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1 | INTRODUCTION

The tongue is an essential organ for human interaction, communica-
tion and survival. Proper functioning of the tongue is vital for effort-
less speech production, deglutition and respiration. Impairment of this
organ's performance can condemn the individual to a difficult life of
tracheal breathing, enteral feeding and unintelligible speech produc-
tion, which would significantly impact the person's quality of life.

The best survival outcome for patients with oral cavity squamous
cell carcinoma is primary surgery followed with adjuvant treatment as
needed.*? This places the surgical oncologist in the difficult position
of balancing the aggressive treatment essential for survival with the
eventual quality of life outcome when advising the patient suffering
from this disease.® An informed decision of treatment protocols there-
fore requires knowledge of survival, functional and quality of life
outcomes.*

There is a paucity of this essential data of objective functional,
patient reported and quality of life outcomes of patients undergoing a
total glossectomy with preservation of the larynx (TGLP) with free flap
reconstruction. The purpose of this study was to examine prospec-
tively collected swallowing, speech and patient reported outcomes in
patients undergoing TGLP, free flap reconstruction and postoperative

radiation treatment (RT).

2 | PATIENTS AND METHODS

21 | Patientselection

Inclusion criteria:

1. Tongue squamous cell carcinoma.
2. Primary treatment: TGLP and free-flap reconstruction.
3. Availability of preoperative and postoperative functional outcomes

measurements.
Exclusion criteria:
1. Previous RT to the head and neck.

2. Previous head and neck malignancy.

3. Presence of any other conditions affecting function.

22 | Treatment

As part of standard institutional protocols, all patients included in this

study underwent a metastatic work-up including full body positron

(PET-CT) and

panendoscopy prior to establishing a treatment regime. Primary sur-

emission  tomography-computed tomography
gery was comprised of a single-staged procedure including tumor
extirpation and defect reconstruction.

Resection: Surgery included bilateral neck dissections, lip-splitting
mandibulotomy approach®’ and total glossectomy. The larynx
was preserved and laryngeal suspension was performed for all
resections.>&11

Tongue Reconstruction: A neo-tongue was constructed from an
anterolateral thigh free-flap (ALTF) or a beavertail modified radial
forearm free flap (BTRFF).}2 The ALTF reconstruction was performed
with a perforator flap but included a portion of motor neurotized
vastus lateralis muscle when extra bulk was required &34

Adjuvant Treatment: RT was initiated four-to-six weeks post-oper-
atively with patients receiving fractions of 50 to 70 Gy of conven-
tional RT five times per week for six weeks. Concomitant
chemotherapy was offered whenever appropriate based on the final
pathology and consisted of a standard platinum-based regimen.

Rehabilitation: Patients received varying degrees of postoperative
speech and swallowing rehabilitation with the program's speech and
swallowing practitioners. Therapy was patient-specific and ranged

from home programs to individual and group sessions.

2.3 | Data Collection

TGLP patients were identified in the Institute for Reconstructive Sci-
ences in Medicine (iRSM) prospective head and neck cancer functional
outcomes database between January of 2009 and December 2017.
Patients who met study criteria were included in the cohort. Prospec-
tively collected data included functional and quality of life outcome
measurements and European Cooperative Oncology Group (ECOG)
performance status. Missing data from the prospective database were
collected retrospectively from the patients' charts and included age,
sex, TNM staging, diagnosis and adjuvant treatment. Ethics approval
HREBA.CC-19-0114 was obtained from the Health Research Ethics
Board of Alberta prior to commencing the study. All patients partici-

pating in the study gave their informed consent to do so.

24 | Primary outcomes
1. Objective:
a. Swallowing function measured as g-tube dependency and
aspiration
sentence

b. Speech production measured as word, and

intelligibility
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2. Subjective and patient reported outcomes:
a. Functional and quality of life outcomes measured by two vali-
dation patient administered questionnaires
i. Speech Handicap Index (SHI)
ii. M.D. Anderson Dysphagia Inventory (MDADI)

2.5 | Outcome measures
All outcomes measures were taken at one-month preoperatively and
at one, six, and 12-month intervals postoperatively.

Objective outcomes: Swallowing and speech functions were
measured prospectively at the Head and Neck Surgery Functional
Assessment Laboratory (HNSFAL) at the iRSM.

Swallowing: Swallowing ability was the primary outcome and was
defined acceptable when there was an absence of and complete inde-
pendence from a g -tube to maintain daily caloric requirements.

