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In the last few decades, the surgical treatment of oropharyngeal squamous cell

carcinoma (OPSCC) has undergone enormous changes. Until the 1990s, open surgery

was the primary treatment for OPSCC. However, due to the potentially severe

functional morbidity of this approach, open surgery was largely displaced by concurrent

chemoradiotherapy (CRT) in the 1990s. At the same time, new, less-invasive surgical

approaches such as transoral surgery with monopolar cautery began to emerge, with the

potential to reduce functional morbidity and avoid the late-onset toxicity of CRT. More

recently, the growing incidence of HPV-positive disease has altered the patient profile of

OPSCC, as these patients tend to be younger and have a better long-term prognosis.

Consequently, this has further bolstered interest in minimally-invasive techniques to

de-intensify treatment to reduce long-term toxicity and treatment-related morbidity. In

this context, there has been a renewed interest in the primary surgery, which allows for

accurate pathologic staging and thus—potentially—de-intensification of postoperative

CRT. The continuous advances in minimally-invasive surgical approaches, including

transoral laser microsurgery (TLM) and transoral robotic surgery (TORS), have also altered

the surgical landscape. These minimally-invasive approaches offer excellent functional

outcomes, without the severe toxicity associated with intensive CRT, thus substantially

reducing treatment-related morbidity. In short, given the increasing prevalence of

HPV-positive OPSCC, together with the severe long-term sequela of aggressive CRT,

surgery appears to be recapturing its previous role as the primary treatment modality

for this disease. While a growing body of evidence suggests that TLM and TORS offer

oncologic outcomes that are comparable to CRT and open surgery, many questions

remain due to the lack of prospective data. In the present review, we explore the emerging

range of surgical options and discuss future directions in the treatment of OPSCC,

including the most relevant clinical trials currently underway.
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INTRODUCTION

Oropharyngeal squamous cell carcinoma (OPSCC) has traditionally been treated with open surgery
due to the limited access to this complex anatomic location. However, the invasiveness of open
techniques can cause severe functional morbidity, most notably functional compromise of speech
and swallowing, with high complication rates (1). Moreover, open surgery also requires complex
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reconstruction of the resection defect. In this context, clinical
trials conducted in the late 1990s demonstrated that concurrent
chemoradiotherapy (CRT) achieved locoregional control and
survival outcomes that were comparable to open surgery but
with less morbidity (2). As a result, CRT began to gradually
replace open surgical techniques. However, despite the initial
promise, over time it became clear that CRT was associated with
severe late onset toxicity, particularly acute mucositis and severe
dysphagia, with a major negative impact on patient quality of life
(QoL) (3–6).

The incidence of OPSCC has risen in recent decades due to the
increase in human papillomavirus (HPV)-positive disease, which
now accounts for 70% of newly-diagnosed cases (1). The growing
incidence of HPV-positive OPSCC, which has doubled in the last
decade, has radically altered the prognosis and treatment of this
disease (7). Historically, most cases of OPSCC were associated
with tobacco and alcohol use, which predominantly affected
older patients. By contrast, nowadays most patients diagnosed
with tonsillar or base of tongue disease—the most common
tumor sites in OPSCC—are HPV-positive. Patients with HPV-
positive disease are usually diagnosed at earlier stages and tend
to be younger, more highly-educated, and more likely to be
non-smokers; more importantly, they have a markedly better
prognosis than HPV-negative patients (8–10). Given the younger
age and better long-term survival of these patients, treatment-
related toxicity is a highly relevant consideration in treatment
selection. In this regard, although HPV-positive tumors are more
susceptible to the effects of radiation (8), the risk of the late onset
adverse effects of CRT, which include osteoradionecrosis, fibrosis,
trismus, xerostomia, and dysphagia, must be considered carefully
when selecting the treatment approach (11).

The emergence of this new patient profile has given rise
to a search to de-intensify treatment to reduce long-term
toxicity and improve QoL, with numerous de-intensification
trials currently underway (12). In this context, there has
been a renewed interest in the surgical management of
this disease, in part because primary surgery allows for
accurate pathologic staging, which—depending on the pathologic
findings—may allow for de-intensification of postoperative
chemotherapy and/or radiotherapy. Similarly, there is a growing
interest in minimally-invasive surgical approaches, such as
transoral laser microsurgery (TLM) and transoral robotic surgery
(TORS), which are associated with decreased treatment-related
morbidity (13, 14).

In the present review we describe the range of surgical options
currently available to treat OPSCC, with a focus on minimally-
invasive techniques. In addition, we discuss future directions in
the treatment of OPSCC, including the most relevant clinical
trials currently underway.

SURGICAL OPTIONS FOR THE
MANAGEMENT OF OROPHARYNGEAL
CANCERS

One the main advantages of surgery over primary CRT is that
it allows for pathological staging, thereby providing an accurate

FIGURE 1 | Scheme of treatment of oropharyngeal cancer.

assessment of the extent of disease, which may permit treatment
de-intensification in some patients, an important benefit given
that most of the long-term functional impairment and poor QoL
in patients treated for OPSCC are treatment-related (15). Indeed,
the potential to de-escalate adjuvant therapy is a major reason to
consider primary surgery rather than primary CRT.

