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Abstract
Transoral robotic surgery (TORS) allows minimally invasive surgical access to the oropharynx. Its benefits are well docu-
mented for squamous cell carcinomas, but not for salivary carcinomas. The aim of this study was to describe the French expe-
rience of TORS regarding salivary gland carcinomas of the base of tongue (BOT). This was a retrospective multicentric study 
with a national cohort. We included all patients treated surgically for a BOT salivary gland carcinoma from January 2009 
to December 2018. Descriptive analyses were performed. Among the 50 patients included, radical excision was performed 
through an open approach (OA; n = 33) or using TORS (n = 17). T1–T2 tumors were more common in the TORS-group 
(76.4% vs 60.6%), and so were low-grade tumors (58.8% vs 38.7%). Surgical margins were <1mm in 46.7% of patients in 
the TORS-group and 52% of patients in the OA-group. After 51.7 months of follow-up, two patients (11.8%) presented with 
a local recurrence in the TORS-group, versus eight patients (24.2%) in the OA-group. The rate of tracheostomy was 41.2% 
in the TORS-group and 63.6% in the OA-group. The rate of gastrostomy was 11.8% in the TORS-group and 36.4% in the 
OA-group. TORS is an acceptable minimally invasive option for selected BOT salivary carcinomas. It may provide good 
functional and oncological outcomes in selected cases, despite a high rate of close margins.
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Introduction

Salivary gland carcinomas (SGC) account for less than 5% 
of all head and neck cancers, and up to 20% of these involve 
the minor salivary glands [1–3]. About one-third of them 
arise from the oropharynx [2, 4], mainly from the soft palate 
and the base of tongue [3, 5]. Their treatment relies mostly 
on surgery, followed by radiotherapy (RT) or chemoradio-
therapy (CRT) in case of adverse pathologic features [5–7]. 
Excision margins are frequently positive, leading to difficult 
functional and oncological outcomes, with a high rate of 
recurrence [2, 8].

Transoral robotic surgery (TORS) allows a minimally 
invasive surgical access to the oropharynx, the use of which 
is expanding in the field of head and neck surgery [9]. 

Initially used for early-stage SCC of tonsil or supraglottis 
[10], it is being widely used in the management of more 
advanced oropharyngeal squamous cell carcinoma (OPSCC) 
as the robotic surgeons’ skills improve. Data are increasing 
about its satisfying survival outcomes and lower morbidity 
for head and neck SCC [11]. However, little is known about 
its use for salivary gland carcinomas (SGC). The latter has 
a slow submucosal growth and a high level of perineural 
spread (especially adenoid cystic carcinomas), thereby onco-
logical outcomes cannot be extrapolated from SCC [5, 12]. 
Their relative resistance to CRT highlights the importance 
of selecting the best surgical approach [13, 14].

Besides, the base of tongue (BOT) location poses spe-
cific surgical challenges such as exposure, complications, 
functional outcomes, and postoperative management [15]. 
This justifies studying them jointly, separated from tonsil 
tumors. The BOT has a pivotal role in food bolus propulsion, 
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laryngeal closure, and speech. Failing to preserve major neu-
rovascular structures, such as the hypoglossal nerve or lin-
gual artery, may result in serious functional impairment [16, 
17]. The traditional surgical approach for an oropharyngeal 
tumor consists of transoral, transmandibular, or transcer-
vical oropharyngectomy [18]. However, open approaches 
are associated with a complex postoperative course and can 
be disabling [19]. The transmandibular approach can cause 
malocclusion, plate-related complications, osteomyelitis, 
and osteoradionecrosis, leading to impediments of speech, 
breathing, and swallowing [20].

The aim of this study was to describe the oncological and 
functional outcomes in patients with SGC of the BOT under-
going TORS, using the multicentric database of the French 
National Network on rare head and neck cancers (Réseau 
d’Expertise Français sur les cancers ORL Rares).

