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HEAD AND NECK

Modular anatomic approach to oral tongue
carcinoma: functional outcomes and quality of life

Cover figure. Various surgical approaches to oral tongue/floor of mouth squamous cell car-
cinoma according to a modular and compartment-based concept.

Summary

Objectives. The purpose of this study is to present the long-term functional swallowing out-
comes of various surgical approaches to oral tongue/floor of mouth squamous cell carcinoma
(OTFOMSCC) according to a modular and compartment-based concept previously described
elsewhere.

Methods. A retrospective study was conducted on patients undergoing surgery for OTFOMSCC
from January 2017 to April 2023 in the Department of Otorhinolaryngology at the Hospital of Bolza-
no. Functional swallowing outcomes and quality of life (QoL) were assessed through the adminis-
tration of a scale and questionnaires between 6 months and 1 year postoperatively or after the end
of adjuvant therapy, stratifying the results according to the surgical technique used.

Results. A total of 92 patients with OTFOMSCC were enrolled: 44 patients underwent transoral
anatomically guided surgery (TAGS) for early-stage tumours, and 48 underwent major surgery for
advanced stages. Among the latter 48 patients: 35 underwent compartment tongue surgery (CTS),
3 underwent extended glossectomies (EG) Type A, 6 underwent EG Type B, and 4 underwent EG
Type C. After TAGS, all patients resumed oral feeding for all consistencies. In the CTS group, only
one patient faced challenges with pure liquids, yet all achieved the target of consuming a semisolid
and semiliquid diet. EG exhibited a noticeable decline in performance from Type A to total glos-
sectomy (Type C).

Conclusions. Following an anatomically-guided approach to the resection of OTFOMSCC allows the
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surgery to be modulated on the structures involved by the tumour, thus achieving optimal oncological results, while maintaining the possibility to predict func-

tional outcomes and postoperative QoL.

Key words: compartmental tongue surgery, QoL, oral cavity surgery, functional results, squamous cell carcinoma

Introduction

Malignant tumours of the oral cavity are the most common
neoplasms in the head and neck region 2. The most frequent
site is represented by the mobile tongue °. The most wide-
spread histology is squamous. Currently, the gold standard
therapeutic approach for oral tongue/floor of mouth squamous
cell carcinoma (OTFOMSCC) is surgery. The standard of care
involves the removal of the primary lesion with surrounding
macroscopic margins of approximately 0.5-2 cm. Compart-
mental tongue surgery (CTS), proposed by Calabrese et al.
in 2009 4, is a surgical technique whose aim is to remove the
entire oncological compartment simultaneously with potential
pathways of tumour spread. These include the affected part of
the tongue, the cervical lymph nodes, and the so-called “tu-
mour-nodes tract” (TNT) #7. The goal is the complete removal
of the tumour within the compartment, which may potentially
harbour perineural and/or lymphovascular disease progres-
sion, as well as micrometastases in transit or satellite tumours,
thus ensuring improved local and locoregional control 7.

The anatomically-guided approach to tongue neoplasms,
following the principles of compartmental surgery, can be
tailored based on the tumour’s depth and the involved mus-
culature. Depending on the tumour’s characteristics, various
surgical approaches can be proposed, ranging from transoral
surgery to CTS, potentially extended to the contralateral
hemitongue. CTS has shown excellent oncological outcomes
in terms of both disease-specific survival (DSS) and overall
survival (OS). One of the main criticisms against this type of
surgical approach concerns its apparent aggressiveness and
the theoretically unfavourable implications for functionality.
As theorised by Calabrese and colleagues 8, once muscle fi-
bres are severed, they are no longer functional and can create
scar tissue that envelops the residual portion of the tongue,
reducing its range of motion. For this reason, the reconstruc-
tion of this defect using a free or pedicled flap, depending on
the patient’s characteristics, is mandatory to separate the oral
cavity from the neck and maintain the unaffected hemitongue
capable of movement and of compensating for the absence of
the contralateral compartment *°,

The purpose of this study is to present the long-term func-
tional swallowing outcomes of various surgical approaches
to OTFOMSCC according to a modular and compartment-
based concept described by Calabrese et al. #7!:2: transoral
surgery including the TNT tract (transoral anatomically
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guided surgery, TAGS), unilateral CTS, and extended glos-
sectomies (EG) beyond the ipsilateral hemitongue (Cover
figure). Swallowing outcomes are analysed based on both
objective and subjective assessments, stratifying the results
according to the surgical technique used.

Materials and methods

A retrospective study was conducted on patients who un-

derwent surgery for OTFOMSCC between January 2017

and April 2023 in the Department of Otorhinolaryngology-

Head and Neck Surgery at the Central Hospital of Bolzano.

