Open Access 6
Full Text Article

@ Austin

Publishing Group

Austin Journal of Otolaryngology

Research Article
Transoral Robotic Surgery for Oropharyngeal Carcinoma:
Update

Joshua Gurberg and Eitan Prisman*
Otolaryngology Head and Neck Surgery
*Corresponding author: Eitan Prisman MD, MA,
FRCSC, Clinical Assistant Professor, Otolaryngology
Head and Neck Surgery, University of British Columbia,

Abstract

Background: Oropharyngeal squamous cell carcinoma is increasing in incidence
and its epidemiology is evolving to affect more young, HPV+, non-smokers. There have
been multiple paradigm shifts in the treatment of this disease. Open surgery has been
largely replaced by chemo radiation; however, recently, trans-oral robotic surgery (TORS)
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is emerging as a new minimally invasive therapeutic modality.

Objectives: Update the evidence evaluating TORS in the treatment of oropharyngeal
squamous cell carcinoma.

Methods: Descriptive review of the literature.

Results: Integrating TORS into the multidisciplinary treatment of oropharyngeal
squamous cell carcinoma allows carefully selected patients to return home early with intact
airway and swallowing function in the majority of cases, without sacrificing oncologic control
or survival. These findings compare favorably to open surgery and chemo radiation.

Conclusions: TORS appears to be a safe, feasible, and efficacious surgical modality
for the treatment of a subset of carefully selected patients with oropharyngeal squamous
cell carcinoma. HPV positive non-smokers appear to particularly benefit.

Introduction

Oropharyngeal cancer

According to the American Cancer Society, there will be an
estimated 42,440 new cases of cancer of the oral cavity and pharynx
in 2014 leading to 8,390 deaths (Cancer facts and figures 2014). The
oropharynx is the area of the pharynx extending from the soft palate
to the epiglottis and is composed of the tongue base, soft palate,
tonsils, and posterior pharyngeal wall [1]. Malignancies of this
region are primarily squamous cell carcinoma and, as a result of rich
oropharyngeal lymphatics, are characterized by early nodal spread
with resultant high stage disease at diagnosis [1]. The overall 5-year
survival rate of Oropharyngeal squamous cell cancer (OPSCC) has
been relatively stable at 60% over the past decade [1].

While the incidence of oral, hypopharyngeal, and laryngeal
squamous cell carcinoma (SCC) has been decreasing, OPSCC is
actually on the rise [2]. With the increase in incidence of OPSCC,
there has also been a shift in the epidemiology of the disease [2].
What was once a demographic dominated by elderly male smokers
with concurrent alcohol consumption is now one characterized by
younger patients with limited exposure to these carcinogens [2].
Mounting evidence suggests that these findings are associated with
oncogenic HPV infection (HPV types 16 and 18) [3,4]. Weinberger
et al. analyzed a sample of 79 OPSCC pathologic specimens using
real time PCR and tissue microarrays, determining that 61% of cases
were HPV positive and that those with pl6 over-expression had
improved overall and disease free survival as well as lower 5 year
local recurrence rates than their HPV/p16 negative counterparts [4].
Furthermore, in 2010, Ang and colleagues retrospectively analyzed
the association between tumor HPV status and survival among
patients with stage III or IV OPSCC who were previously enrolled
in a randomized control trial comparing accelerated to standard

fractionation radiotherapy [3]. With 4.8 years of follow up, patients
with HPV positive tumors had improved 3-year overall survival and
58% reduction in the risk of death [3]. HPV-positive tumors appear
to maintain normal protein sequences, and as such, when subjected
to radiotherapy and chemotherapy, are more susceptible to apoptosis
and immune surveillance mechanisms [2]. This has led to changing
treatment patterns with a focus on de-intensification therapy [2].

