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Objectives: To determine the predictor for occult neck metastases and the role

of elective neck dissection (END) in cT3-4N0 parotid adenoid cystic

carcinoma (ACC).

Methods: Patients with surgically treated parotid ACC were retrospectively

enrolled. Predictors of occult neckmetastases and the effect of END on disease

specific survival (DSS), overall survival (OS), locoregional control survival (LRC),

and distant metastasis free survival (DMS) were analyzed.

Results: Occult neck metastases occurred in 35 (19.7%) of the 178 patients

undergoing an END. The tumor stage [p=0.011, 4.215 (1.387–10.435)] and

intra-parotid lymph node metastasis [p=0.032, 3.671 (1.693–8.775)] were

related to the possibility of occult neck metastases independently. The END

group had better 10-year LRC than the observation group (56% vs. 43%,

p=0.002) and also better 10-year DMS than the observation group (43% vs.

32%, p<0.001). The two groups had similar 10-year DSS (40% vs. 33%, p=0.230)

and OS (31% vs. 23%, p=0.094) rates. Furthermore, the Cox model confirmed

that END was independently associated with better LRC rate [p=0.022, 2.576

(1.338–6.476)] and better DMS [p=0.011, 2.343 (1.274–7.462)].

Conclusions: Occult neck metastases in cT3-4N0 parotid ACC was not

common. A T4 tumor with intra-parotid lymph node metastasis had the

highest possibility of occult neck metastases. END had no effect on DSS or

OS but significantly decreased the risk of locoregional recurrence and

distant metastasis.
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Introduction

Adenoid cystic carcinoma (ACC) is one of the most

common parotid gland malignancies in the head and neck (1).

It is characterized by slow growth, perineural invasion (PNI),

and distant metastasis (2). Radical excision of the primary tumor

is the preferred treatment, but owing to the wide range of the

neck lymph node metastasis rate, the necessity for elective neck

dissection (END) still remains controversial (3).

A review showed that the metastasis rate ranges from 0% to

43.7% based on 2,450 ENDs, and it concluded that ENDs could not

provide any benefit in overall survival (OS) or disease specific

survival (DSS) but could only be associated with a prolonged

regional recurrence-free period (4). However, some researchers

have reported that the overall neck lymph node metastasis rate is

about 10%, and it varies with the primary site and tumor stage.

cT3-4 ACC located in the oral cavity or oropharynx has the highest

probability of lymph node metastasis. END could extend the OS

(5–7). This viewpoint is confirmed by current evidence (8). Lymph

node involvement is a risk factor for subsequent distant metastasis,

and distantmetastasis is the main cause of failure. Advanced tumor

stage, the tongue-mouth floor complex as the primary site, and

lymphovascular invasion (LVI) have been demonstrated to

increase the risk of nodal metastasis (9–11). But it must be kept

in mind that the occult neck metastases rate in cT3-4 ACC is still

not very high. Routine END is related to over-treatment in many

patients (4, 5, 10). Therefore, it is important to detect patients with

occult neck metastases at initial treatment. Moreover, these factors

are not validated in parotid ACC, and there are other variables not

studied, including intra-parotid lymph node (IPN).

Therefore, the current study aimed to assess the predictor for

occult neck metastases and the role of END in cT3-4N0 parotid

ACC using relatively large sample size.
Patients and methods

Ethical considerations

The institutional research committee approved this study,

and all participants signed an informed consent agreement. All

procedures performed in this study involving human

participants were in accordance with the ethical standards of

the institutional and national research committee. The Helsinki

Declaration (1964) and its later amendments or comparable

ethical standards were followed.
Patient selection

Medical records of patients with surgically treated parotid

ACC were retrospectively reviewed between January 2000 and

January 2022. The inclusion criteria of the patients included
Frontiers in Oncology 02
patients with primary ACC staged as cT3-4N0 according to the

8th American Joint Committee on Cancer classification system

with available follow-up data. Patients with a history of other

malignancies were excluded. Information on demography,

pathology, treatment, and follow-up was extracted and analyzed.
Treatment principle

Systematic examinations were routinely performed for every

patient, including ultrasound, computed tomography, magnetic

resonance imaging, and/or positron emission tomography-

computed tomography scan. Total parotidectomy with or

without facial nerve preservation was performed for all patients.

