Wu et al. BMC Cancer (2024) 24:576 BMC C ancer
https://doi.org/10.1186/512885-024-12159-z

. . ®
Outcomes of patients in nasopharyngeal ke

adenoid cystic carcinoma in the IMRT era:
a single-center experience

Wen-Bin Wu'?!, Wu-Lin Cai'?", Ye-Hao Zou'*", Rui You'*?, You-Ping Liu'"?, Zhao-Di Yuan?, Qiong Li'?,
Wen-Chao Li'?, Zhi-Xuan Pi'?, Yu-Long Xie'?, Kai Wen'?, Ming-Yuan Chen'?" and Rui Sun'*

Abstract

Objective Nasopharyngeal adenoid cystic carcinoma (NACC) is a rare malignancy with special biological features.
Controversies exist regarding the treatment approach and prognostic factors in the IMRT era. This study aimed
to evaluate the long-term outcomes and management approaches in NACC.

Methods Fifty patients with NACC at our institution between 2010 and 2020 were reviewed. Sixteen patients
received primary radiotherapy (RT), and 34 patients underwent primary surgery.

Results Between January 2010 and October 2020, a total of 50 patients with pathologically proven NACC were
included in our analysis. The median follow-up time was 58.5 months (range: 6.0-151.0 months). The 5-year overall
survival rate (OS) and progression-free survival rate (PFS) were 83.9% and 67.5%, respectively. The 5-year OS rates

of patients whose primary treatment was surgery and RT were 90.0% and 67.3%, respectively (log-rank P=0.028). The
5-year PFS rates of patients whose primary treatment was surgery or RT were 80.8% and 40.7%, respectively (log-rank
P=0.024). Multivariate analyses showed that nerve invasion and the pattern of primary treatment were independent
factors associated with PFS.

Conclusions Due to the relative insensitivity to radiation, primary surgery seemed to provide a better chance

of disease control and improved survival in NACC. Meanwhile, postoperative radiotherapy should be performed
for advanced stage or residual tumours. Cranial nerve invasion and treatment pattern might be important factors
affecting the prognosis of patients with NACC.
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Introduction

Nasopharyngeal carcinoma (NPC) is a head and neck
malignancy with high incidence in Southeast Asia, par-
ticularly in Southern China [1, 2]. The main histologic
type of NPC is nonkeratinizing squamous cell carci-
noma, and sequential chemoradiotherapy is the funda-
mental treatment. However, nasopharyngeal adenoid
cystic carcinoma (NACC) rarely occurs in the naso-
pharyngeal cavity [3]. Clinically, management of NACC
is rather difficult because of its insidious local growth
pattern, insensitivity to radiotherapy, propensity for cra-
nial nerve involvement, and relatively high incidence of
distant metastasis [4—6].

Differing from nonkeratinizing squamous cell carci-
noma in nasopharyngeal cancer, NACC is regarded as a
high-grade neoplasm; consequently, the choice of treat-
ment is radiotherapy (RT) alone, surgery alone, or sur-
gery followed by RT [7, 8]. Previous studies have reported
the treatment pattern and prognosis of NACC. How-
ever, the patient numbers enrolled in these studies are
rather small because of the rare occurrence [9-15]. The
two largest retrospective studies demonstrated conflict-
ing results. One study with 26 patients demonstrated an
overall survival (OS) benefit for patients receiving com-
bined modality therapy (CMT) versus RT [10]. How-
ever, another study with 36 patients demonstrated no
difference in OS between CMT and RT [9]. These retro-
spective studies were based on data over a long period
including patients who underwent 2-dimensional radio-
therapy (2DRT), and the inconsistency of treatment
modality may influence the prognosis. With the com-
mon adoption of intensity-modulated radiation therapy
(IMRT), the treatment patterns of NACC have changed.
Modern IMRT systems are better able to target gross
tumours while simultaneously protecting normal tissue
compared with conventional 2DRT. The purpose of this
study was to evaluate the treatment outcomes of patients
with NACC after treatment with primary RT or primary
surgery in the IMRT era.

