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ABSTRACT

Background: The role of concurrent chemoradiotherapy (CCRT) in postoperative head and neck adenoid cystic carcinoma (ACC) remains controversial due to the
limited evidence from randomized trials. This study assessed the effectiveness of CCRT by comparing a prospective CCRT group with a retrospective radiation ( RT )
alone group using propensity score matching (PSM).

Methods and materials: Postoperative head and neck ACC patients with T3-4/N1-3 MO disease or after R1/R2 resection were enrolled. All patients underwent
intensity-modulated radiation therapy (IMRT), and CCRT group received two cycles of concurrent docetaxel and nedaplatin. To ensure comparability, PSM were
utilized. Following PSM, survival outcomes were analyzed using Kaplan-Meier curves and compared using the log-rank test.

Results: A prospective CCRT group of 55 patients and a retrospective RT alone group of 160 patients were included. The multivariate Cox regression analysis showed
no association between CCRT and overall survival (0S) (hazard ratio [HR] = 0.71, 95 %CI: 0.24-2.08, p = 0.537), or other survival outcomes. To mitigate potential
confounding factors, a 1: 1 PSM analysis was performed. With a median follow-up of 51 months, post-PSM analysis (including 48 patients in each group) indicated no
significant differences in OS (estimated 5-year OS rates: 90.7 % versus 84.3 %, p = 0.331), locoregional recurrence-free survival (LRRFS) (p = 0.261), distant
metastasis-free survival (DMFS) (p = 0.425), or disease-free survival (DFS) (p = 0.600) between two groups. The multivariate Cox regression analysis also showed no
association between CCRT and OS (HR = 0.29, 95 %CI: 0.06-1.38, p = 0.119), or other survival outcomes.

Conclusion: The addition of concurrent chemotherapy to postoperative IMRT did not confer a survival benefit in terms of LRRFS, DMFS, DFS, or OS in patients with
head and neck ACC. Upcoming results from randomized studies are anticipated to shed more light on this debated issue. CCRT should be avoided outside of clinical
trials.

Abbreviations: ACC, adenoid cystic carcinoma; CCRT, concurrent chemoradiotherapy; SGC, salivary gland carcinoma; RT, radiotherapy; TP, docetaxel and
nedaplatin; PSM, propensity score matching; IMRT, Intensity-modulated radiotherapy; KPS, Karnofsky performance status; CTV, clinical target volume; PTV,
planning target volumes; IQR, interquartile range; ENE, extranodal extension; LRRFS, locoregional recurrence-free survival; DMFS, distant metastasis-free survival;
DFS, disease-free survival; OS, overall survival.
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Introduction

The primary therapeutic approach for adenoid cystic carcinoma
(ACQ) of the head and neck involves adequate and appropriate surgical
resection followed by postoperative radiotherapy, even for stage I-II
disease [1]. Despite important advances in radiotherapy techniques,
patients with T3-4 stages, lymph node metastasis, positive margin and
high histological grade still face a high risk of recurrence and have a
poor prognosis [2-4].The efficacy of concurrent chemoradiotherapy
(CCRT) in high-risk head and neck squamous cell carcinoma patients has
been demonstrated in several multicenter randomized trials [5-7], yet
evidence supporting its use in high-risk ACC patients remains scarce.
Given the limited availability of high-quality prospective trials on
chemotherapy or targeted therapy for advanced ACC, uncertainty per-
sists regarding the optimal treatment approach [8-11]. Two ongoing
randomized phase III trials (ClinicalTrials.gov  identifiers:
NCT01220583 and NCT02998385) are currently investigating the use of
adjuvant radiation (RT) with or without concurrent cisplatin in patients
with salivary gland carcinoma. However, due to the rarity and
complexity of the disease, obtaining unequivocal results from random-
ized studies may prove challenging.

In an effort to improve the survival outcomes of postoperative high-
risk salivary gland cancer patients, a single center, non-randomized,
phase II trial was initiated, including an adenoid cystic carcinoma
(ACC) cohort and a non-ACC cohort to investigate the effectiveness of
CCRT. (ClinicalTrials.gov identifiers: NCT02776163). Given the preva-
lent occurrence of distant site recurrence [12,13], a combined treatment
regimen involving docetaxel and nedaplatin (TP) was chosen to address
micrometastases and enhance the sensitivity of radiotherapy. Propensity
score matching (PSM) serves as a statistical tool to mitigate biases in
non-randomized studies, facilitating more objective comparative ana-
lyses [14,15]. In this study, the prospective cohort was derived from the
ACC cohort of the above phase II trial and will be compared with a
retrospective RT alone cohort using PSM, aiming to provide deeper in-
sights into the efficacy of CCRT in postoperative high-risk ACC patients.

