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Purpose: The prognostic value of primary tumor surgery (PTS) in minor salivary-gland carci-

noma (MiSGC) with distant metastasis (DM) at diagnosis has never been investigated. In this 

study, we aimed to provide the first evidence.

Patients and methods: The Surveillance, Epidemiology, and End Results (SEER) database 

was employed to identify MiSGC patients with DM at diagnosis. The prognostic value of PTS 

was evaluated by Kaplan–Meier methods, log-rank analyses, and multivariate Cox proportional-

hazard regression models.

Results: Of the 152 eligible patients included in our study, 50 (32.9%) had undergone PTS. 

Kaplan–Meier analyses showed that the PTS group had >20% increase in 1- and 2-year overall 

survival (OS) and cancer-specific survival (CSS) compared with their counterparts without 

PTS (PTS group vs no-PTS group, 1-year OS 66.1% vs 43.9%, 1-year CSS 69.9% vs 44.9%, 

2-year OS 56.6% vs 24.2%, 2-year CSS 59.9% vs 25.7%). Compared with the no-PTS group, 

multivariate analyses also demonstrated a significantly decreased risk of overall mortality 

(HR 0.601, 95% CI 0.379–0.952; P=0.031) and cancer-specific mortality (HR 0.547, 95% CI 

0.336–0.891; P=0.015) in the PTS group. Subgroup multivariate analyses revealed patients with 

T1–T3 oropharynx, nasal cavity, or paranasal sinus primary MiSGC, especially adenoid cystic 

carcinoma, might benefit from PTS (all P<0.05).

Conclusion: PTS is associated with improved survival in highly selected MiSGC patients and 

may be considered in future clinical practice. However, prospective studies with larger sample 

size are still necessary to validate our findings.

Keywords: minor salivary gland carcinoma, distant metastasis, primary tumor surgery, T stage, 

primary site, SEER

Introduction
Salivary gland (SG) neoplasms constitute 3%–6% of all head and neck malignancies 

and incorporate over 20 kinds of histologic subtypes, according to the 2005 World 

Health Organization classification.1,2 However, the majority of SG cancer (SGC) 

originates from the major SG,3 whereas minor SGC (MiSGC) accounts for only 20% 

or even less of the whole SGC entity.4–7

Despite the fact that MiSGCs occur mostly in the oral cavity and oropharynx, 

they can also arise from MiSGs at almost all regions of the upper aerodigestive tract 

and paranasal sinuses. Early detection is always difficult, because most of the tumors 
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appear to be painless and slowly growing submucosal swell-

ings.8 For tumors in the paranasal sinus, timely diagnosis is 

even harder, as apparent symptoms always develop late and 

are often confused with nasal obstruction.8 Baddour et al 

reported an 8.3% distant metastasis (DM) rate at diagnosis 

among MiSGC patients using data from the Surveillance, 

Epidemiology, and End Results (SEER) database,9 which was 

higher than that in head and neck squamous cell carcinoma 

(HNSCC) and major SGC.10,11 Therefore, DM in MiSGC 

ought to be given more attention.

In the National Comprehensive Cancer Network guide-

lines, treatment modalities for metastatic MiSGCs are still 

limited, comprising only chemotherapy, expectant manage-

ment, supportive care, and selected metastasectomy (not 

primary tumor [PT] treatment).12 There is a lack of evidence 

as to whether these therapies can bring improved survival 

outcomes.6 Primary tumor surgery (PTS) has been proved to 

play a favorable role in the treatment of multiple cancers with 

M1 disease at diagnosis, including colorectal, breast, gastric, 

and bladder cancers, as well as HNSCC.13–19 Our previous work 

also verified the prognostic significance of PTS in metastatic 

major SGC.20 However, as far as we know, there are no relevant 

studies focusing on this subject in the setting of metastatic 

MiSGC. In the present study, we aimed to provide the first 

evidence on the prognostic value of PTS in MiSGC patients 

with DM at diagnosis using data from the SEER database.

Patients and methods
Data source
We explored the National Cancer Institute’s SEER program 

to identify primary MiSGC cases with DM at diagnosis. As 

the largest publicly available cancer data set in the world, 

the SEER program currently covers nearly 30% of the US 

population and routinely records patients’ demographics, 

tumor characteristics, treatment, survival time, and annually 

updated vital status. As SEER is a public database without 

identified information, this retrospective study was exempted 

from approval by the Fudan University Shanghai Cancer 

Center institutional review board.