Materials and methods

The medical records of patients diagnosed with NACC
at the Cancer Center of Sun Yat-sen University between
January 2010 and October 2020 were retrospectively
reviewed. All patients were considered valuable if they
had data about patient demographics, pathological diag-
noses, tumour details, treatment outcomes, and follow-
up in our centre. Disease in all patients was reclassified
according to the American Joint Committee on Cancer
(AJCCQ) classification system (edition published in 2010)
[16]. Diagnostic evaluation at presentation should include
a complete physical examination, ultrasonography, chest
X-rays, CT, PET-CT and MRI scans to evaluate the
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primary site and to exclude metastatic disease. Patients
with primary NACC were included, whereas those with
nasopharyngeal metastases from primary adenoid cystic
carcinoma in other sites were excluded from this study.
The plasma EBV DNA levels of patients were measured
using quantitative polymerase chain reaction (qPCR)
before the initiation of treatment [17].

The eligibility criteria for this study were as follows:
(1) histologically confirmed adenoid cystic carcinoma
(ACC), (2) no distant metastasis, (3) no previous treat-
ment, (4) treatment administered with radical intent
and (5) duration of follow-up longer than 6 months, (6)
patients who had previously received primary treatment
at an external institution, and for whom treatment details
were unavailable, were not included in this study. The
Ethics Committee at our Institute approved the study
with a waiver of documented informed consent/assent.

Treatment

Primary surgery

In the context of this study, “primary surgery” refers to
the initial surgical intervention carried out at the time
of diagnosis or presentation of the medical condition
under investigation. In this study, 34 patients underwent
primary surgery. The nasopharyngectomy (ENPG) pro-
cedure was performed for these patients. The resected
nasopharyngeal tumours were removed via the nasal cav-
ity, and the removed tissues and surgical margins were
sent for pathological examination. If NACC patients had
cervical lymph node metastases, selective neck dissection
was also performed, followed by ENPG. Secondary sur-
gery or postoperative radiotherapy (PORT) with or with-
out chemotherapy would be encouraged and performed
as a part of the whole treatment if multiple surgical
margin biopsies were pathologically proven to be posi-
tive after the operation. Indications for PORT included
a large primary tumour, nerve invasion, positive surgical
margins, or the surgeons considered the primary tumour
unresectable. In patients with large tumours invading
deep tissues, nerves, the cavernous sinus or the skull base
that could hardly be completely resected, gross tumour
volume (GTV) included these sites.

Primary radiotherapy

In the context of this study, “primary radiotherapy”
denotes the initial and primary utilization of radiother-
apy as the standalone or primary modality of treatment.
In this study, 16 patients received primary radiotherapy.
Radiation was administered once per day for 5 days each
week. The dose administered to the gross disease was
70 to 72 Gy at 2.0 to 2.3 Gy/fraction, as defined by clini-
cal examination, head and neck CT or MRI, and, when
indicated, PET-CT. Tissue volumes at risk of harbouring
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subclinical disease, including the bilateral neck, received
66 to 70 Gy at 2.0 to 2.3 Gy/fraction of IMRT. Chemo-
therapy and salvage surgery were also used as multidisci-
plinary treatments at the physician’s discretion.

Follow-up

All patients were followed up to assess the disease sta-
tus and performance status every 3 months in the first
3 years after treatment, every 6 months in the fourth and
fifth years, and annually thereafter.

Statistical methods

Categorical variables were compared by the chi-square
test or Fisher’s exact test. The time period between the
start of treatment and death or progressive disease was
used to calculate the OS and PFS, respectively. The
Kaplan—-Meier method and the log-rank test were used
to test for differences in the survival functions between
strategies, as defined by clinical variables. To identify
predictors of outcome, we performed a univariable anal-
ysis for each of the following variables: age, sex, alcohol
history, tobacco history, nerve invasion, bone invasion,
vessel invasion, lymph node metastasis, concurrent
chemotherapy, and treatment pattern. We applied a pro-
cess of several steps to develop a final model. The first
step was to study the correlation between OS and PFS
and each covariate via a univariable model followed by
a preliminary multivariable Cox proportional hazards
regression model. Thus, covariates with a univariable
P<0.1 were included in a preliminary multivariable Cox
proportional hazards regression model. Variables that
remained statistically significant (P<0.05) were included
in the final multivariable model.

All statistical testing was two tailed. Alpha was set at
0.05 for significance. All statistical testing was completed
using SPSS software (Statistical Package for the Social
Sciences version 25.0; Chicago, IL, USA) and the R lan-
guage environment for statistical computing version 3.1.3
(open source).