The specific surgical technique will depend on a wide range
of factors, including disease stage, anatomic location, patient
characteristics (age, occupation, general health, presence of co-
morbid conditions), HPV status, and patient and clinician
preferences (16). The expertise and equipment available at the
treating centre is also an important consideration. Figure 1

shows the main treatment options.
Surgery for OPSCC can be broadly divided into open or

transoral surgical techniques. Open surgery generally involves
mandibulotomy or pharyngotomy while a range of transoral
techniques are available, including classic transoral surgery with
monopolar cautery, TLM, and TORS. Although open surgery is
primarily—but not solely—used to treat advanced cancers (stage
III or IV) or for salvage therapy, several studies have shown that
some early-stage primary lesions may be amenable to surgical
extirpation (17, 18). By contrast, in some advanced cases, non-
surgical treatment may be more appropriate if the likelihood of
achieving a cure is small.

Selection of the Surgical Technique
Given the complex anatomy and functional importance of
the oropharynx, a wide range of surgical techniques are
available to manage OPSCC. Open surgery, which includes
mandibulotomy, mandibulectomy, and/or pharyngotomy, may
be performed to treat advanced tumors or for surgical salvage
after failed radiotherapy or failed CRT. However, due to the
potential for significant treatment-related morbidity—including
prolonged hospitalization, cosmetic deformity, gastrostomy tube
and tracheostomy dependence—there is a growing preference
for transoral approaches to decrease treatment-relatedmorbidity.
The advantages of transoral surgical techniques vs. open
approaches include decreased damage to the musculature and to
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the major neurovascular structures and normal tissues, as well
as faster recovery and shorter hospital stays (19, 20). Indeed the
emergence of TLM—and more recently, TORS—has reduced the
role of open surgery as initial therapy for OPSCC. Although
minimally-invasive surgical approaches are currently limited
to early-stage disease contained within the oropharynx, some
authors have described the use of these techniques in well-
selected patients with advanced tumors (21, 22).

Transoral Laser Microsurgery
Classic transoral surgery, which is performed using traditional
instrumentation and monopolar cautery, was first developed in
an effort to minimize the morbidity associated with open surgery.
Although this technique has important limitations, primarily
poor visualization, and limited maneuverability, it is still in use
todaymainly limited to tumors that can be visualized directly and
manipulated with standard instrumentation and lighting (23, 24).

The drawbacks of the classic transoral approach led to the
development of TLM in the late 1990s, in which advanced
retractors provide surgical access and visualization. TLM offers
improved visualization and laser resection, which is more precise
than monopolar cautery (2). The comparative advantages of
TLM include a greatly reduced risk of fistula, abscess, and
osteoradionecrosis, as well as a shorter length of stay in
the hospital, which can substantially reduce treatment-related
expenses (25). The most important drawbacks of TLM are
related to difficulties in achieving hemostasis (which may require
diathermy or surgical clips) and in tissue manipulation (26).
In addition, in the past, the long, rigid equipment and narrow
field view of older laryngoscopes made it difficult to maneuver
within the complex anatomy of the oropharynx. However,
the development of newer retractors and more advanced
laryngoscopes has greatly improved access and maneuverability
(27). Notwithstanding these limitations, TLM remains widely
used, particularly in Europe (28).

Transoral Robotic Surgery
TORS was first described by Hockstein (29) in 2005 in a canine
model, with the first treatment in a human described in the same
year (30). TORS was first approved by the United States Food and
Drug Administration (FDA) in 2009 for the treatment of T1-T2
tumors of the oropharynx.

Transoral approaches have several important advantages over
open surgical techniques, primarily significantly less cosmetic
and functional morbidity. Similarly, TORS has several key
advantages over TLM, including: (1) 3D panoramic vision, (2)
improved range of motion (360◦ robotic arm movement) due to
the lack of supination and limited pronation, (3) better optics,
and (4) hand tremor filtration, and (5) easier en bloc resection
(31). Although the body of evidence to support TORS is growing,
especially for early-stage tumors, it is important to stress the need
formore data on long-term oncological and functional outcomes.
Table 1 summarizes the main studies conducted to date (14, 32–
38)—two of which were prospective (34, 37, 38)— that have
reported survival outcomes for TORS.

Despite the growing popularity of TORS, the bulk of the
evidence to support this technique is for early-stage OPSCC (39).

Moreover, most patients still require postoperative radiotherapy
(PORT), although potentially with lower doses than used
in conventional CRT. TORS—like all surgical procedures—
poses a risk of severe adverse effects, most commonly
postoperative hemorrhage, a potentially fatal complication whose
reported incidence rate ranges from 3 to 8% (40–43). Other
potential complications of TORS include aspiration pneumonia,
dysphagia, pharyngeal fistula, temporary tracheostomy, and the
need for conversion to open surgery (44, 45). TORS has other
drawbacks, not least of which is the expense of the robotic
equipment, the bulky equipment, and the use of cauterization
rather than laser (46). Cautery requires wider and deeper
incisions than laser, causing more thermal damage to the
surrounding tissues. Although a few reports have described the
use of CO2 laser with TORS, this technique is not widely available
and remains experimental (47, 48).

Patient Selection for Minimally-Invasive
Approaches
The principle underlying all minimally-invasive approaches
is to achieve maximum exposure while minimizing surgical
morbidity. In this sense, a major consideration in patient
selection is whether the surgery is likely to reduce or eliminate the
need for adjuvant CRT. The key consideration for all endoscopic
techniques is tumor access (28), which must permit en bloc
resection of the primary tumor with sufficient margins (≥ 5mm
in all planes) without a high risk of causing long-term functional
impairment. If these conditions cannot be met, then other
treatment modalities, including open techniques or CRT, must
be considered.

