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Opinion statement

Oropharyngeal squamous cell carcinoma (OPSCC) incidence rates have been steadily
increasing over the past several decades, and this has been largely attributed to human
papillomavirus (HPV)-related OPSCC. The rise of HPV-related OPSCC and the observed
distinct survival advantage it offers compared to HPV-unrelated OPSCC have resulted in
the development of a new staging system specifically for OPSCC in the eighth edition of
the AJCC Staging Manual for head and neck cancer. The observations on HPV-related OPSCC
and its prognostic implications have coincided with increasing utilization of transoral
surgical approaches to oropharyngeal tumors, such as transoral laser microsurgery (TLM)
and transoral robotic surgery (TORS). These approaches were once thought to only be
applicable to patients with low T-stage OPSCC tumors; however, they are being increas-
ingly utilized in locally advanced OPSCC cases as several studies have shown that both of
these transoral approaches are oncologically sound alternatives to concurrent chemo-
radiation therapy (CCRT), which was previously the standard-of-choice treatment in
patients with locally advanced disease. Moreover, these transoral approaches have dis-
played better long-term swallowing outcomes compared to CCRT, as severe dysphagia is
often the most bothersome functional impairment to OPSCC survivors who have undergone
CCRT. While open surgical approaches were previously not utilized in the locally advanced
OPSCC setting due to the risk of severe surgical complications compared to the potential
benefits of organ preservation with CCRT and comparable survival rates after either
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treatment regimen, these approaches are still reasonable options for select patients in the
salvage surgery setting, as they allow for maximum exposure to the deep oropharyngeal
anatomy. Data frommultiple clinical trials evaluating the potential for TORS to de-escalate
radiation dose or CCRT regimen in certain settings will inform clinical decision-making for
OPSCC patients for the next decade and allow for more personalized treatments tailored to
an individual patient’s disease burden.

Introduction

Oropharyngeal squamous cell carcinoma (OPSCC)
includes cancers arising from the palatine tonsils, base
of tongue, soft palate, and pharyngeal walls and has
been noted to have a steadily increasing incidence over
the past several decades. In 2018 alone, there have been
92,887 new cases and 51,005 deaths worldwide due to
OPSCC [1]. Chaturvedi et al. have noted that the rise in
incidence in OPSCC has been largely attributed to hu-
man papillomavirus (HPV)-related OPSCC, and even
with conservative estimates, the incidence of OPSCC is
expected to surpass the incidence of cervical cancer in the
USA by 2020 [2]. The demographic groups that are most
commonly affected by HPV-related OPSCC include
nonsmokers, males, Caucasians, and individuals under
the age of 60 [3, 4]. HPV-related OPSCC has been noted
to have a distinct survival advantage compared to HPV-
unrelated OPSCC, which has resulted in the develop-
ment of a separate staging system for HPV-positive oro-
pharyngeal cancer in the eighth edition of the American
Joint Committee on Cancer (AJCC) Staging Manual for
head and neck cancer [5••].

Since the 1980–1990s, definitive concurrent chemo-
radiation therapy (CCRT) was the standard-of-choice
treatment option for locally advanced OPSCC. Given
that tumors arising from oropharynx can be difficult to
directly visualize and obtain adequate margins, direct
surgical approaches involve radical resections withman-
dibulotomy, which can result in functional impairments
in swallowing and cosmetic deformities and high rates
of positive margins, while not providing a distinct

benefit in terms of overall survival or loco-regional con-
trol [6]. CCRTwas the favored treatment option as it had
improved overall survival rates and loco-regional con-
trol rates compared to radiation therapy alone and did
not appear to have the initial morbidities associated
with radical surgery [7–9], but the survivors often devel-
op acute and late toxicities from treatment, including
significant dysphagia requiring the use of percutaneous
endoscopic gastrostomy (PEG) feeding tubes for nutri-
tion [10].