END was selectively performed based on the surgeon’s preference,

the patient’s status, and imaging analysis. Post-operative

radiotherapy is usually advised in our cancer center when there

is a presence of parotid ACC. After therapy, the patients were

required to be examined every 3months during the 1st year, every

6 months during the 2nd year, and once per year after the 2nd

year by outpatient clinic visits, telephone calls, emails, or WeChat

messages (12).
Statistical analysis

The association between occult neck metastases and

clinicopathologic variables was evaluated via univariate analysis

(the Chi-square test) and multivariate analysis (the logistic

regression model). The endpoints were locoregional control

(LRC), distant metastasis free survival (DMS), OS, and DSS.

The LRC was calculated from the date of surgery to the date of

locoregional recurrence or the last follow-up, and the DMS was

calculated from the date of surgery to the date of distant metastasis

or the last follow-up. The OS was calculated from the date of

surgery to the date of death or the last follow-up. The DSS was

calculated from the date of surgery to the date of death caused by

the disease or the last follow-up. The Kaplan–Meier method was

used to calculate the LRC, DSS, and OS rates. The Cox

proportional hazards regression model was used for multivariate

analysis. All statistical analyses were performed using IBM SPSS

Statistics for Windows, version 20.0 (IBM Corp., Armonk, N.Y.,

USA), and a p<0.05 was considered significant.
Results

Overall, 178 patients underwent an END, and 76 patients did

not. In total, there were 100 males and 154 females, with a mean

age of 48.6 ± 13.8 years. Primary tumors were located in the

superficial lobe in 176 patients and in the deep lobe in 78

patients. Tumor stages were distributed as T3 in 157 patients

and T4 in 97 patients. A clean margin was achieved in 235
frontiersin.org
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patients. At initial treatment, distant metastasis occurred in 14

patients. PNI and LVI were noted in 84 and 57 patients,

respectively. IPN metastasis occurred in 18 patients. All

patients received radiotherapy for their primary sites, and neck

radiation therapy was performed on 85 patients.
Incidence of occult neck metastases

In the 178 patients undergoing an END, an occult neck

metastases occurred in 35 patients, with a rate of 19.7%. The

mean number of positive neck lymph nodes was 2.5 ± 1.5. There

was no contralateral neckmetastasis. The involvement of levels IIa,

Ib, IIb, III, and IV was noted in 23, 12, 10, 5, and 2 patients,

respectively. Therewasnometastasis at level Iaor levelV (Figure1).
Risk factors of occult neck metastases

ACC in the deep lobe had an occult neck metastases rate of

28.3%. It was significantly higher than that of ACC in the

superficial lobe (p = 0.033). Occult neck metastases occurred
Frontiers in Oncology 03
in 27.8% of T4 tumors and in 14.2% of T3 tumors. The difference

was significant (p = 0.025). In 10 patients with IPN metastasis,

five patients had occult neck metastases, but in 168 patients

without IPN metastasis, only 30 patients had occult neck

metastases. The difference was significant (p = 0.027). No

significant association was noted between occult neck

metastases and other clinicopathologic variables (Table 1).

In further multivariate analysis, tumor stage [p = 0.011,

4.215 (1.387–10.435)] and IPN metastasis [p = 0.032, 3.671

(1.693–8.775)] were independently related to the possibility of

occult neck metastases (Table 2).
Effects of END on survival

A total of 76 patients received an observation policy for neck

management. During the follow-up with a mean time of 67.1 ±

33.1 months, 37 patients had locoregional recurrence, and 46

patients developed distant metastasis. Of these, 39 patients died,

of whom 30 died of the disease. In the END group, 57 patients

had locoregional recurrence, 65 patients developed distant

metastasis, and 74 patients died, of whom 60 died of the
frontiersin.org
FIGURE 1

Lymph node metastasis pattern in cT3-4N0 parotid adenoid cystic carcinoma.
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disease. The END group had a better 10-year LRC than the

observation group (56% vs. 43%, p = 0.002, Figure 2) and a better

10-year DMS than the observation group (43% vs. 32%, p<0.001,

Figure 3). The two groups had similar 10-year DSS (40% vs. 33%,

p = 0.230, Figure 4) and OS (31% vs. 23%, p = 0.094, Figure 5)

rates. In a further Cox model, END was independently

associated with a better LRC rate [p = 0.022, 2.576 (1.338–

6.476)] and better DMS [p = 0.011, 2.343 (1.274–7.462)]

(Tables 3 , 4).
Discussion

To our knowledge, this was one of the largest series

regarding cT3-4N0 parotid ACC. The most important finding
Frontiers in Oncology 04
in the current study was that the occult neck metastases in cT3-

4N0 parotid ACC was not common. A T4 tumor with IPN

metastasis had the highest possibility of occult neck metastases.

The current findings demonstrate that END decreased the risk of

locoregional recurrence and distant metastasis, but the two

groups had similar DSS and DS.