Speech: Naive listeners' assessments of speech intelligibility were
completed using Computerized Assessment of Intelligibility of Dys-
arthric Speech (CAIDS; Pro-Ed, Austin, Texas).?” Patients read a stan-
dardized passage, which was then recorded and played to naive
listeners who were neither a trained speech pathologist nor familiar
with the patient. The listeners interpreted the recording, which was
scored for single word and sentence intelligibility. For all outcomes
when more than one measure was obtained post-operatively, the best
value was used.

TABLE 1 Characteristics of patients with TGLP included in this
study.
n (%)
Age, range 52.9,28-73
ECOG
0 5(31.3)
1 7 (43.8)
2 4 (25)
Male 11 (69)
T-Stage 4 10 (63)
T-Stage 3 6(37)
TNM Stage 4 16 (100)
Reconstruction with ALTF 11 (69)

Abbreviations: ALTF, anterolateral thigh flap; ECOG, European Coo-
rperative Oncology Group performance status; TGLP, total glossectomy
with preservation of the larynx.

TABLE 2 Objective functional
outcomes of 16 advanced stage oral
cavity squamous cell carcinoma patients
treated with TGLP. Preoperative
Postoperative

P-value

Subjective outcomes: Patient reported functional and quality of

life outcomes as measured by validated questionnaires:

1. Speech Handicap Index (SHI)—A 30-point questionnaire based on
speech problems.*®
2. M.D Anderson Dysphagia Inventory (MDADI)!’

2.6 | Statistics

Statistical differences between perioperative data were measured
using nonparametric Wilcoxon Signed Rank test in SPSS 25. P-values
less than 0.05 were considered significant. We were unable to per-

form a multivariate analysis because of the small patient numbers.'”

3 | RESULTS

Twenty-two candidate patients with TGLP were identified in the
iRSM database and 16 met the inclusion criteria. All patients under-
went primary surgery followed by adjuvant radiation or
chemoradiation. The relevant patient demographics are displayed in
Table 1. The average age of the patients was 52.9 years with a range
of 28 to 73.

Functional outcomes for the 16 patients included in this study are
illustrated in Table 2. There was a statistically significant increase in
g-tube use post-operatively. Conversely there was a statistically sig-
nificant decrease in both sentence and word intelligibility post-opera-
tively. In terms of subjective measures, however, despite the extent of
the procedure, there were no differences in perioperative self-
reported speech or MDADI score (Table 3). Flap type and patient sex
did not have a statistically significant effect on G-tube dependence,
postoperative word intelligibility or postoperative sentence intelligibil-

ity (Table 4).

4 | DISCUSSION

All patients in this study had advanced squamous cell carcinoma
(SCC) of the tongue that was resected via total glossectomy with
laryngeal preservation. The reconstructions were performed utiliz-
ing the following principles to promote functional recovery. All
larynges were suspended®®?:11:12 and the superior laryngeal nerves
were preserved.'® All flaps were of large volume with an average of
25 cm by 12 cm for the ALTF and 14 cm by 10 cm for the BTRFF

G-tube

dependence Word intelligibility Sentence intelligibility
2/16 (13%) 81.5% 93.3%

9/16 (56%) 46.9% 61.6%

.048 <.001 <.001

Abbreviation: TGLP, total glossectomy with preservation of the larynx.
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Preoperative score Postoperative score
MDADI (Global) 62.8 60.3
Speech (SHI) 55.7 59.9

TABLE 3 Self-reported and quality of

Difference P-value X

life outcomes of 16 advanced stage oral
2.50 535 cavity squamous cell carcinoma patients
4.20 .285 treated with TGLP.

Abbreviations: MDADI, M.D. Anderson Dysphagia Inventory; SHI, Speech Handicap Index; TGLP, total

glossectomy with preservation of the larynx.

TABLE 4 Analysis of factors affecting g-tube dependence, word
intelligibility, and sentence intelligibility

Postoperative Postoperative
G-tube word sentence
dependence intelligibility intelligibility
Flap
ALT 7/12 (58%) 46.3% 58.7%
RFFF 2/4 (50%) 48.5% 70.3%
P-value .096 1.00 599
Sex
M 6/11 (55%) 46.5% 60.7%
F 3/5 (60%) 47.6% 63.4%
P-value 480 913 1.00

and each flap had the shape that could be altered to recreate the
form of the tongue.®? We generally chose the anterolateral thigh
perforator flap as our flap of choice and the vastus lateralis muscle
was added if more bulk was needed. When muscle was included,
motor neurotization was performed to maintain neo-tongue
bulk.2*? All surgical approaches were transmandibular with sparing
of the suprahyoid muscular sling wherever possible. The flaps were
inset with a central mound that was approximately 50% larger than
desired to allow for tissue atrophy and fibrosis post-RT. The central
and posterior portions of the flap were further augmented in the
vertical and posterior dimensions when the mandible was brought
together and plated. The goal for functional speech production was
to create neo-tongue that provides palate-glossal contact during
phonation (see Figures 1-5). Functional swallow could be achieved
when the reconstructed tongue placed pressure against the poste-
rior pharyngeal wall and protected the larynx during degluti-
tion.2%12 This method of reconstruction is thought to enable bolus
propulsion by closure of the mandible to initiate the pharyngeal
phase of swallowing.