Materials and methods

This retrospective study was conducted using the French 
National Network on rare head and neck cancers, a French 
multicentric cohort with a prospective enrollment, in 33 
French reference centers for head and neck cancer treat-
ment (listed in Supplementary Data, Online Resource 1). 
Inclusion was performed by each center with a standardized 
questionnaire after an informed consent form, then data were 
anonymized. Patients were treated according to national 
recommendations after discussion with a multidisciplinary 
board. This survey was approved in December 2020 by the 
REFCOR Scientific Board. We included all patients with 
histologically proven SGC of the BOT treated surgically 
between January 2009 and December 2018. Exclusion cri-
teria were as follows: past history of RT, location other than 
the BOT, insufficient follow-up data or treatment informa-
tion, and non-surgical primary treatment.

Data extracted comprised: age at diagnosis, body mass 
index (BMI), comorbidities according to the Charlson 
Comorbidity Index (CCI), tobacco and alcohol consumption, 
and performance status (PS) score. We collected the tumor 
characteristics, i.e., histology, location, extension, size, and 
grade according to the WHO 2005 Classification, staging 
according to the 2009 (7 th edition) American Joint Commit-
tee on Cancer (AJCC) staging system. Therapeutic strategy 
was recorded, including the type of surgery, neck dissection, 
flap reconstruction, RT (dose in gray and toxicity), type, and 
number of cycles of chemotherapy and/or immunotherapy. 
Pathological data were also recorded: surgical margin dis-
tance, perineural invasion (PNI), lymphovascular invasion 
(LVI), and extracapsular extension (ECE). Functional data 
were collected, i.e., the use of tracheostomy, nasogastric 
feeding tube, and gastrostomy. We collected the date, type of 
disease recurrence, oncological status, and quality of speech 

and swallowing at the last follow-up visit. Speech and swal-
lowing were assessed by the clinician or the speech therapist, 
when available.

Due to the small number of patients, analyses were only 
descriptive. Statistical analyses were carried out using 
STATA software version 16.

Results

Fifty patients from 22 centers were included, of which 
17 underwent TORS excision (34%). Patients’ character-
istics are shown in Table 1. There were 5 males and 12 
females (respectively, 29.4% and 70.6%), with a median 
age of 63 years (range [24; 87]). The median BMI was 24.1 
([17.4–37.9]). In the TORS-group, tumors were mostly 
T1–T2 (76.5%, versus 23.5% of T3–T4 tumors) and BOT 
tumors mainly extended to the glosso-tonsillar sulcus and 
tonsil in 23.5% and 11.8% of the cases, respectively. In the 
open approach (OA)-group, BOT tumors often involved the 
glosso-tonsillar sulcus, vallecula, and floor of the mouth 
(33.3%, 24.2%, and 24.2%, respectively).

Table 2 shows the treatment modalities. In the TORS-
group, neck dissection was performed in 70.6% of the 
patients versus 72.7% in the OA-group. In the OA-group, 
there were 29 partial BOT excisions (87.9%) and 4 total glos-
sectomies (12.1%), including 5 transmandibular approaches 
(15.2%). In the TORS-group, 70.6% of the patients did not 
have a reconstruction flap, and 23.5% of them had a free 
flap versus 42.4% and 39.4% in the OA-group, respectively. 
In the TORS-group, 64.7% of the patients did not have any 
adjuvant treatment versus 33.3% in the OA-group.

Table 3 shows the main pathological findings. Of note, 
surgical margins were similar in the two groups, with 46.7% 
of the patients in the TORS-group and 52% in the OA-group 
achieving margins < 1 mm. The rate of PNI was also high 
in both groups (41.2% in the TORS-group and 50% in the 
OA-group).

Postoperative and functional outcomes at the last follow-
up visit are displayed in Table 4. The median duration of 
tracheostomy was 14.5 days (range [5; 225]) i.e., 11 days for 
the TORS-group ([5; 20]) and 18 days for the OA-group ([5; 
225]). Gastrostomy tube dependency rate was higher in the 
OA-group than in the TORS-group (36.4% vs 11.8%), but 
no comparison of the duration of gastrostomy tube use was 
performed because of the small number of gastrostomies.

