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KEY POINTS

� Transoral robotic surgery (TORS) for residual, recurrent tumors and new primaries in
radiation-exposed fields is becoming increasingly adopted as more centers gain access
to robotic systems and as favorable outcome data emerge.

� Achieving clear resection margins can be technically challenging in these cases and a
TORS program should be considered only by experienced and appropriately trained
surgeons.

� Transoral reconstruction additionally may be required Q9and presents its own technical
complexities.

� Successful functional outcomes are achievable but require a well-resourced and moti-
vated team to manage patients’ expectations and to support them through a potentially
prolonged period of rehabilitation.
INTRODUCTION

The most widely used treatment of the management of residual, recurrent, and new
primary radiation-exposed (ReRuNeR) oropharyngeal cancer (OPC) is open surgery,
with or without reconstruction.1–4 Open surgery is prolonged, involves significant
disruption to normal anatomy to gain access to the tumor (mandibulotomy, floor of
mouth dissection, and lingual release), almost always needs reconstruction, and in-
creases recovery time. Additionally, the irradiated bone can be beset with healing
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issues in nearly half of patients.5 A transoral robotic surgery (TORS) approach abro-
gates these disadvantages. The superior ability to maneuver instruments in a confined
space and perform an en bloc resection makes TORS-based approaches a viable op-
tion for ReRuNeR OPCs.
Salvage surgery continues to be the most effective treatment modality in ReRuNeR

OPCs, as demonstrated in the systematic review by Jayaram and colleagues.2 Recent
studies show that the difference in survival can be as much as 50%,6 with salvage sur-
gery reducing the risk of death from residual cancers by half.7 In the human papilloma-
virus (HPV)-positive squamous cell carcinoma population, recurrence at the primary
site is uncommon and seen in only 5% to 7% of patients after intensity-modulated ra-
diation therapy,8,9 because most index tumors are of early stage with excellent
response rates to primary surgery or nonsurgical treatments.10 HPV-negative squa-
mous cancers are more likely to recur at the primary site, but higher rates of comor-
bidities in this group may reduce their tolerance of any postoperative aspiration. As
such, a smaller proportion of the HPV-negative, compared with HPV-positive, patients
may be suitable for salvage surgery. All things considered, patients with ReRuNeR
cancers may not be offered salvage surgery, given the significant morbidity of open
surgery, resource utilization, and the wide perception of relatively poor outcome.
Significant expertise in TORS has been accrued since its use has been described in

the management of treatment-naı̈ve cancers in early years of this century. The expe-
rience with TORS for recurrent cancer has been described in single centers and also
has been the subject of a systematic review and meta-analysis by the authors’
group.11 The oncological and functional outcomes of TORS for recurrent cancer are
supportive and, in carefully selected patients, transoral resection is an acceptable pro-
cedure to perform with satisfactory functional outcomes.
This article aims to offer readers the principles of case selection, decision making,

tips on robotic surgical resection of these cancers, principles of reconstruction, reha-
bilitation, and future trends for using TORS in the management of ReRuNeR OPCs.
Although the clinical and technical aspects and functional outcomes are based on
the authors’ experience, the oncological outcome data discussed are based on the
systematic review and meta-analysis published recently by the authors’ group.11
ASSESSMENT OF RESIDUAL, RECURRENT, AND NEW PRIMARY RADIATION-
EXPOSED OROPHARYNGEAL CANCERS FOR TRANSORAL ROBOTIC SURGERY

The authors recommend an assessment of resectability be performed under general
anesthesia for all patients with ReRuNeR OPCs deemed suitable for surgery. During
assessment, the surgeon should ensure that the full mucosal extent of the tumor is
visible using the robotic telescope and appropriate retractors, including a tongue
stitch for traction. It is the authors’ experience that a general anesthetic assessment
often converts a tumor previously considered unresectable, based on clinical assess-
ment, to amenable to resection via a TORS approach.
Special consideration should be given to the impact of trismus on access, especially

if the lower extent of the tumor is not visible after robotic docking. Compounded by
individual anatomy (long neck, narrow mandibular arch, and retrognathia), even mild
trismus can make dissection of the anteroinferior aspects of the tumor difficult, with
poor visualization and frequent instrument clashes resulting from the 3 instrument
arms competing for space. If free flap reconstruction is planned (discussed later),
adequate access is essential to allow for flap inset. Currently, the only available needle
drivers are relatively large, at 8 mm, making suturing of the lower aspect of the flap
challenging when space is limited. In the authors’ experience, the most common
OTC1813_proof ■ 26 August 2020 ■ 11:58 pm



Q15

Q16

Q3Transoral Robotic Surgery 3

100

101
102
103

104
105
106

107
108
109

110
111
112
113

114
115
116

117
118
119

120
121
122

123
124
125
126

127
128
129

130
131
132

133
134
135
136

137
138
139

140
141
142

143
144
145

146
147
148
149

150
reason for considering excision via conventional open surgery, rather than TORS, is
trismus. The authors’ baseline preoperative functional parameters at regarding
trismus and swallow are discussed.

