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Chapter 8

Surgical Ablative Treatment
of Head and Neck Cancers

Robin T. Wu, Vasu Divi, and Karl C. Bruckman

Introduction

Head and neck anatomy centers on function and aesthetics. Structures such as the
mandible and the larynx, while millimeters in separation, serve vastly disparate
occupations. As such, tumor extirpation can be particularly morbid.

Transoral excision of superficial tumors in the oral cavity was reported as early
as the fifth century. In the 1800s, Billroth and Von Langenbeck described the lower
lip split and mandibulotomy for access to elaborate tumors [1]. Kocher then pio-
neered the submandibular resection, allowing proximal vascular control and reduced
need for mandibulotomy. A great advancement in surgical visualization came when
Garcia refined the indirect laryngoscopy by experimenting on his own larynx. In
1873, Billroth initiated the first laryngectomy for cancer, albeit with profound mor-
tality rates due to aspiration and sepsis [2].

The forefather of modern head and neck surgery was George Crile, who pub-
lished his extensive experience in the early 1900s. After reviewing his cases from
1899 to 1906, Crile advocated for en bloc resection of neck lymphatics, improving
survival rates from 19% to 75% [3, 4]. Martin added the level I-V modified radical
neck dissection for metastatic neck disease.

Towards the late twentieth century, new technological advances have allowed for
decreased morbidity. In rapid succession, Jako and Kleinsasser developed microlar-
yngoscopy [5], Polanyi invented the CO2 laser [6], and Jako and Strong reported
using the two in combination [7].
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While techniques have flourished, the principles are steadfast. Tumor ablation is
the primary modality to prevent progression and metastasis. Resection with clean
margins must weigh multi-functional morbidities of the head and neck. Perhaps
paramount of which is lengthy discussion with the patient regarding individual
goals. Ninety percent of head and neck cancers are squamous cell carcinomas (SCC)
[8]; thus the focus of this chapter will be the ablative management of head and neck
SCC, upon which resection of other malignancies are often mirrored.

General Principles

Elective Tracheostomy

Aspiration and airway edema, risking loss of airway, are serious sequelae of head
and neck cancer resection. Guidelines for elective tracheotomies are controversial.
Grading systems exist such as the clinical assessment scoring system for tracheos-
tomy (CASST) including a variety of surgical and patient factors (Table 8.1) [9].
Generally, those with increased secretions such as patients with chronic aspira-
tion, patients with posterior tongue tumors with potential of tongue fall, and those
with a free or pedicle flaps for airway reconstruction will require prolonged airway
control with a tracheotomy. Those with large tumors encroaching on the airway will
often need an urgent tracheotomy or urgent surgical resection with elective trache-
otomy in anticipation of postoperative swelling. Generally speaking, the most com-
mon indication for tracheostomy is in patients diagnosed with laryngeal cancer [10].
Tracheotomies are performed prior to tumor resection. An open tracheotomy is
performed, and an endotracheal tube is advanced for ventilation during the

Table 8.1 Gupta et al. developed the CASST grading system to predict the need for tracheostomy
with a sensitivity of 95.5% and a negative predictive value of 99.3% [9]

Major criteria Points

Previous radiation in same region of surgery

Resection of two more sub-site of oral cavity or oropharynx

Bilateral neck dissection

Extended hemi- or central-arch mandibulectomy

Bulky flap used for reconstruction

NS SRE SR SRE SRR S

Flap causing compression (e.g., use of a reconstruction plate,
intact mandibular rim)

Minor criteria

Age > 65 years

Previously operation at the same site

1
1
Trismus 1
Pathological CT chest findings (e.g., COPD, emphysema) 1

Total score < 6 No need for tracheostomy
Total score > 7 Likely need for tracheostomy
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procedure. Decannulation rates are high, studies reporting up to 88.5%, and should
be carried out when secretions are controlled and mechanical ventilation is no lon-
ger required [11].