Occult neck metastases in the head and neck ACC were

extensively analyzed. Amit et al. (13) found that oral ACC had a

nodal metastasis rate of 22% based on 226 cases. It was significantly

higher than 16% in those in the paranasal sinuses and 12% in those

in major glands. Min et al. (11) also described the occult neck

metastases rates of ACC in the tongue-mouth floor complex and

other sites as 17.2% and 8.2%, respectively. The difference was

significant. These findings highlighted that the occult neck

metastases rate in major glands might be low. Megwalu et al.
TABLE 1 Univariate analysis of risk factor of occult metastasis.

Variable Occult metastasis p

Yes (n=35) No (n=143)

Age

<50 17 80

≥50 18 63 0.432

Sex

Male 15 65

Female 20 78 0.782

Tumor location

Superficial 17 97

Deep 18 46 0.033

Tumor stage

T3 15 91

T4 20 52 0.025

Distant metastasis

Yes 3 6

No 32 137 0.382

Perineural invasion

Yes 14 53

No 21 90 0.748

Lymphovascular invasion

Yes 10 27

No 25 116 0.205

Intraparotid lymph node metastasis

Yes 5 5

No 30 138 0.027
frontiersi
TABLE 2 Multivariate analysis of risk factor of occult metastasis.

Variable OR [95%CI] p

Tumor location 3.667 [0.674-9.227] 0.243

Tumor stage 4.215 [1.387-10.435] 0.011

Intraparotid lymph node metastasis 3.671 [1.693-8.775] 0.032
n.org
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(10) reported that the overall nodal metastasis rate of ACC in

major glands was 17.3%, and tumor stage but not the primary site

was associated with nodal metastasis. However, because the study

did provide information regarding the ratio of cN+ to cN0, the

incidence of occult neck metastases could not be calculated. In

another study by Qian et al. (14) using the National Cancer Center

Database, the occult neck metastases rate was only 9.0% in major

gland ACC, but the metastasis rate in parotid ACC was not given.

A review by an international head and neck scientific group

showed the prevalence of positive nodes from ACC was 14.5%

for the parotid gland, 22.5% for the submandibular gland, and

24.7% for the sublingual gland, and the only significant factor

contributing to nodal metastasis was tumor stage (15). Considering

the intrinsic nature of ACC neoplasms, it arose from a non-

capsulated organ such as the parotid gland; thus, its infiltrative
Frontiers in Oncology 05
growth was not hindered, letting ACC invade adjacent tissue

without well-defined borders (16). More complex and different

metastasis patterns could be expected. This study focused on

predictors of occult neck metastases in cT3-4N0 parotid ACC

and might be the first to note the significance of IPN metastasis.

The pooled prevalence of IPN metastasis in primary parotid

malignancies was 24.1%, and it was most likely to occur in those

high-grade cancers excluding ACC (17). A series of reports by

Fang et al. (18–20) also confirmed the association between IPN

metastasis and cervical nodal metastasis in parotid cancers, but

the cases of ACC were very limited. The current study found that

the overall occult neck metastases rate was only 19.7%.

Generally, END was suggested if the probability of occult

cervical metastasis was greater than 15%–20% in head and

neck squamous cell carcinoma (21). Advanced tumor stage
FIGURE 2

Comparison of locoregional control survival between elective neck dissection (END) and observation groups (p = 0.002).
FIGURE 3

Comparison of distant metastasis free survival between elective neck dissection (END) and observation groups (p < 0.001).
frontiersin.org
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was described to be associated with increased nodal metastasis

risk and END was suggested in cT3-4 parotid malignancies (10,

11, 13, 14). Based on the current findings, routine END in cT3-

4N0 parotid ACC caused some degree of overtreatment. IPN

had a high specificity (96.5%) in predicting nodal metastasis; a

frozen section of IPN would help in neck decision making and

decrease the unnecessary surgical burden.

The cervical nodal metastasis pattern was another important

issue; it formulated the dissection range. In 82 positive neck

dissection samples by Zhang et al. (5), levels I and II metastasis

were most common, occurring in 52 and 32 cases, respectively.

Level IV metastasis was rare. A review by Luksic et al. (4)

concluded that these metastases were most often solitary

unilateral metastatic deposits (pN1 disease), located in most
Frontiers in Oncology 06
cases within levels I–III. Amit et al. (13) revealed ipsilateral nodal

metastases in 44 patients (16%), consisting of 33 in levels I to III

and 11 in levels IV to V (all on the ipsilateral side). Our result

was consistent with these findings; it supported that END should

at least include levels I–III to clean the metastasis foci, and the

possibility of level IV to V metastasis could not be ignored.

