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Abstract
Objective: The prognostic value of primary tumor surgery (PTS) for patients with metastatic adenoid
cystic carcinoma of the head and neck (HNACC) at initial diagnosis has never been studied. The aims of
this study were to determine the prognostic signi�cance and identify optimal candidates of PTS.

Materials and Methods: Patients with metastatic HNACC (stage IVC) at initial diagnosis were identi�ed
from the Surveillance, Epidemiology and End Results (SEER) database between 2004 and 2015.
Correlated variables, including age, sex, race, tumor stage, metastatic site, treatment, and survival
information were extracted. Kaplan-Meier analysis, log-rank test, and multivariate Cox regression model
were performed to evaluate the impact of PTS on survival outcomes, including overall survival (OS) and
cancer-speci�c survival (CSS).

Results: Overall, 155 patients were identi�ed from database. Of those, 93 (60%) patients underwent
palliative PTS. Patients with lung metastasis alone were more likely undergo PTS (c2=15.042, P=0.002).
The univariate analysis showed that PTS were associated with signi�cantly improved survival than no-
PTS (P=0.001 for CSS; P 0.001 for OS). The median CSS for patients who received PTS and those who
did not receive PTS were 64.0 and 22.0 months, respectively. The median OS for patients who received
PTS and those without PTS were 43.0 and 16.0 months, respectively. Notably, in multivariate model, the
OS of patients who underwent PTS was better than that of patients who did not (HR=0.586, P=0.017), but
there was no signi�cantly improvement in CSS. In addition, subgroup analyses further revealed that
patients with T3-4 or N0 stage might bene�t from PTS.

Conclusion: PTS signi� cantly improved OS in patients with metastatic HNACC. Besides, PTS had a
favorable prognostic impact on highly-selected patients, namely T3-4 and N0 stage, which could be
adopted in future clinical practice. Further multicenter prospective studies are still needed to verify these
outcomes.

Introduction
Adenoid cystic carcinoma (ACC) is a relatively rare malignancy that arises mostly in salivary glands(1).
ACC accounts for approximately 25% of all salivary gland carcinomas, and only 1% of all head and neck
malignancies(2). Adenoid cystic carcinoma of the head and neck (HNACC) is a generally slow-growing
but highly aggressive malignant tumor, which has the characteristics of local recurrence and distant
metastasis(3, 4). Once metastatic disease is present, the median overall survival (OS) of patients with
salivary ACC is about three years(5, 6). Among them, up to 10% of patients can survive for more than 10
years due to indolent tumor growth(7, 8). However, one-third of patients may develop more rapid disease
progression and die within 2 years after metastasis(8, 9). Although chemotherapy, expectant treatment,
selective metastatic resection and optimal supportive treatment can be used for the treatment of
metastatic HNACC(10), the survival bene�t is very limited(11, 12). Thus, more attention should be paid to
those patients with distant metastasis.
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Currently, accumulating studies have reported the favorable prognostic impact of primary tumor surgery
(PTS) on multiple metastatic cancers, such as breast cancer, gastric cancer, and colorectal cancer(13–
15), but there was no relevant study on PTS for metastatic HNACC. In the up-to-date ASCO guideline, for
ACC and/or low-grade tumors with indolent biology with limited metastases, local ablative treatments
(such as surgery or stereotactic body radiation therapy) may be offered to delay local disease
progression(16). Nevertheless, the guideline did not specify whether surgical management of primary site
should be performed. It was still unknown whether the removal of the primary tumor could lead to
survival bene�ts for patients with metastatic HNACC.

Therefore, we conducted a population-based study to determine the prognostic signi�cance and identify
optimal candidates of PTS by using Surveillance, Epidemiology, and End Results (SEER) program
databases.

Method And Meterial

Data Collection
The data was extracted from the SEER database, including additional treatment information, using
SEER*Stat software (version 8.3.5). ACC as de�ned by the World Health Organization (WHO) 2008
salivary gland tumor classi�cation, based on the International Classi�cation of Diseases for Oncology,
3rd ed. (ICD-O-3) system (ACC = 8200). Since the American Joint Committee on Cancer (AJCC) 8th edition
is not accessible in the SEER registry, we considered data on ACC cases that were staged using the AJCC
6th and 7th editions, effectively 2004 and onward. The 7th edition has not undergone major revisions, so
the cases classi�ed according to the 6th and 7th editions of AJCC have been merged.

