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Abstract

Objective: The postoperative role of adjuvant radiotherapy in non-metastatic head and neck

adenoid cystic carcinoma (ACC) remains controversial. We analyzed adjuvant radiotherapy’s

effect on surgical patient survival.

Methods: Patients diagnosed with ACC from 2004 to 2015 in the Surveillance, Epidemiology,

and End Results database were analyzed. The overall survival (OS) and disease-specific survival

(DSS) of patients after adjuvant radiotherapy were assessed using the Kaplan–Meier and multi-

variate Cox methods. Propensity score matching (PSM) was performed to adjust confounders

between patients with or without adjuvant radiotherapy; a forest plot was generated by subgroup

analysis.

Results: The study included 742 patients. In the PSM cohort, adjuvant radiotherapy did not

improve OS or DSS. Radiotherapy was not a protective factor for OS or DSS in the univariate

and multivariate Cox proportional hazard models. In the subgroup analysis, postoperative radio-

therapy improved the OS of female and N1-stage patients and those with oropharyngeal tumors

or over 79 years and the DSS of N1-stage patients.

Conclusions: Postoperative radiotherapy showed different benefits in ACC patients, and

postoperative radiotherapy recommendations should be individualized. Female and N1-stage

ACC patients and those with oropharyngeal tumors or patients over 79 years without distant

metastases postoperatively could benefit from adjuvant radiotherapy.
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Introduction

Adenoid cystic carcinoma (ACC) has a low
incidence and is predicted to account for
1% of head and neck malignancies. This
disease mainly develops in the salivary
glands, often involving large salivary
glands such as the parotid and submandib-
ular glands and small salivary glands such
as the palatal and buccal glands.1–2

Currently, radical surgical resection is the
main treatment for patients suffering from
localized disease. Although radical resec-
tion is associated with a high potential
risk, surrounding tissues are susceptible to
ACC invasion, especially the nerves.
Furthermore, the complex anatomic sites
make tumors difficult to completely
remove.3–6 Currently, a few studies have
reported the 5-year, 10-year, and 15-year
overall survival (OS) rates of ACC, which
are 77.3% to 90.3%, 59.6% to 79.9%, and
25.5% to 69.2%, respectively.7–9 Adjuvant
radiotherapy is recommended for all ACC
patients after surgery according to the latest
National Comprehensive Cancer Network
guidelines for salivary gland tumors,
which are based on evidence largely derived
from retrospective studies and population-
based registry studies. Most reports suggest
that the addition of adjuvant radiotherapy
after surgery can improve OS, and postop-
erative radiotherapy has significant survival
benefits in patients with a pT3-4N0 stage,
positive N stage, or positive margin.10–11

In contrast, some studies have found that
no significant association exists between
postoperative radiotherapy and OS.9,12

At present, there are still limited data to

guide doctors in choosing treatment

during the postoperative period, and the

clinical significance of adjuvant radiothera-

py is still worthy of exploration. The

present study is intended to examine the

significance of adjuvant radiotherapy for

the survival of ACC patients undergoing

radical resection.

Methods

Patients

Research data were downloaded from the

Surveillance, Epidemiology, and End

Results (SEER) Program database of the

National Cancer Institute between 2004

and 2015. The SEER database is an open-

access resource, providing cancer-based

demographic and clinical information as

well as treatment and survival information

of patients. SEER*Stat V version 8.3.5

(http://www.seer.cancer.gov/seerstat) was

used to identify eligible patients.

Pathologically confirmed ACC patients

treated from 2004 to 2015 who were given

an ICD-3 histological code of 8200/3:

Adenoid cystic carcinoma were selected to

ensure more than 3 years of follow-up.

The initial cohort included all patients

receiving surgery, which was determined

based on the staging variables of the 6th

edition of the American Joint Committee

on Cancer (AJCC) guidelines from the data-

base. The demographic variables included

age at diagnosis (<55 years, 55–79 years,
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>79 years), sex (male or female), and race
(white, black, or other). The tumor charac-

teristics included the degree of differentiation
(I, high differentiation; II, moderate differen-
tiation; III, poor differentiation; IV, undiffer-

entiated), primary site (oral and pharyngeal,
parotid, or other minor salivary glands),

tumor size (<2 cm, 2–3.9 cm, �4 cm),
T stage (T1, T2, T3, or T4), and N stage
(N0, N1, or N2). Treatment included surgery

(yes/no) and chemotherapy (yes/no). If the
above characteristics were unknown, patients

were excluded from the study. Ethics approv-
al and informed consent were waived by the
local ethics committee, as SEER data are

publicly available and deidentified.