Multiple paradigm shifts

The history of the treatment of OPSCC has been characterized
by multiple paradigm shifts. Prior to the Veterans Affairs study in
1991, most institutions were treating head and neck squamous
cell carcinoma with surgery and adjuvant radiotherapy [5]. For
OPSCC, surgery often consisted of the historically so-called
“commando procedure™ en bloc resection of the tumor via lip
split mandibulotomy, pharyngotomy, and orolingual release often
accompanied by ipsilateral or bilateral neck dissection [6,7]. These
procedures, while offering acceptable rates of locoregional disease
control, often resulted in significant disruption of native tissues
requiring insensate, adynamic flap reconstruction leading to
compromised speech, swallow, and airway function [6,7].

The morbidity of classical surgery, and advancements in
chemotherapeutics and radiotherapy led to several large studies
that changed the face of Head and Neck oncology, including
OPSCC therapy. Randomized control trials such as the Veteran’s
affairs [8] and RTOG [9] studies in the late 80s and early 90s,
which compared chemoradiation therapy to surgery and adjuvant
radiation, demonstrated equivalent survival but improved functional
status in the non-surgical group leading most specialized centers to
treat OPSCC non-operatively [10]. While the Veteran’s affairs trial
showed equivalent overall survival between the surgical and the
chemoradiation cohorts with two thirds of patients in the latter cohort
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maintaining a larynx, this trial was restricted to patients with laryngeal
cancer alone [8]. In the RTOG trial, 70 patients with advanced stage
OPSCC were randomized to receive pre-operative, post-operative, or
definitive radiation therapy (RT) alone. The small number of patients
in each of these groups did not show any significant difference in
overall survival, (30%, 36%, and 33% respectively) or locoregional
recurrence (43%, 52% and 38 % respectively) [9]. Nevertheless, these
results have influenced most centers to treat OPSCC using non-
surgical modalities.

Over 10 years ago, Parsons and colleagues undertook the largest
retrospective review of operative vs. non-operative treatments
restricted to OPSCC. When comparing surgery (with or without
adjuvant RT) to primary external beam RT performed in a patient
population primarily characterized by male smokers and drinkers, the
cumulative 5-year survival was 47% for patients undergoing surgery
and 43% for RT with or without neck dissection [11]. The severe
complication rate was 23% in the primary surgery group and 6% in
the primary RT group [11]. While this review was retrospective in
nature, it highlighted that this cohort of OPSCC patients have a poor
survival independent of treatment choice, albeit with a decreased rate
of complication with a non-surgical treatment.

The poor overall survival of this patient population combined
with the shift to treat OPSCC primarily with RT led several centers
to investigate the effect of increasing doses of radiation and altered
fractionation regimens. However, these interventions have been
associated with serious concerns relating to both early and late
toxicity, significant functional deficits and diminished quality of life
[7,12]. During the course of advancing radiation technology and
studying the effect of these techniques on the treatment of OPSCC,
there has been a marked change in the epidemiology of OPSCC to
a younger demographic with less comorbidities and an improved
response to therapy. This has led to yet another paradigm shift to
de-intensify therapy. This has been accompanied by a re-emergence
of the potential application of surgical treatments and in particular
minimally invasive surgery such as transoral robotic surgery (TORS)
[2,12].

TORS

Minimally invasive transoral surgery began with the practice of
transoral laser microsurgery (TLMS) [6]. TLMS uses an operating
microscope, laryngoscope, microlaryngeal instruments, and a CO2
laser to resect lesions through the open mouth [6]. In 2003 Steiner
and colleagues popularized TLMS as a method of resecting OPSCC
lesions without large cervical incisions, a technique which gained
popularity in few specialized centers with impressive results [6].
However, this technique has not been universally incorporated
and can be challenging with issues related to line of site. TLMS is
mentioned here as it initially brought forth the idea of transoral
resection, but is otherwise outside of the scope of this review. For
more information please see the work of Li and colleagues [6].