Inclusion criteria were:

1. Patients affected by OTFOMSCC cT1-cT4 extending to
adjacent subsites;

2. Those undergoing TAGS, CTS, and EG Type A, Type B,

and Type C;

. Patients of 18 years of age or older;

4. Patients with a functional swallowing follow-up between
6 months and 1 year after surgery or end of adjuvant ther-
apy;

5. Patients who provided informed consent to participate in
the study.

Exclusion criteria were:

1. Patients not functionally assessed in terms of swallowing
during follow-up;

2. Patients with less than 6 months of follow-up;

3. Unavailable data.

W

Preoperative management

In patients with ¢T3-4 OTFOMSCC and all ¢T2 cases with
suspected deep infiltration, the preferred imaging technique
was contrast-enhanced MRI, aiming to assess tumour ex-
tension, potential infiltration of soft tissues and possible
involvement of the mandible. In cases where MRI was con-
traindicated due to the presence of vascular clips, prosthetic
implants, or claustrophobia, patients underwent contrast-
enhanced CT. Ultrasound was routinely used to assess
lymph node status, with ultrasound-guided needle aspira-
tion in cases of suspected lymph node metastasis.

For patients with advanced-stage OTFOMSCC, a PET-CT
or total-body CT was performed before surgery to evaluate
the presence of distant metastases. Staging of patients was
conducted according to the 8" Edition of the TNM Staging
System '3,



Patients with early-stage OTFOMSCC (cT1-2) without lymph
node metastasis (cNO) and with clinically and radiologically
confirmed absence of infiltration of the extrinsic musculature
underwent TAGS, with delayed lymph node dissection based
on the pathological stage of the disease. The TAGS technique
followed the surgical steps previously described ''*. Candi-
dates for TAGS are those with early-stage cT1-T2 NO tumours.
At our centre, the first procedure performed is transoral exci-
sion of the primary tumour. Based on the histological exami-
nation, elective neck dissection is indicated if the pathological
DOl is greater than 4 mm or if there are adverse factors such as
lymphovascular invasion or high-grade lesion. Elective neck
dissection is performed within one month from transoral sur-
gery. The advantage is two fold: firstly, a more precise indica-
tion for dissection based on histopathological parameters, and
secondly, it allows for the healing of the primary intraoral tu-
mour site, avoiding the risk of fistulas.

Patients with advanced-stage OTFOMSCC underwent uni-
lateral CTS or EG Type A, B, or C based on the local exten-
sion of the disease and ipsilateral, bilateral, or contralateral
lymph node dissection (depending on lymph node status,
previous treatments, and the site of the primary tumour).
Concurrent reconstruction of the surgical defect was per-
formed using a free or pedicled flap, depending on the sur-
gical defect and the patient’s overall condition.

Regarding CTS and EG Type A, B, and C, the surgical steps
previously described were followed 7'2. The Cover figure
shows the classification of the different types of glossectomies.
All patients scheduled for major oral cavity surgery (CTS
or EG) underwent preoperative clinical swallowing assess-
ment with a speech and language therapist (SLT). A preop-
erative clinical and instrumental evaluation allows determi-
nation of the patient’s baseline abilities, which are crucial
for planning of targeted postoperative rehabilitation. Pa-
tients after TAGS are assessed postoperatively only in case
of impaired swallowing and speech.

Postoperative management

The indications for adjuvant treatment(s) (radiotherapy,
RT/chemoradiotherapy, CRT) were determined based on
the NCCN guidelines and discussed by a multidisciplinary
team during a tumour board.

For patients undergoing major surgery (CTS or EG), daily
postoperative swallowing rehabilitation, guided by a dedi-
cated SLT, began at the patient’s bedside in the postopera-
tive period (from the seventh postoperative day, unless sur-
gical or medical complications occurred). After discharge,
patients continued swallowing rehabilitation in outpatient
services.

Functional results of a modular approach to tongue cancer

Assessment of functional outcomes and quality of life
The functional swallowing outcome was assessed through
the administration of questionnaires on swallowing func-
tion and quality of life (QoL) between 6 months and 1 year
postoperatively or after the end of adjuvant therapy. The
Italian version of the Functional Oral Intake Scale (FOIS) '
was used to evaluate patients’ oral feeding status. Addition-
ally, patients were asked to indicate the types of consisten-
cies of foods and liquids they could take orally, categorised
according to the International Dysphagia Diet Standardisa-
tion Initiative (IDDSI) Framework of 2016 '°. QoL was as-
sessed using the Eating Assessment Tool (EAT-10) 7 and
the MD Anderson Dysphagia Inventory (MDADI) '8,

Statistical analysis

The data were analysed using IBM SPSS Statistics Version 27.
A descriptive analysis of continuous variables (mean, me-
dian, standard deviation) was conducted. For inferential
analysis, a Student’s t-test was used to compare means for
normally distributed variables, a Mann-Whitney U Test for
comparing independent variables within the same group of
patients, and ANOVA for the comparison of means in the
presence of multiple variables. Furthermore, a multivariate
analysis of covariance (ANCOVA) was conducted, with the
classification of glossectomies as the dependent variable
and patient age along with ASA score as covariates.