After a median follow-up of 51.7 months, recurrence 
occurred in 36% of patients. Recurrence location and treat-
ment are displayed in Table 5. In the TORS-group, four 
patients presented with a recurrence (23.5%): one local 
(5.9%), one local and regional (5.9%), and two with distant 
metastasis (11.8%). Two of them (50%) were treated with 
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salvage surgery. In the OA-group, among the 14 patients 
who experienced a recurrence (42.4%), only 2 (28.6%) 
benefited from salvage surgery. All eight patients who pre-
sented with a distant metastasis during follow-up in the 
OA-group had adenoid cystic carcinoma (ACC). Among 
the eight patients with high-grade tumors, three (37.5%) 
presented with a distant metastasis, all of which had ACC 
and were in the OA-group.

Discussion

Literature regarding minor SGC is rather scarce, because 
of their rarity, without clear-cut recommendations. TORS 
is a novel mini-invasive approach for early-stage head and 
neck cancers [21–24] and has not yet been extensively 
studied for SGC. Therefore, its indications and use in SGC 
management are not yet well defined. Unlike OA or RT, 

Table 1   Clinical characteristics

BMI body mass index, CCI Charlson comorbidity Index, BOT base of tongue, PS performance status, 
TORS transoral robotic surgery

Clinical characteristics All patients n = 50(%) TORS-group n = 17(%) Open approach 
group n = 33(%)

Gender
Male 19 (38.0) 5 (29.4) 14 (42.4)
Female 31 (62.0) 12 (70.6) 19 (57.6)
Age: median age [range] 62.0 [24.0–87.0] 63.0 [24.0–87.0] 59.0 [28.0–86.0]
BMI (n = 44): median BMI 24.1 24.0 25.4
[range] [17.4–44.9] [17.4–37.9] [17.7–44.9]
CCI:
0 4 (8.0) 1 (5.9) 3 (9.1)
1 6 (12.0) 3 (17.6) 3 (9.1)
2 8 (16.0) 2 (11.8) 6 (18.2)
3 15 (30.0) 4 (23.5) 11 (33.3)
≥ 4 17 (34.0) 7 (41.2) 10 (30.3)
Alcohol abuse
Yes 7 (14.0) 1 (5.9) 6 (18.2)
No 43 (86.0) 16 (94.1) 27 (81.8)
Smoking: yes 12 (24.0) 2 (11.8) 10 (30.3)
Pretreatment PS score:
0 42 (84.0) 16 (94.1) 26 (78.8)
≥ 1 8 (16.0) 1 (5.9) 7 (21.2)
Midline-crossing tumor: 11 (22.0) 1 (5.9) 10 (30.3)
Tumor extension
Vallecula 9 (18.0) 1 (5.9) 8 (24.2)
Epiglottis 2 (4.0) 1 (5.9) 1 (3.0)
Glosso-tonsillar sulcus 15 (30.0) 4 (23.5) 11 (33.3)
Tonsil 5 (10.0) 2 (11.8) 3 (9.1)
Floor of the mouth 9 (18.0) 1 (5.9) 8 (24.2)
T status
T1 16 (32.0) 9 (52.9) 7 (21.2)
T2 17 (34.0) 4 (23.5) 13 (39.4)
T3 9 (18.0) 2 (11.8) 7 (21.2)
T4 8 (16.0) 2 (11.8) 6 (18.2)
N status
N0 36 (72.0) 12 (70.6) 24 (72.7)
N1 4 (8.0) 2 (11.8) 2 (6.1)
N2a 0 (0) 0 (0) 0 (0)
N2b 8 (16.0) 3 (17.6) 5 (15.2)
N2c 2 (4.0) 0 (0) 2 (6.1)
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TORS has the advantage to preserve the floor of the mouth 
and constrictor muscles near the tumor, as well as the 
major neurovascular structures and surrounding healthy 

tissues, which may have a crucial impact on postoperative 
functional outcomes [11, 25].