Methods
Patients

The study was approved by the Local Ethics Committee and con-
ducted according to the principles of the Declaration of Helsinki. The
clinical trial was registered with ClinicalTrials.gov. Postoperative pa-
tients with pathologically confirmed ACC of the head and neck treated
from 2015 to 2023 were enrolled. The primary inclusion criteria are as
follows: @ Age between 18 and 75 years; @ T3-4/N1-3 or post R1/R2
resection (according to the 7th edition of the AJCC staging system
2017); ® Karnofsky performance status (KPS) score > 70; @ Absence of
distant metastasis; ® Expected survival of at least 6 months. Patients
who underwent only biopsy, had a history of malignant cancer
(excluding non-melanomatous skin cancer) within the past 5 years, or
had significant medical comorbidities were excluded from participation
in this study. Evaluation of residual disease was conducted through
intraoperative observations, assessment of surgical margins, and post-
operative MRI, CT or '®F-FDG PET/CT scans of the head and neck.

Study treatment

Intensity-modulated radiotherapy (IMRT) commenced 4-6 weeks
post-surgery. Patients underwent simulation for treatment using
computed tomography, and custom thermoplastic head-neck-shoulder
masks were employed for immobilization. Clinical target volume 1
(CTV1) included radiographic residual disease, areas with positive sur-
gical margins, and any imaging evidence of perineural tumor spread.
CTV2 encompassed CTV1, the tumor bed, typical pathways of spread
along cranial nerves, and elective high-risk cervical nodes. CTV3
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electively covered the low-risk cervical nodes. Planning target volumes
(PTVs) were generated by uniformly expanding CTV1 by 5 mm and
CTV2 by 3 mm. The prescribed doses for PTV1, PTV2, and PTV3 were
66-70 Gy, 60 Gy, and 54 Gy, respectively, delivered over 33 to 35
treatment fractions. In the prospective CCRT cohort, patients underwent
two cycles of concurrent chemotherapy administered at 3-week in-
tervals concurrently with IMRT. Docetaxel was administered intrave-
nously at a dose of 70 mg/m2 on day 1, and nedaplatin was administered
intravenously at a dose of 35 mg/m2 on days 1-2. Standard prophylactic
antiemetic medications were administered to all patients receiving
docetaxel therapy. Prior to chemotherapy administration, dexametha-
sone at a dose of 8 mg was orally administered twice daily for a total of
six doses to prevent hypersensitivity reactions and mitigate skin-related
toxicities and fluid retention.

Evaluation

Before initiating IMRT, each patient underwent a comprehensive
assessment to ascertain eligibility. This assessment included obtaining a
detailed medical history, conducting physical examinations, performing
a full blood count, biochemical laboratory tests, contrast-enhanced MRI
or CT scans of the head and neck, and other staging procedures as
deemed necessary. The evaluation of resection status (RO, R1, or R2) was
conducted by a multidisciplinary team comprising surgeons, patholo-
gists, radiologists, and radiation oncologists. This collaborative
approach ensured a comprehensive assessment, drawing on expertise
from various medical specialties to accurately determine the extent of
tumor resection and the presence of any residual disease. Throughout
the treatment course, patients were examined at least once weekly.
Follow-up appointments were scheduled at least every 3 months during
the first 2 years following radiotherapy, and then every 6 months
thereafter up to 5 years.

Statistical analysis

The sample size calculation for the ACC cohort was as follows: We
assume that for the ACC arm, the DFS rate will be similar to that reported
by previous studies for the stage III-IV patients or R1/R2 resection, or an
estimated 5-year disease-free survival (DFS) rate 40 % for radiotherapy
alone. To detect whether CCRT would increase the 5-year DFS rate to 65
%, a sample size of 53 achieves 80 % power to detect an improvement
from 40 % to 65 % using a two-sided log-rank test. The target signifi-
cance level is 0.05. Considering 10 % loss in two years, 58 evaluable
patients were required in this ACC arm. At the end of study, 55 patients
were enrolled. The sample size for the PSM analysis was determined
primarily to balance the baseline characteristics between the two groups
and secondarily to ensure sufficient power to detect an improvement in
the 5-year DFS rate from 40 % to 65 %, using a two-sided log-rank test.
After PSM, each subgroup consisting of 48 patients. The baseline char-
acteristics were well-balanced, and the power was estimated to be 77 %.

The statistical analysis was conducted using R version 4.3.2. Cate-
gorical variables were presented as counts (proportions) and compared
using either the chi-square test or Fisher’s exact test. Continuous vari-
ables were expressed as medians with interquartile ranges (IQRs) and
compared using the Wilcoxon test. PSM was employed to balance de-
mographic and tumor characteristics between the CCRT group and the
RT alone group. Factors included in the matching process were age, sex,
site, T stage, N stage, extranodal extension (ENE), surgery status and
pathology type. Matching was performed at a 1:1 ratio with a caliper
value of 0.2. Following PSM, various endpoints including locoregional
recurrence-free survival (LRRFS), distant metastasis-free survival
(DMFS), DFS, and overall survival (OS) were analyzed using Kaplan-
Meier curves and compared using the log-rank test. All intervals were
calculated from the date of surgery to the date of event or death. To
account for potential confounding factors, multivariable Cox propor-
tional hazards models were utilized before and after PSM. This approach
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helped to assess the impact of concurrent chemotherapy on outcomes
while controlling for other variables. A two-sided P-value of less than
0.05 was considered statistically significant in all analyses. This
comprehensive statistical approach aimed to reduce bias and provide
robust insights into the effectiveness of concurrent chemotherapy in the
treatment of the patients.