Each patient underwent prospective objective and subjective
functional and quality of life assessment pre- and postoperatively.
This comprehensive assessment included diet and G-tube survey,
speech intelligibility and patient reported outcome questionnaires.
The lack of functional outcomes standardization makes it challenging
to compare results to those in the literature.?%-22 Therefore, we chose
to report on the most widely used comparable outcomes of g-tube
presence and dependence for swallowing. Functional assessment of
speech are even more varied in the literature with most authors
reporting intelligibility through author created scales.*32%325 We
chose to report our speech outcomes through the objective measure

FIGURE 1 Single stage surgical tumor extirpation and defect
reconstruction

of Computerized Assessment of Intelligibility of Dysarthric Speech
(see methods). This test measures single word and sentence intelligi-
bility. Single word intelligibility is a more accurate measure of speech
production because it does not allow the listener to incorporate con-
textual clues to fill in gaps in portion of the speech that are not
comprehensible.

Post-treatment, our patient cohort had a significant decrease in
objective functional swallowing and speech outcomes (Table 2). Two
patients (14%) were g-tube dependent before treatment and
8 patients (53%) were g-tube dependent postoperatively. Preopera-
tive single word and sentence intelligibility were impaired and highly
varied at 81.5% and 93.3%, respectively. All mean post-treatment
scores decreased significantly, especially those for single word

intelligibility.
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FIGURE 2 Single stage surgical tumor extirpation and defect
reconstruction

FIGURE 3 Single stage surgical tumor extirpation and defect
reconstruction

FIGURE 4 A (left) and B, (middle)
Midway through inset of neo-tongue
reconstructed with an anterolateral
thigh free-flap; C, (right) Completion
of inset of neo-tongue

Conversely, our patient cohort, despite the extent of the proce-
dure, yielded no differences in perioperative self-reported speech or
MDADI scores (Table 3). Preoperative SHI and MDADI Total scores
were 55.8 and 62.8, respectively, compared to 59.9 and 60.3 in the
post-operative period. We have previously shown in a similar but ear-
lier cohort an improved quality of life scores post-operatively. This
improvement in the score was related to improved pain control, peace
of mind after tumor ablation and strong social supports.2® Few studies
exist that have used validated quality of life measures in extensive
glossectomy patients. In one of the more objective studies, it was
shown that total glossectomy patients could achieve good quality of
life.27-2% Our results would agree with these findings.

All our patients had access to and received some speech and
swallowing therapy. We have previously shown that patients who
regularly attended swallowing and speech therapy sessions had supe-

rior functional outcomes.?® Other authors have also predicted

FIGURE 5 Neo-tongue reconstructed with an anterolateral thigh
flap six weeks post-operatively. The reconstructed tongue bulk allows
for palatal - neo-tongue contact with mandibular closure
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functional outcomes to be greater in motivated patients attending
rehabilitation programs.1830-32

Although this study is one of the largest reported in the literature,
inherent weaknesses include the small sample size and selection bias.
Thus, the results need to be interpreted with caution and in the con-
text of the individual institutions. However, this is an uncommon pro-
cedure making it difficult to obtain large numbers for study.

This, to our knowledge, is the first study to report on the objec-
tive functional, patient reported outcomes for patients undergoing
TGLP. Our findings illustrate that there are significant functional defi-
cits based on the objective outcomes after this procedure, but surpris-
ingly the patients reported minimal change in their function and
quality of life. These results further highlight the complexity of these
treatment protocols and suggest that this procedure is well tolerated
and potentially acceptable to the patients even though it results in sig-
nificant measured functional deficits. Therefore, patients should be
counseled around the objective diminished speech and swallowing
functions in the perioperative period in conjunction with the stable
subjective outcomes highlighted in this study.

5 | CONCLUSIONS

Total glossectomy with laryngeal sparing and free-flap reconstruction
results in significant reduction in objective functional measurements,
but patients report acceptable and stable functional and quality of life
outcomes after treatment. This is valuable information that will help

physicians counsel their patients when discussing treatment options.
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