Prognostic factors for positive excision margins

The association of PNI with a concealed submucosal 
growth results in a high rate of positive margins. Their 
excision often relies on palpation more than vision. The 
lack of haptic feedback of TORS could therefore represent 
a caveat. However, our study concurs with the rest of the 
literature, showing similar rates of close or positive mar-
gins regardless of the approach [14]. On a large series of 
oropharyngeal salivary gland carcinomas (OPSGC) oper-
ated on with OA, Iyer et al. found 46% of positive margins, 
and a mandibulotomy was required in 61% of cases [5]. 
In a series of, respectively, 10 and 20 cases of early-stage 
OPSGC treated with TORS, Villanueva et al. reported a 
locoregional control rate of 80% and no positive margins, 
whereas Schoppy et al. reported 90% of disease-free sur-
vival and 5% of positive margins [26, 27]. These rates 
of positive margins for OPSGC cannot be compared to 
our 46.7% rate of close (<1 mm) margins for BOT SGC. 
In a recent series of OPSGC, Llerena et al. reported that 

Table 2   Treatment modalities

RT Radiotherapy, CRT​ Chemoradiotherapy, TORS transoral robotic 
surgery

All patients 
n = 50(%)

TORS-group 
n = 17(%)

Open approach 
group n = 
33(%)

If neck dissection (n = 36)
Ipsilateral 17 (47.2) 8 (66.7) 9 (37.5)
Bilateral 19 (52.8) 4 (33.3) 15 (62.5)
Reconstruction
No flap 26 (52.0) 12 (70.6) 14 (42.4)
Pedicled flap 7 (14.0) 1 (5.9) 6 (18.2)
Free flap 17 (34.0) 4 (23.5) 13 (39.4)
Postoperative treatment
None 22 (44.0) 11 (64.7) 11 (33.3)
RT alone 21 (42.0) 4 (23.5) 17 (51.5)
CRT​ 7 (14.0) 2 (11.8) 5 (15.2)

Table 3   Histopathological 
features

ECE extracapsular extension, LVI lymphovascular invasion, PNI perineural invasion, TORS transoral 
robotic surgery

All patients n = 50(%) TORS-group n = 17(%) Open approach 
group n = 
33(%)

Histology
Adenoid cystic carcinoma 15 (30.0) 4 (23.5) 11 (33.3)
Mucoepidermoid carcinoma 21 (42.0) 6 (35.3) 15 (45.5)
Other adenocarcinoma 14 (28.0) 7 (41.2) 7 (21.2)
Tumor size (mm) (n = 49)
Median [range] 22.0 [2–60] 23.0 [8–52] 22.0 [2–60]
Missing 1 0 1
Surgical margin distance (n = 40)
< 1 mm 20 (50.0) 7 (46.7) 13 (52.0)
1–5 mm 16 (40.0) 7 (46.7) 9 (36.0)
> 5 mm 4 (10.0) 1 (6.7) 3 (12.0)
Missing 10 2 8
ECE (n = 39): 9 (23.1) 1 (7.7) 8 (30.8)
Missing 11 4 7
LVI (n = 36): 6 (16.7) 2 (18.2) 4 (16.0)
Missing 14 6 8
PNI (n = 45): 21 (46.7) 7 (41.2) 14 (50.0)
Missing 5 0 5
Grade (n = 48)
Low 22 (45.8) 10 (58.8) 12 (38.7)
Intermediate 18 (37.5) 5 (29.4) 13 (41.9)
High 8 (16.7) 2 (11.8) 6 (19.4)
Missing 2 0 2
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Table 4   Postoperative outcomes 
and functional outcomes at the 
last follow-up visit

TORS transoral robotic surgery

All patients n = 
50(%)

TORS-group n = 
17(%)