Given the rise of OPSCC in a younger, healthier
patient population, there has been a push for treatment
approaches that will provide not only the best oncologic
outcome but also preserve function and reduce morbid-
ity. Endoscopic approaches to the oropharynx, via
transoral laser microsurgery (TLM) and transoral robotic
surgery (TORS), have proven to be appropriate treat-
ment options for patients with OPSCC due to enhanced
transoral access to these tumors, and there are ongoing
clinical trials revisiting whether surgical resection of
OPSCC with TORS can allow for de-escalation of the
radiation dose given to patients or to limit the use of
concurrent chemotherapy with radiation for OPSCC
patients [11–13]. Using these surgical approaches will
hopefully diminish morbidity and expedite patients’
swallowing rehabilitation. This review will discuss the
recent advances in surgical options for locally advanced
OPSCC and examine future directions in the treatment
of this disease in light of these novel surgical approaches
to the oropharynx.

Transoral laser microsurgery

Transoral laser microsurgery (TLM) is a minimally invasive endoscopic surgical
technique that is performed under direct laryngoscopy with an operative
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microscope, microsurgical instruments, and typically a carbon dioxide (CO2)
laser. This technique has been used to resect benign andmalignant lesions from
the oropharynx since the early 1970s [14]. It offers an ability to directly visualize
and approach tumors in the oropharynx while minimizing the surgical mor-
bidity of radical, open surgical resections. With this approach, the tumor
resection is tailored to the extent of its invasion into the surrounding anatom-
ical regions, as the tumor is resected segmentally until normal tissue is identi-
fied rather than via an en bloc approach [15]. While this technique was initially
utilized in tumors with limited extent of invasion, its use has broadened to
include advanced T-stage tumors at a variety of sites in the upper aerodigestive
tract, including the oropharynx [16].

Steiner et al. first published long-term results of 48 patients who
underwent TLM at a single institution for base of tongue cancers, and
94% had stage III or IVa cancer based on the fifth edition of the AJCC
staging system. The local control rate was 85% and the 5-year recurrence-
free and overall survival rates were 73% and 52%. Most notably, approx-
imately 90% of the patients maintained normalcy of diet and under-
standability of speech [15]. Rich et al. also studied the outcomes of 84
patients with stage III or IV OPSCC treated with TLM and adjuvant therapy
with radiation or chemoradiation and found that the 5-year overall sur-
vival and disease-specific survival was 88% and 92%, respectively, and that
81% had acceptable swallowing function at the last follow-up [17]. Rich
et al. further explored swallowing outcomes in a separate study of 118
patients and found that while 93% of patients with T1 to T3 OPSCC had
good swallowing function at 2 years, only 40% of patients with T4 base of
tongue tumors had good swallowing at this time point, suggesting that T4
stage tumors are most significantly associated with poor swallowing out-
comes following TLM [18]. Haughey et al. published the only multicenter
study of TLM with 204 patients with stage III or IV OPSCC and also noted
3-year overall survival rate of 86% and local control rate of 97%, with 87%
of patients having normal swallowing or only episodic dysphagia [16].
These swallowing outcomes are encouraging in light of both prospective
and single institution reports of high rates of late toxicities after chemo-
radiation in patients with advanced-stage OPSCC, where approximately
30% of patients still required gastrostomy tube support for nutrition 91
year after treatment with standard portal radiation [10, 19]. With these
important, landmark studies in mind, TLM has gained popularity as an
oncologically sound surgical option for patients with advanced tumors.
Furthermore, these studies demonstrate the more than acceptable swal-
lowing outcomes that patients are left with following TLM.

The main limitation of TLM is that it has a steep learning curve and is
highly operator dependent. As the instruments are being used through a
laryngoscope, motion of the instruments is restricted to a narrower field-
of-view and requires repositioning the laryngoscope to approach the tu-
mor from different angles. The CO2 laser is also not ideal for obtaining
hemostasis, and the procedure requires frequently alternating the laser
with surgical clips or cautery instruments to gain hemostasis. Furthermore,
although there have been several single-center studies and one multicenter
study published on outcomes following TLM, there is currently a lack of
prospective clinical trial data comparing it with other standard treatments.
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Nevertheless, based on the current evidence from the aforementioned
studies, TLM appears to be a highly effective surgical treatment option for
locally advanced OPSCC in the hands of an experienced surgeon with
favorable oncologic outcomes and preserved swallowing function in the
vast majority of cases.