Data analysis

R software (R V4.1.1, www.r-project.org) was

used to perform the statistical analysis. OS
was defined as the time from diagnosis to

death from any cause, and disease-specific
survival (DSS) was defined as the time from
diagnosis to death caused by ACC. Both OS

and DSS were considered primary endpoints.
Propensity score matching (PSM) was per-
formed to adjust baseline confounders, and

the Chi-square test was used to analyze cate-
gorical variables. The differences in OS and

DSS in postoperative patients with and with-
out radiotherapy were compared using the
Kaplan–Meier method. Risk factors for OS

and DSS were analyzed using uni- and multi-
variate Cox models. The multivariate Cox

model was further used for subgroup analysis
to identify patients who would benefit from
radiotherapy. A forest plot was created using

the subgroup analysis data, and a two-sided
p value<0.05 indicated statistical significance.

Results

Patient characteristics

In total, 742 patients who received surgery
for ACC treatment between 2004 and 2015

were initially enrolled, and associated data
were obtained from the SEER database.
Radiotherapy was performed in 535 cases.
In this population, the total number of
patients receiving postoperative chemother-
apy was relatively small, both before PSM
and after PSM. Patients who received both
surgery and radiotherapy were assigned to
the surgeryþ radiotherapy group (n ¼ 535),
and the remaining patients who received sur-
gery alone were assigned to the surgery
group (n¼ 207).

A total of 380 patients were finally
enrolled in the PSM cohort and divided
equally into the surgeryþ radiotherapy
group (n¼ 190) and the surgery group
(n¼ 190). No significant differences were
observed in age, sex, race, grade, AJCC
T stage, tumor site, surgery, or chemother-
apy. The basic information and tumor
characteristics of all patients are displayed
in Table 1.

Role of adjuvant radiotherapy

Before PSM, neither the OS nor DSS were
significantly different between the two
groups (Figure. 1a; Figure 1b). However,
a significant intersection occurred in the
two DSS survival curves, indicating that
patients who received surgery alone
obtained a greater survival benefit in the
early disease phase. After PSM was
performed to balance the confounders
(Table 1), postoperative adjuvant radio-
therapy failed to improve either the OS
(Figure 1c) or DSS (Figure 1d). Subgroup
analyses using the Cox model were con-
ducted to further determine the effect of
radiotherapy on OS and DSS in patients
with different features. In the subgroup
analysis, postoperative radiotherapy
improved the OS in female patients
(hazard ratio (HR)¼ 0.55, 95% confidence
interval (CI)¼ 0.3–0.99, p¼ 0.045), patients
older than 79 years (HR¼ 0.3, 95%
CI¼ 0.09–0.99, p¼ 0.049), those with
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oropharyngeal tumors (HR¼ 0.43, 95%

CI¼ 0.2–0.93, p¼ 0.031), and those with

N1-stage disease (HR¼ 0.15, 95%

CI¼ 0.04–0.58, p¼ 0.006), as well as the

DSS in patients with N1-stage disease

(HR¼ 0.13, 95% CI¼ 0.03–0.54,

p¼ 0.005) (Figure 2 and Figure 3).

