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Abstract
The oncological necessity of submandibular gland removal during neck dissection for oral cavity squamous cell carcinoma 
surgery has remained controversial. This study was aimed to determine the rate of SMG involvement and assess the feasibil-
ity of submandibular gland (SMG) preservation. We present a prospective study conducted at a tertiary cancer center from 
June 2017 to May 2019. All patients of oral squamous cell carcinoma who underwent primary surgery with neck dissection 
were included and analyzed for incidence and predictive factors for incidence of level IB nodal and SMG involvement as 
per CAP guidelines. A total of 60 patients were inducted in the study, wherein 63 neck dissections were performed includ-
ing bilateral dissection in three cases. There was involvement of SMG in 6 patients with two cases each in floor of mouth 
cancer, gingivo-buccal, and alveolar lesions. The SMG was involved by direct contiguous spread from the primary lesion in 
two cases, extra-capsular extension from level IB lymph nodes in one and by both mode of spread in three glands. Perineural 
invasion was seen in 83.33% (n = 5) patients with SMG involvement (p- < 0.001), while 66.67% (4/6) patients had lympho 
vascular invasion (p-0.006) and all the cases with SMG involvement had extra-capsular extension (p < 0.001), suggesting 
PNI, LVI, and ECE as the strongest predictors of SMG involvement. This study demonstrates that oral cavity squamous cell 
carcinoma has low potential to metastasize to the SMG; however, high-risk factors include primary tumor site in floor of 
mouth or tongue, heavy level IB nodal burden, presence of LVI, PNI, and ECE. In the absence of these high-risk factors, 
SMG preservation with complete nodal clearance in level IB is a promising technique for reducing future complications.
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Introduction

Squamous cell carcinoma (SCC) of oral cavity most com-
monly metastasizes to cervical lymph nodes. Formal neck 
dissection (ND) either therapeutic or prophylactic along with 
composite resection of primary lesion is the mainstay surgi-
cal procedure for management of oral cancers. With neck 
dissection we can achieve loco-regional oncologic control 

as well as it allows for surgical staging of neck in order 
to determine need for adjuvant therapy. The submandibular 
gland (SMG) is located in level IB region of neck in close 
proximity to level IB nodes. Level IB group includes lymph 
nodes in pre- and post-glandular region, pre- and post-vas-
cular regions, and intra-glandular lymph nodes. In addition, 
there may be other perifacial lymph nodes in close proxim-
ity to the SMG [1]. In view of close proximity of SMG to 
adjacent level 1B lymph nodes, traditionally ND has always 
included excision of SMG along with level IB nodal clear-
ance in order to have complete resection of disease and more 
so for technical ease of nodal clearance. The oncological 
necessity of SMG removal during neck dissection however 
remains controversial.

The SMGs, along with the minor and parotid salivary 
glands, secrete saliva which facilitates deglutition and gusta-
tion and helps to maintain oral health. Both submandibular 
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glands are responsible for 65% of total unstimulated saliva 
production [2, 3]. Resection of either one or both SMG may 
result in reduced salivary outflow leading to development of 
xerostomia. Jacob et al. reported post-operative xerostomia 
in one-third patients undergoing ND with concomitant SMG 
excision [4]. Dünne et al. reported incidence of xerostomia 
in 21% patients undergoing ND with unilateral excision of 
SMG compared to only 7% in patients with preservation 
of SMG [5]. Post-operative xerostomia may result in sleep 
disturbances, gingival irritation, dental decay, impairment 
of taste, mastication, and swallowing [6–9]. There is also 
risk of injury to nearby structures in some cases including 
the marginal mandibular nerve (7.7%), hypoglossal nerve 
(2.9%), and lingual nerve (1.4%) [10]. Excision of SMG also 
leads to external contour deformity in upper neck.