Open approach 
group n = 
33(%)

Tracheostomy
No tracheostomy 22 (44.0) 10 (58.8) 12 (36.4)
Transient tracheostomy 28 (56.0) 7 (41.2) 21 (63.6)
Definitive tracheostomy 0 (0.0) 0 (0.0) 0 (0.0)
Gastrostomy
No gastrostomy 36 (72.0) 15 (88.2) 21 (63.6)
Transient gastrostomy 7 (14.0) 2 (11.8) 5 (15.2)
Definitive gastrostomy 7 (14.0) 0 (0.0) 7 (21.2)
Feeding during treatment
No enteral support 11 (22.0) 6 (35.3) 5 (15.2)
Nasogastric tube only 25 (50.0) 9 (52.9) 16 (48.5)
Gastrostomy after nasogastric tube 8 (16.0) 2 (11.8) 6 (18.2)
Immediate gastrostomy 6 (12.0) 0 (0.0) 6 (18.2)
Speech quality impairment
Mild 34 (68.0) 15 (88.2) 19 (57.6)
Moderate 15 (30.0) 2 (11.8) 13 (39.4)
Severe 1 (2.0) 0 (0.0) 1 (3.0)
Food intake
Oral, all textures 28 (56.0) 12 (70.6) 16 (48.5)
Oral, restricted textures 15 (30.0) 5 (29.4) 10 (30.3)
Oral and enteral 3 (6.0) 0 (0.0) 3 (9.1)
Mainly enteral, oral intake for pleasure 2 (4.0) 0 (0.0) 2 (6.1)
Enteral only 2 (4.0) 0 (0.0) 2 (6.1)

Table 5   Tumor recurrences 
(incidence and treatment) and 
distant metastasis

RT radiotherapy, CT chemotherapy, CRT​ chemoradiotherapy, TORS transoral robotic surgery

All patients n = 
50(%)

TORS-group n = 
17(%)

Open approach 
group n = 
33(%)

Overall recurrences (%): 18 (36.0) 4 (23.5) 14 (42.4)
Local 2 1 (5.9) 1 (3.0)
Local and regional 6 1 (5.9) 5 (15.2)
Local recurrence + distant metastasis 1 0 (0) 1 (3.0)
Local and regional recurrence + distant 

metastasis
1 0 (0) 1 (3.0)

Distant metastasis 8 2 (11.8) 6 (18.2)
Treatment of recurrences (%)
Surgery 6 (12.0) 2 (11.8) 4 (12.1)
RT alone 3 (6.0) 0 (0) 3 (9.1)
CT alone 5 (10.0) 1 (5.9) 4 (12.1)
Concurrent CRT​ 1 (2.0) 0 (0) 1 (3.0)
Immunotherapy 2 (4.0) 0 (0) 2 (6.1)
Supportive care 1 (2.0) 1 (5.9) 0 (0)
Distant metastasis location (%): 10 (20.0) 2 (11.8) 7 (21.2)
Lung 7 (14.0) 2 (11.8) 5 (15.2)
Liver 2 (4.0) 1 (5.9) 1 (3.0)
Bone 1 (2.0) 0 (0) 1 (3.0)
Skin 1 (2.0) 0 (0) 1 (3.0)
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TORS was not associated with more positive margins 
than OA [8]. They found ACC, age, T4a tumor stage, and 
treatment at a lower volume institution to be predictive of 
positive margins. In the context of OPSCC, some authors 
observed fewer positive margins in TORS cases versus 
conventional approaches when the tumor extended inferi-
orly [28]. While mainly studied in the setting of ACC [29], 
PNI is a typical feature of all SGC. In a large series by Liu 
et al., some degree of PNI was observed in 78% of ACC, 
60% of mucoepidermoid carcinomas, and 65% of other 
histologies of SGC [30]. Their presence is more common 
in advanced T status, N+ status, higher tumor grade, and 
lymphovascular invasion [30], which could therefore be 
considered indications for a more extensive surgical resec-
tion to ensure clear margins.