Surgical feasibility is generally determined by a
comprehensive physical examination combined with endoscopy
and imaging. The tumor and adjacent critical structures should
be visible through the robotic endoscope and accessible for
resection using the robotic instruments. Finally, given that the
most serious complications of TORS is bleeding, access must be
sufficient to ensure hemostasis.

Rich et al. (49) identified eight factors (known as the 8
Ts: teeth, trismus, transverse dimensions [mandibular], tori,
tongue, tilt, treatment [prior radiation], and tumor) that should
be considered to ensure proper endoscopic access in patients
undergoing TLM. These criteria are also generally applicable
to TORS. Factors that hinder access to the oral cavity (e.g.,
trismus) or the ability to achieve adequate patient positioning
(e.g., limited neck extension) are important contraindications.
Other pre-operative exclusion criteria for TORS include morbid
obesity (body mass index > 40), micrognathia, microstomia,
and craniofacial abnormalities, all of which may prevent robotic
access (2, 41, 50). Mandibular body height, hyoid-mental length,
and neck circumference may also effect eligibility (51).

Tumor characteristics also play a key role in determining
suitability for TORS. For this reason, it is essential to assess
the potential involvement of neighboring anatomical structures.
Weinstein and colleagues (52) classified the contraindications
for TORS into three categories: vascular localization, functional
limitations, and oncologic contraindications (Table 2). As those
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TABLE 1 | Oncological outcomes of TORS for oropharyngeal squamous cell carcinoma.

Study Year Study design Treatment

technique

Treatment

subsite

Tumor

stage

N Follow-

up

Local

control

Locoregional

control

Survival

Weinstein (38) 2012 Prospective TORS Tonsil

BOT

Glossotonsillar

sulcus

Palate

T1-T4 30 2.7 years 97% 97% OS = 100%

de

Almeida (14)

2015 Retrospective,

multicentre

TORS Oropharynx

Tonsil

BOT

Tx –T4

(≤T2

= 86.2%

364 20

months

95.6% (3

year)

3-years:

88.8%

OS (3 year) =

87.1%

Kass (21) 2016 Retrospective TORS =

42%

TLM/transoral

= 45%

Open

= 13%

Oropharynx T1-T2 143 41

months

NR NR RFS (3 year) =

87% (TORS)

Dabas (34) 2017 Prospective TORS BOT T1-T2 57 29

months

NR 95.8% DFS = 89.6%

OS = 93.8%

Moore (35) 2017 Retrospective TORS Tonsil

BOT

Tx-T4 314 3.3 years NR 92% (5

years)

OS = 86%

DFS = 94%

Min (37) 2017 Prospective TORS Pyriform

sinus

Pharyngeal wall

T1-T4 38 60

months

97.4% NR OS = 55.3%

DFS:

= Stage I-II/III-

IV: 100%/68.6%

Doazan (36) 2018 Retrospective,

multicentre

TORS Supraglottic T1-T3 122 42.8

months

2 year:

94.3% 5

year: 90.2%

2 year:

91.8%

5

year: 93.5%

2/5 year OS =

86.9%/78.7%

2/5 year DFS

= 95.1%/94.3%

Baliga (32) 2018 Retrospective

(cancer

registry)

TORS Oropharynx T1-T2 2680 31.4

months

NR NR 5 year OS =

84%

NR, not reported; TORS, transoral robotic surgery; DFS, disease-free survival; RFS, relapse-free survival; OS, overall survival; BOT, base of tongue.

authors observed, even in patients with ostensibly resectable
tumors, functional outcomes and surgical morbidity should both
be carefully considered when planning treatment.

EARLY-STAGE OPSCC

Until very recently, definitive radiotherapy or CRT were
considered the main treatments for early-stage (T1-2 N0-
1) OPSCC (23). However, the long-term toxicity of these
modalities—together with the important consequences of failed
radiotherapy for subsequent salvage surgery (6)—have generated
more interest in minimally-invasive surgical approaches, which
can provide more accurate pathologic staging, potentially
eliminating the need for PORT or CRT or at least allowing
for lower dose therapies. Accordingly, current recommendations
from the US National Comprehensive Cancer Network (NCCN)
guidelines for early-stage OPSCC (53) are either definitive
radiotherapy or primary surgery (transoral or open, with or
without ipsilateral or bilateral neck dissection). Adjuvant CRT is
recommended only in cases in which extracapsular dissemination

or positive margins unsuitable for re-excision are detected during
surgery. Although the NCCN guidelines recommend either
transoral or open surgery, the transoral approach with elective
neck dissection is generally considered the surgical treatment of
choice in suitable patients with early-stage OPSCC.

Retrospective data on locoregional control and survival rates
in early-stage OPSCC have shown equivalent efficacy between
radiotherapy and surgery, although no prospective randomized
controlled trials are available yet to confirm these results (54).
Early-stage disease should ideally be treated with single modality
therapy, either primary surgery or radiotherapy. Although
there is a notable lack of high-quality comparative studies,
retrospective data indicate equivalent 5-year DSS rates, ranging
from 81 to 100% for primary surgery (with adjuvant therapy
when necessary) and 77–89% for primary radiotherapy (55).
Morisod et al. (56) conducted a meta-analysis of 12 retrospective
studies to compare radiotherapy to transoral surgery (TLM
and classic transoral approaches). Of those 12 studies, seven
evaluated radiotherapy (n = 729 patients) and five transoral
surgery (n = 276). The 5-year disease-specific survival (DSS)
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TABLE 2 | Contraindications for TORS.