The inclusion criteria were listed as follows: (1) pathologically con�rmed ACC; (2) had distant metastasis
at initial diagnosis; (3) diagnosed between 2004 and 2015, because several essential factors were only
available for patients diagnosed after 2004; (4) had completed follow-up and survival information.
Patients were excluded in our study if the following criteria were met: (1) ACC at anatomic sites other
than head and neck; (2) no clear derived AJCC TNM staging, such as Tx, Nx and Mx stage. Information
used in our study was based on the most recent follow-up data available (December 31, 2018).

Baseline characteristics including demographics, tumor characteristic, and treatment were collected. The
relative covariates were retrieved as follows: patient ID, age at diagnosis, sex, race, primary tumor site,
histological grade, derived AJCC T staging, N staging, metastatic sites, and treatment. In our study, PTS
represented total or at least partial excision of the primary tumor with or without adjacent site. Local
destructive therapies, such as excisional biopsy, electrocautery and cryosurgery, were excluded from the
de�nition of PTS. In addition, the pathological grade was expressed as grade I, II, III and IV. Among them,
grade I and grade II were de�ned as well differentiated and moderately differentiated, respectively. Grade
III represented poorly differentiated, and grade IV represented undifferentiated or anaplastic.
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This study was deemed exempt from the approval of the medical ethics committee of the National
Cancer Center/Cancer Hospital Chinese Academy of Medical Sciences, because the data were from a
public health database accessible to applicants.

Statistical Analysis
OS was de�ned as the time from initial diagnosis to overall mortality. Cancer-speci�c survival (CSS) was
calculated as the time from initial diagnosis to the date of cancer speci�c death. Statistical analyses
were performed using SPSS statistical software version 23.0 (IBM Corp., Armonk, NY, United States).
Differences in demographics and clinical characteristics were assessed with chi-square test or t-test.
Univariate survival analysis was performed using the Kaplan–Meier method and the difference in survival
curves between the two groups was estimated by the log-rank test. Figures were produced using
GraphPad Prism software version 9.0 (GraphPad Software, Inc., United States). Multivariate analysis was
performed by a Cox proportional hazards regression model to evaluate the independent prognostic
factors associated with improved survival. Forest plots summarizing hazards ratios (HR) for PTR versus
no-PTR in the subgroup analyses were performed by RStudio (Version 1.4.1717©2009-2021 RStudio,
PBC). For all statistical tests, signi�cance was considered to be achieved when P<0.05.

Result

Baseline Characteristics
A total of 155 patients with metastatic HNACC at initial diagnosis were identi�ed from the SEER database
between 2004 and 2015. The median age at diagnosis was 62 years (range: 20–93). More than half
(n=81, 52.3%) of the patients were female. The majority of patients were white race (n=121, 78.1%). Major
salivary glands (n=83, 53.5%) were the most common site of primary lesions, including parotid gland
(n=35), submandibular gland (n=35), sublingual gland (n=4) and major salivary gland, NOS (n=9). Among
patients with a clear pathological grade, the number of patients with grade I-II was roughly equal to that
of patients with grade III-IV. Moreover, 118 (76%) patients had T3-4 stage HNACC, and nearly half (n=67,
43.2%) had regional lymph node metastasis at the time of initial diagnosis. Among patients with clear
metastatic sites, lung (n=63, 40.6%), bone (n=22, 14.2%) and liver (n=11, 11.0%) were the most common
metastatic sites, and only one patient had brain metastasis. In terms of treatment, 93 (60.0%) patients
received PTS, whereas 62 patients (40.0%) did not undergo PTS. Among 67 patients with regional lymph
node metastasis, nearly half (n=34, 50.7%) patients received regional lymph nodes removed. None of the
metastases were given surgery. In addition, 39.4% (n=61) and 38.1% (n=59) of patients received
radiotherapy and chemotherapy, respectively.