Cases
Patients were included in our study if the following criteria 

were met: 1) histologic subtypes identified using the third-

edition ICD for Oncology (ICD-O3) codes for adenocarci-

noma (8140, 8147, 8290, 8310, 8410, 8440, 8480, 8525, and 

8550), mucoepidermoid carcinoma (8430), adenoid cystic 

carcinoma (8200), mixed subtype (8980 and 8981), and other 

rare carcinomas (8012, 8041, 8082, 8562, and 8982), which 

was the same as the methodology of previous studies using 

the SEER database;3,9,21 2) histologic subtypes confirmed by 

aspiration cytology, biopsy, or postoperative pathology report; 

3) primary site included oral cavity (ICD-O3  topography 

codes C00.0–C00.9, C02.0–C02.3, C02.8–C02.9, C03.0–

C03.9, C04.0–C04.9, C05.0, and C06.0–C06.1), oropharynx 

(C01.9, C02.4, C05.1–C05.2, and C09.0–C10.9), larynx 

(C32.0–C32.9), hypopharynx (C12.9–C13.2), nasal cavity 

(C30.0), and paranasal sinus (C31.0–C31.9). MiSGCs origi-

nating from nasopharynx (C11.0–C11.9) were excluded, as 

none of these patients had undergone PTS, and more impor-

tantly almost all these tumors were recorded as lymphoepi-

thelial carcinoma (8082), which was difficult to distinguish 

from the more common primary nasopharyngeal SCC;2 4) 

patients diagnosed between January 1, 2004 and June 30, 

2014, because some important factors are merely available 

for patients diagnosed after 2004, such as the American Joint 

Committee on Cancer (AJCC) TNM staging. In addition, the 

cutoff date for SEER follow-up information was December 

31, 2014, and it is advisable to guarantee a minimum of 

6-month follow-up for these metastatic patients; 5) patients 

diagnosed with DM at initial presentation.

Covariates and outcomes
Demographics of patients (sex, age at diagnosis), character-

istics of tumors (AJCC T and N staging, primary site, histo-

pathologic type, tumor grade) and treatment (PTS, radiation, 

chemotherapy) were retrieved for all cases included in our 

study cohort. In this study, PTS represented total or at least 

partial removal of the PT with or without adjacent sites. Local 

destructive therapies, such as electrocautery and cryosurgery, 

were excluded from the scope of PTS. Of note, endoscopic 

laser surgery was not included in this definition, because none 

of the patients in our study underwent this procedure. Metas-

tasectomy was not incorporated into the analysis because of 

insufficient cases (n=3). Metastatic organs, such as lung, liver, 

and bone, were not incorporated in the analysis either, as only 

a small proportion of patients (diagnosed after 2010) had 

definite records on this parameter. With regard to the “primary 

site”, larynx, hypopharynx, nasal cavity, and paranasal sinus 

were grouped together, due to the small sample. It is also 

noteworthy that the seventh edition of AJCC T staging was 

adopted in our study, because some information in the eighth 

edition was not accessible in the SEER registry.

To simplify our research, we categorized the histopatho-

logic types of MiSGC into low-, intermediate-, and high-risk 

categories based on three-tiered classification criteria put 

forward by Therkildsen et al in 1998,22 which was also used 
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in the research by Jouzdani et al.23 In our study, the low-risk 

category included low-grade mucoepidermoid carcinoma/

adenocarcinoma-not otherwise specified (NOS), polymor-

phous low-grade adenocarcinoma, basal-cell carcinoma, 

and acinar-cell carcinoma; the intermediate-risk category 

included intermediate-grade mucoepidermoid carcinoma/ 

adenocarcinoma-NOS, epithelial–myoepithelial carcinoma, 

oncocytic carcinoma, myoepithelial carcinoma, carcinoma in 

pleomorphic adenoma, and adenoid cystic carcinoma, whereas 

the high-risk category included high-grade mucoepidermoid 

carcinoma/adenocarcinoma-NOS and undifferentiated car-

cinoma. Mucoepidermoid carcinoma/adenocarcinoma-NOS 

without known tumor grade was recorded as “unspecified” 

histology. The end points of our study were overall survival 

(OS) and cancer-specific survival (CSS). The duration of OS 

and CSS were calculated as the interval from initial diagnosis 

to overall mortality (OM; death from any cause) or cancer-

specific mortality (CSM; death from MiSGC), respectively.