Transoral robotic surgery

The introduction of transoral robotic surgery (TORS) as a safe and feasible
surgical approach to the oropharynx has led to a huge shift in our treatment
paradigm for oropharyngeal tumors [20, 21]. Surgical approaches to the base of
tongue traditionally required mandibulotomy and lip-splitting incisions, but
with TORS, the base of tongue can be accessed evenwithout a neck incision. The
tumor can be resected en bloc, keeping the specimen anatomically sound and
allowing the surgeon to obtain accurate margins for the oncologic resection.
Though radical tonsillectomy is possible without the use robotic equipment,
the use of the robotic system led to increasedmaneuverability and visualization
during this procedure. Currently, the da Vinci robot is the most commonly
used, with a camera that enables magnification as well as excellent three-
dimensional visualization of the surgical field, as seen in Fig. 1. The flexible
robotic arms allow for a bimanual surgical approach to regions in the oro-
pharynx that were previously unreachable transorally [22].

Deciding whether TORS is appropriate for oropharyngeal cancer patients
depends on whether the tumor is safely resectable transorally, whether the
outcomes are comparable in terms of survival and function, and whether we
can then spare the patient from other toxic therapies. Contraindications for
TORS have been clearly defined, and specifically are related to whether the
tumor abuts the carotid artery, if the tumor resection would require greater than
50% of the tongue base or posterior pharyngeal wall, or if the tumor is fixed to
the prevertebral fascia or causing significant trismus [23]. Midline tongue base
tumors that would put both lingual arteries at risk for resection or injury are also
not amenable to TORS, as this would put the tongue unnecessarily at risk for
devascularization and necrosis. With these guidelines in mind, some advanced
T-category tumors can still be amenable to TORS resection. Prior history of
radiation does not preclude one from being a TORS candidate, but these
patients should be counseled on potential increase in wound complications, as

Fig. 1. Transoral endoscopic view of a T1 tonsillar squamous cell carcinoma tumor provided with the use of the da Vinci robot
system. This image illustrates how the robot can provide excellent three-dimensional visualization of the deep oropharyngeal
anatomy and allow the surgeon to effectively resect relatively small tumors with negative margins.
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the wound is left open to heal by secondary intention. In general, open
approaches with free tissue reconstruction are preferred in the salvage setting as
discussed later in this review.

Oncologic outcomes after TORS are comparable to nonsurgical treatment of
advanced oropharyngeal tumors, specifically when examining overall and
disease-specific survival. Both TORS and intensity-modulated radiation therapy
(IMRT) result in 2-year overall survival rates ranging from 82 to 96% [24•].
Even for advanced-staged tumors, TORS has proven to provide patients with
excellent oncologic outcomes, with a reported disease-specific survival of 98%
and 90% at 1 and 2 years post-TORS, respectively [25]. Adjuvant radiationmay
still be necessary postoperatively, but patients are often spared at least 10 Gray
(Gy) of their radiation dose, which significantly decreases radiation-induced
toxicity to the pharynx [26, 27].

Since both TORS and radiation result in equivalent disease-specific and
overall survival rates, assessing functional outcomes, particularly swallow-
ing ability after treatment, may be the most important consideration in
choosing a treatment modality. Dysphagia is one of the most bothersome
functional impairments to an oropharyngeal cancer survivor, and many
believe that with TORS, we can minimize this posttreatment sequelae
while still preserving oncologic outcomes [28]. A prospective study of 81
OPSCC patients following primary treatment with TORS reported that
only 9% still had use for their gastrostomy tube 1 year after TORS [29],
which is significantly lower than the reported 31% of patients who con-
tinue to depend on their gastrostomy tube for nutritional support during
the same time interval after combined chemoradiation therapy [19]. Aside
from just swallowing function, TORS has been shown to result in high self-
reported quality of life (QOL) scores, specifically with respect to the
patient’s overall QOL, esthetic result, and social concerns at 1 year after
surgery, with radiation therapy negatively impacting QOL scores [29].