Feeding

High rates of dysphagia exist after head and neck cancer surgery, further com-
pounded by treatment- and disease-related cachexia. Malnutrition complicates cura-
tive goals and increases morbidity with each treatment step. Thus, many clinicians
opt for prophylactic feeding tube placement at the time of surgical resection or at the
onset of swallowing compromise [12].

One review from Moffitt Cancer Center identifies body mass index below 25,
tumor stage three or greater, and a cumulative cisplatin dose great than 200 mg/m?
as the factors most associated with percutaneous endoscopic gastrostomy tube
placement [13]. As high as 60% of patients undergoing chemoradiation for head and
neck cancer undergo feeding tube placement which remain for a median of 9
months. However, most studies fail to find significant improvements in morbidity or
survival with feeding tube placement [14—19].

There is little consensus among institutions regarding practices for prophylactic
feeding tube placement. At this juncture, authors do not recommend prophylactic
placement without identified patient comorbidities. National Comprehensive
Cancer Network (NCCN) guidelines currently identify (i) severe weight loss, (ii)
symptomatic patients, (iii) risk for aspiration, and (iv) high-dose radiation as strong
considerations for percutaneous endoscopic gastrostomy (PEG) placement
(Table 8.2). The ease of modern endoscopic placement allows swift enteric feeding
once malnutrition is identified. Likewise, open discussion should ensue prior to
surgical resection to determine patient preference for feeding.

Reconstruction

Head and neck reconstruction principles are complex and beyond the scope of this
chapter, and it is been covered in the subsequent chapter in this volume. In general,
surgical principles follow the reconstructive ladder. Small defects in the alveolar
arch or hard palate can be allowed to granulate by secondary intention as scar con-
tracture is negligible. On the opposite spectrum, the free fibula flap has arisen as the
work horse of mandibular reconstruction, with excellent aesthetic results and mini-
mal donor site morbidity.

A plastic surgery team should be involved early in surgical planning. Aesthetic
and functional goals must be discussed thoroughly as final reconstruction may take
years to complete.
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Table 8.2 Taken from the NCCN guidelines for head and neck cancer. With a copyright
permission, the content adopted from [125]

Global nutrition recommendations for patients receiving (chemo)radiotherapy

Utilize oral intake as much as possible when maintaining safety
Monitor for the lifetime of the patient even well after therapy

Factors predicting limited enteral Factors suggesting strong consideration of
feeding requirement prophylactic PEG

Very good performance status as measured | Severe weight loss prior to treatment

by the Eastern Cooperative Oncology 5% past 1 month

Group (ECOG/WHO/Zubrod) score 10% past 6 months

No significant Symptoms includes

Pretreatment weight loss Ongoing dehydration

5% past 1 month Severe dysphagia

10% past 6 months Anorexia

Airway obstruction Odynophagia interfering with oral intake
Dysphagia Significant comorbidities requiring good oral intake

for health maintenance

Severe aspiration in any patient

Any aspiration in an elderly patient or patients with
compromised cardiopulmonary function

Patients anticipating high-dose radiation

Neck Dissection

Neck dissections are either comprehensive (radical and modified radical) or selec-
tive. The radical neck dissection is characterized by unilateral removal of lymph
nodes in regions I-V, sacrifice of the spinal accessory nerve, internal jugular vein,
and sternocleidomastoid, and is rarely used today.

In patients without palpable neck disease or concerning findings on imaging,
elective treatment of the neck is pursued based on the probability of occult meta-
static disease. In general, if the risk of metastases is greater than 20%, treatment is
considered [20, 21]. In particular, patients with nasopharyngeal, pyriform sinus, and
base of tongue lesions with propensity for early lymphatic spread should be consid-
ered for elective neck treatment [22, 23]. The neck is managed by surgery or radia-
tion depending on the primary tumor management. Glottic tumors T1-2 are generally
safe to defer any neck treatment; however, patients with advanced T3-4 tumors are
recommended to undergo neck dissections or radiotherapy. Oropharyngeal, hypo-
pharyngeal, or supraglottic laryngeal tumors T2-4 often spread to the neck without
palpable signs and should receive lateral neck dissections or radiation.