Results
Patient characteristics

The prospective CCRT group comprised 55 patients, while the
retrospective RT alone group consisted of 160 patients (as shown in
Table 1). Significant differences in various baseline characteristics were
observed between the two groups.

Specifically, the CCRT group had a higher proportion of female pa-
tients compared to the RT alone group (p = 0.022). Additionally, there
was a higher prevalence of T4b disease in the CCRT group compared to
the RT alone group (p = 0.020). Furthermore, patients in the CCRT
group were more likely to have undergone R2 resection (p = 0.002) and
had a higher proportion of solid-type pathology (p = 0.002) compared to
the RT alone group.

These differences in demographic and clinical characteristics high-
light the importance of employing PSM to balance the groups and
minimize potential confounding effects when comparing outcomes be-
tween the CCRT and RT alone groups. PSM ensures that baseline char-
acteristics are similar between groups, thereby enhancing the validity of
the comparative analysis.

Survival outcomes and confounding factors analysis before propensity
score matching

With a median follow-up of 44 months, the Kaplan-Meier curve
revealed no significant differences between the CCRT group and the RT
alone group in terms of OS, with estimated 5-year OS rates of 85.1 %
versus 92.1 % (p = 0.366). Similarly, there were no significant differ-
ences in LRRFS, with estimated 5-year rates of 80.2 % versus 84.4 %(p =
0.368), distant metastasis-free survival (DMFS), with estimated 5-year
rates of 51.5 % versus 63.6 % (p = 0.135), or disease-free survival
(DFS), with estimated 5-year rates of 50.8 % versus 63.2 % (p = 0.089).
(Fig. S1). To further explore the potential benefit of CCRT and con-
founding effects of other factors, both univariate and multivariate Cox
regression analyses were conducted. These analyses revealed no

Table 1
Demographic and clinical characteristics before propensity score matching.

Variables Levels No (N = 160) Yes (N = 55) P

Sex Female 60 (37.5 %) 31 (56.4 %) 0.022
Male 100 (62.5 %) 24 (43.6 %)

Age Median 51.0 (37.5 to 52.0 (42.0 to 0.708
(IQR) 59.0) 58.0)

Site Major 70 (43.8 %) 16 (29.1 %) 0.079
minor 90 (56.2 %) 39 (70.9 %)

T Stage T1-2 38 (23.8 %) 8 (14.5 %) 0.020
T3-4a 88 (55 %) 25 (45.5 %)
T4b 34 (21.2 %) 22 (40 %)

N Stage NO 143 (89.4 %) 47 (85.5 %) 0.671
N1-2 12 (7.5 %) 5 (9.1 %)
N3 5 (3.1 %) 3 (5.5 %)

ENE No 151 (94.4 %) 51 (92.7 %) 0.909
Yes 9 (5.6 %) 4 (7.3 %)

Surgery status RO 46 (28.8 %) 6 (10.9 %) 0.002
R1 70 (43.8 %) 21 (38.2 %)
R2 44 (27.5 %) 28 (50.9 %)

Pathology Nonsolid 152 (95 %) 44 (80 %) 0.002

type

Solid 8 (5 %) 11 (20 %)

Abbreviations: IQR, ENE, extranodal extension.
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significant association between CCRT and overall survival (OS), with
hazard ratios (HR) of 1.56 (95 % CI: 0.59-4.13, p = 0.370) in the uni-
variate analysis and 0.71 (95 % CIL: 0.24-2.08, p = 0.537) in the
multivariate analysis. Similar results were observed for other survival
outcomes, as detailed in Tables 2 and 3.