Statistical analysis
Fisher’s exact test or Pearson’s chi-square test was used to 

compare differences in categorical baseline parameters. Sur-

vival plots were generated by the Kaplan–Meier method and 

compared by log-rank test. Multivariate Cox proportional-

hazard regression analyses were performed to evaluate the 

impact of covariates on OS and CSS by calculating HR and 

95% CI. In order better to illustrate the prognostic signifi-

cance of PTS in the overall cohort, we separately constructed 

two multivariate Cox regression models, with one model 

using the best subsets of covariates identified by the smallest 

Akaike information criterion (AIC), which indicated minimal 

loss of prognostic information,24,25 and the other incorporating 

all the baseline variables. Covariates of subgroup multivariate 

analyses included all baseline variables, because if we used 

the AIC method, we would not be able to guarantee the vari-

able of interest (eg, PTS) to be selected in all the subgroup 

Cox models. All statistical analyses were carried out using 

SPSS version 24 (IBM, Armonk, NY, USA). Forest plots 

summarizing the results of subgroup Cox analyses were 

drawn with Stata version 14.0 (StataCorp, College Station, 

TX, USA). Survival plots were drawn with GraphPad Prism 

version 7.0 (GraphPad, San Diego, CA, USA). Two-sided 

P<0.05 was considered statistically significant.

Results
Patient characteristics
A total of 152 eligible patients were incorporated in our 

study. Of the overall cohort, only 50 (32.9%) patients had 

undergone PTS. The median follow-up time was 12 months 

and median age at diagnosis was 62.5 (range 26–91) years. 

More than half (n=90, 59.2%) of the patients were male. 

The vast majority of tumors (n=128, 84.2%) were high-risk 

pathologies, and ~60% (n=92, 60.5%) of tumors originated 

from the oral cavity and oropharynx. One hundred and forty-

four (93.4%) of the tumors were categorized as intermediate- 

or high-risk pathology, and adenoid cystic carcinoma (n=62, 

40.8%) and adenocarcinoma NOS (n=31, 20.4%) were the 

two most common histotypes. Eighty-three (25.0%) patients 

had stage T1–T2 tumors and 48.0% (n=73) had N+ disease. 

In addition, 55.3% (n=84) and 48.7% (n=74) of the entire 

cohort had undergone radiation and chemotherapy, respec-

tively. Patient characteristics of the no-PTS and PTS groups 

are outlined in Table 1. In the overall cohort, metastases of 43 

patients (28.3%) were pathologically confirmed, whereas the 

rest (71.7%) were confirmed by imaging, such as positron-

emission tomography/computed tomography. 

PTS and survival outcomes in overall 
cohort
Among the 152 MiSGC cases, Kaplan–Meier analyses dem-

onstrated that the PTS group had >20% higher 1- and 2-year 

survival rates than their counterparts without PTS (PTS vs 

no-PTS, 1-year OS 66.1% vs 43.9%, 1-year CSS 69.9% vs 

44.9%, 2-year OS 56.6% vs 24.2%, 2-year CSS 59.9% vs 

25.7%). Meanwhile, the log-rank tests suggested that all these 

differences were statistically significant (OS P=0.006, CSS 

P=0.002; Figure 1). On multivariate analysis for both end 

points, the smallest AIC value (OM 935.57, CSM 873.30) 

appeared when we put sex, histopathologic type, and PTS 

in the Cox regression models. The results revealed that PTS 

significantly decreased the risk of OM and CSM compared 

with those absent of surgical intervention (PTS vs no-PTS: 

HR
OM

 0.601, 95% CI 0.379–0.952, P=0.031; HR
CSM

 0.547, 

95% CI 0.336–0.891, P=0.015; Table 2). Another multivariate 

Cox regression model incorporating all the baseline covari-

ates also reached similar conclusions. PTS was still an inde-

pendent positive prognosticator for both end points (PTS vs 

no-PTS: HR
OM

 0.552, 95% CI 0.326–0.935, P=0.027; HR
CSM

 

0.472, 95% CI 0.272–0.821, P=0.008; Table 3).

