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ABSTRACT

Objective: Dysphagia is a common side effect of treatment for head and neck malignancy. Transoral robotic surgery (TORS) is gaining momentum as a
minimally invasive treatment option for oropharyngeal squamous cell carcinoma (OPSCC). Although favorable swallowing outcomes have been reported
following single modality treatment with TORS, many patients require post-operative adjuvant therapy due to unforeseen negative prognostic factors.
Our objective was to evaluate short- and long-term swallowing function in patients with OPSCC undergoing TORS alone, TORS plus radiation therapy (RT),
and TORS plus chemoradiation therapy (CRT).

Methods: A retrospective cohort study was conducted between September 2012 through November 2017 in patients who underwent TORS for primary
treatment of OPSCC with at least 12 months of follow-up data. Functional swallowing outcomes were measured based on the functional oral intake scale
(FOIS). Descriptive statistics were reported, and analysis was performed using a Kruskal-Wallis test.

Results: Sixty patients met criteria. Eleven patients were treated with TORS alone, 12 underwent TORS+RT, and 37 underwent TORS+CRT. All groups
showed improved FOIS scores 6 months after treatment and approached normal or near normal FOIS scores 12 months after treatment. Patients who
underwent TORS alone showed a trend towards higher FOIS scores when compared to TORS with adjuvant therapy. Patients in the TORS alone group had
higher FOIS scores than those in the TORS plus chemoradiation group at 12 months post-treatment (P=0.055).

Conclusion: Dysphagia is an important consequence of head and neck cancer treatment. Using the FOIS, we demonstrated that swallowing function in
TORS patients improves within one year. While not statistically significant, our study showed increased FOIS scores in TORS alone patients when com-
pared to TORS plus adjuvant therapy. This study emphasizes the importance of diligent selection in patients undergoing TORS to avoid poor functional
swallowing outcomes, particularly in those that may need adjuvant therapy.

negative effects on swallowing safety and efficiency [25,28].

INTRODUCTION

Several studies have investigated swallowing function after TORS with

Human Papilloma Virus (HPV)-related oropharyngeal squamous cell carcino- methods involving patient-reported quality of life and function [16,29]. In a

ma (OPSCC) is rapidly becoming the most commonly diagnosed head and
neck malignancy [1,2] and its prevalence is expected to continue to increase in
the coming years [3,4]. While oropharyngeal cancers have traditionally been
treated with radiation therapy, chemoradiation therapy and open surgical
treatments including labiotomy and mandibulectomy [5-8], these treatment
options often lead to significant functional sequelae that may be long-term [9-
13]. Transoral robotic surgery (TORS) is rapidly gaining momentum as a mini-
mally invasive treatment option for a select patient population as it has been
shown to provide sufficient control of oncologic disease [14,15] with superior
functional outcomes [16-22].

The advent of TORS technology is particularly important for patients diag-
nosed with HPV-related OPSCC. HPV-related OPSCC patients are often young-
er with longer overall life expectancies [23,24]; therefore, avoiding long-term
sequelae of therapy has become an important issue in this patient population
[25]. Although favorable swallowing outcomes have been reported following
single modality treatment with TORS [26], research has shown that many
patients require post-operative adjuvant radiation or chemoradiation due to

systematic review of a MEDLINE database, Hutcheson et al. found that feeding
tube rates were the most commonly reported measure to assess function-
al outcome [30]; however, there is a clear lack of published studies utilizing
standardized measures to assess functional outcomes and oral intake ability
in these patients. The functional oral intake scale (FOIS) is a standardized sub-
jective dietary scale originally validated in stroke patients to assess functional
outcomes through a patient’s oral intake over time [31]. It has previously been
used to assess swallowing and oral intake function in head and neck cancer
patients in the pre-treatment period [32] as well as in the post-operative pe-
riod in head and neck squamous cell carcinoma TORS patients [33]. FOIS is a
clinician-rated scale based on a patient’s report of oral intake and provides
clinicians a better understanding of a patient's functional ability [31].