The survival benefit, added by END to the head and neck

ACC, remains controversial (22). Xiao et al. (7) analyzed the role

of END in 2,807 patients with head and neck ACC. They found

that patients with advanced T3 to T4 ACC of the major salivary

gland demonstrated extended OS associated with END in

univariate analysis and with END combined with adjuvant

radiotherapy in multivariate analysis. However, the two groups

showed apparent differences in multiple clinicopathologic factors,
FIGURE 4

Comparison of disease specific survival between elective neck dissection (END) and observation groups (p = 0.230).
FIGURE 5

Comparison of overall survival between elective neck dissection (END) and observation groups (p = 0.094).
frontiersin.org
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which caused unreliability in comprehending the finding. More

researchers reported conflicting results. Amit et al. (23) enrolled

457 patients with cN0 head and neck ACC, of whom 226 cases

received END, and 231 did not. The two groups had comparable

5-year OS (72% vs. 79%) and 5-year DSS (74% vs. 81%); however,

the two groups had significant differences regarding baseline

variables of the primary site and adjuvant chemotherapy, which

both affected the survival outcome. Lee et al. (24) retrospectively

evaluated the outcomes of 61 patients with salivary gland ACC;

26 patients received END, during their follow-up, regional

recurrence only occurred in patients without END at initial

treatment, but there were no significant differences in distant

metastasis or OS between the two groups. However, the sample

size of this study was very small, and T1 to T4 tumors were mixed

together, nodal metastasis in early-stage ACC was uncommon,

and END was relatively more required in advanced-stage tumors

than in early-stage disease. A recent meta-review also described

that compared to observation, END did not provide any benefit

in OS irrespective of tumor stage (25). However, as the authors

pointed out, these results must be taken with caution due to the

high heterogeneity of the data and the lack of stratification among

END and no END subgroup based on the T stage or histological

subtype with respect to survival, which could influence the
Frontiers in Oncology 07
obtained results. The current study overcame these

shortcomings and confirmed END was not associated with

improved OS or DSS in cT3-4N0 parotid ACC, but there was

an interesting finding that END provided better LRC and DMS.

Removing positive lymph nodes and blocking the pathway of

lymph node metastasis in time could decrease the risk of regional

recurrence (26). Conversely, evidence of lymphatic spread

increased the rate of distant metastases (4, 13), and END

improved DMS. The finding was rarely reported; only Amit

et al. (23) previously described that END and observation groups

had similar distant metastasis rates. The difference could be

explained by the fact that the latter analyzed ACC in all

subsites in the head and neck together; there was a

high heterogeneity.

The current study has a few limitations. First, the

retrospective study had inherent bias. Second, the molecular

mechanism of regional recurrence and distant metastasis was

not analyzed.

In summary, occult neck metastases in cT3-4N0 parotid

ACC were not common. A T4 tumor with IPN metastasis had

the highest possibility of occult neck metastases. It has been

observed that END had no effect on DSS or OS but significantly

decreased the risk of locoregional recurrence and distant
TABLE 3 Prognostic factors of locoregional control survival in patients with parotid adenoid cystic carcinoma.

Variable Univariate Cox model

RR [95%CI] p

Age 0.732

Sex 0.631

Tumor location 0.422

Tumor stage 0.012 4.278 [1.674-10.337] 0.013

Perineural invasion <0.001 3.984 [0.746-9.658] 0.111

Lymphovascular invasion 0.178

Intraparotid lymph node metastasis 0.032 3.224 [1.925-8.115] 0.005

Neck management 0.002 2.576 [1.338-6.476] 0.022

Neck radiation therapy 0.373
frontiersi
TABLE 4 Prognostic factors of distant metastasis free survival in patients with parotid adenoid cystic carcinoma.

Variable Univariate Cox model

RR [95%CI] p

Age 0.492

Sex 0.366

Tumor location 0.243

Tumor stage 0.023 3.167 [1.777-10.263] 0.006

Perineural invasion 0.336

Lymphovascular invasion 0.038 2.683 [1.054-5.733] 0.032

Intraparotid lymph node metastasis 0.032 3.465 [0.917-10.476] 0.258

Neck management <0.001 2.343 [1.274-7.462] 0.011

Neck radiation therapy 0.551
n.org
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metastasis. Every patient should be approached individually and

the decision on the performance of END in cT3-4N0 parotid

ACC should be made after multidisciplinary discussion until

new evidence/data on the topic occurs, and the dissected neck

level should be limited to II–IV.
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