PTS and survival outcomes in patients 
according to T staging
Subsequently, survival analyses were investigated within each 

T subgroup. For patients with T1–T2 PTs, Kaplan–Meier 

methods showed that both 1-year OS and CSS rates of the 

no-PTS group were 39.1%, whereas the 2-year OS and CSS 
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rate sharply decreased to 21.7%. By contrast, we were sur-

prised to find that the 1-year OS and CSS rates of the PTS 

group were as high as 81.3%, whereas both the 2-year OS and 

CSS rates achieved 69.7%. Although the survival difference 

between the PTS and no-PTS groups did not meet statisti-

cal significance (OS P=0.093, CSS; P=0.055;  Figure 2), 

PTS proved to be a positive prognosticator in subgroup 

multivariate Cox analyses for patients with stage T1–T2 

tumors (PTS vs no-PTS: HR
OM

 0.521, 95% CI 0.298–0.911, 

P=0.022; HR
CSM

 0.427, 95% CI 0.238–0.767, P=0.004), 

as summarized in the forest plots (Figure 3). On the other 

hand, both log-rank tests (OS P=0.003, CSS P=0.006) and 

subgroup multivariate Cox analyses (PTS vs no-PTS: HR
OM

 

0.042, 95% CI 0.004–0.476, P=0.010; HR
CSM

 0.062, 95% CI 

0.005–0.716, P=0.026) revealed the prognostic significance 

of PTS for patients with stage T3 PTs. However, in neither 

log-rank tests (P
T4a-OS

=0.093, P
T4a-CSS

=0.051; P
T4b-OS

=0.134, 

P
T4a-CSS

=0.062) nor subgroup multivariate analyses (T4a, 

HR
OM

 0.917, 95% CI 0.316–2.745, P=0.876; HR
CSM

 0.820, 

95% CI 0.276–2.438, P=0.721; T4b, HR
OM

 0.390, 95% CI 

Table 1 Baseline characteristics of MiSGC patients with distant metastases at diagnosis

Characteristics Total (n=152) PTS (n=50) No-PTS (n=102) Pa

Age at diagnosis, years 0.496
Median (range) 62.5 (26–91) 61 (26–89) 63 (31–91)
<60 61 (40.1%) 22 (44.0%) 39 (38.2%)

≥60 91 (59.9%) 28 (56.0%) 63 (61.8%)
Sex 0.624
Female 62 (40.8%) 19 (38%) 43 (42.2%)
Male 90 (59.2%) 31 (62%) 59 (57.8%)
Primary site 0.006
Oral cavity 48 (31.6%) 24 (48.0%) 24 (23.6%)
Oropharynx 44 (28.9%) 12 (24.0%) 32 (31.4%)
Larynx/hypopharynx 26 (17.1%) 3 (6.0%) 23 (22.5%)
Nasal cavity/paranasal sinus 34 (22.4%) 11 (22.0%) 23 (22.5%)
Histopathologic type (three-tiered) 0.006
Low risk 5 (3.3) 2 (4.0%) 3 (2.9%)
Intermediate risk 87 (57.2) 38 (76.0%) 49 (48.0%)
High risk 55 (36.2) 9 (18.0%) 46 (45.1%)
Unspecified 5 (3.3) 1 (2.0%) 4 (3.9%)
Histopathologic type (specific) 0.005
Adenoid cystic carcinoma 62 (40.8) 29 (58.0) 33 (32.4)
Adenocarcinoma NOS 31 (20.4) 8 (16.0) 23 (22.5)
Small-cell carcinoma 30 (19.7) 3 (6.0) 27 (26.5)
Mucoepidermoid carcinoma 16 (10.5) 7 (14.0) 9 (8.8)
Others 13 (8.6) 3 (6.0) 10 (9.8)
T stage 0.001
T1–T2 38 (25.0%) 11 (22.0%) 27 (26.5%)
T3 25 (16.4%) 7 (14.0%) 18 (17.6%)
T4a 41 (27.0%) 22 (44.0%) 19 (18.6%)
T4b 18 (11.8%) 8 (16.0%) 10 (9.8%)
Tx 30 (19.7%) 2 (4.0%) 28 (27.5%)
N stage 0.002
N0 61 (40.1%) 27 (54.0%) 34 (33.3%)
N+ 73 (48.0%) 23 (46.0%) 50 (49.0%)
Nx 18 (11.8%) 0 18 (17.6%)
Radiation 0.027
No evidence 68 (44.7%) 16 (32.0%) 52 (51.0%)
Received 84 (55.3%) 34 (68.0%) 50 (49.0%)
Chemotherapy 0.065
No evidence 78 (51.3%) 31 (62.0%) 47 (46.1%)
Received 74 (48.7%) 19 (38.0%) 55 (53.9%)

Notes: aEstimated by Student’s t-test, Pearson chi-squared test, or Fisher’s exact test.
Abbreviations: MiSGC, minor salivary-gland carcinoma; PTS, primary tumor surgery; NOS, not otherwise specified.
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Figure 1 Kaplan–Meier survival plots of (A) overall and (B) cancer-specific survival according to receipt of PTS (yes vs no) for the overall 152 patients.
Abbreviation: PTS, primary tumor surgery.