A p-value less than 0.05 was considered statistically significant.

Results

A total of 92 patients with OTFOMSCC who met the inclu-
sion criteria were enrolled: 44 patients underwent TAGS for
early-stage tumours, and 48 underwent major surgery for
advanced stage tumours. Among these latter 48 patients: 35
underwent CTS, 3 underwent EG Type A, 6 underwent EG
Type B, and 4 underwent EG Type C.

The demographic and oncological characteristics of the
study population are reported in Table 1.

The previous treatments on the oral cavity received by pa-
tients treated with major surgery are summarised in Table II.
In patients undergoing TAGS, healing of the defect always
occurred by second intention, covering the defect with an
artificial matrix (Tachosil).

In patients undergoing major surgery, concurrent recon-
struction of the surgical defect was performed using a free
or pedicled flap. The types of flaps used, depending on the
surgical approach, are reported in Table III.

Among these, 33 patients underwent the procedure via pull-
through, while 15 required mandibulotomy (including 11
CTS, 3 EG Type B, and 1 EG Type C) due to trismus or
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Table I. Demographic and oncological data of the study population.

EG Type A EG Type B
No. of patients 44 35 3 6 4 92
M 24 (54.5%) 23 (65.7%) 2 (66.7%) 5 (83.3%) 1 (25%) 55 (59.8%)
F 20 (45.5%) 12 (34.3%) 1(33.3%) 1(16.7%) 3 (75%) 37 (40.2%)
Mean age 59.6 64.2 58.7 51 60 60.7
SD12.8 SD10.3 SD13.9 SD21.9 SD14.4 SD12.9
ASA1-2 38 (86.4%) 24 (68.6%) 2 (66.7%) 4 (66.7%) 3(75%) 71(77.2%)
ASA 3-4 6 (13.6%) 11 (31.4%) 1(33.3%) 2 (33.3%) 1 (25%) 21 (22.8%)
cT (VIIl Ed.)
1 17 (38.6%) 0 0 0 0 17 (18.5%)
2 27 (61.4%) 6 (17.1%) 0 0 0 33(35.9%)
3 0 22 (62.9%) 1(33.3%) 0 1 (25%) 24 (26.1%)
4a 0 6 (17.1%) 2 (66.7%) 6 (100%) 3 (75%) 17 (18.5%)
4b 0 1(2.9%) 0 0 0 1(1%)
cN (VI Ed.)
0 44 (100%) 17 (48.6%) 1(33.3%) 3 (50%) 1 (25%) 66 (71.4%)
1 0 4 (11.4%) 1(33.3%) 0 0 5 (5.4%)
2a 0 2 (5.7%) 0 0 0 2 (2.3%)
2b 0 6 (17.1%) 0 1(16.7%) 0 7(7.7%)
2c 0 4 (11.4%) 0 1(16.7%) 2 (50%) 7(7.7%)
3a 0 1(2.9%) 0 0 0 1(1.1%)
3b 0 1(2.9%) 1(33.3%) 1(16.7%) 1 (25%) 4 (4.4%)
Neck dissection
Ipsilateral 24 (54.5%) 30 (85.7%) 1(33.3%) 1(16.7%) 0 56 (60.9%)
Bilateral 0 4 (11.4%) 1(33.3%) 1(16.7%) 3(75%) 12 (13.1%)
Contralateral 0 1(2.9%) 0 0 0 1(1%)
Not performed 20 (45.5%) 0 1(33.3%) 1(16.7%) 1 (25%) 23 (25%)
pT (VIIl Ed.)
1 14 (31.8%) 0 0 0 0 14 (15.2%)
2 29 (65.9%) 9 (25.7%) 0 0 0 38 (41.3%)
3 1(2.3%) 21 (60%) 2 (66.7%) 4 (66.7%) 2 (50%) 30 (32.6%)
4a 0 5(14.3%) 0 2 (33.3%) 2 (50%) 9(9.8%)
4b 0 1(33.3%) 0 0 1(1.1%)
pN (VIIl Ed.)
0 16 (36.4%) 20 (57%) 1(33.3%) 2 (33.3%) 1 (25%) 40 (43.5%)
1 4 (9%) 5 (14.3%) 0 0 0 9(9.8%)
2a 0 1(2.9%) 0 0 0 1(1.1%)
2b 3 (6.8%) 1(2.9%) 0 0 0 4 (4.3%)
2c 1(2.9%) 1(33.3%) 1(16.7%) 0 3(3.3%)
3a 0 0 0 0 0
3b 1(2.3%) 7 (20%) 0 2 (33.3%) 2 (50%) 12 (13%)
NNV 20 (45.5%) 0 1(33.3%) 1(16.7%) 1 (25%) 23 (25%)
Mean pDOI (mm) 5.4 13.4 13.5 20.8 315
SD2.8 SD 6 SD5 SD5.4 SD 9.1
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Table I. continues