Baseline characteristics of the PTS and no-PTS group were presented in Table 1. Signi�cant differences
were observed in grade, metastasis sites, radiotherapy and chemotherapy (All P<0.05). Patients with lung
metastasis alone were more likely undergo PTS (χ2=15.042, P=0.002). For patients who received PTS, the
proportion of patients who received radiotherapy reached 63.4%, which was much higher than that of
patients who did not undergo PTS (χ2=56.514, P<0.001). On the contrary, patients receiving
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chemotherapy were more common in those who did not undergo PTS (50.0% vs 30.1%, χ2=56.514,
P=0.012).
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Table 1
Baseline characteristic of metastatic HNACC patients at initial diagnosis.

Characteristic Total (n=155) PTS

(n=93)

No-PTS

(n=62)

X2 P

Gender       1.246 0.264

Male 74(47.7) 41(44.1) 33(53.2)    

Female 81(52.3) 52(55.9) 29(46.8)    

Age at diagnosis       0.728 0.393

<60 74(47.7) 47(50.5) 27(43.5)    

≥60 81(52.3) 46(49.5) 35(56.5)    

Race       2.982 0.225

White 121(78.1) 76(81.7) 45(72.6)    

Black 21(13.5) 9(9.7) 12(19.4)    

Others 13(8.4) 8(8.6) 5(8.1)    

Primary site       1.107 0.293

Major salivary glands 83(53.5) 53(57) 30(48.4)    

Minor salivary glands 72(46.5) 40(43) 32(51.6)    

Grade       27.152 <0.001

I-II 33(21.3) 31(33.3) 2(3.2)    

III-IV 31(20) 22(23.7) 9(14.5)    

Unknown 91(58.7) 40(43) 51(82.3)    

T stage       0.095 0.758

T1-2 37(23.9) 23(24.7) 14(22.6)    

T3-4 118(76.1) 70(75.3) 48(77.4)    

N stage       1.932 0.165

N0 88(56.8) 57(61.3) 31(50)    

N1-3 67(43.2) 36(38.7) 31(50)    

Metastasis sites       15.042 0.002

Lung alone 49(31.6) 37(39.8) 12(19.4)    

Lung and other sites 14(9) 4(4.3) 10(16.1)    
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Characteristic Total (n=155) PTS

(n=93)

No-PTS

(n=62)

X2 P

Other sites 25(16.1) 10(10.8) 15(24.2)    

Unknown 67(43.2) 42(45.2) 25(40.3)    

Radiotherapy       56.514 <0.001

Yes 61(39.4) 59(63.4) 2(3.2)    

No/unknown 94(60.6) 34(36.6) 60(96.8)    

Chemotherapy       6.244 0.012

Yes 59(38.1) 28(30.1) 31(50)    

No 96(61.9) 65(69.9) 31(50)    

Endpoint event       6.523 0.038

Alive 48(31) 36(38.7) 12(19.4)    

Dead attributable to ACC 81(52.3) 43(46.2) 38(61.3)    

Death of other cause 26(16.8) 14(15.1) 12(19.4)    

Survival Outcome
The median follow-up time was 26.0 months (range 2-140), 81 patients (52.3%) died of ACC-speci�c
causes, and 26 patients (16.8%) died of other cause. The survival analysis by Kaplan-Meier estimates
and Log-Rank tests showed that PTS was signi�cantly associated with better CSS than those patients
without PTS (64.0 months vs. 22.0 months, χ2=11.210, P=0.001) (Figure 1A). Similarly, the median OS
was signi�cantly improved in patients who received PTS than those who did not (43.0 vs. 16.0 months,
χ2=15.039, P<0.001) (Figure 1B).

 

Prognostic Factors
As shown in Table 2, the clinical characteristics were evaluated to determine their prognostic value for
CSS and OS. Univariate analysis showed that grade I-II (P=0.001 for CSS; P<0.001 for OS), N0 stage
(P<0.001 for CSS; P=0.001 for OS), lung metastasis alone (P=0.020 for CSS; P=0.038 for OS),
radiotherapy (P=0.022 for CSS; P=0.021 for OS) and PTS (P=0.001 for CSS; P<0.001 for OS) were
associated with better CSS and OS. The OS was also improved in patients with T1-2 stage than those
with T3-4 stage HNACC (P=0.048). However, age, race, gender, and primary site were not signi�cantly
related to CSS and OS.
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Table 2
Univariate analyses of factors in�uencing CSS and OS in metastatic HNACC