Because of the challenges of TLMS, transoral robotic surgery
(TORS) has quickly become the most commonly utilized minimally
invasive transoral approach for the removal of squamous cell
carcinoma of the tonsil and base of tongue [6]. TORS uses the da
Vinci surgical robot to resect lesions via the open mouth [7]. TORS
has been used for OPSCC since it was granted FDA approval for

transoral otolaryngology surgical procedures restricted to T1 and T2
benign and malignant lesions in 2009 [6].

The da Vinci surgical robot is made up of a surgeon console,
where the surgeon is immersed in a 3D magnified image of the
operative field and remotely operates the robot using hand controls
and foot pedals which are transmitted via a master-slave interface
that eliminates tremor and scales down movements 5:1 [7]. The
robotic cart is docked at a 30-degree angle to the operating table and
is equipped with either a 0 or 30 degree binocular endoscope and 2
EndoWrist instruments [7]. These EndoWTrist instruments provide
7 degrees of freedom (much like the human arm and wrist) and 90
degrees of articulation [7]. The vision cart is the final component, and
allows support staff and the surgical assistant providing suction and
retraction to visualize the operative field [7]. A typical TORS set up
can be seen in Figure 1.

Transoral robotic surgery allows for improved visualization of
the oropharyngeal lesion, which is often hidden within cavernous
anatomy. The improved range of motion aids the surgeon in preserving
adjacent structures, obviating the need for radical open surgery
and flap reconstruction [7]. The tongue base TORS defect is left to
heal by contraction and granulation, which results in a sensate and
dynamic resection bed [7]. In radical tonsillectomy defects, a palatal
advancement flap can be easily rotated to prevent velopharyngeal
insufficiency. Finally, by integrating TORS in a multi-disciplinary de-
escalation therapy regimen, the pathological specimens obtained can
help tailor therapy to the patient’s specific disease [5].

To be a candidate for TORS, alesion must be adequately visualized
and exposed and amenable a complete excision with negative
margins [7]. Those patients with extensive disease likely requiring
concurrent postoperative chemoradiation are clearly not candidates.
Contraindications therefore include invasion of the mandible,
unresectability, extracapsular extension of involved cervical lymph

Mouthgag cart
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Figure 1: Components of the DaVinci surgical robot. Source: www.
intuitivesurgical.com
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Table 1: Oncologic Outcomes.
ADJUVANT Local

T3/T4 Stage

(%) 3,4 (%)

Regional
THERAPY Failures Failures

Distant
Mets

Recurrence

OS (%) DSS (%) free survival LC (%) RC (%) DC (%) OC

(%)

Moore et al. 2009 (66) 72.1 18 87.8 83.3 3 6 1.6 95.5 95.1 2yr;92.4 97 94 98.4 94
Weinstein et al. 2010 1yr;96 1yr;98 1yr; 96,
@7) 74 23 100 89 1 2 4 2yr82  2yr90 29179 98 96 91 85
1yr; 96, 1yr;98,
Cohen et al. 2011 (50) | 74 22 86 82 0 2 6 2yr8l | 2yr-o3 n/a 100 98 94 n/a
;’;’%‘”Ste'n etal.2012 | . 222 889 93 0 0 3.7 nia nia nia na na | na | na
Weinstein et al. 2012 18 mo;
30) n/a 16 53.3 0 3 10 0 100 n/a n/a 97 90 100 n/a
Park et al. 2013 (39) nfa | 12.8 66 64.1 2.6 n/a n/a 2yr; 96 n/a 2yr; 92 n/a n/a n/a n/a
HPV+  HPV+  HPV+ S;nocﬁfgb??; HPV+  HPV+ HPV+
Olsen etal. 2013 (18) 55.6 5.6 27.8 0 smoke - = smoke — smoke- n/a n/a ' 'smoke- smoke- smoke- n/a
9.1 0 0 HPV+92.3 "9 100 | 100
) HPV-0 )

100 %
White et al. 2013 (64) | n/a 7.8 51 recurrent n/a n/a n/a 2yr; 74 n/a 2yr;, 74 n/a n/a n/a n/a

disease

OS = overall survival, DSS = disease specific survival, LC = local control, DC = distant control, OC = overall control, smoke- = nonsmoker, smoke+ = smoker

nodes, resection requiring over 50% of the tongue base, resection
requiring more than 50% of the posterior pharyngeal wall, carotid
artery involvement, or pre-vertebral fascia fixation of the tumor [7].