The purpose of this retrospective study was to assess the impact of three
treatment sequences [TORS alone, TORS followed by radiation (RT), and TORS
followed by chemoradiation (CRT)] on the short (3 and 6 months) and long-
term (12 months) functional outcome of oral intake in patients with HPV-re-

unforeseen negative prognostic factors discovered in their resected tumor or
neck specimen [27]. These adjuvant treatments are thought to further impact
acute and late toxicities, can result in fibrosis and scarring, and ultimately have
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lated OPSCC using the FOIS. We hypothesized that patients undergoing triple
therapy (TORS followed by chemoradiation) would have poorer short and
long-term swallowing outcomes.
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Table 1. Functional Oral Intake Scale*

Level  Description

1 Nothing by mouth

2 Tube dependent with minimal attempts of food or liquid

3 Tube dependent with consistent oral intake of food or liquid

4 Total oral diet of a single consistency

5 Total oral diet of multiple consistencies but requiring special
preparation or compensations

6 Total oral diet of multiple consistencies without special preparation
but with specific food limitations

7 Total oral intake without restrictions

*Higher levels represent improved oral intake and functional ability.

METHODS

A retrospective analysis was performed on patients who underwent TORS for
primary treatment of OPSCC at the University of Miami Health System from
September 2012 to November 2017. Inclusion criteria required that all pa-
tients be at least 18 years of age and have FOIS scores available at 3, 6, and
12 months post-treatment. Patients were excluded from the study if they had
inadequate medical records or prior treatment for cancers in the head and
neck region. Institutional review board approval was granted by the University
of Miami for the completion of this study.

Data Collection

A database was created from review of patient electronic medical records.
Demographic data was collected including age at surgery, sex, race, as well
as tobacco and alcohol habits. Pathologic data obtained included tumor clas-
sification, nodal status, presence of metastasis, HPV status, p16 positivity, and
details of adjuvant therapy were recorded. All patients were staged according
to 8th edition American Joint Committee on Cancer guidelines [34].

Treatment Regimen

Patients underwent TORS radical tonsillectomy, oropharyngectomy, or base
of tongue resection based on primary tumor location. Resection was per-
formed using the da Vinci Surgical System (Sunnyvale, CA). Neck dissection

All patients that underwent TORS for initial treatment of OPSCC between
2011 and 2018 (n= 142)
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Figure 1. Exclusion and inclusion criteria of study population demonstrating the flow of
patient enrollment, data collection, and statistical analysis. FOIS, functional oral intake
scale; OPSCC, oropharyngeal squamous cell carcinoma; TORS, transoral robotic surgery.
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was performed on all patients either at the time of TORS or shortly prior to
TORS. Immunohistochemistry was performed based on surgical pathology to
assess for HPV DNA and protein 16 (p16) status. In accordance with current
National Comprehensive Cancer Network guidelines [35], established clinical
and pathological criteria were used to determine candidacy for adjuvant treat-
ment. Briefly, indications for adjuvant RT included extracapsular extension,
positive margins, nodal disease in levels IV or V, perineural invasion, vascular
embolism, or lymphatic invasion. Indications for CRT included extracapsular
extension or positive margins. Patients who were treated with adjuvant RT re-
ceived 60-66 Gy 5 days per week for 6-6.5 weeks if they had high risk features,
such as positive margins and 44-50 Gy to 54-63 Gy if they had low risk features,
such as suspected subclinical spread. Patients who received adjuvant CRT re-
ceived concurrent cisplatin and radiation therapy as listed above.

Functional Outcome Measures

FOIS is a 7-point dietary scale with higher numbers representing improved
oral intake and functional ability (Table 1). Standard institutional protocol
at the time of this study for TORS patients was to undergo assessment of
functional swallowing outcomes in the post-treatment period for at least 12
months and until maximum swallowing improvement was achieved. This was
made possible by way of a multidisciplinary head and neck clinic, which allows
for collaboration between head and neck surgeons and speech-language pa-
thologists. Medical records were reviewed to document FOIS scores at 3, 6,
and 12 months post treatment based on patient-reported oral intake.

Statistical Analysis

All statistical analyses were performed by the University of Miami Department
of Public Health, Division of Biostatistics. FOIS swallowing outcomes were re-
ported via medians and interquartile ranges with a maximum 12-month fol-
low up. Comparisons were made using Kruskal-Wallis test due to the ordered
categorical nature of the measure. Descriptive analysis was used to compare
each of the treatment groups with regard to functional swallowing outcomes.
All analyses were performed in R version 3.4.1.