In our study, the high rate of PNI (46.7%) mirrors the 
high rate of close margins <1 mm (46.7% in the TORS-
group and 52% in the OA-group). This highlights the com-
plexity of achieving negative margins for these tumors, 
whatever the approach. These data should have led to a high 
rate of adjuvant treatment, yet only 44% of patients received 
it, which is lower than that reported in the literature [11, 27, 
28, 31]. This could be partly explained by the high rate of 
low-grade tumors and/or clinicopathological review of mar-
gins during the multidisciplinary team meeting, taking into 
consideration thermal damages to the edge of the specimen, 
or margins harvested intraoperatively, which is a common 
practice in the French Robotic Surgery group of GETTEC. 
In France, adjuvant therapy is offered in cases of insufficient 
margins and/or adverse pathological features (tumor grade, 
PNI, LVI) [32].

Recurrences and distant metastases

In a multicenter Turkish series, 17.2% of minor SGC were 
associated with distant metastasis at the time of diagnosis, 
mainly adenocarcinomas (19.7%), salivary duct carcinoma 
(18.9%), carcinoma ex-pleomorphic adenoma (16.7%), ACC 
(16.4%), acinic cell carcinomas (15.4%), and mucoepider-
moid carcinomas (12.7%). A third of patients who were not 
metastatic at diagnosis developed distant metastasis during 
follow-up, and 37.1% developed locoregional recurrences 
[33]. The histology with the highest rate of recurrence and/
or distant metastasis is ACC [33, 34]. In our study, distant 
metastasis occurred in 20% of the patients, 11.8% in the 
TORS-group and 24.2% in the OA-group. A total of 53.3% 
of ACC patients and 37.5% of patients with high-grade 
tumors presented with a distant metastasis, all of which were 
in the OA-group. This is in accordance with the literature, 
considering that the propensity for recurrences greatly var-
ies depending on the length of follow-up, tumor stages and 
histologies [27, 35].

Patient selection

Accurate patient selection is key to carry out TORS proce-
dure safely, using imaging assessment (especially MRI), and 
clinical examination and/or prior panendoscopy to deter-
mine the quality of surgical exposure [36]. The decision to 
perform TORS is usually based on T status, tumor loca-
tion, exposure, and surgeon experience [19]. In most cases, 
TORS is indicated for T1–T2 tumors, and a free flap is not 
necessary, but many reconstructive options remain possible 
[37]. In our study, there were two T4 tumors in the TORS-
group, from the same high-volume center, which remain 
exceptions. Besides, in the TORS-group, tumor extension 
concerned mostly glosso-tonsillar sulcus and tonsil, while 
tumors extending to the floor of the mouth were more com-
mon in the OA-group. This highlights that involvement of 
the floor of the mouth is not a good indication to perform 
TORS. For Weinstein et al., one of the major functional con-
traindications for TORS in oropharyngeal cancer is a resec-
tion requiring more than 50% of the deep BOT musculature 
[38]. Limitations of exposure was reported for 21.2% of the 
patients by Gaino et al., who established a score to deter-
mine the probability of difficult oropharyngeal exposure 
using gender, macroglossia, and interincisor gap (Pharyn-
goscore). They found that the BOT was the least accessible 
oropharyngeal subsite [39].

In a recent series of OPSCC, Oliver et al. reported a 
lower 30-day postoperative mortality and positive margin 
rate in high-volume centers (> 10 cases per year) than in 
low-volume centers [23]. The BOT is particularly difficult 
to visualize with a direct transoral approach. After primary 
TORS, the defect can often be left to heal secondarily, with 
a low tendency for retraction, therefore reducing the neces-
sity of a flap [40]. In our study, 70.6% of the patients in the 
TORS-group had no reconstructive flap.