Univariate analyses identified that variables including sex, T stage, N
stage, ENE, and pathology type were significantly associated with
different survival outcomes (Table 2 and Table 3). All significant factors
identified in the univariate analysis were included in the multivariate
Cox regression model. Since CCRT was the primary factor under inves-
tigation in this study, we also included it in the multivariate Cox
regression model to further assess whether CCRT affects survival out-
comes. The multivariate analysis revealed that pathology type remained
significantly associated with OS (HR = 12.97, 95 % CI: 4.03-41.76, p <
0.001), LRRFS (HR = 9.85, 95 %C(CI:4.08-23.81, p < 0.001), DMFS (HR
= 2.26, 95 %CI: 1.12-4.57, p = 0.023), and DFS (HR = 2.45, 95 %CI:
1.16-5.15, p = 0.018) outcomes. Additionally, sex was found to be
significantly associated with OS (HR = 0.20, 95 %CI: 0.06-0.65, p =
0.008) and LRRFS (HR = 0.40, 95 %CIL: 0.18-0.90, p = 0.027) outcomes,
while T stage was significantly associated with LRRFS (T4b, HR = 3.33,
95 %CI = 1.02-10.83, p = 0.045), DMFS (T3-4a, HR = 3.64, 95 %CI =
1.50-8.84, p = 0.004; T4b, HR = 5.14, 95 %CI = 0.02-13.08, p =
0.001), and DFS (T3-4a, HR = 2.59, 95 %CI: 1.14-5.88, p = 0.023; T4b,
HR = 4.35, 95 %CI = 1.86-10.15, p = 0.001) outcomes. Moreover, ENE
was identified as significantly associated with DMFS (HR = 9.35, 95 %
CI: 2.28-38.35, p = 0.002) and DFS (HR = 2.45, 95 %CI: 1.16-5.15, p =
0.018) outcomes (Table 2 and Table 3).

These findings indicate that while CCRT didn’t demonstrate a sig-
nificant impact on survival outcomes compared to RT alone, other fac-
tors like pathology type, sex, T stage, and ENE significantly influence
prognosis. These factors could potentially confound the comparison of
outcomes between the CCRT and RT alone groups.

Propensity score matching

Performing PSM between the groups of patients is a crucial step to
minimize bias and ensure comparability. In our study, a 1:1 PSM anal-
ysis was conducted, where the factors used for matching included age,
site, factors with significant P-values from both univariate and multi-
variate Cox analyses (as listed in Tables 2 and 3), and surgery status. The
decision to include surgery status was based on findings from a multi-
center, retrospective study indicating that the addition of concurrent
chemotherapy to postoperative radiotherapy was associated with
improved 10-year local control rates in patients with salivary gland
carcinomas (SGCs) who underwent R2 resection [16].

After matching, 96 patients were assessed and each subgroup
included 48 patients. The P values for all covariates were greater than
0.05, indicating that propensity scores for the two groups significantly
overlapped (Table 4). This suggests that after matching, the character-
istics of the patients in the CCRT and RT alone groups were well-
balanced, minimizing potential biases.

Survival outcomes and subgroup analysis after PSM

With a median follow-up of 51 months, the Kaplan-Meier curve
revealed no significant differences between the CCRT group and the RT
alone group in terms of OS, with estimated 5-year OS rates of 90.7 %
versus 84.3 % (p = 0.331). Similarly, there were no significant differ-
ences in LRRFS, with estimated 5-year rates of 84.0 % versus 72.8 %(p =
0.261), DMFS, with estimated 5-year rates of 55.9 % versus 44.1 % (p =
0.426), or DFS, with estimated 5-year rates of 54.9 % versus 46.2 % (p =
0.600). (Fig. 1).

After matching, both univariate and multivariate Cox regression
analyses still revealed no significant association between CCRT and OS,
with HR of 0.53 (95 % CI: 0.15-1.93, p = 0.337) in the univariate
analysis and 0.29 (95 % CI: 0.06-1.38, p = 0.119) in the multivariate
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Table 2
Univariate and multivariate analysis of OS and DFS before PSM.
Characteristics 0os DFS
HR (univariable) HR (multivariable) HR (univariable) HR (multivariable)
CCRT No Ref Ref Ref Ref
Yes 1.56 (0.59-4.13, p = 0.370) 0.71 (0.24-2.08, p = 0.537) 1.50 (0.94-2.42, p = 0.092) 1.10 (0.67-1.82, p = 0.711)
Age Median (IQR) 1.00 (0.97-1.04, p = 0.789) 1.01 (0.99-1.03, p = 0.277)
Sex Female Ref Ref Ref
Male 0.23 (0.07-0.70, p = 0.010) 0.20 (0.06-0.65, p = 0.008) 0.79 (0.50-1.25, p = 0.319)
Site Major Ref Ref
minor 1.00 (0.38-2.64, p = 0.996) 1.35 (0.83-2.19, p = 0.224)
T Stage T1-2 Ref Ref Ref
T3-4a 1.02 (0.25-4.09, p = 0.978) 2.98 (1.33-6.68, p = 0.008) 2.59 (1.14-5.88, p = 0.023)
T4b 2.69 (0.71-10.18, p = 0.144) 5.01 (2.18-11.52, p < 0.001) 4.35 (1.86-10.15, p = 0.001)
N Stage NO Ref Ref Ref
N1-2 3.94 (1.09-14.17, p = 0.036) 0.78 (0.15-4.17, p = 0.770) 2.01 (1.00-4.06, p = 0.051)
N3 6.62 (1.45-30.28, p = 0.015) 1.13 (0.05-23.50, p = 0.937) 1.95 (0.71-5.39, p = 0.195)
Pathology type Nonsolid Ref Ref Ref Ref
Solid 11.46 (4.15-31.63, p < 0.001) 12.97 (4.03-41.76, p < 0.001) 3.53 (1.92-6.48, p < 0.001) 2.64 (1.40-5.00, p = 0.003)