TAGS (H 1] EG Type A EG Type B EG Type C Total
Adjuvant therapy
None 41 (93.2%) 15 (42.9%) 0 4 (66.7%) 0 60 (65.2%)
RT 2 (4.5%) 12 (27.3%) 1(33.3%) 0 2 (50%) 17 (18.5%)
CT 0 0 0 0 0 0
RT-CT 1(2.3%) 8 (22.9%) 2 (66.7%) 2 (33.3%) 2 (50%) 15 (16.3%)
pDOI: pathologic depth of invasion; RT: radiotherapy; CT: chemotherapy; RT-CT: radiochemotherapy; SD: standard deviation.
Table Il. Previous treatments performed in the oral cavity.
Previous treatments CTS EG EG EG Total
Type A Type B Type C
Transoral surgery 4 (11.4%) 1(33.3%) 0 0 5(10.4%)
Transoral surgery + RT 0 0 1(16.7%) 0 1(2%)
Transoral surgery + RT-CT 0 0 1(16.7%) 0 1(2%)
Contralateral
CTS 0 0 0 1 (25%) 1(2%)
RT: radiotherapy; RT-CT: chemoradiotherapy.
tumour of the posterior tor'lgue or becguse they required Table Ill. Types of reconstruction after major surgery.
concurrent segmental mandibular resection.
The majority of OTFOMSCC originated from the mobile CTS EG EG EG Total
tongue (68 patients) and the floor of the mouth (14 pa- TypeA | TypeB | TypeC
tients). In the remaining cases, there was involvement of | ALTF 25 3 (100%) | 5(83.3%) | 3(75%) | 36 (75%)
both the lingual margin and the floor of the mouth (5 pa- (71.4%)
tients) or both the base of the tongue and the lingual margin RFFF 7(20%) 0 0 0 7(14.6%)
(1 patient) without a clear origin of onset since they were | PMMC 1(2.9%) 1(16.7%) | 1(25%) | 3(6.2%)
already in an advanced stage (Tab. IV). :!:ptysma 2(5.8%) 0 0 0 2 (4.2%)

Regarding the involvement of adjacent structures by ad-

vanced OTFOMSCC, the following sites were affected:

* mandible in 4 CTS, one EG Type B, and one EG Type
C. In 3 CTS and EG Type B, marginal mandibular re-
section was performed, while in two patients, segmental
resection was carried out. In a patient undergoing CTS
and one undergoing EG Type C, hemimandibulectomy
was performed, requiring not only an anterolateral thigh
(ALT) flap, but also a reconstructive plate;

» oropharynx with resection of the base of the tongue and
ipsilateral tonsil in 10 CTS, one EG Type A, and one EG
Type B (in the latter, resection was extended to include
the lateral pterygoid muscle due to suspected intraopera-
tive infiltration);

* soft palate in 2 CTS and 1 EG Type A;

* a lateral portion of the hyoid bone was resected in a pa-
tient undergoing EG Type A.

ALTF: anterolateral thigh flap; RFFF: radial forearm free flap; PMMC: pectoralis major
myo-cutaneous flap.

Minor complications were observed in 3 patients (CTS): one
lateral neck abscess and two orocutaneous fistulas, which re-
solved with conservative treatments and antibiotic therapy.
Complications requiring surgical revision in the operating
room were observed in 6 patients undergoing CTS: two hae-
mostasis revisions, one surgical wound revision for a lateral
neck abscess, partial necrosis of the anterolateral thigh free
flap (ALTF) requiring revision of the anastomosis, and two
cases of ALTF necrosis replaced with a buccinator myo-mu-
cosal flap or a pectoralis major myo-cutaneous flap (PMMC).
No surgical complications occurred at the donor site.

In all patients, the tracheostomy tube was removed after
surgery (mean time of tracheostomy dependence, 8 days).
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Table IV. Sites of tumour onset.

Sites CTS EG EG EG

Type A Type B Type C
Lingual margin 41 (93.2%) 19 (54.3%) 2 (66.7%) 4 (66.8%) 2 (50%) 68 (73.9%)
FOM 3(6.8%) 8 (22.9%) 1(33.3%) 1(11.6%) 1 (25%) 14 (15.3%)
Posterior third of the tongue 0 4 (11.4%) 0 0 0 4 (4.3%)
Lingual margin + FOM 0 4 (11.4%) 0 0 1 (25%) 5 (5.4%)
Lingual margin + posterior third of the tongue 0 0 0 1(11.6%) 0 1(1.1%)

FOM: floor of the mouth.