Patients with clinically positive neck disease are recommended to undergo com-
prehensive dissection. Those without adenopathy in level V can be considered for
selective neck dissection as level V involvement is often rare. If extracapsular
extension is present, adjuvant radiotherapy is delivered concurrently with chemo-
therapy. Individualized neck management will be discussed for each tumor type
separately.
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Cutaneous Malignancies

Basal Cell Carcinoma (BCC)

Low-risk BCC are categorized by primary tumors of nodular or superficial subtype,
less than 10 mm on the cheek, forehead, scalp, or neck, without perineural invasion,
and without history of radiation [24-26]. Resection involves 4 mm margins and
Mohs micrographic salvage for positive margins. Curettage and electrodesiccation
is an in-office alternative, but cannot evaluate for histologic margins.

High-risk BCC are of the morpheaform, basosquamous, sclerosing, mixed infil-
trative, or micronodular subtype, are greater than or equal to 10 mm, and involve the
periorbita, eyebrows, nose, lips, chin, mandible, peri-auricular region, or temple and
recurrent or history of immunosuppression/radiation. High-risk disease is managed
upfront with Mohs surgery, which boasts lower recurrence rates and increased tis-
sue sparing than traditional resection.

Squamous Cell Carcinoma (SCC)

SCC arise from premalignant actinic keratosis and are further stratified into low- and
high-risk categories [27]. Low-risk SCC is a primary disease; less than 10 mm diam-
eter on the cheek, forehead, scalp, or neck; less than 2 mm in depth; and is Clark
levels I-1II, with well-defined border, without structural invasion, and in patients
without prior radiation. Actinic keratosis and SCC in situ can be treated with in-
office cryotherapy, topical 5-FU, imiquimod, and other topicals. Lesions with a
diagnosis of low-risk SCC is generally recommended for surgial excision with
4—-6 mm margins, with Mohs micrographic surgery reserved for positive margins.
A diagnosis of high-risk SCC includes lesions that are recurrent, are poorly
defined, have more than 2mm in depth, Clark levels IV-V, demonstrate rapid growth,
show structural invasion, involve the periorbita, eyebrows, nose, lips, chin, mandi-
ble, peri-auricular region, or temple, and are histologically aggressive. High-risk
SCC is initially treated with Mohs surgery or can receive standard surgical excision.

Melanoma

Following standard punch or incisional biopsies, head and neck melanomas are
managed standardly with wide local excision [24, 25]. These include 1 cm margins
for tumors with Breslow depth less than 1 mm, 1-2 cm margin for lesions 1-2 mm
thick, and 2 cm margins for tumors more than 2 mm thick.

Special considerations exist based on anatomic location. In general, melanomas
of the face are resected to the facial muscles, barring invasion of muscle and
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underlying bone. Melanomas of the ear are considered for partial or total auriculec-
tomy, while those of the ear canal may require resection of temporal bone. Scalp
melanomas are resected to the periosteum, and those that abut the periosteum may
indicate outer table resection.

Neck Dissection

BCC has very low rates of neck metastases and dissection is reserved for positive
nodal disease [25-27]. SCC, on the other hand, can be considered for sentinel node
biopsy in high-risk disease. Lesions that (i) are larger than 2 cm, (ii) have a depth
greater than 4 mm, (iii) are on the lip or ear, (iv) have presence of perineural inva-
sion or poor differentiation, or (v) are in immunosuppressed patients have an
increased risk of metastasis. Palpable disease warrants therapeutic neck dissection.
Posterior scalp and neck SCC warrants posteriolateral neck dissection, involving
suboccipital and retroauricular nodes.