Results

Between January 2010 and October 2020, a total of 50
patients with pathologically proven NACC were included
in our analysis, including 28 males and 22 females. The
median age was 47 (range from 28 to 68. According to the
AJCC 2010 criteria, 13 patients were grouped into stage
I and stage II, and 37 patients were grouped into stage
III and stage IV. Twenty-five (50%) patients had cervical
lymph node metastasis (LNM) at diagnosis by physical
and radiographical examination. Cranial nerve invasion
existed in 42% (21/50) of all patients, and bone invasion
existed in 72% (36/50) of all patients (Table 1).
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Table 1 Characteristics and clinical data of the patients

Patient characteristics Totaln (%) Surgery RT PValue

Total, N 50 34 16

Age,y 0.697
<47 23 15 8
>47 27 19 8

Sex 0.838
Male 22 15 7
Female 28 17 9

Alcohol history 0.725
No 39 27 12
Yes 1 7 4

Tobacco history 0.562
No 37 26 1
Yes 13 8 5

Nerve invasion 0432
No 36 21 8
Yes 21 13 8

Bone invasion 0318
No 14 Il 3
Yes 36 23 13

Vessel invasion 0.716
No 42 29 13
Yes 8 5 3

T stage 0423
T1-T2 13 10 3
T3-T4 37 24 13

Lymph node metastasis 0.069
No 25 20 5
Yes 25 14 1

Concurrent chemotherapy 0.808
No 12 8 4
Yes 38 26 12

Out of the 34 patients who underwent primary sur-
gery, 19 subsequently received postoperative radio-
therapy (RT). The median radiation dose administered
was 62.24 (60-66) Gy (Fig. 1), 14 of them received
chemotherapy, including 12 patients who received
postoperative adjuvant chemotherapy and 2 patients
who received preoperative induction chemotherapy.
The percentage of patients with nerve invasion in the
surgery group was 61.76%, compared to 73.33% in the
surgery plus PORT group (p=0.296). Bone invasion
was observed in 32.35% of surgery patients and 67.65%
of surgery plus PORT patients, with significant differ-
ence (p=0.030). Comparisons regarding tumor staging
and lymph node metastasis did not yield significant dif-
ferences (T staging: p=0.068; lymph node metastasis:
p=0.314) (Table S1).
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Fig. 1 Treatment group schemes. Flowchart describing definitive treatment disposition. IMRT, intensity-modulated radiation therapy; CRT,

chemoradiotherapy; RT, radiotherapy

Sixteen patients received primary radiotherapy (RT).
The objective response rate (ORR) was 81.3% (13/16)
after irradiation, including complete response (CR) in
4 cases and partial response in 9 cases. Three of them
underwent subsequent surgery for the residual tumour
after radiotherapy (Fig. 2), among which complete local
resection with negative margins was achieved in 66.7%
(2/3) of patients. All 16 patients were treated with IMRT
at a daily dose range of 2.0-2.3 Gy for the primary
tumour, and the prescription dose was 70-72 Gy. Twelve
of them received chemotherapy, including 3 patients
who received adjuvant chemotherapy and 9 patients who
received induction chemotherapy.

The median follow-up time was 58.5 months (range:
6.0—151.0 months). The 5-year overall survival rate (OS)
and progression-free survival rate (PFS) were 83.9% and
67.5%, respectively. On analysis of survival based on the
different primary treatments, the 5-year OS of patients
whose primary treatment was surgery or RT was 90.0%
and 67.3%, respectively (log-rank P=0.028), and the
5-year PFS of patients whose primary treatment was sur-
gery or RT was 80.8% and 40.7%, respectively (log-rank
P=0.024). Compared to patients without nerve invasion,

those with positive nerve invasion at diagnosis were
more likely to develop progressive disease. The PFS of
the two groups was 78.4% and 49.5% at 5 years (log-rank
P=0.011) (Fig. 3). To adjust the risk between different
treatment groups, we introduced variables with prog-
nostic potential, as indicated by univariable analyses, to
a multivariable model. In patients who had nerve inva-
sion, the adjusted HR was 2.903 (95% CI, 1.037-8.142;
P=0.034) for PFS. The adjusted hazard ratios of 5.497
(95% CI, 1.007-26.817; P=0.049) for OS and 2.903 (95%
CI, 1.037-8.142; P=0.034) for PFS significantly favoured
the use of primary surgery.

In the comparison between surgery alone and surgery
plus PORT, the overall survival rates were 92.9% and
91.7%, respectively, with a hazard ratio (HR) of 3.22 (95%
CI, 0.27-37.80; p=0.329). Progression-free survival rates
were 86.2% and 73.3%, respectively, with a HR of 1.31
(95% CI, 0.35-4.93; p=0.69) (Figure S1).