T STAGE AND TRANSORAL ROBOTIC SURGERY

TORS is approved as a treatment modality for early-stage oropharyngeal tumors in the
primary setting and is bolstered by a considerable evidence base. Given the advan-
tages of TORS over open surgery, however, the authors believe that, in select cases,
TORS also may be suitable for tumors with higher T classifications. This is supported
by data from the authors’ meta-analysis,11 in which 8.3% of the recurrent tumors iden-
tified were staged T3 or T4. In the authors’ initial series (Paleri V, Fox H, Coward S,
et al. Transoral robotic surgery for residual and recurrent oropharyngeal cancers: an
IDEAL phase 2a exploratory study of surgical innovation. In: Unpublished, ed.,
2016), 23%of en bloc resections measured 6 cm or more, indicating that larger tumors
can be removed via a TORS approach.

THE TREATING TEAM AND EXPERIENCE WITH PRIMARY TRANSORAL ROBOTIC
SURGERY

TORS is associated with a well-recognized learning curve. The authors caution against
the use of TORS in ReRuNeR OPCs for surgeons who are early in their learning curve,
especially if they have had limited experience with nonrobotic transoral surgery previ-
ously. Significant clinical judgment is needed to select appropriate cases, and the
experience accrued from primary TORS is crucial to delivering a good outcome in
this patient group. The postoperative course for these cancers differs from that of pri-
mary resections, and the experience the wider team gleans during the learning curve,
notably in postoperative management and rehabilitation, is invaluable in counseling
and caring for patients with ReRuNeR OPCs. As a guide, the authors recommend un-
dertaking 30 primary cases, with careful assessment of postoperative outcomes and
margin status, before embarking on a ReRuNeR cancer program.12

RELEVANT ANATOMY FOR MULTISITE OROPHARYNX RESECTIONS

Most recurrences, especially those of the tongue base, do not necessarily fall within
the compartmental resection of lateralized tongue base tumor, as described by Wein-
stein and O’Malley.13 If a tumor in the second subsite is superficial, then extension of
the resection to the second subsite to take the tumor, a margin of mucosa, and a few
millimeters of deeper tissue, should be relatively straightforward. If a tumor has sub-
stantial depth across both the tonsil and tongue base or extends deeply into the ton-
sillolingual sulcus, however, a greater appreciation of the deeper anatomy is
warranted. In order to achieve an en bloc resection of these tumors, or tumors extend-
ing into the laryngopharynx, the surgeon must be able to identify the following struc-
tures from a transoral approach: the styloglossus muscle, the hyoid and its constrictor
muscle attachments, and branches of the facial14 and lingual arteries.15

Broadly, the pharyngeal constrictors are separated into 3 groups of muscles. The
inferior constrictor is recognized as being divided into 2 elements, which are not rele-
vant in transoral surgery. The subdivisions of the superior and middle constrictors are
particularly important, however, when dissecting the parapharyngeal space. The su-
perior constrictor is made up of 5 muscle slips: pterygopharyngeus, palatopharyng-
eus, buccopharyngeus, myelopharyngeus, and glossopharyngeus (Fig. 1). The
window to the inverted tetrahedron of the parapharyngeal space is the
OTC1813_proof ■ 26 August 2020 ■ 11:58 pm
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Fig. 1. Schematic from a right posterolateral view showing the various superior constrictor
slips, the styloglossus muscle, and the vascular anatomy relevant to TORS in the lateral
pharynx.
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pterygomandibular raphe. The raphe is the junction of the buccinator and the bucco-
pharyngeus slip of the superior constrictor.
The styloglossus anatomy, as relevant to TORS, has been well described.16 The sty-

loglossus muscle merges with the glossopharyngeus, the most inferior slip of the su-
perior constrictor. The facial and lingual branches of the external carotid are
consistently lateral to the plane of the styloglossus. The 2 main branches of the facial
artery, which supply the tonsils (ascending palatine and tonsillar branches) can pass
either above or below the styloglossus. When passing below the styloglossus, they
can either be in the space between the styloglossus and stylopharyngeus (most com-
mon variation) (see Fig. 1) or deep to both muscles. Dissecting lateral to styloglossus,
the facial artery bulb14 is the first major vessel to be encountered in the parapharyng-
eal space and often is mistaken for the lingual artery (Fig. 2). The bulb takes form as it
arches over the posterior belly of digastric before heading into the substance of the
submandibular gland (see Fig. 1). Encountering this vessel inevitably means a
communication is created between the transoral and transcervical dissections, if per-
formed concurrently.
If dissection continues caudally, in a plane lateral to styloglossus, then the superior

thyroid artery is encountered. More medially, an early branch of the superior thyroid
artery, the superior laryngeal artery, is seen as it courses through the pharyngoepiglot-
tic fold; this vessel can be readily controlled with a clip applicator, early in the dissec-
tion of the fold, if reduced blood flow to the larynx is desired for the perioperative
course.
Inferior to the glossopharyngeus, and where the styloglossus has merged with it