VASCULAR

• Tonsillar involvement with a retropharyngeal carotid artery

• Tumor located at the midline of the tongue base or vallecula

• Tumor located adjacent to the carotid bulb or internal carotid artery

• Carotid artery enveloped by tumor or metastatic lymph nodes

FUNCTIONAL

• Tumor resection requiring ≥50% of the deep tongue base musculature or

posterior pharyngeal wall

• Resection of the tongue base and entire epiglottis

ONCOLOGICAL

• Stage T4b

• Unresectable neck disease

• Multiple distant metastases

• Neoplastic-related trismus

• Prevertebral fascia involvement

• Mandible or hyoid involvement

• Tumor extension to lateral neck soft tissues

• Involvement of the eustachian tube

rate was 90.4% (95% confidence interval [CI], 85.6 to 95.2%)
in the radiotherapy group vs. 89.6% (95% CI, 81.8 to 97.3%) in
the transoral surgery group (p > 0.05). The authors concluded
that the available data suggest an equivalent efficacy between
surgery and radiotherapy in terms of disease control for early-
stage OPSCC. However, it should be noted that this meta-
analysis did not include TORS and, in general, the level of
evidence (grade 4) was low. A retrospective review conducted
by De Almeida et al. (14) of 410 patients who underwent
TORS reported 3-year overall survival (OS) and DSS rates of
87.1 and 94.5%, respectively, which are equivalent to or better
than those achieved with definitive radiation (1). The largest
study of TORS in OPSCC conducted to date (n = 2680) was
performed by Baliga et al. (32) who reviewed the National Cancer
Database registry to identify patients diagnosed and treated
for clinical T1-T2, N0-N2b OPSCC between 2010 and 2014.
Most patients (14,470; 84.4%) received primary radiotherapy
while 2,680 (15.6%) underwent TORS. At a median follow-up
of 31.4 months, propensity score matching showed that both
techniques yielded similar 5-year OS (81% for radiotherapy vs.
84% for TORS; log rank, p = 0.10). The early results from that
study suggest that TORS may induce less long-term functional
impairment than radiotherapy, an important consideration given
the comparable oncologic results (55).

In view of the evidence described above, the preferred surgical
approach for early stage tumors is either TLM or TORS, which
have been shown to achieve results that are comparable to both
open surgery and primary radiotherapy (54). Given that up to
30% of patients with cT1–T2 N0 disease will present occult nodal
disease, ipsilateral selective neck dissection is recommended
in those who are treated with primary surgery. Contralateral
neck dissection may also be considered in midline tumors for
pathological staging.

ADVANCED-STAGE OPSCC

Surgical treatment options for advance OPSCC (stage III and IV)
include surgery plus PORT, with or without chemotherapy. Both
CRT and conventional surgery can be used in advanced cancers
(T3-4a, N0-N1), depending on the tumor localization and on the
specific expertise of the treating hospital (57, 58).

Surgery requires an extensive resection of the visible or
palpable tumor. A 1.5–2 cm macroscopic free surgical margin
should be applied, if feasible, with frozen section analysis
to assess the surgical margins. In most advanced stage
tumors, an open approach with lip-splitting mandibulotomy is
necessary to achieve adequate visualization. This means that
is Mandibulotomy is the treatment of choice in advanced
base of tongue or tonsillar complex tumors; however, lateral
pharyngotomy may also be used for the tonsillar complex.
Partial mandibular resection may be necessary if bone infiltration
is detected.

Depending on the tumor location, either transoral or open
surgery, generally followed by PORT or CRT, can be used. Several
studies have reported promising results for transoral resection—
TORS or TLM—of base of tongue, tonsil and pharyngeal wall
primary tumors (21, 59). The indication for advanced stage soft
palate tumors is generally transoral resection with radical neck
dissection. In patients who are not eligible for transoral resection,
such as those with large primaries, CRT should be considered.
Advanced base of tongue tumors are usually managed with
an open surgical approach (i.e., anterior mandibulotomy) with
radical neck dissection and free flap reconstruction. Advanced
tonsillar tumors may also be treated with transoral resection
with radical neck dissection followed by reconstruction, and
radial forearm free flap (RFFF) but some require anterior
mandibulotomy with radical neck dissection and reconstruction
with RFFF.

Evidence suggests that more than 50% of patients with
advanced-stage OPSCC will develop nodal metastasis (60). For
this reason, patients with nodal involvement should undergo a
modified neck dissection or, at a minimum, selective dissection
of levels I–IV. The surgical management of N0 neck disease is
elective, generally involving selective dissection of levels II, III
and IV (57).

While some authors have reported the use of TORS in
advanced OPSCC, most of these studies involved patients with
low T stage but advanced cervical disease (58, 61, 62). In
these studies, TORS was used as the first-line therapy, followed
by adjuvant radiation and chemotherapy when necessary.
Hutechson et al. conducted a systematic review of functional
outcomes after TORS for OPSCC in which they concluded
that, despite the promising results to date, randomized,
baseline-adjusted outcomes are needed to determine functional
differences among patients treated with primary TORS vs. non-
surgical organ-preserving approaches (63).