In several studies, anatomic dissection did not find any 
lymph nodes within the parenchyma of SMG [11]. In addi-
tion, there is very low risk of unpredicted SMG invasion by 
adjacent pathologic lymph nodes in patients with primary 
oral cavity SCC [12, 13]. The reason for such low rate of 
involvement has been attributed to the presence of a fibrous 
capsule around the gland and paucity of lymphatics and vas-
culature within the gland [13–15]. Dhiwakar et al. demon-
strated that level IB nodal clearance was possible without 
excision of SMG as direct invasion was unlikely and there 
were no parenchymal LN within the gland [16]. In light of a 
new trend towards more conservative and individually tai-
lored neck dissection, where non-lymphatic structures are 
being conserved in an oncologically safe way, preservation 
of SMG in ND may be a viable option and hence it is imper-
ative to determine the actual incidence of SMG involvement 
in oral cavity SCC.

Methods

We prospectively analyzed data of 112 patients of head and 
neck cancers treated at a tertiary cancer center from June 
2017 to May 2019. Out of these, 88 patients had oral cavity 
SCC, where in 60 patients underwent primary surgery for 
cancer while 28 patients had surgery for recurrent cancer. 
We present results of clinic-radiological and histopathologi-
cal correlation in 60 patients undergoing neck dissection for 
primary oral cancer.

Patient demographics studied included age and gender. 
Tumor characteristics evaluated included tumor site, tumor 
size (T), neck nodes (N), and preoperative tumor grade 
and histology. Along with clinical examination, radiologi-
cal evaluation with either contrast-enhanced computer-
ized tomography (CECT) or magnetic resonance imaging 
(MRI) depending on the site of tumor was undertaken. All 
patients underwent primary tumor excision for oral cavity 
lesions (composite oral resection) with simultaneous neck 

dissections; levels I–III or more depending on presence and 
location of suspicious lymph nodes in neck. Patients under-
going surgery for recurrent oral cavity SCC with history of 
prior neck dissection or irradiation and patients with meta-
static disease were excluded in our study.

The extent of neck dissection performed (ipsilateral/bilat-
eral), number of neck nodes resected, number of positive 
neck nodes on histopathological examination (HPE), levels 
of neck nodes involved, SMG involvement, pattern of SMG 
involvement, presence of lympho vascular invasion (LVI), 
perineural invasion (PNI), or extra-capsular extension (ECE) 
were recorded in final histopathology. The final histopathol-
ogy was reported as per College of American Pathologists 
(CAP) guidelines. The data of preoperative parameters 
(clinic-radiological staging) and final histopathology reports 
were interpreted to find the incidence of level IB and SMG 
involvement in oral cavity SCC. The clinical and pathologi-
cal staging of oral cavity cancer was followed as per 7th 
AJCC manual.

The data’s were summarized using frequencies and/or 
mean ± sd.

Quantitative variables are expressed as mean ± sd and 
compared between groups using Mann–Whitney test. Quali-
tative variables are expressed as frequencies/percentages and 
analyzed using Fisher’s exact test. A p-value < 0.05 is con-
sidered statistically significant. The data analysis performed 
using “R” programming language.

Results

We present data of 60 patients who underwent neck dis-
section as part of surgical management of oral cancer over 
2 years. A total of 63 neck dissections (ND) were performed 
including bilateral ND in three cases. The mean age of our 
study population was 53 years (range 30–78 years) with 
51 males (85%) and 9 females (15%). Among these 60 
patients, 24 patients (40%) had carcinoma tongue, followed 
by carcinoma alveolus in 10 (16.67%), carcinoma retromolar 
trigone (RMT) in 9 (15%), carcinoma gingivobuccal sulcus 
(GBS) in 7 (11.67%), carcinoma floor of mouth (FOM) in 6 
(10%), and carcinoma lip and hard palate in 2 (3.33%) cases 
each. Most of the patients had grade I and II SCC with 28 
(46.67%) cases in each group while 4 cases (6.67%) had 
grade III tumors. Nearly half of the patients had T2 tumors 
(31/60, 51.67%), followed by T1 and T4 stage in 14 patients 
each (23.33%) and T3 (1/60, 1.67%). Fifty-three percent 
patients had clinically N0 disease, 25% had N1, and 22% 
had N2 disease. There were no patients with N3 disease in 
our series (Table 1).