anteriorly, the surgeon is guided by the 2 muscle slips of the middle constrictor. These
are the ceratopharyngeus (attaches to the greater cornu) and chondropharyngeus (at-
taches to the lesser cornu) (Fig. 3). Their attachments to the hyoid are relevant as they
pass medial to the hyoglossus. The lingual artery passes from lateral to medial prox-
imal to where the chondropharyngeus attaches to the posterior aspect of the lesser
cornu of the hyoid. After giving off the dorsal lingual branch, the artery courses toward
the deep tongue musculature, entering in the plane between genioglossus and the
OTC1813_proof ■ 26 August 2020 ■ 11:58 pm
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Fig. 2. A cadaver dissection of the left parapharyngeal space demonstrating the anatomy
lateral to the styloglossus muscle Q35.
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lingual tonsils, where it is encountered during a conventional tongue base resection.
Lateral to the hyoglossus muscle, almost mirroring the lingual artery from the transoral
perspective, lies the hypoglossal nerve (Fig. 4).
Q17
SURGICAL TECHNIQUE AND REFINEMENTS
Neck and Airway

In all cases, the ipsilateral neck should be explored to ligate the facial, lingual and
ascending pharyngeal arteries; if there is concurrent metastatic neck disease, a
Fig. 3. Schematic showing the chondropharyngeus slip and its relation to the hyoglossus
muscle and the lingual artery Q36.
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Fig. 4. A cadaver dissection of the right parapharyngeal space demonstrating the anatomy
lateral and caudal to the styloglossus muscle, where the hyoglossus and the XII cranial nerve
(CN) can be seen Q37.
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neck dissection may need to be performed. Given the low incidence of occult metas-
tasis, the authors do not routinely perform an elective neck dissection for recurrent
cancers, except in cases of free flap reconstruction, where vascular access is required
for microvascular anastomosis and limited lymph nodal clearance is needed to
accommodate the recipient vessels. The authors’ preference is to perform a tracheos-
tomy for tongue base ReRuNeR tumors because this improves transoral access and is
retained for the immediate postoperative period as a safety to cover the known
bleeding risk in this population (discussed later). Smaller ReRuNeR OPCs, such as tu-
mors confined to the tonsil, may be resected with an oral endotracheal tube in situ, but
this should be sutured to the contralateral oropharynx to prevent interaction with the
operative field and instruments.

Retractor Choice

The Boyle-Davis retractor and the FK-WO retractor commonly are used for oropharyn-
geal resections. If both are available, the choice of retractor is influenced principally by
the access required and the size of the tumor. The authors find the Boyle-Davis
retractor useful for small tonsil tumors, without extension to the tongue base. In
such cases, the convex profile of the Doherty blade is less problematic for instruments
passing the oral cavity, and the smaller retractor gives excellent access for the first as-
sistant at the bedside. The authors find the FK-WO retractor appropriate for a majority
of other ReRuNeR OPCs undergoing TORS; its various blade attachments and adjust-
ability allow finessed manipulation of the tongue to optimize instrument access and
tumor retraction.

Tonsil Recurrence

In patients with ReRuNeR OPCs confined to the tonsillar fossa, the technique for
resection is similar to the radical tonsillectomy described by Weinstein and col-
leagues.17 In more advanced cases, where the tonsillar tumor extends into the tongue
base, the resection can include the affected tongue musculature and floor of mouth
mucosa, using the anatomic principles discussed previously.

Tongue Base Recurrence

When TORS for ReRuNeR tongue base tumors is compared with its use in the primary
setting, 2 major differences emerge: (1) recurrent tumors often extend anterior to the
OTC1813_proof ■ 26 August 2020 ■ 11:58 pm
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circumvallate papillae in a submucosal plane, rendering the anterior part of the tumor
is readily palpable, and (2) the tongue base tissues often are edematous and brawny
as a result of the previous irradiation. These tissue changes are problematic particu-
larly for the operating surgeon: first, it is hard to discriminate tumor from the surround-
ing normal tissue at the mucosal level because the visual usual haptic feedback that is
helpful in primary TORS is masked; and, second, the interaction of the monopolar cau-
tery with the noncancerous deeper tissue appears more similar to that of cancerous
tissues. Both these differences are primarily responsible for the proposed technical re-
finements, outlined in Paleri and colleagues (Paleri V, Fox H, Coward S, et al. Transoral
robotic surgery for residual and recurrent oropharyngeal cancers: an IDEAL phase 2a
exploratory study of surgical innovation. In: Unpublished, ed., 2016).
The current robotic retractors and set up are neither required nor adaptable for sur-