Prognostic factors for survival

The value of various clinical prognostic factors in pre-
dicting PFS and OS is shown in Table 2. In multivariate
analysis, nerve invasion and primary treatment pattern
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Fig. 2 Response to therapy and survival outcomes. Gadolinium-enhanced magnetic resonance images taken (A) at the time of NACC
before primary RT, (B) of residual tumour after primary RT, (C) at 6 months of subsequent surgery, (D) at the time of NACC before primary surgery, (E)
at 1 week of primary surgery, and (F) at 6 months of postoperative RT. RT, radiotherapy; NACC, nasopharyngeal adenoid cystic carcinoma

were independent factors associated with PFS, whereas
primary treatment pattern was an independent prognos-
tic factor affecting OS (Table 3).

Failure patterns

In total, 19 patients had developed treatment failure by
their last follow-up visit. Of the 50 patients, locoregional
failure was found in 9 patients. Six of them experienced
only local failure, 1 patient developed only neck recur-
rence, and 2 patients had both. Ten patients failed at
distant metastasis, 3 of whom had single organ metas-
tases, and 7 had multiple organ metastases, including 2
with both locoregional recurrence and distant metastasis.
The lung was the most common site of metastasis (n=7).
Other sites of distant metastasis included the liver (n=4)
and bone (n=4).

Discussion

To our knowledge, the current study is one of the larg-
est single-institution retrospective studies to summarize
the clinical features and evaluate the prognostic factors of
NACC published to date. Our study indicated that NACC
is a rare malignancy with different biological behaviour
from common nasopharyngeal cancer. The 5-year over-
all survival rate (OS) and progression-free survival rate
(PES) were 83.9% and 67.5%, respectively. Primary sur-
gery resulted in a significant overall survival advantage
compared with primary RT in patients with NACC. This
result also corresponds to the improved progression-free
survival in the primary surgery group compared with the
primary RT group. Cranial nerve invasion and treatment
strategies might be important factors affecting the sur-
vival of patients with NACC.
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Fig. 3 The overall survival rate (A) and progression-free survival rate (B) in patients with NACC between primary surgery and primary RT. RT,

radiotherapy

NACC accounts for a small proportion of primary
nasopharyngeal malignancies. Given its rarity, the long-
term survival outcome of patients with NACC has not
been well reported. Management decisions are further
complicated due to the lack of consensus regarding the
optimal treatment regimen. Adenoid cystic carcinoma
arises mainly from secretory glands, most commonly the
major and minor salivary glands of the oral and maxillo-
facial region, whereas it rarely occurs in the nasopharyn-
geal region. This study showed that NACC accounted
for only 0.084% of all malignant neoplasms in the naso-
pharynx. Additionally, unlike nonkeratinizing squamous
cell carcinoma in the nasopharynx, there is no male pre-
ponderance for the development of NACC, and the ratio
of females to males is 28:22. Nasopharyngeal carcinoma
incidence is higher in males than in females, with a ratio
of approximately 2.5 in China in 2015 [18].

Unlike other nasopharyngeal malignancies, NACC
has a special biological behaviour of perineural invasion,
and 21 (42%) of 50 patients had cranial nerve invasions,
including optic nerve, oculomotor nerve, and trigeminal
nerve invasions. However, NACC had a lower incidence
of cranial nerve involvement (26.9%) in Liu’s study [10].
This result may arise with the advent of more modern
imaging technology and a lack of sensitivity and specific-
ity from the older techniques. Furthermore, the tumour
is inclined to spread along nerves to the orbit or cranial
cavity, which may lead to challenges in resection and
poor prognosis. NACC has a strong ability of local inva-
sion, such as in the nasal cavity and base of the skull,

which would add difficulty to surgical resection. Unlike
undifferentiated nonkeratinized carcinoma, the lymph
node metastasis rate is relatively low in NACC. Another
study showed a cervical metastasis rate of 3.8%-15% [10],
while it occurred in 50% of cases in this study (Table 1),
which was still lower than nasopharyngeal cancer
(64.1%—-88.1%) [10, 19]. Epstein—-Barr virus infection
has been reported to have a close relationship with the
incidence of undifferentiated carcinoma and nonkerati-
nizing carcinoma, whereas few studies have reported its
relationship with NACC. The nonkeratinizing subtype
constitutes most cases of epidemical areas (>95%), and
it is predominantly associated with Epstein—Barr virus
(EBV) infection [20, 21]. However, this study showed
that EBV DNA levels in plasma were positive (>4000
copy/mL) in a small group of patients, and the positive
percentage was 6%.