RESULTS

Study Population Characteristics

One hundred forty-two patients underwent TORS for previously untreated
OPSCC at our institution from September 2012 to November 2017. Of these
patients, a total of 60 met inclusion criteria. Figure 1 demonstrates a diagram
of those patients included in the study. Table 2 summarizes the study popu-
lation. The majority of our study population were white males with a median
age of 63 years. Ninety-three percent of our patients had T1-T2 stage disease
and 90% of our patients were classified as stage 1 OPSCC. No patients had
metastatic disease. One patient diagnosed with T2 stage disease clinically was
found to have T4 disease pathologically due to skeletal muscle invasion at the
base of tongue.

Over 50% of the study population underwent TORS+CRT (n=37), largely
due to extracapsular extension (n=25). All extracapsular extension was found
microscopically following surgical intervention. As expected, the TORS+RT and
TORS+CRT treatment groups had a higher likelihood of having nodal disease
and more advanced disease staging.

FOIS Scores: General Trends

Figure 2 demonstrates boxplots of FOIS scores at 3, 6, and 12 months
post-treatment. Figure 2A represents these scores in the TORS alone group,
Figure 2B in the TORS+RT treatment group, and Figure 2C in the TORS+CRT
treatment group. Median FOIS scores are demonstrated by the horizontal
bold line in each of the boxplots with the box representing the interquartile
range at each time interval. Overall, there is an improvement in median FOIS
scores among all three groups over time. The majority of patients demon-
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Figure 2. Boxplot diagram demonstrating FOIS swallowing results at 3, 6, and 12 months among the three treatment groups. (A) represents the TORS alone treatment group, (B)
represents the TORS+RT treatment group, and (C) represents the TORS+CRT treatment group. CRT, chemoradiation; FOIS, functional oral intake scale; RT, radiation therapy; TORS,

transoral robotic surgery.

strated normal or near-normal oral intake at 6 and 12 months post-treatment,
with median FOIS scores in all groups between 6 and 7 at 6 and 12 months
post-treatment. Table 3 shows the median and interquartile ranges of FOIS
scores at 3, 6, and 12 months post-treatment in these three subgroups in a
descriptive format.

FOIS Scores: 3 Months Post-Treatment

At 3 months post-treatment, the TORS alone and the TORS+RT groups had
similar FOIS results with a median score of 5 (Figure 2A-2B, Table 3). The
TORS+CRT group had slightly lower FOIS results with a median score of 4
(Figure 2C). All treatment groups had subjects who were percutaneous en-
doscopic gastrostomy (PEG) tube dependent with no statistically significant
differences between groups (P=0.500).

FOIS Scores: 6 Months Post-Treatment

At 6 months post-treatment, all groups demonstrated an improvement in me-
dian FOIS score (Figure 2A-2C, Table 3). Three subjects in the TORS+CRT group
continued to be PEG tube dependent at 6 months. All other subjects were
tolerating oral intake with FOIS scores greater than or equal to 4. In the TORS
alone group, the median FOIS score reached 7, indicating a return to normal
oral intake without restrictions (Figure 2A, Table 3).

FOIS Scores: 12 Months Post-Treatment

At 12 months post-treatment, the median FOIS scores remained unchanged
from the scores at 6-month post-treatment in all groups (Figure 2A-2C, Ta-
ble 3). However, the lower end of the interquartile range for TORS alone and
TORS+RT groups increased from 5.5 to 6.5 and 5 to 6, respectively (Figure 2A-
2B). This demonstrates an improved swallowing function to near-normal FOIS
scores.

There were no statistically significant differences observed in swallowing
assessment through FOIS scores among each of the subgroups at 3, 6, or 12
months of follow-up. When comparing swallowing assessment through medi-
an FOIS scores of the TORS group to the TORS plus chemoradiation group at
12 months however, a statistically significant difference was nearly reached
(P=0.055).

DISCUSSION

The incidence of OPSCC is predicted to continue to rise over the next several
years [3]. As HPV-related OPSCC affects a younger patient population and por-
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tends a favorable overall prognosis secondary to improved response to treat-
ment, function-sparing treatment is the paramount goal in this population
[16,28,30]. Swallowing dysfunction, or dysphagia, is one of the most untoward
treatment effects in this population and can significantly impact quality of life
[27,36-38]. Radiation treatment in this population damages normal tissues as
well as decreases salivary flow and increases connective tissue scarring [39-
41]. Postoperative chemotherapy has been found to independently predict
for prolonged gastrostomy after TORS and has significant toxicity and adverse
functional effects, dysphagia among the most commonly cited impairments
[42-46]. Understanding the functional impact of adjuvant therapy in this pa-
tient population is of great importance.