gery anterior to the circumvallate papillae, where direct transoral access can be ob-
tained easily, negating the need for robotic instrumentation in this area. In such
cases, a stitch is placed on the anterior aspect of the tongue, as for other TORS resec-
tions, and the tongue is pulled forward. The anterior margin of the palpable tumor is
marked out with methylene blue. Using monopolar cautery and digital palpation, an
anterior shelf is established to separate the base of the tongue affected by tumor
from the unaffected anterior tongue (Fig. 5A). This shelf is extended as needed to
establish and define the tumor depth, allowing, as far posteriorly as possible, for an
adequate margin of normal tissue in all dimensions. With progressive anterior and
medial mobilization, a surprisingly significant amount of dissection can be performed
transorally with a headlight andmonopolar cautery. For dissections further posteriorly,
a 6-in insulated monopolar blade can be used (Conmed, Utica, New York). Laterally,
these ReRuNeR tumors often extend superficially to the free margin of the tongue, and
the deep margin may be formed by the posterior floor of mouth/sublingual glands.
Removal of these structures may therefore be required for adequate clearance.
Once a substantial shelf is established andmedial dissection as far back as possible

has been performed, the FK-WO TORS retractor, with the mandible or WO blade, is
placed in such a way that the blade of the retractor is anchored into the surgically
created shelf; the tumor is now in the oropharyngeal lumen and the surgeon also
Fig. 5. (A) Creation of an anterior shelf that separates the base of the tongue from the ante-
rior aspect of the tongue, using monopolar cautery and digital palpation (B) The FK-WO
TORS retractor with the mandible blade anchored into the surgically created shelf, allowing
the tumor to drop behind the blade into the oropharyngeal lumen. (C) Resection where the
tongue base, vallecula, and ipsilateral epiglottis have been resected Q38.
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has defined the tumor depth (Fig. 5B, C). This maneuver gains additional space in the
oral cavity for the robotic arms, because the mandible blade rests in the space occu-
pied by the tongue base tumor and allows the tumor to progressively drop down into
the lumen. The tumor usually is mobilized sufficiently at this point to allow the robotic
arms to manipulate the tumor, aiding further dissection. In the early part of the learning
curve, after incremental resection, the authors recommend that the robot be
undocked repeatedly to allow the surgeon to confirm the tumor depth by direct palpa-
tion. Incremental resection, following this technique, allows progressive mobilization
of the tumor, resulting in more accurate assessment of the adequacy of the resection
margins.

Tonsillolingual Sulcus Recurrence

In the authors’ early experience, they found deep-seated tumors in this area to be the
most difficult for performing en bloc resections, given the need to resect both the tonsil
and tongue base to a sufficient depth. In these instances, an appropriate margin of the
tonsil is marked out, and the parapharyngeal space is entered. The surgeon must be
able to define the parapharyngeal space, even when approaching it through the tonsil,
because conventional access through the pterygomandibular raphe leads to an un-
necessarily large resection. Once the styloglossus is identified, dissection can pro-
ceed laterally and inferiorly to it, as required, until the middle constrictor and the
hyoid are identified. Appropriate tongue base cuts, as described in section 5.4, are
performed around the tumor anteriorly, and the dissection proceeds to the required
depth using the styloglossus dissection laterally as a guide. These techniques allow
for an en bloc resection of these tumors (Fig. 6).

Intraoperative Ultrasound

Intraoperative ultrasound is useful in select instances, especially with submucosal
tongue base cancers where intraoperative examination does not allow for a good
assessment of the tumor extent and depth (Paleri V, Fox H, Coward S, et al. Transoral
robotic surgery for residual and recurrent oropharyngeal cancers: an IDEAL phase 2a
exploratory study of surgical innovation. In: Unpublished, ed., 2016).18 The Flex Focus
800 machine (BK Medical, Peabody, Massachusetts), with the robotic drop-in ultra-
sound transducer 8826, is the authors’ preferred instrument for tongue base lesions.
After appropriate retractors are used to expose the tumor, the ultrasound transducer is
Fig. 6. The resected specimen is orientated and mounted with the deeper side facing up,
taking care not to distort the convexity. (A) Shows the annotated mucosal side of the tumor
before being orientated using pins (B Q39).
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grasped by the Maryland forceps and placed on the mucosal surface of the tongue
base. In combination with the patient’s preoperative magnetic resonance imaging,
the transoral ultrasound images of the tongue base are interpreted by the radiologist
and TORS surgeon in combination as the tumor resection progresses.

Intraoperative Margin Assessment

It is reasonable to aim to achieve a 5-mmmargin for the deep and mucosal resections
where the anatomy allows. It is the authors’ opinion that a greater emphasis should be
placed on achieving a clear margin clinically, rather than focusing on the numerical
figure attached to the resection specimen in the final pathology report. This is relevant
particularly because the final reading may reduce by up to 25%, resulting from tissue
necrosis induced by the energy devices commonly used in TORS, and up to 10%
further when undergoing formalin fixation.19,20

For tonsil cancers, a 5-mm mucosal margin is achievable in most cases; but, these
marginsmay not be possible for the deeper aspect of themobilized specimen laterally,
where the thickness of the constrictor bed measures less than 2 mm, reduced by ra-
diation induced atrophy and formalin fixation. Smaller tongue base cancers may
achieve 5-mm deep and mucosal margins if they are confined to this subsite. For tu-
mors centered in the tonsillolingual sulcus, the deep margin may be augmented by
including the constrictor and stylohyoid muscles in the resected specimen.
It is important for the surgeon to examine all aspects of the specimen once it is

completely resected. The authors do not routinely slice the specimen in the operative
room to assess the deep margin. Areas where the deep resection margin is felt to be
close are marked with colored ink on the specimen. The specimen then is orientated
and temporarily placed back into the defect, pinpointing the precise location for
further resection. Frozen section examination then can be used to confirm adequate
clearance. For small oropharyngeal defects, the whole tumor bed may be sampled
as a single marginal biopsy if required.