Table 2 Multivariate Cox analyses of prognostic indicators for overall and cancer-specific mortality in the overall cohort, incorporating 
covariates identified by the smallest AIC value

Variables Overall mortality Cancer-specific mortality

HR (95% CI) P HR (95% CI) P

Sex
Female Reference Reference
Male 1.496 (1.008–2.221) 0.046 1.538 (1.020–2.319) 0.040
Histologic type
Low risk Reference Reference
Intermediate risk 0.888 (0.213–3.710) 0.871 0.810 (0.193–3.395) 0.773
High risk 2.198 (0.513–9.421) 0.289 1.973 (0.459–8.484) 0.361
Unspecified 3.850 (0.742–19.968) 0.109 3.172 (0.577–17.443) 0.184
Primary tumor surgery
None Reference Reference
Received 0.601 (0.379–0.952) 0.031 0.547 (0.336–0.891) 0.015
Abbreviation: AIC, Akaike information criterion.

0.094–1.628, P=0.197; HR
CSM

 0.273, 95% CI 0.051–1.465, 

P=0.130) did we observe any significant difference between 

the PTS and no-PTS groups for patients with T4a or T4b PTs 

(Figures 2 and 3).

PTS and survival outcomes according to 
site of primary lesion
Next, we aimed to explore the prognostic value of PTS 

according to the primary site of MiSGC. Log-rank tests did 

not demonstrate significant prognostic differences between 

the PTS and no-PTS groups for patients with oral cavity 

(OS P=0.989, CSS P=0.751) or nasal cavity/paranasal sinus 

MiSGCs (OS P=0.093, CSS P=0.084), and it seemed only 

patients with oropharyngeal MiSGCs might benefit from 

PTS (OS P=0.019, CSS P=0.010) (Figure 4).

Subgroup multivariate Cox analyses were also applied. 

The results of multivariate analyses indicated that PTS was 

associated with decreased risk of OM and CSM not only in 

oropharyngeal MiSGCs (HR
OM

 0.153, 95% CI 0.036–0.651, 

P=0.011; HR
CSM

 0.098, 95% CI 0.020–0.492, P=0.005) 

but also in nasal cavity/paranasal sinus MiSGCs (HR
OM

 

0.174, 95% CI 0.049–0.600, P=0.006; HR
CSM

 0.129, 95% 

CI 0.031–0.529, P=0.004). Similarly, there was no evidence 

of favorable prognostic impact of PTS in patients with oral 

cavity tumors (HR
OM

 1.062, 95% CI 0.346–3.265, P=0.916; 

HR
CSM

 0.973, 95% CI 0.318–2.981, P=0.962) (Figure 3). It 

was worth noting that subgroup analyses were not performed 

in hypopharyngeal/laryngeal MiSGC patients, because there 

were only three individuals undergoing PTS, which was not 

sufficient for multivariate analyses.
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PTS and survival outcomes for patients 
with representative histologic subtypes
In our study cohort, adenoid cystic carcinoma (ACC; n=62, 

40.8%) and adenocarcinoma-NOS (n=31, 20.4%) were two 

representative histologic types (Table 1). For ACC or adeno-

carcinoma NOS MiSGC patients, it seemed that PTS did 

not confer a survival advantage in univariate log-rank tests 

(ACC OS P=0.219, CS: P=0.146; adenocarcinoma-NOS 

OS P=0.928, CSS P=0.816) (Figure 5). However, subgroup 

multivariate Cox analyses demonstrated that PTS was inde-

pendently associated with decreased mortality risk for ACC 

patients (HR
OM

 0.416, 95% CI 0.179–0.971, P=0.042; HR
CSM

 

0.341, 95% CI 0.134–0.871, P=0.025). Nevertheless, we 

failed to observe any significant beneficial prognostic effect 

for those with adenocarcinoma-NOS (HR
OM

 0.481, 95% CI 

0.125–1.856, P=0.288; HR
CSM

 0.497, 95% CI 0.127–1.949, 

P=0.316; Figure 3).