Given this importance placed on QOL, ideal candidacy for TORS is
largely based on postoperative swallowing outcomes. No longer do we
ask whether a given tumor can be resected, but we now ask whether the
tumor should be resected. Hence, importance is placed on using robotic
surgery as a tool to de-escalate adjuvant therapy and to improve swal-
lowing outcomes while maintaining excellent oncologic outcomes.
Therefore, the ideal TORS candidate is a patient with a T1 to T2 tumor
with low burden neck disease (G5 nodes, no clinical extra-nodal exten-
sion). Adjuvant therapy in this patient population will reliably avoid
chemotherapy and reduce the total radiation therapy dose to the pri-
mary tumor region from 70 to 60 Gy. Conversely, patients with large
tumors and aggressive neck disease who will require both chemotherapy
and radiation regardless of whether an operation is performed are not
thought to be good TORS candidates, as de-escalation is frequently not
achievable. Results from ECOG 33-11, which recently completed accrual,
will likely provide insights into de-escalation in appropriately selected
patients with advanced-stage OPSCC. Additionally, data from the Na-
tional Cancer Database has suggested that approximately 60–65% of
patients receiving TORS end up also receiving adjuvant chemoradiation
[30, 31], which further underscores the need for appropriate patient
selection undergoing TORS. More prospective studies evaluating TORS
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and patient outcomes following it are essential to guide future patient
selection, as most of the current data is retrospective.

Open surgical approaches

Open surgical approaches to the oropharynx include lip-split mandibulotomy
and lateral pharyngotomy. These techniques were developed in the mid-
nineteenth and early twentieth centuries, respectively [32, 33], and they are still
used currently in the setting of salvage surgery for locally advanced oropha-
ryngeal cancer that recurs following primary radiotherapy (RT) or CCRT. The
choice between these two options can be dependent on the location of the
tumor and the amount of exposure needed. Lateral oropharyngeal lesions can
be approached with a lateral pharyngotomy or lip-split mandibulotomy and
midline lesions in the oropharynx are mainly approached with lip-split man-
dibulotomy, as it offers the widest andmost reliable access to the deep anatomy
of the oral cavity and oropharynx [34]. Larger resections also typically require
free-flap reconstruction.

Prior to the advent of TORS and the increasing utilization of transoral
surgical approaches to cancers in the oropharynx, outcomes data on the use
of open surgical resection for oropharyngeal tumors were limited, as the
standard-of-choice treatment in cases of locally advanced disease was primary
RT with neck dissection or CCRT in order to maximize organ preservation and
minimize the risk of severe surgical complications [35, 36]. Dziegielewski et al.
published their complication rate in 214 patients who underwent lip-splitting
mandibulotomy for access for primary cancer resection was 10.5%. Fixation
failure (malunion, nonunion, mandibular fracture) occurred in 2.7% of cases
and poor wound healing (hardware exposure, orocutaneous fistulae, osteo-
myelitis, and osteoradionecrosis) occurred in 7.7% of patients [34]. Their
review of the literature on the average complication rate reported following
mandibulotomywas 31.7% (range 12.5–61.3%), with amajority of these being
attributed to poor wound healing and fixation failure, and the authors con-
cluded that lower complication rates than originally perceived can obtained
with this technique using modifications, such as direct interosseous wires in
combination with a compression miniplate or employing a mentalis-wire
tacking stitch [34]. Laccourreye et al. reported their outcomes on using lateral
pharyngotomy in 91 patients with lateral oropharyngeal carcinoma and found
that 27.4% had surgical complications resulting from this procedure, and the
three most common complications were severe swallowing impairment
(6.5%), aspiration pneumonia (4.3%), and oropharyngeal salivary fistula
(4.3%) [37]. Median duration of hospitalization was 16 days in their patients
and was significantly correlated with development of significant postoperative
complications, duration of tracheostomy tube, and nasogastric tube depen-
dency. They also noted that postoperative recovery of swallowing function was
uneventful in 93.3% of the patients with a median duration of nasogastric tube
of 11 days (range 3–30 days) [37]. Other mandible-preserving approaches,
such as the lingual release approach, transcervical approach, and transhyoid
approach, have also been compared to the mandibulotomy. Pang et al. com-
pared outcomes from these mandible-preserving approaches to mandibulot-
omy outcomes in a meta-analysis, which included six studies with a total 309

36 Page 6 of 11 Curr. Treat. Options in Oncol. (2019) 20: 36



patients, and found no significant differences in surgical margins, overall sur-
vival rate, recurrence rate, and speech and tongue movement between both
approaches, but patients who underwent surgery with a mandible-preserving
approach had significantly lower fistula formation rates than the mandibulot-
omy approach patients [38].