SURGICAL SALVAGE

Despite the changing role of surgery in the last two decades, it
remains the backbone of salvage therapy for recurrent OPSCC.
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Although the emergence of organ preservation strategies has
decreased the role of primary surgery in advanced OPSCC, up
to 60% of patients with advanced-stage tumors still develop
recurrent disease and thus surgery is generally considered the
treatment of choice for resectable tumors (64). However, because
the vast majority of patients with OPSCC receive radiation
therapy (either primary or adjuvant) at some point in their
treatment, the sequelae associated with this treatment pose many
challenges for successful salvage surgery, including tissue edema,
necrosis, and chondritis. Patients treated with prior radiotherapy
have more postoperative complications after salvage surgery and
poorer wound healing (64).

Due to the need for radical resection, open surgery has long
been the treatment of choice for salvage therapy. In recurrent
OPSCC, it is essential to select a surgical approach that provides
adequate access and visualization of the tumor. The available
options include open techniques via a transcervical, lingual
release approach or, in some cases, mandibulotomy and/or
pharyngotomy with free flap reconstruction and tracheostomy,
all of which imply a high risk of complications, as evidenced by
the high complication rates (around 50%), with poor survival
outcomes (5-year DFS rates of 20%) (1).

TORS and TLM may provide a viable alternative to open
surgery in the salvage setting, but this indication is not yet
well-established due to the limited data. The transoral route
is generally limited to patients with stage rT1 or rT2 disease,
whereas more aggressive surgical approaches (transcervical, with
or without mandibulotomy) are more appropriate in patients
with more advanced stages (rT3 and rT4) (65). However, when
feasible, TORS may achieve acceptable oncologic outcomes
and better functional outcomes than traditional open surgical
approaches (27), and thus it seems reasonable to prefer transoral
to open approaches in well-selected patients to reduce treatment-
related complications (particularly fistulas) (66). Recently
published multidisciplinary guidelines in the United Kingdom
(65) suggest that—in carefully selected patients—transoral
surgery appears to be an effective alternative to open surgery for
the management of recurrent OPSCC.

The evidence base to support TORS in the salvage setting
is still limited but expanding. White et al. carried out a
retrospective, multi-institutional case-control study (67) to
compare oncologic and functional outcomes in 128 patients with
recurrent OPSCC treated with TORS (n = 64) or open surgery
(n = 64). The TORS group had a significantly lower (p < 0.001)
incidence of tracheostomy and feeding tube use, shorter overall
hospital stays (3.8 vs. 8.0 days), decreased operative time (111
vs. 350min), and less blood loss (49 vs. 331mL). In addition,
the 2-year DFS was significantly higher in the TORS group (74
vs. 43%; p = 0.01). Although these differences appear to favor
TORS, the authors emphasize that selection bias (patients with
less well-defined tumors underwent open surgery) likely had a
significant impact on the difference between the two groups in
terms of DFS and in the better functional outcomes obtained in
the TORS group.

Meulemans et al. (68) evaluated functional and oncologic
outcomes of 86 patients who underwent primary and salvage
TORS at three institutions in Belgium. In the 30 patients who

underwent salvage TORS most of the tumors were stage cT1-
rT1 (60.0%)/pT1-rpT1 (60.0%) or cT2-rT2 (40.0%)/pT2-rpT2
(23.3%) and cN0 (83.3%). Most (63.3%) of these patients did
not receive any adjuvant therapy. At a median follow-up of 21.2
months, functional results were excellent (no cases of definitive
tracheostomy, long-term tube feeding in 20% of cases). Estimated
2-year OS (standard error [SE]), was 73.5% (10.9%), 2-year DSS
was 93.3% (6.4%), and 2-year DFS was 75.8% (9.7%).

More recently, Paleri et al. (69) evaluated 26 patients
considered potential candidates for TORS in salvage OPSCC.
Of these, 21 underwent TORS and 5 open resection (4 due to
unsuitable anatomy or tumor extension). At 42.6 months of
follow-up, OS was 48.2%, with local control and DSS rates of
76.6 and 77.1%, respectively (69). Based on those findings, the
authors concluded that TORS is a valid management option for
residual and recurrent OPSCC. They also noted that oncologic
outcomes were comparable to open surgery and TLM, with the
added advantage of en bloc resection, the ability to perform
intraoperative ultrasound imaging, and to inset free flaps without
mandibular split.

In the salvage setting, the early evidence for TORS in terms
of perioperative and functional outcomes is highly promising;
however, the available data are too preliminary to make any
definitive conclusions and selection bias can have an important
impact. Long-term oncologic outcomes from larger studies are
needed to better establish the benefits of TORS in this setting
and to more clearly define selection criteria for TORS vs. open
surgery (65).

Interestingly, a recent meta-analysis conducted by Ibrahim
and colleagues (70) to compare TLM, TORS, and conventional
direct transoral oropharyngectomy for salvage treatment found
that none of these techniques were significantly superior to the
others in terms of functional outcomes. As a result, those authors
concluded that surgeon experience, resource availability, and
patient preferences are themain factors that determine the choice
of transoral technique.