Risk factors for OS and DSS

In the univariate and multivariate Cox

models (Table 2 and Table 3), age >55

years (univariate: 55–79 years, p¼ 0.001,

>79 years, p< 0.001; multivariate: 55–79

years, p¼ 0.004, >79 years, p< 0.001),

grade II–IV differentiation (univariate: grade

II, p¼ 0.021, grade III, p< 0.001, grade IV,

p< 0.001; multivariate: grade II, p¼ 0.028,

grade III, p< 0.001, grade IV, p< 0.001),

tumor size >2 cm (univariate: 2–3.9 cm,

p< 0.001, >4 cm, p< 0.001; multivariate: 2–

3.9 cm, p¼ 0.032, >4 cm, p¼ 0.009), and

N2 stage (univariate: p< 0.001; multivariate:

p¼ 0.003) were risk factors for OS (Table 2),

Figure 1. Kaplan–Meier survival curves of overall survival comparing surgery alone to surgery plus adju-
vant radiotherapy for resected adenoid cystic carcinoma (ACC) before and after propensity score matching
(PSM) (a, c) and Kaplan–Meier survival curves of disease-specific survival comparing surgery alone to surgery
plus adjuvant radiotherapy for resected ACC before and after PSM (b, d).
RT, radiotherapy; HR, hazard ratio.
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and grade III–IV differentiation (univariate:

grade III, p< 0.001, grade IV, p< 0.001;

multivariate: grade III, p< 0.001, grade

IV, p< 0.001) and N2 stage (univariate:

p< 0.001; multivariate: p¼ 0.010) were risk

factors for DSS (Table 3). Overall,

AAll parents
Age

20−55 years
55−79 years

>79 years
Race

White
Black
Other

Sex
Female

Male
Differentiation

Grade I
Grade II
Grade III
Grade IV

Chemotherapy
No
Yes

Primary Site
Oral cavity and pharynx

Parotid gland
Other MSG

Others
Tumor size

<2 cm
2 cm−3.9 cm

> 4cm
AJCC Stage

I
II
III
IV

T stage
T1
T2
T3
T4

N stage
N0
N1
N2

0.71 (0.46−1.08)

1.23 (0.49−3.13)
0.73 (0.43−1.23)
0.3 (0.09−0.99)

0.69 (0.41−1.15)
1.41 (0.49−4.02)
0.43 (0.12−1.46)

0.55 (0.3−0.99)
0.99 (0.53−1.82)

0.62 (0.23−1.68)
0.61 (0.3−1.2)

0.49 (0.23−1.08)
2.81 (0.72−10.95)

0.73 (0.47−1.11)
0.19 (0.02−2.19)

0.43 (0.2−0.93)
0.78 (0.31−1.94)
0.84 (0.37−1.87)
1.28 (0.46−3.55)

0.67 (0.25−1.77)
0.82 (0.44−1.52)
0.6 (0.29−1.27)

0.42 (0.15−1.2)
1.04 (0.41−2.64)
0.5 (0.2−1.28)

0.76 (0.37−1.55)

0.44 (0.17−1.17)
0.96 (0.39−2.38)
0.41 (0.15−1.11)
0.83 (0.41−1.7)

0.83 (0.52−1.33)
0.15 (0.04−0.58)
0.35 (0.04−3.14)

0.11

0.66
0.236
0.049

0.152
0.523
0.175

0.045
0.968

0.348
0.152
0.076
0.137

0.142
0.184

0.031
0.591
0.667
0.642

0.416
0.526
0.182

0.104
0.933
0.151
0.447

0.1
0.928
0.081
0.619

0.44
0.006
0.347

0 1 2 3

Characteristics HR(95%CI) P value

Figure 2. Forest plot of multivariate analysis of overall survival of resected adenoid cystic carcinoma with
or without radiotherapy. The Cox regression model was adjusted for all other prognostic factors listed. The
circles denote the hazard ratio of each subgroup.
HR, hazard ratio; CI, confidence interval; MSG, minor salivary gland; AJCC, American Joint Committee on
Cancer.
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AAll parents
Age

20−55 years
55−79 years

>79 years
Race

White
Black
Other

Sex
Female

Male
Differentiation

Grade I
Grade II
Grade III
Grade IV

Chemotherapy
No
Yes

Primary Site
Oral cavity and pharynx

Parotid gland
Other MSG

Others
Tumor size

<2 cm
2 cm−3.9 cm

> 4cm
AJCC Stage

I
II
III
IV

T stage
T1
T2
T3
T4

N stage
N0
N1
N2

1.17 (0.43−3.14)
1.10 (0.48−2.55)

0 (0−Inf)

1.21 (0.53−2.77)
1.78 (0.39−8.08)
0.21 (0.04−1.04)