Intraoperative Frozen Section

Significant input from pathology services is needed to run such a service but it can be
invaluable in the management of ReRuNeR OPCs: in some cases, a definitive confir-
mation of malignant disease may be required before progressing with a more
advanced resection, especially where chronic ulceration has affected the oropharyn-
geal tissues and previous attempts at more superficial biopsy have been ambiguous;
in other cases, the full submucosal extent of the tumor is difficult to appreciate in the
irradiated tissue and histologic confirmation of adequate resection is needed to avoid
removing unaffected tissue.

Specimen Processing

Special attention should be paid to the mounting of specimens to allow for accurate
margin assessment. Traditionally, specimens are orientated, pinned, and mounted
with the mucosal side facing up. If this method is applied to the en bloc oropharyngeal
specimen resected with TORS, then the convex shape of the deep aspect may be lost
when undergoing formalin fixation while flattened against the board. Additionally, once
fixed in formalin, the muscle layers on the under-surface of the tumor specimen, that
were freely mobile in vivo, have become compressed and distorted, which may
contribute to an underestimation of these margins. Consequently, the authors recom-
mend that the specimen is mounted with the mucosal side facing down, to maintain
the natural convexity of the deeper aspect of the resected specimen (see Fig. 6).
Furthermore, to ensure optimal communication between surgeons and
OTC1813_proof ■ 26 August 2020 ■ 11:58 pm



Paleri et al10

457

458
459
460

461
462
463

464
465
466

467
468
469
470

471
472
473

474
475
476

477
478
479

480
481
482
483

484
485
486

487
488
489

490
491
492
493

494
495
496

497
498
499

500
501
502

503
504
505
506

507
histopathologists, it is the authors’ practice to photograph all resections and provide
labeled diagrams to facilitate specimen orientation prior to processing.

Reconstructive Strategy

TORS oropharyngeal resections traditionally have been left to heal by secondary
intention but in the salvage setting complex ablative defects often cross a variety of
anatomic subsites and, as a result, may require formal reconstruction. The anatomic
goals of such reconstruction include coverage of vital vascular structures and mainte-
nance of a watertight seal. Additionally, there are functional goals, such as minimizing
velopharyngeal insufficiency and improving swallow by restoring tongue volume.
These aims can be achieved by the transfer of vascularized tissue either locally or
more often as a microvascular free flap.21–23

Reconstructive algorithms have been developed to aid planning of post-TORS
resection defects. de Almeida and colleagues22 suggested 4 classes of defect: class
I involves 1 subsite (tonsil, tongue base, pharynx, or soft palate) and no adverse fea-
tures (internal carotid artery exposure, neck communication, or >50% of soft palate
resection); class II is similar but involves more than 1 subsite; class III involves 1 sub-
site but has 1 or more adverse features; and class IV involves multiple subsites and
adverse features. Class I and class II defects can be either left to heal by secondary
intention or closed with local flaps, whereas class III and class IV defects require
regional or free flap reconstruction.
Oropharyngeal surgery in the salvage setting has shifted toward minimally invasive

approaches, such as TORS, which aim to avoid unnecessary tissue disruption from
access procedures. The natural evolution of this progression has been the develop-
ment of robotic-assisted free flap inset (RAFFI). Combining resection and reconstruc-
tion robotically is a more cost-effective and efficient use of the robotic system and
avoids the need for a formal mandibulotomy. This reduces operation time and hospital
stay with other potential benefits, including a more expedient return of swallow and
potentially a reduced incidence of osteoradionecrosis at the osteotomy site.24

Selber25 described a small series of 5 patients undergoing oropharyngeal resection
and reconstruction with an intact mandible with either local or free flaps. An anterolat-
eral thigh flap was used in 1 patient to resurface the neck and reconstruct the tongue,
floor of mouth and pharyngeal defects. The inset was performed using a combination
of methods: by hand through the mouth and via a pharyngectomy and robotically via
TORS for the more difficult to access areas. Microneedle drivers were employed to
place the sutures but the investigators did comment that some of the knots ultimately
were hand-tied. Several investigators since have described their techniques for
salvage oropharyngectomies using both cervical and TORS approaches, with an
emphasis on a combination of hand and robotic inset of free flaps (Paleri V, Fox H,
Coward S, et al. Transoral robotic surgery for residual and recurrent oropharyngeal
cancers: an IDEAL phase 2a exploratory study of surgical innovation. In: Unpublished,
ed., 2016).26–28