Factors   CSS     OS  

  HR 95% CI P HR 95% CI P

Gender            

Female vs Male 0.825 0.531~1.282 0.392 0.779 0.531~1.143 0.201

Age at diagnosis            

≥60 vs <60 0.964 0.623~1.493 0.870 1.163 0.796~1.700 0.436

Race            

Black vs White 1.182 0.635~2.200 0.598 1.096 0.631~1.905 0.745

Others vs White 1.101 0.502~2.415 0.809 1.056 0.529~2.108 0.877

Primary site            

Major vs Minor salivary
glands

1.238 0.991~1.546 0.060 1.260 1.038~1.530 0.019

Grade     0.001     <0.001

III-IV vs I-II 5.426 2.295~12.826 <0.001 4.219 2.067~8.612 <0.001

Unknown vs I-II 3.475 1.578~7.653 0.002 2.991 1.583~5.652 0.001

T stage            

T3-4 vs T1-2 1.618 0.922~2.839 0.093 1.636 1.005~2.663 0.048

N stage            

N1-3 vs N0 2.702 1.714~4.259 <0.001 1.952 1.319~2.888 0.001

Metastasis sites     0.020     0.038

Lung and other sites vs Lung
alone

2.917 1.341~6.347 0.007 2.456 1.235~4.883 0.010

Other sites vs Lung alone 2.231 1.135~4.387 0.020 1.874 1.035~3.393 0.038

Unknown vs Lung alone 1.379 0.773~2.460 0.277 1.307 0.802~2.128 0.283

Radiotherapy            

Yes vs No/unknown 0.583 0.368~0.925 0.022 0.627 0.422~0.933 0.021

Chemotherapy            

Yes vs No/unknown 1.658 1.066~2.580 0.025 1.473 0.999~2.171 0.050
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Factors   CSS     OS  

Surgery of primary site            

Yes vs No/unknown 0.481 0.309~ 0.748 0.001 0.479 0.326~
0.703

<0.001

Table 3
Multivariate analyses of factors in�uencing CSS and OS in metastatic HNACC.

  CSS OS

  HR 95% CI P HR 95% CI P

Grade     0.001     0.001

III-IV vs I-II 5.392 2.261~12.858 <0.001 3.812 1.842~7.890 <0.001

Unknown vs I-II 3.497 1.585~7.711 0.002 2.286 1.158~4.512 0.017

T stage            

T3-4 vs T1-2 1.830 1.030~3.251 0.039 1.946 1.177~3.218 0.009

N stage            

N1-3 vs N0 2.779 1.739-4.440 <0.001 1.738 1.149~2.631 0.009

Surgery of primary site            

Yes vs No - - - 0.586 0.378~0.910 0.017

Abbreviation: PTS, primary tumor surgery; CSS, cancer-speci�c survival; OS, overall survival.

In the multivariate model, grade, T stage, N stage were independent prognostic factors in�uencing both
CSS and OS (All P<0.05). Grade III-IV (HR=5.392, P<0.001 for CSS; HR=3.812, P<0.001 for OS), T3-4 stage
(HR=1.830, P=0.039 for CSS; HR=1.946, P=0.009 for OS), and N1-3 stage (HR=2.779, P<0.001 for CSS;
HR=1.738, P=0.009 for OS) were associated with worse CSS and OS after adjusting for other prognostic
factors. Notably, PTS was also favorable prognostic factors for OS. The OS of patients who underwent
PTS was better than that of patients who did not (HR = 0.586, P=0.017), but there was no statistically
signi�cant improvement in CSS (P>0.05).

Subgroup Analysis
Exploratory subgroup analyses were conducted to explore further assess the prognostic value of PTS.
The HRs and 95% CIs for PTS versus no-PTS of each subgroup were shown in forest plot (Figure 2).
Compared with no-PTS, PTS was signi�cantly associated with favorable CSS and OS in the subgroups of
patients who had T3-4 stage (P<0.001 for both CSS and OS) and N0 stage (P=0.005 for CSS, P=0.001 for
OS). Additionally, patients who underwent PTS had signi�cantly improved OS in the subgroups of
patients with other sites metastasis (P=0.046). In contrast, PTS was not a signi�cant prognostic factor of
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CSS for patients with other sites metastasis (P=0.210). The Kaplan-Meier curves of CSS and OS in
different subgroup were presented in Figure 3.