0.55 (0.24−1.28)
1.65 (0.64−4.26)

0.61 (0.13−2.76)
0.73 (0.23−2.32)
0.63 (0.24−1.65)

5.36 (0.52−55.41)

0.91 (0.49−1.72)
0.32 (0.02−5.15)

0.30 (0.08−1.14)
1.96 (0.49−7.84)
0.92 (0.32−2.63)
1.68 (0.37−7.62)

1.00 (0.25−4.1)
0.73 (0.27−1.97)
1.05 (0.39−2.84)

0.24 (0.03−2.09)
2.39 (0.44−13.08)
1.07 (0.26−4.41)
0.84 (0.32−2.21)

0.35 (0.07−1.78)
1.65 (0.37−7.4)

0.69 (0.18−2.64)
1.08 (0.39−3.02)

1.34 (0.61−2.95)
0.13 (0.03−0.54)
0.46 (0.05−4.45)

0.743

0.759
0.822
0.999

0.645
0.458
0.056

0.165
0.3

0.521
0.599
0.343
0.159

0.781
0.419

0.076
0.342
0.87

0.504

0.996
0.539
0.917

0.197
0.315
0.92

0.728

0.207
0.511
0.593
0.884

0.468
0.005

0.5
0 2 4 6

Characteristics HR(95%CI)
0.90 (0.49−1.67)

P value

Figure 3. Forest plot of multivariate analysis for disease-specific survival of resected adenoid cystic car-
cinoma with or without radiotherapy. The Cox regression model was adjusted for all other prognostic
factors listed. The circles denote the hazard ratio of each subgroup.
HR, hazard ratio; CI, confidence interval; MSG, minor salivary gland; AJCC, American Joint Committee on
Cancer.
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Table 1. The clinicopathological characteristics of patients with resected ampullary cancer before and after
propensity score matching.

Initial cohort

p

PSM cohort

p

Surgery alone

(%)

SurgeryþRT

(%)

Surgery alone

(%)

SurgeryþRT

(%)

N 207 535 190 190

Age <0.001 0.356

20–55 years 66 (31.9) 242 (45.2) 66 (34.7) 77 (40.5)

55–79 years 113 (54.6) 266 (49.7) 110 (57.9) 96 (50.5)

>79 years 28 (13.5) 27 (5.0) 14 (7.4) 17 (8.9)

Race 0.623 0.158

White 156 (75.4) 414 (77.4) 144 (75.8) 131 (68.9)

Black 25 (12.1) 52 (9.7) 21 (11.1) 34 (17.9)

Other 26 (12.6) 69 (12.9) 25 (13.2) 25 (13.2)

Sex 0.510 0.837

Female 111 (53.6) 302 (56.4) 102 (53.7) 105 (55.3)

Male 96 (46.4) 233 (43.6) 88 (46.3) 85 (44.7)

Differentiation 0.034 0.876

Grade I 65 (31.4) 124 (23.2) 58 (30.5) 59 (31.1)

Grade II 98 (47.3) 249 (46.5) 90 (47.4) 83 (43.7)

Grade III 29 (14.0) 98 (18.3) 28 (14.7) 32 (16.8)

Grade IV 15 (7.2) 64 (12.0) 14 (7.4) 16 (8.4)

Primary site 0.193 0.977

Oral cavity and pharynx 73 (35.3) 147 (27.5) 61 (32.1) 60 (31.6)

Parotid gland 53 (25.6) 148 (27.7) 52 (27.4) 49 (25.8)

Other MSG 54 (26.1) 169 (31.6) 52 (27.4) 55 (28.9)

Others 27 (13.0) 71 (13.3) 25 (13.2) 26 (13.7)

Chemotherapy <0.001 0.724

No 204 (98.6) 473 (90.3) 187 (98.4) 185 (97.4)

Yes 3 (1.4) 52 (9.7) 3 (1.6) 5 (2.6)

Tumor size 0.036 0.913

<2 cm 74 (35.7) 146 (27.3) 64 (33.7) 67 (35.3)

2–3.9 cm 86 (41.5) 275 (51.4) 84 (44.2) 80 (42.1)