Table V. Number of patients, divided into the type of surgical intervention, able to intake a specific consistency measured using the IDDSI classifi-

cation.
| TAGS | CTS | EG-A | EG-B | EG-C
Liquid (IDDSI 0) 44/44 (100%) 34/35 (97%) 3/3 (100%) 5/6 (83%) 1/4 (25%)
Semi-liquid (IDDSI 1-2) 44/44 (100%) 35/35 (100%) 3/3 (100%) 6/6 (100%) 4/4 (100%)
Semi-solid (IDDSI 3-4) 44/44 (100%) 35/35 (100%) 3/3 (100%) 4/6 (67%) 1/4 (25%)
Soft (IDDS! 5-6) 44/44 (100%) 3035 (86%) 2/3 (67%) 3/6 (50%) 1/4 (25%)
No restriction diet (IDDS| 7) 41/44 (93%) 8/35 (23%) 1/3 (33%) 0/6 (0%) 0/4 (0%)

At follow-up between 6 months and 1 year after surgery
or end of adjuvant therapy, 5 patients remained dependent
on gastrostomy (1 CTS and 1 EG Type A extended to the
oropharynx and soft palate, 1 EG Type B in a patient with
compromised mental status, 2 EG Type C).

Functional outcomes

SWALLOWING

Regarding the functional swallowing results, data from 92
patients were collected. The median FOIS score at follow-
up after minimum 6 months from surgery was 7 in TAGS,
6 in CTS, 6 in EG Type A, 5.5 in EG Type B, and 2 in EG
Type C. The difference between these groups was statisti-
cally significant (p = 0.000), with a progressive worsening
as the complexity of the surgical resection increased.
Regarding the percentage of patients who managed to re-
sume oral feeding for various consistencies it was measured
with the IDDSI scale (Tab. V). All patients undergoing TAGS
were able to resume oral feeding with all consistencies up
to IDDSI 6. Regarding IDDSI 7, the result was possible in
41 of a total of 44 patients. Regarding the CTS group, only
one patient had difficulty with the intake of pure liquids, but
all patients achieved the goal of consuming a semisolid and
semiliquid diet (IDDSI 1-4). The majority of patients reached
an IDDSI 6 diet (86%) and 23% an IDDSI 7 diet.

Regarding EG, a clear decline in performance was observed
from Type A to Type C. In EG Type A, all patients managed to
consume a liquid, semiliquid, and semisolid diet (IDDSI 0-4).
The majority of patients (67%) also regained a soft consistency,
while only one-third of patients have an unrestricted diet (Fig. 1).
In EG Type B, all patients can manage consistencies up to
IDDSI 2, two-thirds of the patients handle the semi-solid

Table VI. Impact of involvement of other structures (mandible, oro-
pharynx, and soft palate) and the type of surgical approach (mandibul-
otomy vs pull-through) on FOIS, EAT-10, MDADI global, and composite in
the CTS subgroup (N = 35) .

FOIS | EAT-10 | MDADI MDADI
global | composite

Involvement of other 0.880 0.501 0.046 0.16
structures
Involvement of mandible | 0.492 0.394 0.452 0.377
Tonsil 0.841 0.840 0.087 0.106
Soft palate 0.000 0.002 | 0.224 0.160
Mandibulotomy or pull- 0.191 0.437 0.152 0.079
through
Adjuvant therapy (RT/ 0.897 0.003 | 0.363 0.009
RT-CT)

RT: radiotherapy; RT-CT: chemoradiotherapy. Statistically significant results are in ital-
ics.



consistency (IDDSI 3-4), and half of the patients can reg-
ularly consume a soft diet, while no patient succeeded in
achieving a diet without limitations.

Regarding EG Type C, all patients can intake semi-liquid
food orally (IDDSI 1-2), while only one patient managed
to feed on a semi-solid and soft diet during rehabilitation
(IDDSI 3-6).

QUALITY OF LIFE

Questionnaires regarding QoL were administered to a total
of 92 patients, including those undergoing transoral sur-
gery and major surgeries. The difference among various
subgroups (TAGS, CTS, EG Types A, B, and C) regard-
ing both the EAT-10 score and the scores of the MDADI
composite and global scales was statistically significant
(p = 0.000), with a progressive worsening of scores as the
resected anatomical unit increased. The distribution of
values for the FOIS scale and the EAT-10, MDADI global,
and composite questionnaires can be observed in the fol-
low-up conducted over a period exceeding 6 postoperative
months (Figs. 2-3).