NACC characteristically exhibits locally aggressive
growth with a unique tendency to invade nerves. They
could also spread long distances from the primary loca-
tion along the nerve sheaths. In some cases, skip involve-
ment could also be seen along the perineural space.
Moreover, due to the complex anatomical structure of
the nasopharynx, total or near-total resection is diffi-
cult to achieve. The presence of a positive surgical mar-
gin has been associated with decreased survival [22-24].
Previous studies [25-27] reported that ACC, regardless
of primary site, was resistant to radiation. In the study
by Liu et al. [10], patients with nasopharyngeal adenoid
cystic carcinoma undergoing primary surgery had better
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Table 2 Univariate analysis results of factors affecting survival
Characteristic 0S (%) PFS
HR 95% Cl Pvalue HR 95% ClI Pvalue

Age,y

<47 1

>47 0.894 0.445-1.798 0.754 0.919 0.570-1.484 0.731
Sex

Male

Female 0.871 0.430-1.764 0.700 0.800 0477-1341 0.397
Alcohol history

No 1

Yes 0.485 0.058-4.041 0.504 1.924 0.663-5.579 0.229
Tobacco history

No 1

Yes 0.909 0.311-2.660 0.862 0.650 0.340-1.242 0.193
Nerve invasion

No 1

Yes 2.208 0.534-9.120 0.274 3814 1.259-11.557 0.018
Bone invasion

No 1

Yes 0.880 0.170-4.545 0.879 0.859 0.264-2.797 0.800
Vessel invasion

No

Yes 0.660 0.081-5411 0.699 2.094 0.656-6.685 0212
Tstage

T1-T2

T3-T4 0.771 0.149-3.979 0.756 0.736 0.226-2.399 0611
Lymph node metastasis

No

Yes 0.589 0.285-1.220 0.154 0.886 0.543-1.444 0.627
Primary Surgical treatment

Yes

No 5.497 1.007-26.817 0.049 3.042 1.094-8.460 0.033
Concurrent chemotherapy

No

Yes 0.838 0407-1.723 0.630 0.810 0.479-1.367 0430
Table 3 Multivariate analysis results of factors affecting survival
Characteristic 0S (%) PFS

HR 95% Cl Pvalue HR 95% ClI Pvalue

Nerve invasion

No

Yes 0.274 3.709 1.202-11.447 0.023
Surgical treatment

Yes

No 5.497 1.007-26.817 0.049 2.903 1.037-8.142 0.034
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disease-free survival (DFS) and OS rates than those who
received primary radiotherapy. Many studies [28-30]
have reported that the first treatment choice for ACC
is radical surgery unless the disease is unresectable. A
study [10] that enrolled 26 NACC patients at one institu-
tion between 1976 and 2003, including 16 patients who
underwent traditional 2D-RT, indicated that there was a
significant difference in DEFS and OS between the surgi-
cal treatment group and nonsurgical treatment group.
Meanwhile, NACC patients treated by combined surgery
and radiotherapy had better survival outcomes. There
are some limitations in these studies, and the possible
reasons for the results may be that conventional radio-
therapy (2D-RT) techniques were used in these previous
studies. However, other studies have shown that radio-
therapy is associated with a better prognosis in NACC.
A retrospective study by Sandeep et al. [14] showed that
concurrent chemoradiotherapy could achieve a bet-
ter prognosis. The number of patients enrolled in these
studies was rather small, and those studies were based
on data over a long period, including traditional surgical
techniques. In our study, 16 patients with ACC received
primary RT, the objective response rate reached 81.3%
(13/16), and 70.59% (24/34) of patients achieved negative
surgical margins. In addition, the 5-year OS and PFS rates
of patients with ACC undergoing primary surgery were
better than those of patients who underwent primary RT.
The results of the current study were inconsistent with
those of some previous studies. The possible reasons for
the difference may be the development of endoscopic
operation and PORT. It has been suggested that postop-
erative radiotherapy (PORT) may prolong disease-free
survival and improve locoregional control in patients
undergoing surgery [31]. Consequently, the combina-
tion of surgery with PORT has become the mainstream
treatment approach for some advanced-stage patients.
However, whether PORT can improve long-term sur-
vival in patients with NACC remains to be established.
In this study, PORT also failed to improve the survival of
patients undergoing surgery.