Melanomas are relatively more complex to manage [24]. Patients with T2-3
tumor, Clark levels IV-V, or ulcerative melanomas are treated with a sentinel node
biopsy. Therapeutic neck dissection is indicated for palpable neck disease or posi-
tive sentinel nodes. Anterior scalp, temple, ear, and facial melanomas with positive
sentinel nodes indicate superficial parotidectomy, as disease commonly metasta-
sizes to the parotid nodes. Posterior scalp and retroauricular melanomas also indi-
cate suboccipital and retroauricular dissection.

Oral Cavity

Surgery is the primary modality of oral cancer ablation. Adjuvant radiation or
chemoradiation supplements resection of advanced tumors. Early-stage oral tumors
T1-2 often undergo transoral resection. Access to advanced or posterior tumors gen-
erally can be performed through a combined transcervical and transoral approach
and is rarely facilitated by mandibulotomy.

Lip

While basal cell carcinomas are most prevalent in the lip, SCC comprise 30% [28,
29]. The lip is the most common site for cancer of the oral cavity. Lip resection
poses an obvious cosmetic challenge, and concurrent reconstruction is always
required.

In situ lesions are managed more conservatively with shave excision, topical
5-fluorouracil, or imiquimod. Invasive lesions generally require formal excision,
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with exception to select early stage commissure lesions that may be managed with
radiation only, due to the complexity of reconstructing the oral commissure. All
lesions should be assessed for mandibular or mental nerve involvement prior to
excision. Neck metastases are rare (10%) and elective neck dissections for node
negative disease are generally not recommended in T1-2 tumors; however should be
considered in T3-4 disease [30].

Tongue

Cancers of the tongue are not limited by anatomical barriers and are often more
invasive, requiring comprehensive resection with 1 cm margins [31]. T1-2 lesions
can be ablated with transverse wedge excisions or wide local excision with frozen
sections [32, 33]. Large T2 lesions and posterior lesions classically mandated pull-
through or mandibulotomy, particularly for segmental resections. Extensive local
disease mandates near-total or total glossectomy.

Resections limited to the oral tongue that encompass less than one quarter of the
tongue volume can be closed primarily or skin grafted [34]. When more than one
third of the tongue is resected, fasciocutaneous free flap reconstruction should be
considered to restore tongue bulk and maintain mobility and is considered manda-
tory for patients with >50% tongue resection. Reconstruction is also dependent on
the degree of floor of mouth involvement which can cause significant tongue tether-
ing. Unfortunately for large T3-4 lesions, even with reconstruction, total glossecto-
mies are complicated by chronic aspiration and breathing difficulties, and
laryngectomy is occasionally indicated.

Mandible

SCC can invade directly from the oral cavity into the mandible. Tumors extending
to the superficial gingiva are resected with periosteum only. Those with periosteal
invasion require at least a marginal mandibulectomy [35, 36]. Generally, if a
tumor extends from the alveolar ridge below the level of the mandibular canal, a
segmental mandibulectomy is required over a marginal mandibulectomy.
Discussion of mandibular resection will be elaborated for each type of tumor later
in this chapter.

The mandible, even uninvolved, inhibits proper tumor access and may rarely
mandate mandibulotomy. Current guidelines are moving towards more mandibular
sparing, particularly with the popularity of the pull-through technique for tumors
that do not grossly involve the mandible. In general, mandibulotomies for access
alone are avoided due to complications such as nonunion, temporomandibular joint
disease, ankyloglosis, or even osteoradionecrosis [37, 38].
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Floor of the Mouth

Proper resection of these tumors in proximity to the mandible can involve marginal
mandibulectomy with 1 cm margins [39]. Early-stage tumors can be treated with
transoral resection or pull-through technique [40]. Tumors that abut the mandible
without obvious invasion past the periosteum can be limited to marginal mandibu-
lectomy. Those tumors that have radiologic cortical involvement will require com-
plete segmental mandibulectomy with bone cuts 1 cm from the malignant margins.
Large tumors that are purely soft tissue with appropriate distance from the mandible
can be accessed transcervically and resected en bloc with the neck dissection.