ENE No Ref Ref Ref Ref

Yes 5.91 (1.66-21.11, p = 0.006) 6.39 (0.46-88.29, p = 0.166) 2.70 (1.29-5.63, p = 0.008) 2.45 (1.16-5.15, p = 0.018)
Surgery status RO Ref Ref

R1 1.02 (0.24-4.30, p = 0.983) 0.64 (0.35-1.19, p = 0.160)

R2 1.94 (0.53-7.18, p = 0.320) 1.21 (0.69-2.14, p = 0.506)

Abbreviations: CCRT, concurrent chemoradiotherapy; ENE, extranodal extension.

Table 3
Univariate and multivariate analysis of LRRFS and DMFS before PSM.
Characteristics LRRFS DMFS
HR (univariable) HR (multivariable) HR (univariable) HR (multivariable)
CCRT No Ref Ref Ref Ref
Yes 1.41 (0.66-3.00, p = 0.370) 0.50 (0.21-1.20, p = 0.122) 1.45 (0.89-2.37, p = 0.137) 1.17 (0.70-1.97, p = 0.544)
Age Median (IQR) 1.01 (0.98-1.04, p = 0.447) 1.01 (0.99-1.03, p = 0.340)
Sex Female Ref Ref Ref
Male 0.38 (0.18-0.81, p = 0.013) 0.40 (0.18-0.90, p = 0.027) 0.87 (0.54-1.40, p = 0.573)
Site Major Ref Ref
minor 1.60 (0.73-3.51, p = 0.244) 1.30 (0.79-2.13, p = 0.303)
T Stage T1-2 Ref Ref Ref Ref
T3-4a 1.12 (0.34-3.65, p = 0.851) 0.84 (0.25-2.87, p = 0.779) 3.53 (1.49-8.37, p = 0.004) 3.64 (1.50-8.84, p = 0.004)
T4b 4.27 (1.42-12.79, p = 0.010) 3.33 (1.02-10.83, p = 0.045) 5.07 (2.07-12.41, p < 0.001) 5.14 (2.02-13.08, p = 0.001)
N Stage NO Ref Ref Ref
N1-2 1.94 (0.58-6.51, p = 0.282) 2.15 (1.06-4.36, p = 0.033) 0.94 (0.35-2.47, p = 0.894)
N3 2.94 (0.69-12.56, p = 0.146) 2.16 (0.78-5.97, p = 0.138) 0.18 (0.03-1.03, p = 0.054)
Pathology type Nonsolid Ref Ref Ref Ref
Solid 9.20 (4.12-20.53, p < 0.001) 9.85 (4.08-23.81, p < 0.001) 2.93 (1.52-5.62, p = 0.001) 2.26 (1.12-4.57, p = 0.023)
ENE No Ref Ref Ref
Yes 2.83 (0.85-9.44, p = 0.091) 2.96 (1.41-6.21, p = 0.004) 9.35 (2.28-38.35, p = 0.002)
Surgery status RO Ref Ref
R1 0.84 (0.27-2.66, p = 0.766) 0.68 (0.36-1.26, p = 0.219)
R2 2.35 (0.87-6.38, p = 0.093) 1.11 (0.62-2.01, p = 0.718)

Abbreviations: CCRT, concurrent chemoradiotherapy; ENE, extranodal extension.

analysis. Similar results were observed for other survival outcomes, as
detailed in Tables 5 and 6.

The results of the multivariate analysis showed that: pathology type
remained significantly associated with OS (HR = 5.42, 95 %CL:
1.17-25.01, p = 0.030) and LRRFS (HR = 5.32, 95 %CI: 1.68-16.83, p =
0.004), indicating its independent predictive value for these endpoints;
T4b stage (HR = 5.16, 95 %CI: 1.46-18.28, p = 0.011) and ENE (HR =
231.46, 95 %CI: 12.91-4149.69, p < 0.001) significantly associated
with DFS; T stage(T3-4a, HR = 8.16, 95 %CI: 1.73-38.49, p = 0.008;
T4b, HR = 8.33, 95 %CI: 1.79-38.82, p = 0.007) and N3 stage(HR =
0.00, 95 %CI 0.00-0.00, p < 0.001) significantly associated with DMFS
(Table 5 and Table 6).

To investigate the potential benefits of CCRT in specific subgroups of
patients, the effects of CCRT were analyzed across various demographic
and clinical characteristics, including sex, site, T stage, N stage, pa-
thology type, ENE status, and surgery status. However, the analysis
revealed that no survival benefit associated with CCRT could be derived
within any of these subgroups (Fig. 2). These findings suggest that,

regardless of patient demographics or disease characteristics, CCRT did
not confer a survival advantage in the studied population.