Examining functional outcomes in head and neck SCC TORS patients us-
ing the FOIS has been previously demonstrated in the literature. Genden et al.
compared FOIS scores in head and neck SCC patients that underwent either
primary CRT or TORS plus adjuvant therapy. The primary CRT group showed
reduced FOIS compared to the TORS plus adjuvant therapy group in both the
short- and long-term post-treatment [33]. Additionally, Van Adel et al. exam-
ined FOIS scores in TORS+RT and TORS+CRT after surgical intervention and
immediately post-treatment and found the number of patients tolerating a
total oral diet without restrictions decreased following adjuvant therapy [47].
While these studies have similarly used the FOIS to examine functional out-
comes in TORS and are in line with our findings, our study is the first of its
kind to compare TORS alone, TORS+RT, and TORS+CRT in the post-treatment
period.

In this study, we assessed the functional swallowing outcomes in the
HPV-related OPSCC TORS patient population. The FOIS scale was used as a
measure of swallowing outcome, as it provides useful information regarding
dysphagia-based oral food and liquid intake, from which the clinician can ex-
trapolate meaningful conclusions [31]. For example, we can understand that
taking in a diet of a single consistency or even one of multiple consistencies
requiring special preparation or compensations can impact quality of life
by affecting relationship with others, comfortability with going out to eat or
performing compensatory tasks in public [48-49]. We compared FOIS scores
among three treatment groups (TORS alone, TORS+RT, and TORS+CRT) at
3 months, 6 months, and 12 months. The 3-month time point represented
short-term swallowing function while the 12-month time point represented
long-term swallowing function.

Swallowing function was mostimpacted in the short term. At this time, the
TORS alone and TORS+RT patient cohorts were tolerating a total diet of mul-
tiple consistencies but requiring special preparation or compensations. How-
ever, in the TORS+CRT cohort, the swallowing function was more adversely
affected, with the average patient only taking an oral diet of single consistency
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Table 2. Characteristics of Patients

Variable Total TORS
Sample size 60 1
Age 63 [57.75-66.25] 63 [60.5-67.5]
Gender

Male 43(72) 5(45)

Female 17 (28) 6(55)
Race

Black 3(5) 0(0)

Hispanic 10(17) 3(27)

White 46 (77) 8(73)

Asian 0(0) 0(0)

Other 1Q) 0(0)
Smoking

Yes 27 (45) 5 (45)

No 33 (55) 6 (55)
pT stage

1 26 (43) 5 (45)

2 30 (50) 6(55)

3 3(5) 0(0)

4 1Q) 0(0)
pN stage

0 7(12) 4(36)

1 51(85) 7(64)

2 23) 0(0)
M stage

0 60 (100) 11(100)

X 0(0) 0(0)
AJCC stage

1 54.(90) 11(100)

2 5(8) 0(0)

3 1(2) 000
PEG placement

Yes 27 (45) 4(36)

No 33(55) 7 (64)

TORS +RT TORS + CRT
12 37
63.5[59.5-67] 62 [57-66]
8(67) 30(81)
4(33) 7(19)
1(8) 2(5)
1(8) 6(16)
9(75) 29(78)
1(8) 0(0)
0(0) 0(0)
5(42) 17 (46)
7(58) 20 (54)
3(25) 18 (49)
8(67) 16 (43)
1(8) 2(5)
0(0) 13)
2(17) 103)
10(83) 34(92)
0(0) 2(5)
12(100) 37 (100)
0(0) 0(0)
11(92) 32(87)
1(8) 4(11)
0(0) 103)
4(33) 19(51)
8(67) 18 (49)

Data are presented as n (%) or median [interquartile range]. AICC stage is based on pathologic staging. AJCC, American Joint Committee on Cancer; CRT, chemoradiation; PEG, percu-

taneous endoscopic gastrostomy; RT, radiation therapy; TORS, transoral robotic surgery.

at 3 months. Prior studies have shown that the intensity of chemotherapy has
an acute additive adverse impact on swallowing function, largely due to a high-
er incidence of mucositis which can linger for months after treatment [28].
Our observations mirror this study and highlight the acute functional sequelae
of triple therapy.