In the 63 neck dissections performed including bilat-
eral dissection in three cases, level IB node was involved 
in 31.67% cases (n = 19), followed by level II in 23.33% 
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(n = 14), level III and IV in 11.67% (n = 7) each, and level 
V in 5.0% (n = 3). The frequency of level IB lymph node 
metastasis by primary site was 60% (6/10) for carcinoma 
alveolus, 42.86% (3/7) for GBS lesions, 57.14% (4/7) for 
FOM lesions, 22.2% (2/9) for RMT tumors, 12.5% (3/21) for 
carcinoma tongue, and half of the patients with carcinoma 
lip. There was no nodal involvement in hard palate lesions. 
There was higher incidence of level IB LN involvement in 
T4 stage lesions 64.3% (9/14) followed by T2 stage lesions 
29% (9/31), T1 lesions 5.26% (1/14), and no involvement in 
T3 stage lesions. Similarly, the involvement of level IB LNs 
in N0, N1, and N2 was 9.3% (3/32), 26.6% (4/15), and 92.3% 
(12/13) respectively. The average level IB nodal burden was 
calculated as follows: Number of positive level IB nodes / 
Total positive nodes. The nodal burden in NI and N2 dis-
ease was determined to be 78.5% (11/14) and 40% (28/70) 
respectively (Table 2).

There was involvement of SMG in 6 patients only with 
two cases each in FOM lesion, GBS lesions, and lower 
alveolus lesions. Out of the six SMG cases with involve-
ment three cases had grade II lesion, one had grade III 
lesion while two cases had grade I lesion (p = NS). There 
was no SMG involvement in T1 and T3 lesions while 2/31 
in T2 and 4/14 in T4 lesions had involvement of SMG. 
One patient out of six in N1 staged and five out of six in 
N2 staged patients showed SMG involvement (P < 0.001) 
(Table 3).

In our study, out of 6 cases of SMG involvement, two had 
direct contiguous spread from the primary lesion, while one 
showed extracapsular extension from level IB lymph nodes 
and glandular involvement by both modes in three glands. 
There was no evidence of intraglandular metastasis in any 
of the positive SMG cases. Five cases (83.33%) had PNI 
(p < 0.001), four patients (66.67%) had LVI (p = 0.006), and 

Table 1  Patient demographics Pa�ent Demographics

Gender
Male 51 (85%) Female 9 (15%)

Age
Age (years) n %
30 - 40 9 15.00%
40 - 50 12 20.00%
50 - 60 20 33.33%
60 - 70 13 21.67%
70 - 80 6 10.00%
TOTAL 60 100%
Mean ± sd 53.85 ±11.28

Tumour Subsites
carcinoma tongue   24 (40%)
carcinoma alveolus 10 (16.67%)
carcinoma RMT 9 (15%)
carcinoma GBS 7 (11.67%)
carcinoma FOM 6 (10%)
carcinoma of lip 2 (3.33%)
carcinoma hard palate 2 (3.33%)

Tumour Grade
Grade I 28(46.67%)
Grade II 28 (46.67%)

Grade III 4(6.67%) 

T stage
T1 (14/60, 23.33%)
T2 (31/60, 51.67%)
T3 (1/60, 1.67%)
T4 (14/60, 23.33%)

N stage
N0 53%
N1 25%
N2 22%
N3 0
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all the six cases had ECE (p < 0.001), suggesting that PNI, 
LVI, and ECE were strong predictors of SMG involvement.