Discussion

The role of CCRT in postoperative high-risk head and neck ACC pa-
tients remains a subject of debate and uncertainty. This uncertainty
stems from the rarity and complexity of ACC, as well as the limited
availability of high-quality clinical evidence from randomized
controlled trials. In this study, PSM analysis was employed to compare
outcomes between a prospective CCRT group and a retrospective RT
alone group. The results of this analysis revealed that the addition of
concurrent chemotherapy with TP regimen did not confer improvements
in LRRFS, DMFS DFS or OS in postoperative head and neck ACC patients.

The role of CCRT in postoperative high-risk head and neck ACC pa-
tients has been relatively understudied. Similarly, in patients with SGCs,
including ACC, the use of CCRT in the postoperative setting remains a
topic of debate and uncertainty [11,17-24]. Several studies have
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Table 4
Demographic and clinical characteristics after propensity score matching.

Variables Levels No (N = 48) Yes (N = 48) P

Sex Female 22 (45.8 %) 25 (52.1 %) 0.683
Male 26 (54.2 %) 23 (47.9 %)

Age Median 53.5 (36.5 to 53.0 (41.0 to 0.878
(IQR) 59.5) 58.5)

Site Major 13 (27.1 %) 12 (25 %) 1.000
minor 35 (72.9 %) 36 (75 %)

T Stage T1-2 8 (16.7 %) 8 (16.7 %) 0.798
T3-4a 19 (39.6 %) 22 (45.8 %)
T4b 21 (43.8 %) 18 (37.5 %)

N Stage NO 43 (89.6 %) 42 (87.5 %) 0.842
N1-2 4 (8.3 %) 4 (8.3 %)
N3 1(2.1 %) 2 (4.2 %)

ENE No 46 (95.8 %) 45 (93.8 %) 1.000
Yes 2 (4.2 %) 3 (6.2 %)

Surgery status RO 6 (12.5 %) 6 (12.5 %) 0.668
R1 14 (29.2 %) 18 (37.5 %)
R2 28 (58.3 %) 24 (50 %)

Pathology Nonsolid 42 (87.5 %) 42 (87.5 %) 1.000

type

Solid 6 (12.5 %) 6 (12.5 %)

Abbreviations: ENE, extranodal extension.

examined the impact of adjuvant CCRT compared to RT alone in patients
with major SGCs. For instance, a retrospective study evaluated survival
outcomes in a large cohort of major SGC patients using data from the
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National Cancer Database [23]. This study included 368 patients who
received adjuvant CCRT and 1842 patients who received RT alone.
Despite the large sample size, adjuvant CCRT did not demonstrate im-
provements in OS, even in a propensity-matched cohort consisting of
350 pairs of patients. It’s worth noting that ongoing multi-center, ran-
domized trials, such as RTOG 1008 and the GORTEC SANTAL trial, are
currently investigating the role of postoperative CCRT in high-risk SGCs
patients. These trials are randomizing high-risk postoperative patients to
receive either RT alone or RT combined with concurrent cisplatin. The
aim is to evaluate whether the addition of concurrent cisplatin to
radiotherapy improves outcomes compared to radiotherapy alone in
patients with various histological subtypes of SGCs, including adeno-
carcinoma, mucoepidermoid carcinoma, salivary duct carcinoma, and
ACC, et.al. However, due to the inherent complexity and heterogeneity
of SGCs, it remains uncertain whether the findings from these trials will
be directly applicable to patients specifically diagnosed with ACC. ACC,
in particular, presents unique characteristics and treatment responses
that may differ from other subtypes of SGCs. Since the level of evidence
supporting the addition of chemotherapy to radiotherapy in post-
operative high-risk ACC is low, this treatment is not recommended
outside of a clinical trial [1,25]. Given this uncertainty, our study
focusing specifically on postoperative head and neck ACC patients could
provide valuable evidence.