There is mounting evidence that TORS can play an integral
role in the treatment of OPSCC. Multiple feasibility studies have
demonstrated reasonable operative times and safety [13-16], and
longer term clinical trials have revealed encouraging oncologic and
functional outcomes. The purpose of this review is to update the
evidence evaluating TORS with the most current clinical studies in
the scientific literature in order to further elucidate the role of this
cutting edge surgical modality in the multidisciplinary treatment of
OPSCC.

Methods

A literature search was undertaken using the Pubmed, Medline,
and ISI Web of Science databases, which were queried with the
following entries as both keywords and MESH subject headings alone
and in combination: Robotic, Robotics, Robot, Transoral Robotic
Surgery, TORS, Head, and Neck Cancer, Cancer, Oropharynx,
Oropharyngeal Cancer.

The resulting articles were surveyed and only those describing
the treatment of OPSCC with TORS were included for discussion.
Studies with less than 10 patients and less than 6 months clinical
follow up were excluded. Data relating to oncologic and functional
outcomes will be reviewed.

Results

Oncologic outcomes

As further clinical trials emerge evaluating the long-term
oncologic outcomes of TORS for OPSCC, the evidence continues
to support the use of this modality. A summary of these primarily
retrospective cohort studies can be found in Table 1. Combined,
these studies include 341 patients with primarily low T stage and
high overall stage secondary to advanced nodal metastasis that were
treated with upfront TORS and adjuvant therapy as indicated. In
these studies, local control (LC) ranged from 90.9 to 100%, regional
control (RC) from 90-100%, and distant control (DC) from 91 to
100%. Overall survival ranged from 95.5 to 100% at 1 yr and between

74-96% at 2 yrs (across 4 studies). Disease specific survival ranged
from 95.1 to 98% at 1 year and from 90 to 93% at 2 years (2 studies).
Finally, recurrence free survival was reported to be 96% at 1 year in
1 study, between 74 to 92.4% at 2 years, and between 0-92.3% in one
single modality TORS study depending on HPV and smoking status.
This study will be discussed in further detail below. One should note
that these figures may be somewhat skewed by 2 studies evaluating
TORS without adjuvant therapy.

There are several recent studies that have yet to be reviewed in the
literature and will therefore be discussed in more detail. In 2013 Park
and colleagues published their prospective cohort study of 39 patients
with OPSCC treated with upfront TORS with concurrent neck
dissection and adjuvant therapy as indicated [17]. 12.8% of lesions
were T3/T4 and 66% were overall stage III/IV [17]. They achieved
clear margins in 95% of cases [17]. 64.1% of patients received some
form of adjuvant therapy (radiation or combined chemoradiation
therapy) [17]. They achieved an overall survival of 96% and recurrence
free survival of 92% at two years’ time [17].

In 2013, White et al. conducted a retrospective multi-institutional
case-control study looking at salvage TORS compared to traditional
surgical excision for recurrent OPSCC [18]. This included 64 patients
treated with TORS, 7.8% with T3/4 lesions and 51% with stage
3/4 disease [18]. The group that underwent TORS with staged or
concurrent modified radical neck dissection achieved 74% overall
and recurrence free survival at 2 years follow-up compared to only
43% in the open surgery group [18].