>4 cm 47 (22.7) 114 (21.3) 42 (22.1) 43 (22.6)

AJCC stage 0.002 0.763

I 73 (35.3) 128 (23.9) 63 (33.2) 61 (32.1)

II 52 (25.1) 138 (25.8) 50 (26.3) 43 (22.6)

III 43 (20.8) 104 (19.4) 38 (20.0) 40 (21.1)

IV 39 (18.8) 165 (30.8) 39 (20.5) 46 (24.2)

T stage 0.006 0.762

T1 75 (36.2) 140 (26.2) 65 (34.2) 66 (34.7)

T2 53 (25.6) 152 (28.4) 51 (26.8) 43 (22.6)

T3 42 (20.3) 94 (17.6) 37 (19.5) 38 (20.0)

T4 37 (17.9) 149 (27.9) 37 (19.5) 43 (22.6)

N stage 0.056 0.237

N0 188 (90.8) 455 (85.0) 173 (91.1) 165 (86.8)

N1 13 (6.3) 42 (7.9) 11 (5.8) 20 (10.5)

N2 6 (2.9) 38 (7.1) 6 (3.2) 5 (2.6)

Grade I, well differentiated; Grade II, moderately differentiated; Grade III, poorly differentiated; Grade IV, undifferentiated;

PSM, propensity score matching; RT, radiotherapy; MSG, minor salivary gland; AJCC, American Joint Committee on

Cancer.
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Table 2. Cox proportional hazards regression model analysis of overall survival.

Characteristic HR Univariate Cox p HR Multivariate Cox p

95% CI 95% CI

Age

20–55 years Reference ——

55–79 years 1.76 1.28–2.42 0.001 1.62 1.17–2.24 0.004

>79 years 3.66 2.28–5.87 <0.001 3.81 2.32–6.27 <0.001

Race

White Reference ——

Black 1.01 0.63–1.61 0.970

Other 1.37 0.91–2.05 0.132

Sex

Female Reference ——

Male 1.14 0.86–1.51 0.375

Differentiation

Grade I Reference ——

Grade II 1.73 1.09–2.75 0.021 1.7 1.06–2.72 0.028

Grade III 4.51 2.79–7.29 <0.001 3.41 2.06–5.65 <0.001

Grade IV 5.78 3.5–9.53 <0.001 4.26 2.55–7.09 <0.001

Primary site

Oral cavity and pharynx Reference ——

Parotid gland 0.91 0.61–1.35 0.636

Other MSG 1.05 0.73–1.51 0.774

Others 1.2 0.77–1.86 0.428

Radiation

No Reference ——

Yes 0.9 0.66–1.24 0.531

Chemotherapy

No Reference ——

Yes 2.46 1.57–3.86 <0.001 1.48 0.91–2.39 0.111

Tumor size

<2 cm Reference ——

2–3.9 cm 2.48 1.62–3.79 <0.001 1.87 1.06–3.32 0.032

>4 cm 4.53 2.92–7.03 <0.001 2.32 1.23–4.35 0.009

AJCC stage

I Reference ——

II 1.81 1.1–2.99 0.020 2.62 0.57–12.03 0.215

III 2.81 1.73–4.56 <0.001 1.96 0.65–5.85 0.230

IV 4.43 2.85–6.89 <0.001 2.08 0.57–7.57 0.265

T stage

T1 Reference ——

T2 1.63 1.02–2.6 0.041 0.43 0.09–1.94 0.271

T3 3.1 1.9–4.89 <0.001 0.71 0.23–2.13 0.539

T4 3.63 2.38–5.54 <0.001 0.8 0.23–2.77 0.725

N stage

N0 Reference ——

N1 1.56 0.94–2.57 0.085 1.47 0.8–2.69 0.218

N2 5.15 3.42–7.77 <0.001 2.44 1.37–4.37 0.003

Grade I well differentiated, Grade II moderately differentiated, Grade III poorly differentiated, Grade IV undifferentiated;

HR, hazard ratio; CI, confidence interval; MSG, minor salivary gland; AJCC, American Joint Committee on Cancer.
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Table 3. Cox proportional hazards regression model analysis of disease-specific survival.