At 6 months, the intermediate time point, the patients who underwent
adjuvant treatment were tolerating a diet of multiple consistencies without
special preparation but with specific food limitations whereas the average
swallowing function in the TORS alone subgroup had improved to a level like-
ly comparable to pre-treatment swallowing function. In line with a previous
study by More et al., very few patients were dependent on the use of PEG tube
at 6-month follow-up [40].

Interestingly, the swallowing function reached at the 6-month time point
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in our study predicted the long-term (12 months) swallowing outcome in
each of the individual treatment groups. Although all three treatment groups
improved in swallowing function over time, the addition of postoperative ad-
juvant radiation and chemoradiation treatment appeared to prevent some
patients from attaining a diet of total oral intake without restrictions by the
12-month time point. While these results do not reach statistical significance,
we are supported by previous studies which have shown that relative to TORS
alone, FOIS scores were lower and dysphagia much more debilitating in the
patients who underwent postoperative adjuvant treatment [16,25].

There is great variability within the literature in the documentation of
dysphagia symptoms and their functional impact on TORS patients after
treatment for OPSCC. The most commonly utilized swallowing outcome mea-
surement is PEG tube dependence [28]. In a review of this subject, Sinclair et
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Table 3. FOIS Scores After Treatment

Group 3 months
TORS 5[2-5]
TORS +RT 5[3-5]
TORS + CRT 4[3-6]

6 months 12 months
7[5.5-7] 71[6.5-71

6 [5-6.25] 6 [6-6]

6 [5-6] 6[5-7]

Data are presented as median [interquartile range]. CRT, chemoradiation, FOIS, functional oral intake scale; RT, radiation therapy; TORS, transoral robotic surgery.

al. discussed several prior studies that have measured functional outcomes
following TORS for oropharyngeal cancer using PEG tube retention and the
need for tracheostomy as primary end points. However, as few patients re-
quire tracheostomies or retain PEG tubes, these outcome measures do not
provide an adequate assessment of swallowing function [50]. Some studies
have assessed dietary outcomes using the standardized Performance Status
Scale-Head & Neck questionnaires to make conclusions regarding the impact
of cancer treatment on swallow function [29]. Others utilize the MD Anderson
Dysphagia Inventory or video fluoroscopic imaging [16,29,51]. We chose to
use the FOIS as a measure of swallowing function because it can be easily
applied in a clinician setting, gives a standardized subjective understanding
of the patient’s oral intake, and can be implemented in the follow-up care of
OPSCC patients after TORS. Interpretation of our FOIS scores has allowed us
to make conclusions that, though not statistically significant, have great clinical
relevance. FOIS is a simple and convenient tool that can be used reliably to
monitor improvement in short term and long-term functional swallowing out-
comes in patients with OPSCC after TORS with or without adjuvant treatment.

Several limitations are inherent in our study design. Our small sample size
among the three treatment groups led to a low-powered statistical analysis
which precluded us from making broad conclusions. Furthermore, a large
number of patients were excluded from the study due to the lack of records
available at the specific 3-, 6-, and 12-month time points. Due to the retrospec-
tive nature of the study and small sample size, our three study groups are not
homogenous and may exhibit selection bias. Having a better understanding
of the patient's swallowing status with a baseline swallowing evaluation in the
pre-treatment period would also aid in this type of analysis. Since the time
of the study, our standard of care has evolved such that we now incorporate
pre-treatment swallowing evaluations to better understand any baseline lim-
itations and subsequent impact of various interventions. Future studies to
compare pre- and post-treatment swallowing function and following these
subjects for longer follow-up periods are necessary to further discern the sig-
nificance of our results.

CONCLUSION

Dysphagia is an important consequence of cancer treatment and has over-
arching implications on quality of life. Using the FOIS, we demonstrated that
swallowing function may be worse in the long term in patients with OPSCC
undergoing triple therapy, although this finding did not reach statistical signif-
icance. This study emphasizes the importance of diligent selection in patients
undergoing TORS to avoid poor functional swallowing outcomes, particularly
in those that may need adjuvant chemoradiation therapy. A study with a larg-
er sample size may determine the significance of these trends.
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