RAFFI is technically demanding and, in common with TORS ablation in the salvage
setting, should be attempted only by experienced surgeons. Surgical time can be
saved by performing resection and flap raising simultaneously but this requires a care-
ful assessment of flap dimensions. This is best achieved using a combination of pre-
operative imaging and on-table measurements, with the need to accept that
modifications may well be necessary as the case proceeds. To conform to the com-
plex 3-dimensional ablative cavity, thin fasciocutaneous flaps are best employed.
Time efficiency is maximized using a combination of a hand and robotic approaches
for inset. In general, the flap is first supported by 2 or 3 holding sutures, 1 of which is
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placed cervically around the hyoid bone to stabilize the most inferior aspect of the flap
and help achieve a watertight seal. The robotic inset should be performed first,
because this allows any excess flap to be readily excised at its superior extent under
direct vision. The lack of haptic feedback makes robotic tying of knots challenging and
as such alternative sutures, such as the V-Loc barbed system (Medtronic, Watford,
United Kingdom) have obvious advantages during inset, but the absorption profile
of V-Loc is a minimum of 90 days.

Management of Positive Margins Recognized on Formalin-Fixed
Paraffin-Embedded

Difficult decisions need to be made patients in whom a paraffin section shows cancer
in the defect margin after a negative frozen. For these patients, the margin should be
considered to be positive and the authors believe that the surgeon has no option but to
consider a re-resection. In many cases, it may be practically impossible to be precise
about the site of the positive margin, especially in tongue base recurrences. In small
tongue base ReRuNeR OPCs defects, a re-resection of the entire tumor bed may
be feasible. In other instances, the sole option, the authors believe, is for open resec-
tion of the entire tumor bed and reconstruction as appropriate. In all such instances, in
the authors’ series (3 of the first 50 cases), no tumor was identified pathologically in the
re-resected bed, but this could be a reflection of the minimal tumor volume and a sam-
pling issue during processing.

Postoperative Care

The authors’ policy for postoperative care is based on a patient comorbidity burden
and requirement for postoperative ventilator support. Such patients are sent to the
critical care units; all others return to the ward.
Pain is a significant component of the postoperative phase that needs to be actively

managed to assist with the rehabilitation. The authors’ postoperative TORS pain man-
agement protocol includes pregabalin, 150 mg on the day of surgery, followed by
75 mg twice a day, until the pain recedes and oral intake increases. Additionally,
patient-controlled analgesia is used for 24 hours to 48 hours, with morphine given
as required for breakthrough pain.

Rehabilitation

It has been well documented that swallowing function remains a primary concern for
patients up to 12 months after definitive organ preservation treatment of head and
neck cancer (HNC).29,30 Swallowing dysfunction has been shown to persist for
many years after definitive treatment31 and for some patients can present as a late
complication, with a gradual decline occurring many years after treatment.32 In the
setting of ReRuNeR HNC, patients have the potential to present with a baseline
dysphagia, related to their previous treatments, as well as new-onset dysphagia, as
a symptom of their active disease. Dysphagia is associated with higher risk of pneu-
monia, poorer oral intake, prolonged gastrostomy use, poor nutritional status, weight
loss, and significant alterations to eating patterns, social activities, and subsequently
quality of life.33 Even in the setting of minimally invasive surgery for ReRuNeR OPCs,
where more favorable functional outcomes have been reported in comparison to tradi-
tional surgical techniques (Paleri V, Fox H, Coward S, et al. Transoral robotic surgery
for residual and recurrent oropharyngeal cancers: an IDEAL phase 2a exploratory
study of surgical innovation. In: Unpublished, ed., 2016),34 a protracted period of
dysphagia rehabilitation is required.35 Consequently, swallowing rehabilitation should
be integral to the management of patients with ReRuNeR OPCs and should include
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prehabilitation with functional optimization before surgery. This should take place in
addition to immediate postoperative therapy and followed by longer-term rehabilita-
tion for the weeks and months after surgery. A rehabilitation model (Fig. 7) has
been developed at the authors’ center based on clinical experience and review of
the existing literature in the management of dysphagia in HNC.
A multidimensional pretreatment swallowing evaluation underpins discussions

regarding potential functional outcomes, as part of the informed consent process. A
thorough assessment also identifies targeted prehabilitation goals, including swallow-
ing exercises. The baseline assessment should include a range of patient and
clinician-reported measures, in addition to instrumental evaluation of swallowing func-
tion using videofluoroscopy and/or fiberoptic endoscopic evaluation of swallowing
(FEES).35 Baseline evaluation also informs decision making regarding nonoral feeding
methods in the acute and longer term after surgery. At the authors’ center, an intrao-
perative nasogastric tube routinely is placed; however, depending on baseline swal-
lowing function, some patients may require gastrostomy tube placement prior to
surgery. If patients do not follow an expected trajectory of recovery (see Fig. 7), con-
version from nasogastric tube to gastrostomy takes place at 14 days after surgery.
A range of rehabilitation approaches must be used, including targeted dysphagia