Discussion

The involvement of SMG can be either by direct spread from 
primary oral cavity tumors or from regional lymph node 
involvement. Hematogenous spread to SMG from distant 
primary cancers, e.g., genitourinary malignancy or lung 
cancer is however rare [1, 17–19]. Although level I and 
level II lymph nodes are commonly involved in oral cavity 
cancers, metastasis to SMG parenchyma is uncommon [1, 
13, 20]. Risk factors for SMG involvement include loca-
tion of primary tumor in tongue or floor of mouth, extensive 
nodal burden in level IB, and presence of LVI, PNI, or ECE 
in level IB lymph nodes [5]. In a study by Subramaniam 
et al., high risk of peri-glandular lymphadenopathy was seen 
in patients with tumor depth of invasion (DOI) more than 
10 mm. In addition, presence of LVI or PNI, moderate or 

poorly differentiated tumor was associated with a higher 
incidence of SMG involvement [21].

In our study, median patient age was 53 years. Eighty-
five percent patients were males and rest were females. 
There is no correlation between age and gender of patients 
with SMG involvement. In a review of 157 patients by N.K. 
Panda et al., median age was 49 years. Thirty-four patients 
were females and 141 were males. They did not find any 
correlation between age or patient gender with level IB LN 
metastasis and SMG involvement [22].

In our study, carcinoma tongue was the most common 
site of primary tumor (40%). Level IB lymph node metas-
tasis was seen in 19 cases and distribution by primary site 
was 60% (6/10) for alveolus lesions, 42.86% (3/7) for GBS, 
57.14% (4/7) for FOM, 22.22% (2/9) for RMT, 12.5% (3/24) 
for tongue, 50% (1/2) for lip, and no involvement in hard 
palate (0/2). There was involvement of SMG in total six 
patients in our study with two cases each with FOM, GBS, 
and alveolar lesions.

Ali Razfar et al. in their study of 261 patients had car-
cinoma tongue as the most common site of involvement at 

Table 2  Level IB nodal 
involvement

LN levels Involved
Level IB 31.67%  (n=19)
Level II 23.33% (n=14)
Level III 11.67% (n=7)
Level IV 11.67% (n=7)
Level V 5.0% (n=3)

Level IB lymph node 
metastasis by tumour
site

Alveolus 60% (6/10)

GBS 42.86% (3/7) 

FOM 57.14% (4/7)

RMT 22.22% (2/9)

Tongue 12.5% (3/21)

Lip 50% (1/2)

Hard palate 0

Level IB involvement by 
Stage T1 lesions 5.26% (1/14)

T2 lesions 52.63% (9/22)

T3 lesions (0/1)

T4 lesions 42.11% (8/14)

N0 9.3% (3/32)

N1 26.6% (4/15)
N2 92.3%(12/13)

Nodal burden based on 
involvement of Level IB 
nodes in N stage:

Number of IB 

Nodes involved

Total number of 

nodes harvested

N1           11 14

N2 28 70
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43.9% followed by FOM at 27.3%. They reported the inci-
dence of level IB metastasis by primary site as 20% (2/10) 
for the hard palate, 18.2% (10/52) for FOM, 11.87% (2/17) 
for the alveolus, 8.6% (7/81) for the RMT, and 7.1% (1/14) 
for buccal mucosa lesions (BM). They had only one SMG 
involvement, which was directly involved by FOM lesion 
[23].

In the study by Panda et al., carcinoma tongue was the 
most common tumor site in 56 patients (36%) cases, fol-
lowed by 36 (23%) and 33 (22%) cases of carcinoma buc-
cal mucosa and alveolus respectively. Other less common 
sites were of FOM, RMT, lip, and hard palate lesions. 
They showed SMG involved in 6 out of 163 cases (3.68%); 
wherein, four were directly involved by FOM lesions tumor, 
one by carcinoma tongue, and one by the buccal mucosa 
cancer [22].

Okoturo et al. in their study of 194 patients demonstrated 
carcinoma buccal mucosa as the most common tumor in 
36.6% (71/194) followed by carcinoma tongue in 26.3%. 
There was highest incidence of level IB nodal involvement 
with FOM lesions in 50% cases followed by GBS lesions 
in 42.9% cases. Only three cases had direct involvement of 
SMG from primary site tumor (two from carcinoma tongue 
and one from lower alveolus lesion), one being involved in 
T2 lesion and rest of two were involved in T4 lesions. The 
rate of SMG involvement in T1–2 lesion was only 8%, while 
70% cases in T3–4 lesion had such involvement [24].