Benefits and risks of TORS

Regarding functional outcomes, many series reported TORS 
to be associated with a shorter hospital stay, a lower rate of 
tracheostomy and gastrostomy, and a reduced blood loss and 
operative time [19, 28, 31]. In our series, 41.2% of TORS-
group had a tracheostomy for a median duration of 11 days, 
and 11.8% required a temporary gastrostomy. The incidence 
of tracheostomy, much higher in our TORS cohort than in 
high-volume centers in North America, may be explained 
by the tumor location to the BOT, and by a wider use of 
locoregional or free flaps. In North America, TORS is more 
commonly used for tonsillar tumors rather than BOT tumors 
[28, 41, 42], and most series report mainly T1–T2 tumors [8, 
26–28, 31]. The criteria for tracheostomy for TORS depend 
on the size and location of the tumor, the bleeding risk, 
pharyngolaryngeal exposure, and patient comorbidities [43]. 
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Many authors recommend tracheostomy in case of tumors 
located in the BOT given the risk of obstructive edema and 
secondary bleeding in the airway [24, 44].

One of the major risk of TORS without flap repair is the 
postoperative bleeding [45]. Some authors recommend pro-
phylactic arterial ligation to reduce the risk of severe bleed-
ing [46], while others recommend prophylactic tracheostomy 
to avoid asphyxia caused by hemorrhage or laryngeal edema 
[43]. Conversion to OA may be required, with a 14% rate 
reported in the literature [39]. Avoidance of a transcervical 
or transmandibular approach thanks to TORS permits a more 
rapid transition to adjuvant therapy [26]. Bollig et al., on a 
large series of OPSGC, reported no significant differences 
in the positive margin rate, 30-day mortality, or OS between 
TORS and non-robotic approach. The 30-day unplanned 
readmission rate was higher in the TORS-group, but the 
length of stay was lower for the BOT tumors undergoing 
TORS [14].

The functional outcomes of TORS in the treatment of 
OPSCC are well described in the literature and may likely 
be extrapolated to OPSGC [8, 31, 42]. Lee et al. reported a 
more rapid recovery of swallowing, shorter hospitalization, 
and operation time after TORS versus conventional lateral 
oropharyngectomy [41]. In the ORATOR study comparing 
RT versus TORS for OPSCC, Nichols et al. reported no 
clinically meaningful difference in the swallowing-related 
quality of life score 1 year after treatment [41]. Some authors 
reported that patients treated for OPSCC with TORS return 
to baseline functional status and overall quality of life at 12 
months, with a modest impact on speech at 6 and 12 months 
post-surgery [47]. Dziegielwski et al., on a large series of 
OPSCC who underwent TORS, reported older age, more 
extensive resection, and higher pathologic T stage to be 
associated with increased risk of gastrostomy tube depend-
ency [48]. In our TORS-group, the two patients (11.8%) who 
required a gastrostomy had it removed during follow-up.

Limitations of the study

Among the limitations of this study are its relatively small 
sample size, because BOT SGC are rare and TORS is not yet 
widespread in France. Therefore, only descriptive analyses 
were performed. We did not directly compare the TORS-
group and OA-group because they lacked comparability, i.e., 
tumors of the OA-group were more often advanced, high-
grade, or involving the floor of the mouth. Indeed, all these 
factors significantly influence the extent of surgery as well as 
functional and oncologic outcomes, which implies a major 
bias. The retrospective and multicentric nature of the study 
was associated with some missing data. While the histolo-
gies were heterogeneous, their management and prognosis 
mainly varied according to tumor grade and location, which 
justifies studying them together. The strengths of our study 

include the homogeneity of patient management thanks to 
national REFCOR recommendations and national multidis-
ciplinary meetings as well as the homogeneity of tumor loca-
tion, which poses specific challenges.

Conclusion

TORS is an acceptable minimally invasive option for BOT 
SGC. It may provide good functional and oncological out-
comes in selected cases, despite a high rate of close mar-
gins. TORS may help to reduce morbidity by avoiding an 
OA. Further studies are needed to define the best therapeutic 
strategy according to each histology or grade.
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