Characteristic HR Univariate Cox p HR Multivariate Cox p

95% CI 95% CI

Age

20–55 years Reference ——

55–79 years 1.33 0.9–1.95 0.147 1.18 0.79–1.77 0.409

>79 years 2.09 1.03–4.27 0.043 1.63 0.76–3.52 0.212

Race

White Reference ——

Black 1 0.54–1.83 0.997 0.91 0.48–1.73 0.777

Other 1.69 1.05–2.7 0.030 1.49 0.9–2.48 0.122

Sex

Female Reference ——

Male 0.98 0.68–1.43 0.931

Differentiation

Grade I Reference ——

Grade II 1.69 0.87–3.28 0.119 1.63 0.83–3.2 0.158

Grade III 6.53 3.43–12.45 <0.001 4.2 2.14–8.24 <0.001

Grade IV 8.22 4.16–16.24 <0.001 5.53 2.74–11.16 <0.001

Primary site

Oral cavity and pharynx Reference ——

Parotid gland 1.16 0.69–1.97 0.575

Other MSG 1.44 0.89–2.33 0.141

Others 1.39 0.77–2.52 0.271

Radiation

No Reference ——

Yes 1.36 0.86–2.15 0.188

Chemotherapy

No Reference ——

Yes 2.7 1.58–4.61 <0.001 1.59 0.88–2.87 0.125

Tumor size

<2 cm Reference ——

2–3.9 cm 2.55 1.45–4.48 0.001 1.76 0.78–3.95 0.170

>4 cm 5.23 2.95–9.28 <0.001 1.91 0.8–4.58 0.145

AJCC stage

I Reference ——

II 1.84 0.84–4.02 0.124 3.49 0.56–21.75 0.181

III 3.78 1.86–7.68 <0.001 2.35 0.68–8.18 0.179

IV 7.36 3.87–14 <0.001 3.26 0.75–14.19 0.115

T stage

T1 Reference ——

T2 1.41 0.71–2.8 0.323 0.31 0.05–1.86 0.202

T3 3.82 2.07–7.05 <0.001 0.72 0.21–2.5 0.600

T4 4.83 2.75–8.48 <0.001 0.72 0.18–2.99 0.655

N stage

N0 Reference ——

N1 1.99 1.11–3.59 0.022 1.9 0.91–3.96 0.088

N2 6.83 4.28–10.89 <0.001 2.48 1.24–4.98 0.010

Grade I, well differentiated; Grade II, moderately differentiated; Grade III, poorly differentiated; Grade IV, undifferentiated;

HR, hazard ratio; CI, confidence interval; MSG, minor salivary gland; AJCC, American Joint Committee on Cancer.
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postoperative adjuvant radiotherapy was not
a protective factor for OS or DSS.

Discussion

This study suggested that adjuvant radio-
therapy produces markedly different surviv-
al benefits among surgical patients.
Postoperative radiotherapy improved
the OS of female patients, N1-stage
patients, those with oropharyngeal
tumors, and those older than 79 years, as
well as the DSS in N1-stage patients.
This study provides additional research
data, but large, randomized clinical trials
are needed to further confirm the conclu-
sions of the current study.

Radical surgery is the mainstay treatment
for localized ACC. The local control rate for
individual surgery has a large span, ranging
from 30% to 70%.11,12 Characterized by
neurotropic invasion, ACC commonly exhib-
its tumor peripheral nerve involvement in the
early stages, and topical radiotherapy follow-
ing surgery has become the main treatment
modality.3,4,13 Because it is a rare malignant
tumor of the head and neck, no randomized
controlled study has been conducted to show
the role of adjuvant radiotherapy in patients
with ACC and uncover the population likely
to benefit most from this therapy. Despite
administration of comprehensive treatment
including surgery and postoperative radio-
therapy, there is still a risk of recurrence in
some patients.14 Currently, there is no
consensus on the significance of postopera-
tive adjuvant radiotherapy for survival in
patients with ACC.7,15,16