Regardless of the treatment modality used, HPV-negative patients with stage
III and stage IVOPSCChave recurrence rates as high as 50%, and salvage surgery
remains the only curative option for patients with local treatment failure after
primary radiation or surgerywith adjuvant radiation [39]. Roosli et al. described
their outcomes following salvage surgery for recurrent OPSCC in 51 patients
and noted that the 5-year overall survival and disease-specific survival rates were
29% and 40%, respectively, and the postoperative complication rate was 17.5%
[40]. Patel et al. further examined differences in salvage surgery outcomes for 19
patients with p16-positive OPSCC and 13 patients with p16-negative OPSCC
[41]. 76.4% of patients in their study underwent a mandibulotomy approach
and 14.7% had mandibulectomy performed. The 5-year overall survival rate
following salvage surgery was 25% compared to 2% without salvage surgery
and the postoperative complication rate was 44.1%; however, they found no
significant differences in overall survival or recurrence-free survival rates be-
tween the two cohorts [41]. These studies highlight that some patients may
benefit from salvage surgery using an open surgical approach in the setting of
locally recurrent OPSCC and that proper patient selection is critical to limiting
the postoperative morbidity associated with this approach.

Clinical trials

Several surgical trials are in progress currently, with multiple new additions in
the past 5 years. The PATHOS trial (NCT02215265) is currently being con-
ducted in the UK and will assess patient-reported swallowing outcomes at
12 months on the MD Anderson Dysphagia Inventory (MDADI) in patients
randomized to four different groups after transoral resection of the primary
tumor. Patients randomized to group A will undergo primary surgical resection
with no adjuvant therapy [42•]. Patients randomized to groups B1 and B2
include those with T3 (or T1–T2 tumors with additional risk factors), N2a or
N2b disease, peri-neural invasion (PNI) or lymphovascular invasion (LVI), or
close margins. Groups B1 and B2 will undergo postoperative RT at 50 Gy and
60 Gy, respectively. Patients in groups C1 or C2 include those with any T or N
stage, extra-nodal extension (ENE), or positive margins (G1 mm) around the
tumor but negative marginal biopsies. Patients in C1 and C2 will undergo
postoperative RT with 60 Gy and cisplatin in 30 fractions over 6 weeks or no
chemotherapy, respectively. Secondary outcome measures include quantitative
and qualitative swallowing assessments at baseline and at multiple intervals
after treatment up to 24 months. QOL outcomes and acute and late toxicities,
as well as overall and disease-specific survival are also measured. The study is
currently active in 26 different centers in the UK, and the estimated completion
date is February 2020. This trial is of particular interest as it is the only current
trial to randomize patients with ENE into chemoradiation versus radiation
adjuvant groups, as their retrospective data suggests that ENE is not as impor-
tant of a prognostic indicator in the HPV-positive cohort.
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The SIRS trial (NCT02072148) will vary postoperative adjuvant therapy in
patients undergoing TORS and neck dissection. Patients with a complete re-
section (tonsil 91 mm, pT1–2, N1–2b), no LVI or PNI, no extra-capsular spread
(ECS), no matted or level III lymph nodes, and less than three positive lymph
nodes will be considered “low-risk” and will merely undergo PET/CT surveil-
lance every 4 months for 5 years. Patients with a complete resection (as above)
and positive LVI, PNI, ≤1 mm ECS, and G3 positive nodes will be considered
“intermediate-risk” and will undergo PET/CT surveillance every 4 months for
5 years and postoperative RT with 50 Gy to the primary tumor site. Patients
with an incomplete surgical resection with positive surgical margins, more than
three positive lymph nodes, ≥1 mm ECS, or matted or supraclavicular lymph
nodes will be considered “high-risk” and will undergo routine PET/CT surveil-
lance and concurrent cisplatin (40 mg/m2) weekly with 56 Gy RT to the pri-
mary tumor site. The primary outcome assessed will be disease-free survival
(DFS) and loco-regional control (LRC) at 3 and 5 years posttreatment. Re-
cruitment is planned for 200 patients, and the estimated completion date is
March 2019.