FUTURE DIRECTIONS

Current Clinical Trials
HPV-positive disease is more sensitive to chemotherapy and
radiotherapy than HPV-negative disease and thus these patients
have a much better prognosis with conventional treatments
and could be good candidates for treatment de-intensification.
However, the results of two recently published clinical trials
(71, 72) showed that substituting cetuximab for cisplatin to
reduce toxicity resulted in significantly worse survival outcomes,
without any differences in acute or late toxicity. Nevertheless,
several other treatment de-intensification strategies, including
the use of minimally-invasive surgery followed by reduced doses
of adjuvant therapy (chemotherapy and/or radiotherapy) are
currently being investigated in several ongoing clinical trials
designed to determine whether it is possible to de-escalate
adjuvant treatment based on the pathologic findings of surgery.
A search on clinicaltrials.gov (as of October 10, 2018) a total of 30
studies either underway or completed. Among the most relevant
of these trials are the following:
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Golusiński and Golusińska-Kardach Surgery in the Oropharyngeal Cancer

The ADEPT (Adjuvant De-escalation, Extracapsular Spread,
p16 Positive, Transoral) trial (NCT01687413), a phase III
trial which is examining HPV-positive, high-risk OPSCC
patients treated with transoral surgery with negative margins.
The main aim is to determine if it is possible to omit
postoperative chemotherapy.

The ECOG 3311 is a phase II trial (NCT01898494) involving
511 patients with stage III/IV HPV-positive OPSCC treated
by transoral surgery and neck dissection. The aim of this de-
intensification trial is to determine if similar outcomes can be
achieved with a lower dose of postoperative radiotherapy.

The Oropharynx: Radiotherapy vs. Trans-Oral Robotic
Surgery (ORATOR) trial (NCT01590355) is a single-
institution trial comparing QoL and survival outcomes
in OPSCC treated with transoral surgery (TORS) or
primary radiotherapy.

The PATHOS (Post-operative Adjuvant Treatment for HPV-
positive Tumors) trial (NCT02215265) involves patients with
HPV-positive cancer (T1-3, N0-2b) treated by transoral surgery
and neck dissection. The aim of that trial is to identify patients
in whom adjuvant treatment can be de-intensified after transoral
surgery. Patients are stratified into 3 groups according to their
pathologic results to receive either 50 or 60Gy of adjuvant
radiotherapy, with or without chemotherapy.

Transoral head and neck surgery compared with
radiotherapy—EORTC “The best of” trial (NCT02984410).

The primary endpoint of this trial is swallowing function, and
the secondary endpoint is to compare overall survival between
the two treatment methods.

CONCLUSIONS

In the context of the rising incidence HPV-positive
oropharyngeal cancer, together with the potentially severe
long-term sequela of aggressive CRT and the rapid improvement
in minimally-invasive robotic techniques, there has been a
renewed interest in surgical approaches to treating OPSCC.
An important advantage of upfront surgery over CRT
is the potential to stratify patients by pathological risk,
which may allow for treatment de-escalation to reduce
long-term morbidity.

Clearly, long-term comparative data on the functional
and oncological outcomes of emerging treatment modalities
for advanced-stage OPSCC—primarily minimally-invasive
techniques—are needed. When these become available, it will
facilitate treatment selection aimed at achieving the best clinical
outcomes with the least treatment-related morbidity.
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Golusiński and Golusińska-Kardach Surgery in the Oropharyngeal Cancer

19. Tateya I, Shiotani A, Satou Y, Tomifuji M, Morita S, Muto M, et al.
Transoral surgery for laryngo-pharyngeal cancer - The paradigm shift of
the head and cancer treatment. Auris Nasus Larynx. (2016) 43:21–32.
doi: 10.1016/j.anl.2015.06.013

20. Arens C. Transoral treatment strategies for head and neck tumors.
GMS Curr Top Otorhinolaryngol Head Neck Surg. (2012) 11:Doc05.
doi: 10.3205/cto000087

21. Kass J, Pool C, Teng M, Miles B, Genden E. Initial experience using transoral
robotic surgery for advanced-Stage (T3) tumors of the head and neck. Int J
Radiat Oncol. (2016) 94:899. doi: 10.1016/j.ijrobp.2015.12.106

22. Weinstein GS, O’Malley BW, Cohen MA, Quon H. Transoral robotic surgery
for advanced oropharyngeal carcinoma. Arch Otolaryngol Neck Surg. (2010)
136:1079. doi: 10.1001/archoto.2010.191

23. Lacocourreye O, Hans S, Ménard M, Garcia D, Brasnu D, Holsinger
FC. Transoral lateral oropharyngectomy for squamous cell carcinoma of
the tonsillar region. Arch Otolaryngol Head Neck Surg. (2005) 131:592–9.
doi: 10.1001/archotol.131.7.592

24. Upile NS, Shaw RJ, Jones TM, Goodyear P, Liloglou T, Risk JM, et al.
Squamous cell carcinoma of the head and neck outside the oropharynx
is rarely human papillomavirus related. Laryngoscope. (2014) 124:2739–44.
doi: 10.1002/lary.24828

25. Moore EJ, Hinni ML. Critical review: transoral laser microsurgery
and robotic-assisted surgery for oropharynx cancer including human
papillomavirus–related cancer. Int J Radiat Oncol Biol Phys. (2013) 85:1163–7.
doi: 10.1016/j.ijrobp.2012.08.033

26. Howard J, Masterson L, Rc D, Riffat F, Benson R, Jefferies S, et al. Minimally
invasive surgery versus radiotherapy / chemoradiotherapy for small-volume
primary oropharyngeal carcinoma. Cochrane Database Syst Rev. (2016)
12:CD010963. doi: 10.1002/14651858.CD010963.pub2

27. BhayaniMK, Holsinger FC, Lai SY. A shifting paradigm for patients with head
and neck cancer: transoral robotic surgery (TORS)|cancer network. Oncology
(Williston Park). (2010) 24:1010–5.