Discussion
To our knowledge, this was the �rst study of the role of PTS in the treatment of metastatic HNACC. It was
found that removing the primary tumor without resection of distant metastasis can bring survival bene�ts
for patients with metastatic HNACC. Most importantly, our research has identi�ed the optimal candidates
for PTS, which contributes to precision medicine.

In our study, the impact of clinicopathological characteristics and PTS on the survival of metastatic
HNACC patients was presented. Patients with grade I-II had signi�cantly better prognosis than those with
grade III-IV HNACC (P<0.001 for both CSS and OS). Besides, patients with T1-2 stage (P=0.039 for CSS;
P=0.009 for OS) and absence of lymph node metastasis (P<0.001 for CSS; P=0.009 for OS) was
associated with better survival. Our results were in accordance with previous retrospective studies on
ACC, and the grade of pathological differentiation and T stage were independent prognostic factors(17,
18). Of particular note was the marked improvement in survival among patients with PTS, which was
undoubtedly good news for head and neck surgeons. The median CSS of patients with PTS and no-PTS
were 64.0 months and 22.0 months, respectively. The median OS for the PTS group was 43.0 months;
and for the no-PTS groups, it was 16.0 months. In multivariate analyses, PTS was not associated with
CSS bene�ts, whereas it does confer increased OS in metastatic HNACC (HR=0.586, P=0.017). Based on
the above �ndings, PTS should be considered for the treatment of metastatic HNACC. Notably, although
the therapeutic value of PTS has been proven in HNACC and other types of cancer(19, 20), there was no
consensus on the underlying mechanism of surgical advantages. It has been reported that surgical
resection can decrease the risk of weight loss and nutritional depletion(21), or delay the occurrence of
anemia, hypoproteinemia and even cachexia by decreasing the tumor burden(22, 23). However, up till
now, these hypotheses have not been validated. From this perspective, the mechanism of the surgery-
derived merits deserves further investigation.

The secondary purpose of this study was to identify predictive factors for selecting suitable candidates
of PTS, which provided more reliable evidence for head and neck surgeons. In our study, PTS was
signi�cantly associated with better OS and CSS in patients with T3-4 or N0 stage (all P<0.05), which
suggested that PTS may be an effective treatment option for patients with the above clinical
characteristics. Speci�cally, patients with positive regional lymph nodes did not bene�t signi�cantly from
PTS, but for patients without regional lymph nodes metastasis, patients who received PTS had favorable
prognosis than those who did not. Even if metastatic disease exists, PTS may be more suitable for
patients with relatively indolent diseases. On the other hand, PTS was shown to be of prognostic value
for metastatic patients with T3–T4 stage in our study. We speculated that removal of the primary tumor
may reduce the tumor burden and control the local tumor-related symptoms to a certain extent, and
ultimately translates into signi�cantly survival bene�t. Interestingly, our �nding was inconsistent with
some retrospective studies(24, 25). In shi xiao et al research, PTS did not confer a survival bene�t in
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patients with T4a-4b stage disease. They considered that aggressive surgical excision was not only
unable to bring survival bene�ts, but was also highly likely to seriously affect the integrity of crucial
anatomical structures in the head and neck region(24, 25). This phenomenon may be explained by the
inconsistency of the enrolled populations between different study. The tumor heterogeneity could not be
ignored. Except for ACC, their research also included some other pathological types of salivary gland
tumors (the speci�c number was unknown). Thus, more well-designed studies are needed to validate the
above results.

Despite its advantages, our research had some limitations, most of which were inherent in secondary
data analysis of this nature. As a retrospective study, there was inevitably inherent selection bias. Other
limitations included the lack of information on clinical symptom, number of metastases, surgical margins
and perineural invasion status that could have impact on prognosis. In addition, the subsequent
treatment of these patients was unknown, due to the limitation of SEER database. Therefore, further
prospective randomized studies are needed to provide evidence that whether this population should be
treated with PTS.

Conclusion
In summary, our population-based study for the �rst time demonstrated the favorable impact of PTS on
survival outcomes in patients with metastatic HNACC. Optimal candidates for PTS were identi�ed as T3-
4 and N0 stage disease, while the prognostic e�cacy in their counterparts with T1-2 or N1-3 stage
requires more evidence. Long-term prospective studies are still awaited to develop more re�ned selection
criteria.
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