Although histological grade has been a prognostic factor 
in oral cavity SCC, there is no data for correlation between 
tumor grade and SMG involvement. In our study population, 
grade I and II tumors were equally distributed with 46.67% 
cases each while grade III was seen in 6.67% cases only. Out 
of six cases with SMG involvement, three cases had grade II 
tumors, two had grade I, and one had grade III tumor. Tumor 
grade was not a predictor for SMG involvement. In our 
study, T2 was the most common stage with 51.67% cases, 
followed by T4 (23.33%), T1 (23.33%), and T3 (1.67%). 
There was higher incidence of level IB involvement in T4 
stage lesions 64.3% (9/14) followed by T2 stage lesions 29% 
(9/31), T1 lesions 7.14% (1/14), and no involvement in T3 
stage lesions (0/1). Out of 60 patients, no patients with T1 
and T3 stage lesions had submandibular gland involvement, 
while 2/31 cases with T2 lesions and 4/14 T4 staged lesions 
showed submandibular gland involvement.

Our study had 53% cases staged as clinical N0, 25% as 
N1, and 22% as N2 disease. It is noteworthy to mention that 
only in 17% cases nodal involvement was detected clini-
cally while radiological imaging helped to detect in 30% 
cases. But on final HPE, the rate of nodal involvement was 
higher with distribution as follows: level IB—31.67%, level 
II—23.33%, level III—11.67%, level IV—11.67%, and level 
V—5.0%. The involvement of level IB in clinical N0, N1, 
and N2 was 9.3% (3/32), 26.6% (4/15), and 92.3% (12/13) 
respectively. Out of six cases with SMG involvement, one 

Table 3  Submandibular gland 
involvement

SMG Involvement N=6

As per site
FOM lesion  2
GBS lesions  2
Lower alveolar lesions 2

As per T stage
T1 0
T2 2
T3 0
T4 4

As per N stage
N0  0
N1 1
N2 5

Pa�ern of involvement
Direct con�guous spread 1/6

ECS 2/6

Both 3/6

Pathological predictors
Total LVI: 15/60 (25%) Total PNI: 17/60 (35.3%) Total ECE – 9/60

SMG involvement with 

LVI: 4/6 

(p-0.006)

SMG involvement with 

PNI: 5/6 (p<0.001)

SMG involvement with 
ECE – 6/6 (p<0.001)
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was in N1 stage and five in N2 staged patient which was 
statistically significant (p < 0.001). The average number of 
level IB nodes involved in NI and N2 is 78.5% (11/14) and 
40% (28/70) respectively, based on final HPE reports (posi-
tive level IB nodes/total positive nodes). This explains high 
level IB nodal burden in N1 and N2 disease as a contributing 
factor for SMG gland involvement.

Ali Razfar and coworkers in their study reported the 
involvement of level IB in T1–2 lesions in 9.3% cases 
(13/140) and in T3–T4 lesions as 13/186 (15.1%). Only one 
SMG was involved by direct infiltration from FOM T2 lesion 
and had N2 nodal disease on final pathology. The incidence 
of level IB metastasis as per N stage was N0 12/167 (6.7%), 
N1 6/27 (22.2%), and N2 or greater 8/18(44.4%) [23].

Yao Yu et al. showed distribution of clinical N stage as 
N0–N2a 25 (35%), N2b–N3 46 (65%).The involvement of 
level IB in N0–N2a was only 5.6%, and N2b–N3 with 34%. 
The involvement of SMG as per nodal stage N0, N1, N2a, 
N2b, N2c, and N3 was 18%, 0%, 0%, 25%, 56%, and 30% 
respectively. Our study results were comparable to above 
study results with higher incidence of level IB and SMG 
involvement N2 stage disease [25].