Two studies evaluated the oncologic feasibility of TORS as
monomodal therapy for OPSCC. In 2013, Olsen and colleagues
conducted a retrospective study of 18 patients treated with TORS
alone from 2007-2009 at a single center and stratified the results by
HPV and smoking status [19]. 55.6% of patients were HPV positive.
5.6% of patients had locally advanced primary tumors, while 27.8% of
patients had stage 3/4 disease on the basis of positive regional lymph
node metastasis [19]. HPV positive non-smokers achieved RC, LC,
and DC rates of 90.9%, 100%, and 100% respectively. Kaplan-Meier
estimated 3-year recurrence-free survival for HPV positive non-
smokers was 92.3% (12 patients), but only 30% for smokers (5 patients)
and 0% for HPV-negative patients (5 patients) [19]. These results are
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consistent with the work of Weinstein et al. in 2012, who conducted
a prospective observational study in which 30 patients were treated
with TORS and staged neck dissection as indicated without adjuvant
therapy [20]. 16% and 53.3% of patients had advanced primary and
overall disease respectively [20]. LC, RC, and DC were 97, 90, and
100% respectively [20]. Overall survival was 100% at 18 months [20].

Functional outcomes

13 studies comprising 544 patients were included describing both
objective and subjective (patient reported) measures of quality of life
after TORS. Objective data is summarized in Table 2. Only 0-4.5%
of patients required a PEG tube for feeding at 1 year with a mean of
2.2%. Tracheostomies were placed in 0-31% of cases at an average
rate of 10.7%. Note that this is likely positively skewed by routine
tracheostomy placement in several of the earlier series. In later series
tracheostomy placement rates of 0% were achieved [16,21].

The most current studies will be reviewed individually. In 2013,
Dziegielewski and colleagues performed a prospective cohort study
of 81 patients with previously untreated OPSCC who underwent
TORS, concurrent neck dissection, and adjuvant XRT (87%) or
concurrent CRT (67%) when clinically indicated [22]. 72% of patients
were HPV+, 10% of patients had T3/4 tumors, and 91% of patients
had high stage disease [22]. Long term quality of life and functional
outcomes were assessed using the objective measures of gastrostomy
tube dependence and tracheotomy requirement as well as subjectively
by administering the Head and Neck Cancer Inventory (HNCI)
survey pre-operatively and during the follow-up period. Nine percent
of patients required the use of their PEG tube at 1 year and only 1
patient (1%) required a tracheostomy, which was removed prior
to leaving hospital [22]. While there was subjective early decline in
several of the HNCI domains, patients maintained high QOL scores
at 1 year post-TORS [22].

In the study by Olsen et al. outlined above, 55.6% of patients
immediately tolerated an oral diet, while 44.4% of patients required
a nasogastric feeding tube for a mean of 13.6 days [19]. No patients
required a PEG tube. In another study evaluating TORS alone in
the treatment of OPSCC, an oral diet was tolerable at a mean of 6

Table 2: Functional Outcomes.

days in all patients, no serious mechanical difficulties were seen on
video pharyngogram, and 97% of patients were swallowing well with
FOSS scores of 0-2 [17]. In addition, nasalance scores were normal
by nasometry in all patients. In this same study, park et al. found
that compared to patients treated with the standard mandibular
swing approach, TORS patients displayed more rapid swallowing,
decanuulation, and return home [17]. Furthermore, White et al.
reported a 3% PEG tube rate at 1 year and 23% tracheostomy rate
in their TORS group compared to 31% and 79% in the open surgery
group, respectively [18].

Discussion

The growing body of literature evaluating TORS for the treatment
of OPSCC is promising. These studies suggest that integrating TORS
into the multidisciplinary treatment of OPSCC allows carefully
selected patients to return home early with intact airway and
swallowing function in the majority of cases, without sacrificing
oncologic control or survival.

Landmarks studies such as the RTOG and Parsons et al. shifted
practice at many cancer centers toward organ preservation with CRT
and away from the highly morbid traditional surgical procedures.
While the presented retrospective studies are limited by their inherent
retrospective nature, involvement of different centres, and different
patient samples, nonetheless, compared to recent OPSCC CRT trials,
several observations can be made. In a carefully selected cohort of
OPSCC patients, upfront TORS excision followed by adjuvant
therapy as clinically indicated appears to decrease PEG dependency
and patient morbidity with comparable disease control and survival
[23,24]. In the most recent CRT series mean PEG duration was 7.9
months with 2.9% PEG retention at 1 year and overall survival and
local control of 90 and 92% respectively [23,24].