swallowing exercises (see Fig. 7). More novel methods also have been used, including
expiratory muscle strength training (EMST) and intensive blocks of boot camp–style
interventions.35 The rehabilitation plan must be a patient-centered process, tailored
to individual needs, with repeated outcome measures, allowing reactive changes to
the plan as needed.36
Fig. 7. Rehabilitation pathway for patients after salvage TORS. This rehabilitation model
previously was presented at the Dysphagia Research Society Q40. (From Brady GC, Leigh-Doyle,
L, Stephen, S., Roe, J.W.G., Paleri, V. Functional Outcomes Following Transoral Robotic Sur-
gery for Recurrent Head and Neck Cancer (HNC): A Prospectve Observational Study. In:
Dysphagia, ed. Dysphagia Research Society 27th Anniversary Annual Meeting., 2019:944-
1018.)
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Outcomes

The authors’ group performed a systematic review and meta-analysis of studies
reporting survival data and functional outcomes for patients undergoing TORS for pre-
viously treated HNC. Of the 811 records identified, 8 were eligible for inclusion,
covering 165 cases (range 1–64). There was a male preponderance, and the mean
ages were approximately 60 years. Nearly all cases were squamous cell carcinoma,
but HPV rates were reported inconsistently. Most cases were early-stage disease,
rT0-T2 and rN0-N2b.
The pooled free flap rate was 0.9% (4 studies; range 0.0–14.3; 95% CI, 0.0–6.8; I2

63.7%; P 5 .04).

COMPLICATIONS

The meta-analysis showed a pooled postoperative hemorrhage rate of 9.2% from 4
studies (range 3.3–13.3), with a pooled postoperative pharyngocutaneous fistula
rate of 0.6% (4 studies, range 0.0–3.3).

MARGINS

All but 1 study reported on rates of positive resection margins, with 5 studies also
reporting rates of close resection margins. The pooled positive margin rate was
18.2% (4 studies, range 6.7–33.3). The pooled close margin rate (not including positive
margins) was 25.7% (3 studies, range 6.7–52.9). The criteria used for a close margin
cutoff was reported by 4 studies, ranging between 2 mm and 5 mm, with only 1 study
reporting the criteria used for considering a margin as positive.

ONCOLOGIC OUTCOMES

The pooled data for oncological outcomes (Fig. 8) were as follows: 2-year overall sur-
vival, 73.1% (4 studies; range 64.7–75.0; 95% CI, 64.6–80.9; I2 0.0%; P 5 .9), and 2-
year disease-free survival, 75.3% (4 studies; range 60.0–92.0; 95% CI, 65.2–84.2; I2

22.9%; P 5 .3).

FUNCTIONAL OUTCOMES

Only surrogate functional outcomes were available from the systematic review. The
pooled perioperative gastrostomy rate from 3 studies was 25.0% (range 16.7–35.9),
with a pooled perioperative tracheostomy rate of 22.3% (3 studies; range 21.9–
23.5). Some long-term results were available for functional outcomes, although the
definitions of what constituted long-term outcomes were not clear in the source ma-
terial. The pooled long-term gastrostomy rate was 5.0% (4 studies; range 0.0–20.0)
and the pooled long-term tracheostomy rate was 1.9% (2 studies; range 0.0–10.0),
indicating that a vast majority of patients were swallowing without tubes and were
decannulated in the longer term.
To provide more granular data, the authors present their center results for functional

outcomes. Between December 2017 and August 2019, 30 patients (4 women) under-
went TORS for ReRuNeR. Previous treatments included (biochemo)radiation (n 5 28)
and surgery with postoperative radiotherapy (n 5 2). Median age was 60 years (range
37–82 years). Patients had locally recurrent/residual disease of the oropharynx
(n 5 29) and hypopharynx (n 5 2). TORS-assisted flap reconstruction was required
in 8 patients. Tracheostomy was performed in 25 patients. Median time to decannu-
lation was 11 days (range 4–27). Baseline and postsurgery gastrostomy use was as
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Fig. 8. Pooled 2-year overall survival (A), disease-free survival (B), and disease-specific sur-
vival (C) after salvage TORS for ReRuNeR cancers. (From Hardman J, Liu Z, Brady Get al.
Transoral robotic surgery for recurrent cancers of the upper aerodigestive tract-Systematic
review and meta-analysis. Head Neck 2020; 42:1089-1104.)
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follows: 6 at baseline (n 5 30); 15 at 3 months (n 5 30); 7 at 6 months (n 5 16 assess-
able patients); and 4 at 12 months postsurgery (n 5 10 assessable patients). Median
length of hospital stay was 14 days (range 1–30). Further objective and patient-
reported outcome measures, including the MD Anderson Dysphagia Inventory
(MDADI) (Chen and colleagues, 2001), Performance Status Scale for Head and
Neck Cancer Patients Normalcy of Diet (PSS-HN) (List and colleagues, 1990), and
maximum interincisor opening, are shown in Table 1.