Multiple single-center studies have
revealed survival benefits of adjuvant radio-
therapy in patients with ACC. A study from
the Memorial Sloan-Kettering Cancer
Center analyzed the long-term local control
rate in patients with head and neck ACC
after surgery.11 A 13-fold increased risk of
failure was demonstrated in patients who
received surgery alone versus patients with

both surgery and postoperative radiothera-
py. Additionally, a multi-variate analysis
revealed that adjuvant radiotherapy is an
independent risk factor for local recurrence
in patients with T3/T4 disease who do not
receive surgery. Miglianico et al.17 studied a
cohort of 102 head and neck ACC patients
and reported a 5-year local control rate of
44% after surgery alone versus 77.8% after
surgery followed by radiotherapy
(p� 0.01). In a study based on the data of
1784 patients with non-metastatic head and
neck ACC from the National Cancer
Database, the 5-year OS in patients with
surgery plus radiotherapy was 82.4%,
which was much higher than that of
patients with surgery alone (10%,
p< 0.001). The difference remained statisti-
cally significant in the subsequent multi-
variate analysis.10 When comparisons are
performed with patients receiving surgery
alone, patients who are suggested to under-
go radiotherapy generally have unfavorable
prognostic factors, including a positive sur-
gical margin, higher T/N stage, and poor
differentiation status. In the current study,
PSM was performed to eliminate the het-
erogeneity between groups, allowing for a
direct comparison of the survival effect of
radiotherapy. However, after PSM, neither
OS nor DSS was improved after radiother-
apy in patients receiving surgery for ACC.

Several studies have suggested that post-
operative adjuvant radiotherapy could
improve the local control rate in ACC
patients receiving surgery but fail to pro-
vide a survival benefit. In a study including
3136 patients, 2252 patients (71.8%) under-
went postoperative radiotherapy and exhib-
ited no significant OS benefit.12 From 2009
to 2012, 95 ACC patients were enrolled in
the French Rare Head and Neck Cancer
Expert Network (REFCOR) study, and
adjuvant radiotherapy was demonstrated
to not be prognostic for ACC.18 A study
based on 201 patients from Denmark
revealed no survival benefit from adjuvant
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radiotherapy but found an improved local
control rate.9 In another study of 113 ACC
patients who received surgery, patients with
and without adjuvant radiotherapy exhib-
ited no difference in terms of survival out-
come and recurrence rate or time.19

Similarly, we found that radiotherapy did
not improve the OS or DSS in any sub-
group. It was noted that postoperative
radiotherapy was a protective factor for
OS in female patients, those with tumor
sites in the oral cavity and pharynx, N1-
stage patients, and those older than 79
years, as well as for DSS in N1-stage
patients.

Multiple prognostic models for specific
ACC patients have been developed based
on the SEER database. For instance, Shen
et al.20 established a nomogram to predict
etiology-specific death in head and neck
ACC patients, which involved risk factors
including age, tumor size, T stage, positive
lymph node status, distant metastasis, and
surgery. In the current study, PSM was per-
formed to adjust confounders, and addi-
tional tumor characteristics were included
compared with the study by Tasoulas.21

Our study is a significant addition to studies
on the survival significance of postoperative
radiotherapy in ACC patients who receive
surgery.

There are some limitations of this study.
First, some popular prognostic factors,
such as surgical margin, neural invasion,
detailed chemotherapy regimen, and radia-
tion dose, were not included in the current
study because this information is not
included in the SEER database. Second,
because TNM staging data were not avail-
able before 2004, only patients who had
a diagnosis of ACC between 2004 and
2015 were included. Third, the total
number of patients was small, which could
lead to statistical bias because of the small
numbers of patients in some subgroups.
Selection bias cannot be excluded because
of the retrospective design of the study.

Conclusion

Radiotherapy exhibits different survival

benefits in patients receiving surgery for

ACC. This study suggests that ACC

patients who are female, have N1-stage dis-

ease, have oropharyngeal tumors, or are

older than 79 years and have no distant

metastases after surgery could benefit

from adjuvant radiotherapy. Radiotherapy

should be individualized to avoid increasing

adverse events and decreasing the quality of

life and tolerance to subsequent treatments.

Identification of a population likely to ben-

efit most through large randomized clinical

trials remains a key point for successful use

of radiotherapy.
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