Our study demonstrated high OS and local control rates in both
groups, with a 5-year OS rates of 90.7 % in the CCRT group compared to
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Fig. 1. Survival outcomes between the CCRT group and the RT alone group after PSM. Abbreviations: OS, overall survival; DFS, disease-free survival; LRRFS,
localregional recurrence-free survival; DMFS, distant metastasis-free survival; CCRT, concurrent chemoradiotherapy; PSM, propensity score matching.
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Table 5
Univariate and multivariate analysis of OS and DFS after PSM.
Characteristics 0os DFS
HR (univariable) HR (multivariable) HR (univariable) HR (multivariable)
CCRT No Ref Ref Ref Ref
Yes 0.53 (0.15-1.93, p = 0.337) 0.29 (0.06-1.38, p = 0.119) 0.85 (0.46-1.56, p = 0.601) 0.79 (0.42-1.48, p = 0.466)
Age Median (IQR) 1.01 (0.96-1.06, p = 0.645) 1.01 (0.98-1.03, p = 0.593)
Sex Female Ref Ref
Male 0.24 (0.05-1.14, p = 0.073) 0.89 (0.48-1.63, p = 0.698)
Site Major Ref Ref
minor 0.94 (0.24-3.63, p = 0.924) 1.74 (0.80-3.77, p = 0.162)
T Stage T1-2 Ref Ref Ref
T3-4a 1.41 (0.15-13.61, p = 0.767) 3.21 (0.94-10.97, p = 0.063) 3.68 (0.99-13.66, p = 0.051)
T4b 2.65 (0.32-22.07, p = 0.369) 4.17 (1.24-14.05, p = 0.021) 5.16(1.46-18.28, p = 0.011)
N Stage NO Ref Ref Ref Ref
N1-2 6.11 (1.15-32.48, p = 0.034) 2.36 (0.23-23.73, p = 0.466) 1.63 (0.58-4.60, p = 0.353) 0.61 (0.14-2.75, p = 0.523)
N3 39.00 (6.27-242.49, p < 0.001) 9.61 (0.25-366.24, p = 0.223) 9.15 (2.62-31.91, p < 0.001) 0.08(0.00-1.71, p = 0.107)
Pathology type Nonsolid Ref Ref Ref Ref
Solid 7.98 (2.09-30.48, p = 0.002) 5.42 (1.17-25.01, p = 0.030) 2.72(1.25-5.93, p = 0.012) 2.14(0.88-5.24, p = 0.095)
ENE No Ref Ref Ref Ref
Yes 31.12 (6.01-161.01, p < 0.001) 8.60 (0.39-191.48, p = 0.174) 15.40 (5.42-43.78, p < 0.001) 231.46(12.91-4149.69.
p < 0.001)
Surgery status RO Ref Ref
R1 0.34 (0.05-2.49, p = 0.290) 0.38 (0.14-1.01, p = 0.052)
R2 0.59 (0.12-2.92, p = 0.516) 0.77 (0.33-1.77, p = 0.537)

Abbreviations: CCRT, concurrent chemoradiotherapy; ENE, extranodal extension.

Table 6
Univariate and multivariate analysis of LRRFS and DMFS after PSM.
Characteristics LRRFS DMFS
HR (univariable) HR (multivariable) HR (univariable) HR (multivariable)
CCRT No Ref Ref Ref Ref
Yes 0.59 (0.23-1.51, p = 0.267) 0.47 (0.17-1.30, p = 0.145) 0.77 (0.41-1.45, p = 0.421) 0.64 (0.33-1.22, p = 0.174)
Age Median (IQR) 1.00 (0.97-1.04, p = 0.974) 1.01 (0.98-1.03, p = 0.530)
Sex Female Ref Ref
Male 0.46 (0.17-1.22, p = 0.119) 1.02 (0.55-1.90, p = 0.948)
Site Major Ref Ref
minor 1.54 (0.51-4.71, p = 0.446) 1.58 (0.73-3.45, p = 0.248)
T Stage T1-2 Ref Ref Ref
T3-4a 1.20 (0.23-6.25, p = 0.828) 4.96 (1.15-21.49, p = 0.032) 8.16 (1.73-38.49, p = 0.008)
T4b 2.66 (0.59-12.04, p = 0.204) 5.81 (1.35-24.95, p = 0.018) 8.33 (1.79-38.82, p = 0.007)
N Stage NO Ref Ref Ref Ref
N1-2 2.57 (0.57-11.63, p = 0.219) 0.98 (0.12-8.26, p = 0.987) 1.67 (0.59-4.73, p = 0.333) 0.79 (0.19-3.34, p = 0.753)
N3 17.90 (3.33-96.10, p < 0.001) 3.27 (0.11-93.79, p = 0.488) 10.69 (3.02-37.85, p < 0.001) 0.00 (0.00-0.00, p < 0.001)
Pathology type Nonsolid Ref Ref Ref
Solid 6.73 (2.40-18.87, p < 0.001) 5.32 (1.68-16.83, p = 0.004) 2.16 (0.95-4.92, p = 0.066)
ENE No Ref Ref Ref Ref
Yes 15.85 (3.51-71.63, p < 0.001) 4.86 (0.26-91.90, p = 0.292) 18.89 (6.53-54.66, p < 0.001) NA (NA, NA)
Surgery status RO Ref Ref
R1 0.31 (0.06-1.55, p = 0.153) 0.37 (0.14-1.01, p = 0.052)
R2 0.81 (0.23-2.88, p = 0.744) 0.68 (0.29-1.57, p = 0.362)

Abbreviations: CCRT, concurrent chemoradiotherapy; ENE, extranodal extension.