FUTURE TRENDS

Revising margins after salvage TORS is a difficult prospect, so real-time assessment
of margins and revision of the resection at the time of surgery are key to avoiding this
predicament. Frozen sections are associated with an inevitable delay between sam-
pling and the subsequent result, which may result in difficulty relating any positive re-
sults to precise location in the resection bed, given the complexity of the endoscopic
landscape. Real-time assessment of the margins might be the way forward in this
setting and several options have shown promise in this regard. Rapid evaporation
ionizing mass spectrometry, where analysis of the plume from the area being cut by
the electrocautery instrument, has shown promise and is one option that has been
robustly validated in the laboratory setting.37 The authors’ work on snap frozen sam-
ples from 74 patients and 1051 observations offers the following diagnostic efficacy
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Table 1
Functional outcome measures from a single center cohort Q32

Baseline
Three
Months Post

Six Months
Post

Twelve Months
Post

Mean PSS-HN
Normalcy of

diet score Q33

69.3 39.3 51.2 51.1
95% CI,

62.0–76.7
95% CI,

29.9–48.7
95% CI,

37.6–68.4
95% CI,

30.1–72.1
n 5 30 n 5 29 n 5 17 n 5 9

Mean MDADI
composite score

74.6 45.6 59.5 61.8
95% CI,

68–81.2
95% CI,

3 2.7–58.5
95% CI,

46.3–72.7
95% CI,

34.7–88.9
n 5 24 n 5 12 n 5 11 n 5 6

Median maximum
interincisor opening (mm)

38.5 26.5 31
Range: 20–55 Range: 10–43 Range: 10–50
n 5 26 n 5 22 n 5 9
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metrics: specificity, 98.47%; sensitivity, 97.78%; positive predictive value, 97.4%; and
negative predictive value, 98.4%. This innovative technology will greatly increase
intraoperative confidence in the adequacy of the resection margins and is under
ongoing evaluation.
Although immunotherapy approaches have shown success compared with conven-

tional chemotherapy for unresectable nonmetastatic cancers,38 surgery remains the
sole curative option. No targeted nonsurgical therapies are available on the horizon.
A recent prospective trial to assess the clinical benefit of a tailored gene set built on
a next-generation sequencing platform in patients with recurrent or metastatic head
and neck squamous cell carcinoma provided to clinicians to inform treatment deci-
sions did not provide clinical benefit to the patients.39 Promising avenues of investiga-
tion appear to be combining immunotherapy in the surgically salvageable population
too (ClinicalTrials.gov Identifier: NCT03565783).

DISCUSSION

TORS clearly is proving itself an acceptable treatment modality for recurrent cancers,
with outcomes comparable to the results of open resections2 and transoral laser re-
sections.40,41 The caveats associated with these outcomes must be interpreted care-
fully, however; there is a selection bias to those being offered TORS. This bias pertains
mainly to 2 factors: (1) the selection of relatively smaller cancers (approximately 90%)
is limited to 1 subsite vs larger tumors, and (2) smaller recurrences usually are HPV-
positive cancers in patients with a better comorbidity profile compared with to HPV-
negative squamous cell cancers.42 This cohort usually has a greater respiratory
reserve and tolerates larger transoral resections, which still leave them with a func-
tional swallow. The authors hope to have greater clarity on these aspects in a forth-
coming international individual patient data meta-analysis that currently is under
way (IRAS 268830, RMHCCR5156).
TORS should form just 1 modality in the spectrum of treatments available to patients

with ReRuNeR OPCs. Although transoral laser microsurgery (TLM) for ReRuNeR
OPCs is not to be discounted entirely, it is the authors’ experience that TLM is unsuited
for anything but the smallest tonsil cancers. The ability to perform intraoperative imag-
ing and flap inset are unique to TORS resections, expanding the patient base for
transoral surgery.
OTC1813_proof ■ 26 August 2020 ■ 11:58 pm
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As a surgeon’s practice and experience evolve, it is likely that the patients deemed
suitable for these procedures will expand too. The authors emphasize that prior to
embarking on any TORS for ReRuNeR cancer, the members of their multidisciplinary
team carefully consider all aspects of a patient’s treatment, from surgical to oncolog-
ical to functional perspectives, to ensure the patient may be counseled appropriately.
The postoperative complication profile and the long-term rehabilitation outcomes are
significantly different from those of the primary cohort and need to be understood
when embarking on this service. The authors’ hospital stay data may be skewed by
patients from outside the region; discharge policy allows patients to return directly
home (rather than to an interim closer hospital) only after the following criteria are
met: the tracheostomy is decannulated; pain is well controlled; nutritional require-
ments are met through oral intake and/or an appropriate feeding tube; nursing support
is in place for the feeding tube and any social care issues; and patient transport can be
arranged to the referring area of the country. The authors’ previous single-center data
indicate a hospital stay of under a week when patients receive treatment at their local
center and many of these logistical issues do not apply (Paleri V, Fox H, Coward S,
et al. Transoral robotic surgery for residual and recurrent oropharyngeal cancers: an
IDEAL phase 2a exploratory study of surgical innovation. In: Unpublished, ed., 2016).
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