Alveolar Ridge

Primary tumors at this site are rare and share subunit management with floor of
mouth tumors. Cases where the tumor does not invade the periosteum, a subperios-
teal resection is possible [41, 42]. Small tumors can be addressed with marginal
mandibulectomy or maxillectomy, while larger ones generally require segmental
mandibulectomy or maxillectomy.

Retromolar Trigone

Mucosa of the retromolar trigone abuts the mandible, and even early-stage malig-
nancies often involve mandible resection by L-shaped coronal marginal mandibu-
lectomy, segmental, or hemimandibulectomy [43].

Hard Palate

Although SCC are the majority of hard palate malignancies, one third of tumors in
this area arise from minor salivary glands. Resection involves 1 cm margins. Small
tumors can be accessed per-orally [44]. Fortunately, the palatal periosteum bars
tumor spread. Periosteal involvement requires removal of a portion of the bony pal-
ate with an infrastructure maxillectomy. Large tumors that extend into the pterygoid
plates and masticator space benefit from superoanterior exposure of the nasal cavity,
a maxillary sinus attained via a transverse-vertical Weber-Ferguson approach. In
advanced tumors, en bloc maxillary resections may remove the inferior orbital rim.
Thus, reconstructions must address separation of the oral and nasal cavities, replac-
ing the nasal lining, and reconstruction of the orbit. Often a dental prosthesis can
supplement rehabilitation of speech and swallowing.
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Buccal Mucosa

Small superficial lesions with minimal depth of invasion are excised transorally
without muscle resection [45, 46]. However, tumor that has any palpable thickness
should have resection of the underlying buccinator muscle. If there are concerns
about the depth of invasion, an MRI scan can give critical information about the
involvement of the buccinator or extension towards the external skin. Tumors that
extend posteriorly towards to retromolar trigone should be assessed for involvement
of the masticator space. Lip-split incisions are generally avoided with a careful
combined transoral and transcervical approach.

Neck Dissection

Oral cancers often metastasize to nodal basins I, II, and III [47]. Elective treatment
of the clinical NO neck is achieved with a supraomohyoid neck dissection including
these three levels [48, 49]. Level IIb can generally be spared in elective neck dissec-
tions which may decrease the incidence of spinal accessory nerve weakness. Those
with clinically apparent nodal disease undergo a comprehensive dissection followed
by adjuvant radiation. If extracapsular extension is present in the lymph nodes, che-
motherapy is given concurrently with radiation therapy.

Odontogenic Cysts and Tumors

Odontogenic cysts, regardless of histology, are standardly treated by enucleation;
unilocular cysts do not require curettage, while multilocular, scalloped, or recurrent
cysts are recommended to be curettage [S0-52]. The necessity of tooth extraction is
dependent on the histology.

Similar principles of enucleation and curettage apply to odontogenic tumors
[20]. This strategy includes but is not limited to adenomatoid odontogenic tumors,
ameloblastic fibromas, calcifying cystic odontogenic tumors, odontomas, and squa-
mous odontogenic tumors. Notable exception is the keratocystic odontogenic tumor
(KCOT) with high recurrence rate and should always be curettage with careful
removal of the entire cyst lining [53, 54]. Pindborg tumors (i.e., calcifying epithelial
odontogenic tumors) are resected with a small margin of bone. Odontogenic myxo-
mas have a gelatinous appearance and 0.5-1 cm medullary bone should be removed
with the specimen.