Liu et al. [10] concluded that patients with cranial
nerve invasion, advanced stage and surgery showed a
significantly worse OS in univariate analysis. Stage and
surgical treatment were independent factors affecting OS
in multivariate analysis. The possible reasons for the dif-
ferences may be that the number of cases was relatively
small for multivariate analyses. Multivariate analyses
in our study showed that nerve invasion and primary
treatment were significant factors associated with PFS,
and the primary treatment pattern was a significant fac-
tor associated with OS. In the study by Huang et al. [32],
neural invasion could be seen early and was an unfavour-
able prognostic factor associated with decreased survival
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outcome. A similar result was observed in our study.
Patients with no nerve invasion had better 5-year DFS
rates than those with nerve invasion at diagnosis (81.2%
vs. 62.9%, log-rank P=0.006). Based on the above find-
ings, primary surgery could be considered the first treat-
ment choice for patients with ACC.

Despite the inherent limitations of a single-institution
retrospective design, the strength of our study is that it
represents the largest cohort of patients with NACC
treated with RT or surgical treatment in the IMRT era.
Our findings must be further validated in a prospective
study that needs multi-institutional participation because
of its rarity. There is also a critical need to identify molec-
ular markers of response to treatment to further guide
the selection of different therapies and perhaps provide
targets for novel therapies for patients with NACC.

Conclusions

Due to the relative insensitivity to radiation, primary sur-
gery seems to provide a better chance of disease control
and improved survival in NACC, and postoperative radi-
otherapy should be performed in advanced stages and for
residual tumours. cranial nerve invasion and treatment
pattern might be important factors affecting the progno-
sis of patients with NACC.

Abbreviations

NACC  Nasopharyngeal adenoid cystic carcinoma
IMRT  Intensity-modulated radiation therapy

RT Radiotherapy

NPC Nasopharyngeal carcinoma

ENPG  Endoscopic nasopharyngectomy
CMT Combined modality therapy

oS Overall survival

PFS Progression-free survival

DFS Disease-free survival

2DRT  2-Dimensional radiotherapy

ORR Objective response
PORT  Postoperative radiotherapy

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512885-024-12159-z.

Additional file 1: Table S1. Characteristics and Clinical Data of the
Patients Undergoing Primary Surgery.

Additional file 2: Figure S1. The overall survival rate (A) and progression-
free survival rate (B) in patients with NACC between Surgery Alone and
Surgery 4+ PORT. PORT, postoperative radiotherapy; RT, radiotherapy.

Acknowledgements
Not applicable.

Authors’ contributions

Study concepts: Rui Sun, Ming-Yuan Chen. Study design: Rui Sun, Ming-Yuan
Chen, Wen-Bin Wu. Data acquisition: Wen-Bin Wu, Wu-Lin Cai, Ye-Hao Zou.
Quiality control of data and algorithms: Wen-Bin Wu, Wu-Lin Cai, Ye-Hao Zou,
Rui You, You-Ping Liu, Zhao-Di Yuan. Data analysis and interpretation: Wen-Bin
Wu, Rui Sun. Statistical analysis: Wen-Bin Wu, Rui Sun. Manuscript preparation:


https://doi.org/10.1186/s12885-024-12159-z
https://doi.org/10.1186/s12885-024-12159-z

Wu et al. BMC Cancer (2024) 24:576

Wen-Bin Wu, Rui Sun, Wu-Lin Cai, Ye-Hao Zou. Manuscript editing: Wen-Bin
Wu, Rui Sun and Ming-Yuan Chen. Manuscript review: Wen-Bin Wu, Wu-Lin
Cai, Ye-Hao Zou, Rui You, You-Ping Liu, Zhao-Di Yuan, Qiong Li, Wen-Chao Li,
Zhi-Xuan Pi, Yu-Long Xie, Kai Wen, Ming-Yuan Chen, Rui Sun.

Funding

Funding was provided by the Program of Sun Yat-Sen University for Clinical
Research 5010 Program (No. 2017010), Rural Science and Technology Com-
missioner Program of Guangdong Province China (KTP2020341), the Natural
Science Foundation of Guangdong Province (No. 2023A1515011246).

Availability of data and materials
All analyzed data are included in this published article. The original data are
available upon reasonable request to the corresponding author.

Declarations

Ethics approval and consent to participate

The Clinical Research Ethics Committee of the Sun Yat-sen University Cancer
Center approved this study with a waiver of documented informed consent.
All methods adhered to relevant guidelines, including the Declaration of
Helsinki.

Consent for publication
Na.

Competing interests
The authors declare no competing interests.