By adding TORS tumor resection, which can achieve
oropharyngeal organ preservation in the majority of cases, the target
volume for irradiation is significantly decreased accounting for
decreased morbidity [25]. It was particularly interesting to note that
in carefully selected HPV positive non-smokers, TORS obviated the
need for adjuvant therapy all together, yielding comparable survival
and disease control [19].

HPV (%) T3/T4 (%) Stage 3,4 (%) Adjuvant therapy (%) PEG tube at 1 yr (%) Tracheostomy (%)
Genden et al 2007 (27) n/a 22.2 88.9 89 4 7.4
Weinstein et al. 2007 (27) n/a 22.2 88.9 93 3.7 7.4
Moore et al. 2009 (66) 72.1 18 87.8 83.3 45 25.8
Moore et al. 2009 (45) n/a 26.6 86.7 73.4 0 31
Weinstein et al. 2010 (47) 74 23 100 89 24 10.6
Richmon et al. 2011 (20) 50 10 45 n/a 0 0
Sinclair et al. 2011 (42) n/a 0 76 76 0 0
Leonhardt et al. 2012 (38) n/a 13.2 73.6 76.3 2.7 2.6
Weinstein et al 2012 (30) n/a 16 5818 0 0 a3
Park et al 2013 (39) n/a 12.8 66 64.1 0 n/a
Dziegielewski 2013 (81) 72 10 91 87 XRT, 67 CRT 9 1
Olsen et al. 2013 (18) 55.6 5.6 27.8 0 0 16.7
White et al. 2013 (64) n/a 7.8 51 100 % recurrent disease 3 23

XRT = Radiotherapy, CRT = Chemoradation
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One must interpret these results with cautious optimism;
however, as these studies are characterized by significant selection
bias owing to the stringent inclusion criteria for a TORS procedure.
Furthermore, the improved survival observed over time may be in part
due to advances in therapy, but also a shift in disease demographics
from smokers and drinkers to younger HPV positive non-smoking
patients with inherently improved prognosis.

The primary weaknesses of TORS as a therapeutic modality
include the significant cost of purchasing and maintaining the
robot as well as the time investment required to train support staff,
residents, and surgeons in this novel technique. According to a recent
survey of 300 TORS surgeons, the most frequent complications
included post-operative hemorrhage, tooth damage, dehydration,
and aspiration pneumonia [26]. Post-operative hemorrhage is the
most common complication and is significantly greater after TORS
than open surgery, likely secondary to the complex network of blood
vessels that must be controlled from an unfamiliar orientation [27].

The steep learning curve of TORS was highlighted in one study by
a significant drop in overall complication rate from 17.3% in surgeons
performing fewer than 25 TORS cases to 6.1% in those performing
more than 50 cases [26]. Surgeons implementing TORS into their
practice are urged to begin with benign and low T-stage lesions before
progressing to more challenging malignant cases [28]. Simulation
also has a role to play in training TORS-competent surgeons. A recent
study demonstrated that using the DaVinci Skills simulator, a group
of medical students could achieve competency in 12 TORS-related
tasks in 100% of cases with durability of newly acquired skills over
time [29].

In spite of the above challenges, multiple academic centers have
adopted TORS successfully to the benefit of their patients by using
lead surgeons with TORS fellowship training, a nurse education
program involving didactic sessions on the rationale behind and
operating room setup of TORS, and simulated cases involving the
entire multidisciplinary team [16,30].

In conclusion, TORS appears to be a safe, feasible, and efficacious
surgical modality for the treatment of a subset of carefully selected
patients with OPSCC. HPV positive non-smokers appear to
particularly benefit. Future work should include randomized control
trials comparing TORS to CRT for the treatment OPSCC in patients
stratified by HPV status.
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