28. Lörincz BB, Jowett N, Knecht R. Decision management in transoral
robotic surgery: Indications, individual patient selection, and role in the
multidisciplinary treatment for head and neck cancer from a European
perspective. Head Neck. (2016) 38:E2190–6. doi: 10.1002/hed.24059

29. Weinstein GS, O’Malley BW, Hockstein NG. Transoral robotic surgery:
supraglottic laryngectomy in a canine model. Laryngoscope. (2005) 115:1315–
9. doi: 10.1097/01.MLG.0000170848.76045.47

30. McLeod IK, Melder PC. Da Vinci robot-assisted excision of a vallecular cyst: a
case report. Ear Nose Throat J. (2005) 84:170–2.

31. Hammoudi K, Pinlong E, Kim S, Bakhos D, Morinière S. Transoral
robotic surgery versus conventional surgery in treatment for squamous cell
carcinoma of the upper aerodigestive tract. Head Neck. (2015) 37:1304–9.
doi: 10.1002/hed.23752

32. Baliga S, Jiang J, Mehta V, Guha C, Kalnicki S, Smith RV, et al. Utilization of
Transoral Robotic Surgery (TORS) in patients with oropharyngeal squamous
cell carcinoma and its impact on survival and use of chemotherapy. Oral
Oncol. (2018) 86:75–80. doi: 10.1016/j.oraloncology.2018.06.009

33. Kass JI, Giraldez L, Gooding W, Choby G, Kim S, Miles B, et al. Oncologic
outcomes of surgically treated early-stage oropharyngeal squamous cell
carcinoma. Head Neck. (2016) 38:3–7. doi: 10.1002/HED

34. Dabas S, Gupta K, Ranjan R, Sharma AK, Shukla H, Dinesh A.
Oncological outcome following de-intensification of treatment for
stage I and II HPV negative oropharyngeal cancers with transoral
robotic surgery (TORS): a prospective trial. Oral Oncol. (2017) 69:80–3.
doi: 10.1016/j.oraloncology.2017.04.010

35. Moore EJ, Pa-c EJM, Abel KM, Price DL, Lohse CM, KerryMS, et al. Transoral
robotic surgery for oropharyngeal carcinoma : surgical margins and oncologic
outcomes. Head Neck. (2018) 40:747–55. doi: 10.1002/hed.25055

36. Doazan M, Hans S, Moriniére S, Lallemant B, Vergez S, Aubry K, et al.
Oncologic outcomes with transoral robotic surgery for supraglottic squamous
cell carcinoma: results of the French Robotic Surgery Group of GETTEC.
Head Neck. (2018) 40:2050–9. doi: 10.1002/hed.25199

37. Min Y, Min C, Cha D, Kim S. The long-term oncological and functional
outcomes of transoral robotic surgery in patients with hypopharyngeal
cancer. Oral Oncol. (2017) 71:138–43. doi: 10.1016/j.oraloncology.2017.
06.016

38. Weinstein GS, Quon H, Newman HJ, Chalian JA, Malloy K, Lin A, et al.
Transoral robotic surgery alone for oropharyngeal cancer. Arch Otolaryngol

Neck Surg. (2012) 138:628. doi: 10.1001/archoto.2012.1166
39. Garas G, Arora A, Arora A. Robotic head and neck surgery: history, technical

evolution and the future. Orl. (2018) 80:1–8. doi: 10.1159/000489464
40. Pollei TR, Hinni ML, Moore EJ, Hayden RE, Olsen KD, Casler JD,

et al. Analysis of postoperative bleeding and risk factors in transoral
surgery of the oropharynx. JAMA Otolaryngol Neck Surg. (2013) 139:1212.
doi: 10.1001/jamaoto.2013.5097

41. Chia SH, Gross ND, Richmon JD. Surgeon Experience and Complications
with Transoral Robotic Surgery (TORS). Otolaryngol Neck Surg. (2013)
149:885–92. doi: 10.1177/0194599813503446

42. Zenga J, Suko J, Kallogjeri D, Pipkorn P, Nussenbaum B, Jackson RS.
Postoperative hemorrhage and hospital revisit after transoral robotic surgery.
Laryngoscope. (2017) 127:2287–92. doi: 10.1002/lary.26626

43. Mandal R, Duvvuri U, Ferris RL, Kaffenberger TM, Choby GW, Kim
S. Analysis of post-transoral robotic-assisted surgery hemorrhage:
frequency, outcomes, and prevention. Head Neck. (2015) 38:E776–82.
doi: 10.1002/hed.24101

44. Hay A, Migliacci J, Zanoni DK, Boyle JO, Singh B, Wong RJ, et al.
Complications following transoral robotic surgery (TORS): a detailed
institutional review of complications. Oral Oncol. (2017) 67:160–6.
doi: 10.1016/j.oraloncology.2017.02.022

45. Aubry K, Vergez S, de Mones E, Moriniere S, Choussy O, Malard O,
et al. Morbidity and mortality revue of the French group of transoral
robotic surgery: a multicentric study. J Robot Surg. (2016) 10:63–7.
doi: 10.1007/s11701-015-0542-z