Discussion
For patients with metastatic MiSGC, chemotherapy, selected 

metastasectomy, and supportive care remain the predominant 

strategies in current clinical practice. Nevertheless, there is 

no evidence of a survival advantage associated with these 

therapies, including the most commonly used chemotherapy.6 

Chemotherapy, of which the optimal regimen is not well 

defined, seems incapable of prolonging survival in patients 

with end-stage MiSGC. Therefore, chemotherapy is more 

of a palliative strategy aiming to improve quality of life and 

Table 3 Multivariate Cox analyses of prognostic indicators for overall and cancer-specific mortality in the overall cohort, incorporating 
all the baseline covariates

Variables Overall mortality Cancer-specific mortality

HR (95% CI) P HR (95% CI) P

Age at diagnosis (continuous)
For every 1-year increase 1.002 (0.985–1.018) 0.854 0.998 (0.981–1.016) 0.841
Sex
Female Reference Reference
Male 1.491 (0.983–2.263) 0.060 1.477 (0.956–2.283) 0.079
Primary site
Oral cavity Reference Reference
Oropharynx 1.110 (0.632–1.949) 0.717 1.070 (0.600–1.910) 0.819
Larynx/hypopharynx 1.096 (0.568–2.115) 0.786 0.964 (0.488–1.904) 0.916
Nasal cavity/paranasal sinus 1.015 (0.549–1.874) 0.963 0.873 (0.459–1.662) 0.679
Histologic type
Low risk Reference Reference
Intermediate risk 0.802 (0.180–3.562) 0.771 0.710 (0.158–3.185) 0.654
High risk 2.229 (0.478–10.393) 0.308 1.907 (0.405–8.980) 0.414
Unspecified 2.820 (0.493–16.144) 0.244 2.163 (0.356–13.148) 0.402
T stage
T1–T2 Reference Reference
T3 1.353 (0.723–2.531) 0.344 1.414 (0.742–2.693) 0.292
T4a 1.467 (0.800–2.690) 0.216 1.587 (0.851–2.961) 0.147
T4b 1.156 (0.539–2.481) 0.709 1.165 (0.529–2.566) 0.704
Tx 0.728 (0.332–1.599) 0.431 0.672 (0.292–1.550) 0.352
N stage
N0 Reference Reference
N+ 1.231 (0.780–1.941) 0.372 1.251 (0.782–2.001) 0.350
Nx 2.037 (0.883–4.695) 0.095 1.914 (0.784–4.675) 0.154
Radiation
No evidence Reference Reference
Received 1.016 (0.647–1.595) 0.944 0.985 (0.618–1.573) 0.951
Chemotherapy
No evidence Reference Reference
Received 0.750 (0.465–1.209) 0.237 0.789 (0.479–1.298) 0.350
Primary tumor surgery
None Reference Reference
Received 0.552 (0.326–0.935) 0.027 0.472 (0.272–0.821) 0.008
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alleviate local symptoms.26 Moreover, in spite of the emerging 

targeted therapies, all these drugs for metastatic SG malig-

nancies are still at the stage of clinical trials.6,27

Once the aforementioned methods fail, there is almost 

nothing alternative that can help. However, the therapeutic 

value of PTS in multiple cancers, especially in HNSCC 

and major SGC,19,20 promotes us to turn our attention to 

MiSGC. Due to its rare incidence, extensive anatomical 

distribution, and complicated histology, prospective stud-

ies are extremely hard to carry out, let alone for the rarer 

metastatic disease. What is more, there has been almost no 

research concentrating on metastatic MiSGCs in the past two 

decades. Consequently, the US national SEER database may 

be an optimal tool for investigating this subject. As far as we 

know, with the use of SEER database, this is the first study 

to investigate the prognostic value of PTS in the setting of 

metastatic MiSGC.