There is wide variation in rate of SMG involvement in 
previous studies ranging from 0.395 to 18% [23, 25]. In 
a systematic review of 2126 patient from 12 studies, the 
pooled involvement of SMG was only 1.9% with direct 
spread from primary site or ECE from LNs. The involve-
ment of intraglandular nodes carcinoma going along the 
Wharton’s duct was seen only in 0.1% cases [26]. Hence, 
our results are comparable with above studies suggesting 
that SMG could be preserved whenever it was unlikely to 
have direct spread on clinical and radiological assessment. In 
another systematic review by Dundar Y et al., 2306 patients 
were analyzed with evaluation of 2792 SMG for metastatic 
involvement. Overall only 2% cases had SMG involvement. 
Seventy-four percent cases had direct invasion from primary 
tumor and 17.2% from adjacent LNs. Only 0.1% cases had 
intragandular hematogenous metastasis [27]. Several studies 

have suggested different incidence and modes of SMG 
involvement in literature [11, 13, 22–24, 28–31] (Table 4).

In our study, level IB nodes were positive in 19 cases, out 
of which 15 cases showed no involvement of submandibu-
lar gland in spite of positive level IB nodes. This explains 
that mere presence of positive level IB nodes does not mean 
involvement of SMG requiring excision during neck dis-
section. Similar results were shown by Agarwal et al [14], 
where level IB were positive in 27 cases (n = 112) but none 
had SMG involvement.

In several studies, presence of PNI and LVI is considered 
to be predictors of SMG involvement. In our study, presence 
of PNI, LVI, and ECE is found to be statistically significant 
predictor of SMG involvement. Our results are comparable 
with those of Yao Yu et al. In their study, 18 patients had 
positive PNI with SMG involvement in nearly half of the 
cases (p = 0.00032) while ECE was present in 60% patients 
with SMG involvement. Eighty-percent patients (14/18) had 
level IB nodal involvement.

Currently, many studies provide promising evidence 
favoring SMG preservation in neck dissection for oral can-
cer with the exception of primary tumor in FOM or tongue. 
Lanzer et al. suggested that in patients with cancer of FOM 
or tongue, SMG preservation was not desirable due to pos-
sibility of possibility of direct invasion of SMG [32].

Although ours was a prospective study, but data were ana-
lyzed retrospectively after removal of SMG gland and hence 
were liable for selection bias. The small sample size and 
single center study were the other limitations of our study. 
Hence, more prospective, large-scale studies are needed to 
evaluate the oncological safety of such procedure.

Conclusion

This study demonstrates that although squamous cell car-
cinoma of oral cavity had low potential to metastasize to 
SMG, high-risk factors for SMG involvement included site 

Table 4  Distribution and 
patterns of SMG involvement

a Three cases had both direct and ECS from IB lymph node

Authors Total cases SMG involved Direct spread ECS from IB Metastasis

Spigel [13] 196 9 6 3 0
Chen [28] 383 7 5 1 1
Razfar [23] 253 1 1 0 0
Byeon [11] 316 2 2 0 0
Basaran [30] 294 13 8 4 1
Okoturo [24] 229 3 3 0 0
Kruse [31] 171 6 5 1 0
Naidu [29] 69 2 2 0 0
N.K.Panda [22] 163 6 5 2 0
Present study 60 6 2 1 0
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of primary tumor, higher nodal burden in level IB, presence 
of LVI and PNI, and presence of ECE in neck nodes. In the 
absence of these high-risk factors, SMG preservation with 
complete nodal clearance in level IB is a promising tech-
nique for reducing future complications in patients under-
going neck dissection wherever feasible. Decision to excise 
the SMG may be done during surgery depending on intra-
operative findings and frozen section if necessary. If there 
was no need to expose large oral cavity tumors through the 
submandibular triangle, or when there was no direct exten-
sion of primary tumor into neck or direct involvement of 
SMG by regional lymph nodes in, it may be safe to preserve 
the submandibular gland. Patients undergoing neck dissec-
tion with preservation of submandibular gland may need 
more intensive follow-up to ensure oncological safety of the 
procedure.
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