to distant failure(2). In this study, when age,
gender, site, pathology risk group, AJCC stage and PORT were controlled for, patients with
a positive or close margin had a 56% increased chance of death. However, there was no
statistically significant effect on recurrence free survival or local recurrence free survival.

The histology has been reported to an important predictor of outcomes for salivary
malignancy(6, 22-25). In this study, pathology risk group was a significant predictor on
univariate analysis for all outcomes and for recurrence free survivals. This highlights the
importance of good pathological analysis. The pathology of the carcinoma, incorporating
histological type and high risk factors, is a major driver of the outcomes of this disease. PNI
and LVI were both significant predictors on univariate analysis, however, due to missing
information on older cases multivariable analysis was not possible. Often this was
incorporated into the overall report of grade and would have overlapping covariates.

The stage of the tumor, including T or N stage or combining these into the AJCC overall
stage has been shown to have important prognostic significance in other studies(13, 18). The
AJCC stage was a statistically significant predictor for all outcomes and for all recurrence
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outcomes. Together with pathological grade, this study shows these independent predictors
of outcome are the strongest covariates affecting survival and recurrence outcomes.

Radiation is not considered a curative primary treatment for salivary malignancy, but it has
been used extensively as an adjuvant treatment. The indications for post-operative
radiotherapy (PORT) are usually high grade and high stage salivary gland tumors. Margin
status, tumor location, neck disease and the presence of extra nodal extension (ENE) have
also been considered indications(15, 26). Local control and survival benefits have been
reported with adjuvant radiotherapy in retrospective cohorts(15, 27). In our study, univariate
analysis showed patients receiving PORT had worse outcomes but when other variables
were controlled for in multivariable analyses PORT was associated with improved OS, DSS,
LRFS and RRFS, but was not statistically significant.

This study is not without its limitations. This study used retrospectively collected data and
the results should be interpreted with caution when making treatment decisions. Selection
bias and treatment bias occurs in non-randomized patient cohorts, and these biases cannot be
controlled for in the statistical analysis. Despite this, it is a study with a large number of rare
tumors treated at a single institution presented in an inclusive fashion to give a broad
experience of the behavior of these tumor types.

In summary, this study addressed minor salivary malignancy with an inclusive method to
incorporate all anatomical locations and histological types from a tertiary center with a
consistent management philosophy during the period of the study. AJCC stage and
pathology risk group were the most predictive variables across all survival and recurrence
outcomes. Tumor site, post-operative radiotherapy and margin status were not statistically
significant variables after tumor stage and pathology were controlled for in most outcomes,
suggesting that the most important predictors of outcome are related to biology of the tumor
and stage at diagnosis. This information is useful when considering treatment and adjuvant
strategies in this rare group of tumors and can be applied across all the anatomical subsites.
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Refer to Web version on PubMed Central for supplementary material.
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Histological types of different minor salivary carcinoma
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Figure 2.

Kaplan Meier estimates of Overall Survival (OS), Recurrence Free Survival (RFS) and

Disease Specific Survival (DSS) with 5 and 10 year percentage estimates
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Figure 3A.
Kaplan Meier estimates of Disease Specific Survival by gender
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Figure 3B.
Kaplan Meier estimates of Disease Specific Survival by tumor site
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Figure 3C.
Kaplan Meier estimates of Disease Specific Survival by AJCC Stage
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Figure 3D.
Kaplan Meier estimates of Disease Specific Survival by pathological risk group
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Figure 4.
Pattern of recurrence of minor salivary carcinoma
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Kaplan Meier estimates of Regional Recurrence Free Survival (RRFS), Local Recurrence
Free Survival (LRFS), Distant Recurrence Free Survival (DSS) with 5 and 10 year
percentage estimates
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Proportion of distant failure in minor salivary gland carcinoma by histopathology
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