84.3 % in the non-CCRT group (p = 0.331) and 5-year LRRFS of 84.0 %
versus 72.8 % (p = 0.261). These rates are comparable to those reported
in previous studies [8,16], particularly noteworthy given the inclusion
of more patients with locally advanced disease in our study cohort. The
advancements in RT techniques and improvements in the standardiza-
tion of target volume delineation [26] have led to remarkable ad-
vancements in achieving excellent local control rates for head and neck
ACC [3,27]. Despite the achievement of excellent locoregional control
with surgery and precision radiation, the long-term outcomes for ACC
patients remain poor, often characterized by the development of distant
metastasis [12,27]. Given the observed failure pattern in the era IMRT,
the potential of CCRT to substantially improve survival outcomes may
be limited. Heish et al.[8] presented findings from a study involving 91
postoperative ACC patients, among whom 58 underwent adjuvant RT
alone, while 33 received RT concurrent with cisplatin. Following PSM
analysis, the study observed significantly higher 5-year and 8-year local
control rates in the CCRT group compared to the RT alone group (97 %,

97 % vs. 79 %, 67 %, respectively; p = 0.017). However, no statistically
significant disparities were noted in DMFS, DFS, or OS between the two
groups. Consequently, although CCRT demonstrated an enhancement in
local control rates among ACC patients compared to RT alone, the study
did not reveal a clear survival advantage associated with this approach.
Recently, Heish et al [16]. conducted a multicenter, retrospective study
to explore the long-term outcomes of postoperative SGC patients who
received either RT alone or CCRT. The study focused on 148 ACC pa-
tients, with 43 undergoing RT alone and 105 receiving CCRT. The
findings indicated that CCRT was linked to significantly improved 10-
year local control rates in ACC patients, with figures showing 97.6 %
for CCRT compared to 83.6 % for RT alone (P = 0.039). The differences
observed in the outcomes of CCRT between the study by Hsieh et al.[8
16] and the current study could indeed stem from variations in several
key factors, including radiation techniques, target volume delineation
standards, and chemotherapy regimens. Firstly, various radiotherapy
techniques such as 3D conformal radiotherapy (3DCRT), IMRT, and
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Fig. 2. Forrest plot showed the result of subgroup analysis. Abbreviations: ENE, extranodal extension.

volumetric modulated arc therapy (VMAT) were employed in two
studies by Hsieh et al.[8 16], while in the current study, IMRT was
uniformly employed, ensuring precise dose coverage, particularly to
critical structures like nerve pathways. Additionally, variations in target
volume delineation standards could impact treatment efficacy. While
previous studies lacked a unified standard for target volume delineation,
the current study adhered to a predefined protocol, potentially leading
to more consistent and effective treatment delivery. Moreover, various
chemotherapy regimens, such as the use of cisplatin-based single-agent
or combined regimens in previous studies [8 16] compared to a unified
TP regimen in the current study, could also contribute to disparate
findings. Despite favorable local control rates observed in Heish et al
[16], further validation through randomized controlled trials is war-
ranted to definitively establish the added benefit of CCRT in the

postoperative management of ACC.

The study indeed presents several limitations that warrant consid-
eration. Firstly, the relatively short follow-up time may restrict the
ability to fully assess survival outcomes, particularly in the context of
ACC, characterized by its indolent yet relentless growth pattern. Given
the slow progression of ACC, longer follow-up periods are essential to
capture meaningful data on survival endpoints. Secondly, the nedaplatin
regimen may have influenced the observed differences in outcomes.
Given that nedaplatin has demonstrated non-inferior efficacy in treating
various tumors [28-30], and considering that the regimen also included
docetaxel, we believe the impact of the chemotherapy is likely to be
minimal. Thirdly, the limited number of patients included in the study
poses challenges in conducting subgroup analyses to further elucidate
the role of CCRT in specific patient subsets, such as patients with solid
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type, ENE, T4b, R2 resection, etc. The solid subtype consistently harbors
notch mutations and shows a high degree of overlap with ACC-I, which
is associated with a distinct poor prognosis and need treatment escala-
tion [31,32]. The rarity of ACC contributes to the difficulty in recruiting
large cohorts for research purposes, thereby limiting the statistical
power and generalizability of findings. Addressing these limitations
necessitates collaborative efforts across multiple institutions to accrue
larger patient cohorts with extended follow-up periods. Additionally,
innovative study designs, such as multi-institutional collaborations and
prospective data collection, may help overcome the challenges posed by
the rarity of ACC and facilitate comprehensive evaluation of treatment
outcomes.

Conclusion

In summary, the findings of our study suggest that the addition of
concurrent chemotherapy to postoperative IMRT did not confer signif-
icant advantages in terms of LRRFS, DMFS, DFS or OS in high-risk head
and neck ACC patients. As such, the incorporation of CCRT into the
treatment regimen for postoperative ACC patients should be approached
with caution outside the context of a clinical trial. The results underscore
the need for further investigation and validation through ongoing and
future studies, such as the RTOG 1008 and GORTEC SANTAL trials.
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