Ameloblastomas are the most aggressive benign tumor [55]. Treatment is contro-
versial, but generally ameloblastomas in the mandible are often resected with 1 cm
bony margins including periosteum [56]. Maxillary ameloblastomas are recom-
mended to have 1-2 cm margins, and particular care should be taken intraopera-
tively with resection radiographs to ensure clean margins.
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Oropharynx

Oropharyngeal cancers are an area of significant research and changing treatment
paradigms due to the rapid increase in HPV-associated oropharyngeal cancer. HPV-
positive disease has dramatically better outcomes than HPV-negative disease, and
new protocols are investigating whether de-escalation of therapy can maintain
excellent outcomes while minimizing morbidity. In general, T1 and T2 lesions can
be primarily managed with surgery or radiation therapy depending on their ease of
resectability and the extent of involvement of the neck [57]. When moving into
more advanced T3 and T4 lesions, surgical resection would leave patients with sig-
nificant morbidity and most institutions pursue upfront chemoradiotherapy.

The transoral approach is the most common surgical approach utilized. Tumors
easily accessible with the direct transoral approach include small tumors of the soft
palate, tonsils, and pharyngeal walls. Modifications to the transoral approach to
reach larger tumors of the tongue base or retromolar trigone include transoral laser
microsurgery (TLM) and transoral robotic surgery (TORS), the latter of which is
mainly approved for T1-2 lesions [58-60]. Laser microsurgery proceeds with
sequential piecemeal resection and is aided by frozen sections for confirmation of
margins. TORS is currently under further development, including adaptation with
the single port robotic novel robotic da Vinci [61], and many argue that the cost and
difficult setup make it inferior to TLM. Research is underway to develop more flex-
ible robotic arms, allowing it to follow the nonlinear anatomic path.

If transoral access is inadequate, often in inferior lesions, a pharyngotomy is the
next step. Multiple variations exist with the traditional being the lateral approach
sparing the hypoglossal and superior laryngeal nerve. The transhyoid pharyngot-
omy enters the vallecula medially, with care taken to close the pharyngotomy judi-
ciously to prevent fistulae. Select extensive lesions may warrant a combined
transoral and transcervical approach.

Soft Palate

Stage I and II tumors can be treated with radiation and stage III and IV tumor with
chemoradiation to limit velopharyngeal insufficiency [62, 63]. Surgery is generally
not recommended for tumors in this location given the superior functional outcomes
of radiation therapy [64].

Tonsils

Tonsils and tonsillar pillars are the most common primary carcinoma site. Tonsillar
tumors follow the typical treatment algorithm for oropharynx cancers described
above. Anatomical access is challenging and aided by TLM or TORS for early-stage
cancers and mandibulotomy for more extensive invasion [60, 65, 66]. Large tumors
involving the mandible and multiple subunits mandate an en bloc resection with
posterior mandibulectomy.
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Tongue Base

Tongue base tumors are treated as other oropharyngeal cancers. If surgery is indi-
cated, access can be attained from least to most invasive via transoral excision, lat-
eral pharyngotomy, supra-/transhyoid pharyngotomy, lip split, or paramedian
mandibulotomy. Small primaries T1-2 are managed with TLM or TORS [67, 68].
Tumors abutting or involving the mandible will be managed with marginal or seg-
mental mandibulectomy. If total glossectomy is necessary in patients at high risk of
aspiration, laryngectomy may prevent aspiration [60].

Posterior Wall

While early oropharyngeal wall tumors are treated with surgery or radiation, most
late lesions should be treated with radiation with or without chemotherapy [69, 70].
Despite the deep location, appropriate retraction allows for resection of early tumor
using transoral, TLM, or TORS. Lateral tumors are proximal to the internal carotid
artery, and care must be taken to anatomic orientation particularly if performing
micro or robotic surgery to protect it from injury. Unique to posterior wall tumors
and soft palate, the retropharyngeal lymph nodes are most common. Dissection is
difficult but can be reached via the transoral or transmandibular approach.

Neck Dissection

Oropharyngeal cancers often present at an advanced stage, half of which have nodal
involvement. Node metastasis occurs commonly along levels 2—4, with occasional
involvement of retropharyngeal nodes [71, 72]. Of note, oropharyngeal SCC which
arise from HPV classically present with cystic lymph nodes.