Received: 17 June 2023 Accepted: 21 March 2024
Published online: 10 May 2024

References

1. ChenY-P,Chan ATC, Le Q-T, Blanchard P, Sun Y, Ma J. Nasopharyngeal carci-
noma. Lancet. 2019;394(10192):64-80.

2. ZhangY,Chen L, Hu GQ, Zhang N, Zhu XD, Yang KY, Jin F, Shi M, Chen YP,

Hu WH, et al. Gemcitabine and cisplatin induction chemotherapy in naso-
pharyngeal carcinoma. N Engl J Med. 2019;381(12):1124-35.

3. HeJHZY, Luo RZ, Liang XM, Wu QL, Liang Y. Clinicopathological char-
acteristics of primary nasopharyngeal adenocarcinoma. Chinese.
2003;22(27):753-7.

4. PjB.Adenoid cystic carcinoma of the head and neck: a review. Curr Opin
Otolaryngol Head Neck Surg. 2004;12(12):127-32.

5. Kim KHSM, Chung PS, Rhee CS, Park Cl, Kim WH. Adenoid cystic car-
cinoma of the head and neck. Arch Otolaryngol Head Neck Surg.
1994;120(127):721-6.

6. Takagi M, DemizuY, Hashimoto N, Mima M, Terashima K; Fujii O, Jin D, Niwa
Y, Morimoto K, Akagi T, et al. Treatment outcomes of particle radiotherapy
using protons or carbon ions as a single-modality therapy for adenoid cystic
carcinoma of the head and neck. Radiother Oncol. 2014;113(3):364-70.

7. Vander Poorten V, Bradley PJ, Takes RP, Rinaldo A, Woolgar JA, Ferlito A. Diag-
nosis and management of parotid carcinoma with a special focus on recent
advances in molecular biology. Head Neck. 2012,34(3):429-40.

8. Bjorndal K, Krogdahl A, Therkildsen MH, Overgaard J, Johansen J, Kristensen
CA, Homoe P, Sorensen CH, Andersen E, Bundgaard T, et al. Salivary gland
carcinoma in Denmark 1990-2005: a national study of incidence, site and
histology. Results of the Danish Head and Neck Cancer Group (DAHANCA).
Oral Oncol. 2011,47(7):677-82.

9. Cao CN, Luo JW, Xu GZ, Gao L, Xu ZG, Tang PZ. Management of nasopharyn-
geal adenoid cystic carcinoma. J Oral Maxillofac Surg. 2013;71(4):e203-209.

10. LiuTR,Yang AK, Guo X, Li QL, Song M, He JH, Wang YH, Guo ZM, Zhang
Q, ChenWQ, et al. Adenoid cystic carcinoma of the nasopharynx: 27-year
experience. Laryngoscope. 2008;118(11):1981-8.

11. Pfister DG, Spencer S, Adelstein D, Adkins D, Anzai Y, Brizel DM, Bruce JY,
Busse PM, Caudell JJ, Cmelak AJ, et al. Head and neck cancers, version
2.2020, NCCN clinical practice guidelines in oncology. J Natl Compr Canc
Netw. 2020;18(7):873-98.

Page 9 of 9

12. Schramm VL Jr IM. Management of nasopharyngeal salivary gland malig-
nancy. Laryngoscope. 2001;111(119):1533-44.

13. Gentile MS, Yip D, Liebsch NJ, Adams JA, Busse PM, Chan AW. Definitive
proton beam therapy for adenoid cystic carcinoma of the nasopharynx
involving the base of skull. Oral Oncol. 2017;65:38-44.

14. Samant S, van den Brekel MW, Kies MS, Wan J, Robbins KT, Rosenthal DI,
Rasch C, Weber RS. Concurrent chemoradiation for adenoid cystic carci-
noma of the head and neck. Head Neck. 2012;34(9):1263-8.

15. Ko JJ, Siever JE,Hao D, Simpson R, Lau HY. Adenoid cystic carcinoma of
head and neck: clinical predictors of outcome from a Canadian centre. Curr
Oncol. 2016;23(1):26-33.

16. Edge SB, Compton CC.The American Joint Committee on Cancer: the 7th
edition of the AJCC cancer staging manual and the future of TNM. Ann Surg
Oncol. 2010;17(6):1471-4.

17. Shao JY, Li YH, Gao HY, Wu QL, Cui NJ, Zhang L, Cheng G, Hu LF, Emberg |,
Zeng YX. Comparison of plasma Epstein-Barr virus (EBV) DNA levels and
serum EBV immunoglobulin A/virus capsid antigen antibody titers in
patients with nasopharyngeal carcinoma. Cancer. 2004;100(6):1162-70.