ANALYSIS OF PROGNOSTIC FACTORS ON SWALLOWING OUT-
COME AND QoL

A univariate analysis was conducted evaluating the tumour
site as a possible influencing factor on functional outcomes,
dividing patients into subgroups (lingual margin, oral floor,
posterior third of the tongue). The difference in scores
obtained in all scales and questionnaires, in subgroups
divided by tumour site, did not result of statistical signifi-
cance: FOIS p = 0.220; EAT-10 p = 0.164; MDADI global
p = 0.154; MDADI composite p = 0.310.

Therefore, we performed prognostic factor analyses on
functional outcomes in the subgroup of patients undergo-
ing CTS (35 patients). We performed univariate analysis
to evaluate how the extension of the disease and surgical
resection in the mandible, oropharynx, and soft palate af-
fected functional outcomes, as measured by FOIS, and im-
pact on QoL, assessed through EAT-10 and MDADI ques-
tionnaires. The same analysis was carried out regarding the
surgical approach, whether performed through mandibul-
otomy or pull-through. The results are shown in Table VI.
The only significant findings were observed in the FOIS
(p = 0.000) and EAT-10 questionnaire (p = 0.002), specifi-
cally regarding the extension to the soft palate, where a no-
table decline was observed when excision of the soft palate
became necessary. In the EAT-10 questionnaire (p = 0.003)
and MDADI composite (p = 0.009), significant results were
found regarding adjuvant therapy, with a worsening of
functionality and QoL in patients undergoing adjuvant radi-

Functional results of a modular approach to tongue cancer

Figure 1. Percentages of patients who succeeded in achieving oral in-
take of different consistencies measured using the IDDSI classification.

Figure 2. Distribution of FOIS, EAT-10, MDADI global, and composite
results at follow-up between 6 months and 1 year postoperatively or af-
ter the end of adjuvant therapy in the entire cohort of patients (N = 92).

otherapy or chemoradiation compared to those undergoing
surgery alone. The surgical approach through pull-through
or mandibulotomy, on the other hand, did not emerge as a
influencing factor in swallowing or QoL outcomes.

Finally, a multivariate ANCOVA was conducted, considering
the classification of glossectomies (TAGS, CTS, EG Types A,
B, and C) as the dependent variable, with patient age and ASA
score as covariates. Regarding the FOIS, the difference in
scores was found to be significant across various groups based
on the type of glossectomy (p = 0.015), independent of age or
ASA score covariates.

For EAT-10, the difference in scores among different
glossectomy groups was significant in univariate analysis
(p = 0.000). In multivariate analysis, the EAT-10 score was
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Figure 3. Schematic representation depicting the average values of FOIS,
EAT-10, MDADI global, and composite results during the follow-up period,
which occurred between 6 months and 1 year postoperatively or after the
end of adjuvant therapy, in the total patient group comprising 92 patients.

correlated with the patient’s age covariate (p = 0.001) and
independent of the ASA score.

The MDADI global score showed significant differences
among groups in univariate analysis. However, this result
was not confirmed in multivariate analysis, where statistical
significance was not achieved (p = 0.229).

Conversely, the MDADI composite score exhibited signifi-
cant differences among groups in both univariate and mul-
tivariate analyses (p = 0.025), but it was influenced by age
covariate (p = 0.001) and ASA score (p = 0.04).

Discussion

The anatomically guided approach for OTFOMSCC entails
tailoring the surgical resection based on the muscular struc-
tures involved. For cT1-T2 tumours involving only intrin-
sic musculature, the approach utilised in our institution is
transoral tumour resection with concurrent exploration and
removal of the TNT (TAGS) and direct control of the deep
margin of the neoplasm through the sectioning of the hyo-
glossus muscle and exploration of the paramedian septum
between the genioglossus and hyoglossus. For more ad-
vanced c¢T3-T4 tumours deeply involving extrinsic muscu-
lature or ¢T2 with nodal involvement, compartmental emi-
glossopelvectomy (CTS) in block with neck lymph nodes
and the TNT is indicated. The concept of CTS is conceived
to plan the removal of OTFOMSCC not based on tumour
margins, but on the anatomical boundaries of the so-called
“oncological compartment”. This approach is grounded in
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previous studies conducted by Calabrese and colleagues,
demonstrating a predictable progression pattern of the
tumour %1212 In more advanced cases, the surgical ap-
proach is extended based on the structures of the contralat-
eral tongue involved: intrinsic musculature for EG Type A,
contralateral genioglossus for EG Type B, and the entire
contralateral hemitongue in the EG Type C. The defect
resulting from these different approaches is well predict-
able and measurable, given that it is based on the precise
identification of all the involved muscular structures of the
tongue. The primary challenge of surgery is to achieve on-
cological radicality while simultaneously ensuring accept-
able functional outcomes. The defect size increases with the
complexity of the surgery and, proportionally, the rehabili-
tative challenges grow to restore adequate swallowing func-
tion and an acceptable QoL. This study aimed to objectively
and subjectively characterize the 5 types of glossectomies,
based on the anatomical concepts described to date.