46. Albergotti WG, Gooding WE, Kubik MW, Geltzeiler M, Kim S, Duvvuri U,
et al. Assessment of surgical learning curves in transoral robotic surgery for
squamous cell carcinoma of the oropharynx. JAMA Otolaryngol Head Neck

Surg. (2017) 143:542–8. doi: 10.1001/jamaoto.2016.4132
47. Durmus K, Kucur C, Uysal IO, Dziegielewski PT, Ozer E. Feasibility and

clinical outcomes of transoral robotic surgery and transoral robot-assisted
carbon dioxide laser for hypopharyngeal carcinoma. J Craniofac Surg. (2015)
26:235–7. doi: 10.1097/SCS.0000000000001185

48. Desai SC, Sung C-K, Jang DW, Genden EM. Transoral robotic surgery
using a carbon dioxide flexible laser for tumors of the upper aerodigestive
tract. Laryngoscope. (2008) 118:2187–9. doi: 10.1097/MLG.0b013e31818
379e4

49. Rich JT, Milov S, Lewis JS, Thorstad WL, Adkins DR, Haughey
BH. Transoral laser microsurgery (TLM) Â± adjuvant therapy for
advanced stage oropharyngeal cancer. Laryngoscope. (2009) 119:1709–19.
doi: 10.1002/lary.20552

50. Holsinger FC, Ferris RL. Transoral endoscopic head and neck surgery and
its role within the multidisciplinary treatment paradigm of oropharynx
cancer: robotics, lasers, and clinical trials. J Clin Oncol. (2015) 33:3285–92.
doi: 10.1200/JCO.2015.62.3157

51. Arora A, Kotecha J, Acharya A, Garas G, Darzi A, Davies DC,
et al. Determination of biometric measures to evaluate patient
suitability for transoral robotic surgery. Head Neck. (2015) 37:1254–60.
doi: 10.1002/hed.23739

52. Weinstein GS, O’Malley BW, Rinaldo A, Silver CE, Werner JA, Ferlito A.
Understanding contraindications for transoral robotic surgery (TORS) for
oropharyngeal cancer. Eur Arch Oto-Rhino-Laryngology. (2015) 272:1551–2.
doi: 10.1007/s00405-014-3331-9

53. Adelstein D, Gillison ML, Pfister DG, Spencer S, Adkins D, Brizel DM, et al.
NCCN Guidelines Insights: Head and Neck Cancers, Version 2.2017. J Natl
Compr Cancer Netw. (2017) 15:761–70. doi: 10.6004/jnccn.2017.0101

54. Monnier Y, Simon C. Surgery versus radiotherapy for early oropharyngeal
tumors: a never-ending debate. Curr Treat Options Oncol. (2015) 16:42.
doi: 10.1007/s11864-015-0362-4

55. Mehanna H, Evans M, Beasley M, Chatterjee S, Dilkes M,
Homer J, et al. Oropharyngeal cancer: United Kingdom National
Multidisciplinary Guidelines. J Laryngol Otol. (2016) 130:S90–6.
doi: 10.1017/S0022215116000505

56. Morisod B, Simon C. Meta-analysis on survival of patients treated with
transoral surgery versus radiotherapy for early-stage squamous cell carcinoma
of the oropharynx. Head Neck. (2016) 38:E2143–50. doi: 10.1002/hed.23995

Frontiers in Oncology | www.frontiersin.org 8 May 2019 | Volume 9 | Article 388

https://doi.org/10.1016/j.anl.2015.06.013
https://doi.org/10.3205/cto000087
https://doi.org/10.1016/j.ijrobp.2015.12.106
https://doi.org/10.1001/archoto.2010.191
https://doi.org/10.1001/archotol.131.7.592
https://doi.org/10.1002/lary.24828
https://doi.org/10.1016/j.ijrobp.2012.08.033
https://doi.org/10.1002/14651858.CD010963.pub2
https://doi.org/10.1002/hed.24059
https://doi.org/10.1097/01.MLG.0000170848.76045.47
https://doi.org/10.1002/hed.23752
https://doi.org/10.1016/j.oraloncology.2018.06.009
https://doi.org/10.1002/HED
https://doi.org/10.1016/j.oraloncology.2017.04.010
https://doi.org/10.1002/hed.25055
https://doi.org/10.1002/hed.25199
https://doi.org/10.1016/j.oraloncology.2017.06.016
https://doi.org/10.1001/archoto.2012.1166
https://doi.org/10.1159/000489464
https://doi.org/10.1001/jamaoto.2013.5097
https://doi.org/10.1177/0194599813503446
https://doi.org/10.1002/lary.26626
https://doi.org/10.1002/hed.24101
https://doi.org/10.1016/j.oraloncology.2017.02.022
https://doi.org/10.1007/s11701-015-0542-z
https://doi.org/10.1001/jamaoto.2016.4132
https://doi.org/10.1097/SCS.0000000000001185
https://doi.org/10.1097/MLG.0b013e31818379e4
https://doi.org/10.1002/lary.20552
https://doi.org/10.1200/JCO.2015.62.3157
https://doi.org/10.1002/hed.23739
https://doi.org/10.1007/s00405-014-3331-9
https://doi.org/10.6004/jnccn.2017.0101
https://doi.org/10.1007/s11864-015-0362-4
https://doi.org/10.1017/S0022215116000505
https://doi.org/10.1002/hed.23995
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles
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