18. ChenW, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, Jemal A, Yu XQ, He J.
Cancer statistics in China, 2015. CA Cancer J Clin. 2016;66(2):115-32.

19. Wang X, Hu C,Ying H, He X, Zhu G, Kong L, Ding J. Patterns of lymph
node metastasis from nasopharyngeal carcinoma based on the 2013
updated consensus guidelines for neck node levels. Radiother Oncol.
2015;115(1):41-5.

20. Wang HY, Chang YL, To KF, Hwang JS, Mai HQ, Feng YF, Chang ET, Wang CP,
Kam MK, Cheah SL, et al. A new prognostic histopathologic classification of
nasopharyngeal carcinoma. Chin J Cancer. 2016;35:41.

21. Young LS, Dawson CW. Epstein-Barr virus and nasopharyngeal carcinoma.
Chin J Cancer. 2014;33(12):581-90.

22. Amit M, Binenbaum Y, Sharma K, Ramer N, Ramer |, Agbetoba A, Glick J,
Yang X, Lei D, Bjorndal K, et al. Incidence of cervical lymph node metastasis
and its association with outcomes in patients with adenoid cystic carci-
noma. An international collaborative study. Head Neck. 2015;37(7):1032-7.

23. Amit M, Binenbaum Y, Sharma K, Ramer N, Ramer |, Agbetoba A, Miles B,
Yang X, Lei D, Bjoerndal K, et al. Adenoid cystic carcinoma of the nasal
cavity and paranasal sinuses: a meta-analysis. J Neurol Surg B Skull Base.
2013;74(3):118-25.

24. Husain Q, Kanumuri WV, Svider PF, Radvansky BM, Boghani Z, Liu JK, Eloy JA.
Sinonasal adenoid cystic carcinoma: systematic review of survival and treat-
ment strategies. Otolaryngol Head Neck Surg. 2013;148(1):29-39.

25. Booth JR, Unsal AA, Tadros S, Byrd JK, Kountakis SE. Salivary gland cancers
of the nasopharynx: a population-based analysis of 383 cases. Otolaryngol
Head Neck Surg. 2019;161(3):442-9.

26. HeS, LiP, Zhong Q Hou L, Yu Z, Huang Z, Chen X, Fang J, Chen X. Clinico-
pathologic and prognostic factors in adenoid cystic carcinoma of head and
neck minor salivary glands: a clinical analysis of 130 cases. Am J Otolaryngol.
2017;38(2):157-62.

27. Pfeffer MR, Talmi'Y, Catane R, Symon Z, Yosepovitch A, Levitt M. A phase |l
study of Imatinib for advanced adenoid cystic carcinoma of head and neck
salivary glands. Oral Oncol. 2007;43(1):33-6.

28. Balamucki CJ, Amdur RJ, Werning JW, Vaysberg M, Morris CG, Kirwan JM,
Mendenhall WM. Adenoid cystic carcinoma of the head and neck. Am J
Otolaryngol. 2012;33(5):510-8.

29. Mendenhall WM, Morris CG, Amdur RJ, Werning JW, Hinerman RW, Villaret
DB. Radiotherapy alone or combined with surgery for adenoid cystic carci-
noma of the head and neck. Head Neck. 2004;26(2):154-62.

30. Ryckman JM, Kusi Appiah A, Simone CB 2nd, Verma V. Treatment
approaches for nasopharyngeal adenoid cystic carcinoma. Acta Oncol.
2018,57(7):995-1001.

31. Coca-Pelaz A, Rodrigo JP, Bradley PJ, Vander Poorten V, Triantafyllou A, Hunt
JL, Strojan P, Rinaldo A, Haigentz M Jr, Takes RP, et al. Adenoid cystic carci-
noma of the head and neck-an update. Oral Oncol. 2015;51(7):652-61.

32. Huang M, Ma D, Sun K, Yu G, Guo C, Gao F. Factors influencing survival rate
in adenoid cystic carcinoma of the salivary glands. Int J Oral Maxillofac Surg.
1997,26(6):435-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Outcomes of patients in nasopharyngeal adenoid cystic carcinoma in the IMRT era: a single-center experience
	Abstract 
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Treatment
	Primary surgery
	Primary radiotherapy
	Follow-up
	Statistical methods


	Results
	Prognostic factors for survival
	Failure patterns

	Discussion
	Conclusions
	Acknowledgements
	References