Our results demonstrate that the functional swallowing
outcome is related to the type of surgery performed and
is highly predictable and repeatable. Regarding long-term
resumption of oral feeding, the group of patients undergo-
ing TAGS achieved complete rehabilitation with an unre-
stricted diet. Excellent swallowing results were also ob-
tained in the CTS group. All patients consume semi-solid
consistencies (IDDSI from 0 to 4), and the vast majority
(86%) of patients can eat a soft diet (IDDSI 6) and 23%
a regular diet (IDDSI 7) without restrictions. These ex-
cellent swallowing outcomes can be explained by careful
preservation of all extrinsic muscles of the contralateral
tongue, allowing a more accurate reconstruction with at-
tachment of the reconstructive flap to a fully functional
contralateral hemitongue.

In contrast, in EG cases, there was a progressive decline in
swallowing performance, which remains good for EG Type
A and acceptable for EG Type B, but undergoes a drastic
decrease in EG Type C, confirming the extreme difficulty in
rehabilitating patients undergoing total glossectomy. How-
ever, the results emphasise the importance of preserving a
functional base tongue unit, the so-called hyo-styloglossus
unit (HSU) when oncologically feasible, given the clear dif-
ference in outcomes between EG Type B and C.

The FOIS scale was utilised to determine a patient’s oral
feeding status, as it reflects the safety and efficiency of
swallowing objectified through FEES and nutritional sta-
tus 132!, The findings regarding the study of oral consisten-
cies align with the results obtained from the FOIS scale.
Our data reveal a progressive decline in FOIS scores as the
surgical complexity increases. This underlines how the re-



moval of a greater number of functional units results in a
gradual decline of swallowing functionality.

Concerning the evaluation of perceived QoL follow-
ing different types of glossectomies, the EAT-10 '7?>% and
MDADI 82+2 questionnaires were employed. The difference
of the scores obtained with the EAT-10 questionnaire among
patient subgroups was statistically significant (p = 0.000) and
there was a progressive worsening of outcomes with increas-
ing surgical complexity. Regarding MDADI, the difference
in scores obtained among the various subgroups undergoing
major surgery (CTS, EG Type A, EG Type B, and EG Type
C) was statistically significant for both MDADI global and
composite scores (p = 0.000). The MDADI questionnaire
considers various aspects of the patient’s life. It consists of 19
items + 1 (MDADI global score) and encompasses the physi-
cal, emotional, and functional subscales reflecting specific
areas of swallowing capacity perceived by the patient . This
questionnaire was also utilised by Chepeha and colleagues %,
who recently published a study on functional outcomes and
QoL of patients undergoing four types of glossectomies,
performed using the classical wide-margin technique. That
study also highlighted a worsening of scores with increasing
complexity of resection. In particular, the authors observed a
10-point decrease in MDADI questionnaire scores between
the group undergoing emiglossectomy and the group under-
going extended emiglossectomy, achieving a clinically sig-
nificant difference %.

In our study, we further evaluated the tumour’s site of on-
set as a possible influencing factor on functional outcomes.
The difference in scores on the FOIS scale and the EAT-10,
MDADI global, and composite questionnaires was not sta-
tistically significant either at discharge for the major sur-
gery group (48 patients) or between 6 months-1 year after
surgery or the end of adjuvant therapy, including TAGS (92
patients). These data are particularly important as they high-
light the key concept underlying CTS, which is not based
on the tumour’s site of onset but on the concept of the “on-
cological compartment” #°. The surgical defect obtained is
therefore predictable for all subsites and varies only based
on the infiltration of the extrinsic musculature. In contrast,
in wide-margin surgery, the tumour’s location is crucial, as
the resection is based on the tumour’s dimensions, which is
removed at a distance of 1.5-2 cm. In the CTS subgroup, we
conducted univariate analyses on potential factors influenc-
ing long-term functional outcomes. EGs were not considered
due to the small sample size, and mainly because, for Types
B and C, the surgical technique involves extensive destruc-
tion of the lingual body, which is not functionally compara-
ble to “standard” CTS.

Functional results of a modular approach to tongue cancer

The extension of surgery to the mandible and oropharynx
did not result in a significant difference in FOIS, EAT-10,
and MDADI scores, both global and composite. This can be
explained by the ability to effectively reconstruct defects in
both the oropharynx and mandible using either free or pedi-
cled flaps. The same rationale applies to the mandibulotomy
or pull-through approach. In this case as well, a statistically
significant difference was not obtained. However, regard-
ing the extension to the soft palate, statistically significant
results were obtained in both the FOIS scale (p = 0.000) and
the EAT-10 questionnaire (p = 0.002). In glossectomies, a
critical element of the reconstruction process is reinstating
the volume that has been removed to aid swallowing by es-
tablishing contact between the tongue and the palate 6. If
the resection extends to the soft palate, left unreconstructed,
the neo-tongue is unable to fulfil the functions of both the
base of the tongue and the palate simultaneously. This com-
plexity poses challenges in managing the bolus during the
oral and pharyngeal phases.