The ECOG 33-11 trial (NCT01898494) will examine various adjuvant
therapy regimens in patients undergoing transoral surgery in advanced-stage
OPSCC patients. Low-risk patients randomized to arm A are those with T1–T2,
N0–N1 disease, and clear (93 mm margins) with no ENE, PNI, or LVI. Arm A
patients will undergo only observation at 7 weeks. Patients in the intermediate-
risk group are stratified dichotomously into ≤10 pack-years (arm B) or 910
pack-year (arm C) history of tobacco use and one or more of the following:
G3 mmmargins, ≤1 mm ENE, N2a disease, PNI, or LVI. Arm B patients with
≤10 pack-years will be treated postoperatively with 50 Gy, and arm C patients
with 910 pack-years will be treated with 60 Gy. High-risk patients (arm D),
those with positive margins with any T-stage, 91 mm ENE, or ≥5 metastatic
lymph nodes will complete 66 Gy and cisplatin 40 mg/m2 weekly. Unknown-
risk patients, including those with N2c or N3 disease, will also be treated with
60 Gy. The primary outcome measure is 2-year PFS, with secondary outcomes
of swallowing function (MDADI, PSS-HN, MDADI), QOL (FACT-HN), inci-
dence of grade 3–4 bleeding events, and positive margins during surgery. Three
hundred seventy-seven patients will be assessed at multiple institutions
throughout the USA, and the trial has completed accrual with results being
anticipated in the near future.

The ORATOR trial (NCT01590355) will randomize early-stage OPSCC
patients to 70 Gy over 7 weeks with 63 Gy and 56 Gy to high- and low-risk
nodal areas, respectively, as well as concurrent chemotherapy (unspecified), or
TORS and neck dissection. The primary outcome will be QOL 1-year post-
treatment, with secondary outcomes of overall survival (OS), PFS, toxicity, and
swallowing function. Sixty-eight patients will be recruited, and the estimated
completion date is June 2021.

NCT02159703, an ongoing study at the University of Pennsylvania, will
enroll 60 HPV-positive T1–2 and/or N2a–c OPSCC patients undergoing TORS
and selective neck dissection to receive standard adjuvant RT to the regional
nodes (± chemotherapy if indicated), but omitting RT to the primary tumor
when completely resected with negative margins according to final pathologic
analysis. Primary outcomes will include LRC and adverse events within 2 years.
The study remains active and results are expected in 2019.
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As the results of multiple surgical trials are on the horizon, clinicians may
expect the treatment of both early- and advanced-stage oropharyngeal cancer to
change dramatically in the coming decade. Multidimensional analysis of OS
and disease-specific survival, as well as functional outcomes with swallowing
assessments, and QOL measures will allow for individualized treatment tai-
lored to each patient and their burden of disease.

Conclusions

While combined chemoradiation was the standard-of-choice for much of the
twentieth century, advances in transoral surgical techniques such as TORS and
TLM have made surgical resection a viable treatment option for patients with
stage III–IV OPSCC. Numerous studies have shown that TORS and TLM cannot
only achieve favorable oncologic outcomes in these cases but also result in
superior long-term swallowing outcomes compared to CCRT. Open surgical
approaches, such as lip-split mandibulotomy and lateral pharyngotomy, con-
tinue to be practical surgical approaches in the setting of salvage surgery, where
wider exposure is often necessary to obtain adequate margins. Currently, there
are several ongoing clinical trials investigating the use of TORS to de-escalate
postoperative adjuvant therapy. The results of these trials will have major
implications for its use as a first-line treatment option for locally advanced
OPSCC.
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