Unlike recurrent postoperative disease, detection of 

metastases at initial diagnosis gives surgeons an opportunity 

to remove the primary lesion. One of the most important fac-

tors for evaluating the value of operations is the resectability 

of PTs.28 In our study, surgical resection was shown to be of 

prognostic value for M1 patients with T1–T3 disease. As a 

result, locoregional resectable PTs might be considered a 

surgical indication. For their counterparts with moderately 

or very advanced disease (T4a–T4b tumors), however, 
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Figure 2 Kaplan–Meier survival plots of overall and cancer-specific survival according to receipt of PTS (yes vs no).
Notes: Patients with (A, B) T1–T2, (C, D) T3, (E,F) T4a, and (G, H) T4b primary tumors.
Abbreviation: PTS, primary tumor surgery.
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Figure 3 Forest plots summarizing HRs and 95% CIs for (A) overall and (B) cancer-specific mortality in subgroup multivariate Cox analyses.
Abbreviations: PTS, primary tumor surgery; NOS, not otherwise specified.
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aggressive surgical excision was not only unable to bring 

survival benefits, but was also highly likely to seriously 

affect the integrity of crucial anatomical structures in the 

head and neck region.

As mentioned, tumors arising in the nasal cavity and 

paranasal sinuses are often detected at an advanced stage 

and are proximal to critical locations, including the skull 

base, orbit, frontal lobe, and major cranial nerves,3 which 

sometimes trigger controversy about the balance of clear 

surgical margins and necessary functional preservation.29 

In our study, five of eleven patients (45.5%) with metastatic 

nasal cavity/paranasal sinus MiSGC who had received PTS 

underwent only partial tumor removal or so-called “debulk-

ing” surgery; however, it was these operations that relieved 

their local symptoms and simultaneously lengthened their 

lives. Therefore, if the prognostic value of radiotherapy is not 

clear and might result in related bony and visual toxicity,30 

PTS is worth considering regardless of R0/R1 resection.

The oral cavity remained the most common primary 

location of distant metastatic MiSGCs. Unfortunately, unlike 

tumors from other sites, PTS did not confer a survival benefit 

in patients with oral cavity lesions. We assumed that this 

was possibly due to different anatomical characteristics. 

For malignancies of the nasal cavity, paranasal sinuses, and 

oropharynx, due to their relatively inaccessible anatomical 

location next to the skull base or respiratory tract,31 advanced 

tumors are prone to fatal complications when they become 

seriously infected, ulcerated, and hemorrhagic. PTS might 

largely delay or even avoid the occurrence of these lethal 

events. However, for oral cavity neoplasms, it is difficult, 

given the relative abundance of space in the mouth, for an 

even larger tumor to cause serious local symptoms, thereby 

reducing the significance of PTS in oral cavity MiSGC 

patients. However, further evidence is needed to support 

these hypotheses.

Some limitations inherent to the use of the SEER data-

base should be acknowledged. First, only a small proportion 

of patients (2010–2014) had records of metastatic sites in 

the SEER database; therefore, metastatic sites could not be 

included in the analysis. Second, there was inevitable bias, 

due to the lack of information in the SEER registry, such as 

comorbidities and performance status. For example, healthier 

patients with better performance status might be more likely 

to receive PTS. Other similar SEER-based studies have also 
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Figure 4 Kaplan–Meier survival plots of overall and cancer-specific survival according to receipt of PTS (yes vs no) for tumors.
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Abbreviation: PTS, primary tumor surgery.
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reported this flaw, concluding that it was unlikely that the 

significant prognostic effect of PTS in highly-selected groups 

was due solely to this unadjusted confounding factor.14,16,19,20 

Third, although the nationwide SEER database covers nearly 

26% of the US population, the sample of this study was still 

small, due to the low incidence of metastatic MiSGCs. Fourth, 

for the foreseeable future, it is still very hard to investigate 

this topic in each histologic subtype of MiSGC, due to its 

rarity and overcomplicated pathologies. Fifth, this study is 

also limited by its retrospective nature.

Conclusion
Our study for the first time shows that it is reasonable to 

consider PTS in highly selected MiSGC patients with DM 

at diagnosis. Patients with T1–T3 oropharyngeal, nasal cav-

ity, or paranasal sinus neoplasms, especially adenoid cystic 

carcinoma, may be suitable candidates. However, prospec-

tive studies with larger samples are awaited to validate our 

conclusions.
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Figure 5 Kaplan–Meier survival plots of overall and cancer-specific survival according to receipt of PTS (yes vs no).
Notes: (A, B) adenoid cystic carcinoma and (C, D) adenocarcinoma NOS.
Abbreviations: PTS, primary tumor surgery; NOS, not otherwise specified.
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