Also, regarding adjuvant therapy, univariate analysis to as-
sess its impact on functional swallowing was conducted. A
significant difference in the scores of the EAT-10 (p =0.003)
and MDADI composite (p = 0.009) questionnaires was ob-
served. Adjuvant radiotherapy is an essential component in
treating high-risk patients for recurrence, and the detrimen-
tal effects of radiotherapy on swallowing function are well-
documented in the literature ’. In a study by Grammatica et
al. ' adjuvant therapy emerged as one of the key variables
influencing functional outcomes. They conclude that sub-
clinical food aspiration and vallecular pocket are present in
a significant percentage of patients, especially when adju-
vant treatments are administered.

As shown in a study by Grammatica et al. > on elderly pa-
tients with different comorbidities (ASA 3-4), the recon-
struction with free laps of defects in the oral cavity is pos-
sible in selected patients, achieving good oncological and
functional results and with good flap success rates. In our
study, age and ASA score were also not negative prognostic
factors for the success of reconstructive surgery. The results
of multivariate analysis, considering surgical approach, age,
and ASA, reveal differences among the various question-
naires. Specifically, scores obtained for FOIS and MDADI
global do not appear to be influenced by patient age or ASA
score. On the other hand, scores obtained for EAT-10 seem
to be influenced by age (p = 0.001), and scores obtained for
MDADI composite are influenced by both age (p = 0.001)
and ASA score (p = 0.04). These differences can be attrib-
uted to an intrinsic distinction among the various tests used,
particularly MDADI composite, which takes into account

293



L. Gazzini et al.

the physical, emotional, and functional subscales reflecting
specific areas of swallowing capacity perceived by the pa-
tient.

The study by Grammatica et al. ' is currently the only one
in the literature describing functional outcomes, in terms
of both swallowing and phonation, of CTS. However,
our study analysed swallowing outcomes not only of the
“standard” CTS, but also of all glossectomies performed
according to the “oncologic compartment” principle and
potential pathways of tumour spread. By standardising the
surgical approach, modulated based on disease extension
similar to what is described for open partial horizontal lar-
yngectomies (OPHL) 3!, it is possible to predict the surgi-
cal defect and, consequently, the functional result.

One of the main criticisms of CTS is that it is a highly ag-
gressive approach, causing excessive loss of swallowing
function '°. Our study demonstrates the fundamental im-
portance of pursuing a modular, anatomy-guided approach
to achieve not only better oncological outcomes, but also
improved functional recovery and ultimately a better QoL.
Patients undergoing TAGS achieve complete resumption
of feeding and excellent QoL, and the CTS group also
achieved excellent functional results.

This study further shows how these results gradually wors-
en when the genioglossus muscles are involved bilaterally
or when total glossectomy becomes necessary for oncologi-
cal reasons. The study results highlight the importance of
preserving, when oncologically safe, at least one functional
unit of the base of the tongue, including the HSU 233, The
advantage of this technique is certainly represented by its
reproducibility: a standardised resection, in fact, leads to
a predictable reconstruction and, consequently, an equally
predictable functional result.

These surgical aspects, coupled with appropriate swallow-
ing rehabilitation, yield satisfactory long-term postopera-
tive outcomes, encompassing both swallowing functional-
ity and its associated QoL.

The principal constraints of this study lie in its monocentric
and retrospective design. Additionally, there is a notewor-
thy discrepancy in sample sizes among the different groups.
While the quantification of orally assumable consistencies
represents a highly objective parameter, functional and QoL
outcomes are influenced by inherent subjectivity within the
questionnaires and subjective factors unique to individual
patients. These factors are not always easily quantifiable
and can impact the functional result regardless of the surgi-
cal approach. Future prospective studies may be desirable
in order to confirm the result of this retrospective study.
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Conclusions

Following an anatomically-guided approach to the resec-
tion of OTFOMSCC allows modulation of surgery based on
the structures involved by the tumour, while preserving the
functionality of the remaining units. TAGS yields function-
al outcomes comparable to those before the intervention.
Even patients undergoing CTS can achieve excellent func-
tional results. However, expanding the resection to involve
the contralateral hemitongue results in a progressive dete-
rioration of swallowing function, necessitating appropriate
reconstruction and dedicated training with a SLT in order to
achieve an acceptable QoL for these patients.
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