Given the likelihood of early occult metastasis (40-50% of patients without clin-
ical evidence had metastases), elective neck dissection or radiation is recommended.
Those with extracapsular lymph node spread should receive primary chemoradia-
tion. Soft palate cancers metastasize bilaterally, and bilateral neck dissections or
radiation should be pursued as indicated.

Hypopharynx

Hypopharyngeal cancers report the poorest long-term survival among head and
neck cancers, owing to high probability of distant metastases [73]. Anatomically,
these tumors are in close proximity to the larynx, and even barring involvement,
resection would compromise laryngeal function. While conventional management
was total laryngopharyngectomy, recent advances involve chemoradiation in
attempts to preserve the larynx, and transoral laser surgery. Due to the rarity of this
disease, management guidelines are highly variable per institution (Table 8.3).
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Table 8.3 General management guidelines of hypopharyngeal carcinomas

Procedure T Stage Reconstruction
Partial pharyngectomy 1,2 Primary closure
Supracricoid hemilaryngectomy 1,2,3 Primary closure
Partial laryngopharyngectomy 1,2,3 Regional or free flap
Endoscopic carbon dioxide laser resection/ 1, 2 (possibly 3 | Secondary intention
transoral robotic surgery and 4)

Total laryngectomy with partial/total 3,4 Primary closure vs
pharyngectomy regional or free flap
Total pharyngolaryngoesophagectomy 4 Gastric pull-up

Adapted from Cummings Otolaryngology [20]

In general, the majority treat T1 lesions and select T2 lesions with radiation
alone or surgical resections [74, 75]. T2 lesions and above are managed with radia-
tion therapy; however if there is significant laryngeal involvement and dysfunction
of the laryngeal structures, a radical resection followed by radiation is preferred
[76]. Stage III/IV can be considered for chemotherapy and radiation alone to limit
laryngeal resection with surgery as secondary salvage.

Early-Stage Tumors

Generally, these patients are consented for a tracheotomy as pharyngeal edema
postoperatively can cause airway compromise. Early T1/2 tumors with posterior or
lateral extent can be considered for partial pharyngectomy with lateral pharyngot-
omy [77, 78]. More extensive tumors may necessitate a lateral transthyroid pharyn-
gotomy, and posterior tumors may be approached with an anterior transthyroid
pharyngotomy.

Tumors of the medial piriform sinus without involvement of the piriform apex,
extension to the postcricoid, vocal cord paralysis, or invasion of the cricopharyn-
geus can be managed with a partial laryngopharyngectomy [79]. A supracricoid
hemilaryngopharyngectomy expands upon this to include the ipsilateral supracri-
coid hemilarynx and piriform sinus [80].

Outside of the traditional open approaches, the management of early-stage
tumors is moving towards tissue preserving surgeries such as transoral laser micro-
surgery (TLM). Minimized tissue resection translates to better functional swallow-
ing postoperatively. The tumor is removed piecemeal with 1 cm margins, confirmed
with frozen sections. This technique may eliminate the need for tracheostomy and
significantly shorter perioperative course.

Late-Stage Tumors

In large lesions not suitable for conservation or those that fail chemoradiation, a
traditional laryngectomy or total laryngopharyngectomy are necessary, respectively.
These are plagued with pharyngocutaneous fistula rates as high as 40% [81, 82].
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Those with tumors extending into the cervical esophagus will need a total pharyn-
golaryngoesophagectomy. This procedure involves bilateral neck dissections, total
thyroidectomy, parathyroid autotransplantation, total laryngopharyngectomy, and
transhiatal pull-through esophagectomy with gastric pull-through reconstruc-
tion [83].

Neck Dissection

Up to 75% of patients have palpable neck metastases upon presentation, owing to
the abundant lymphatics in this region. The broad generalization is that elective
neck dissections of levels II-IV should be pursued for NO stages and therapeutic
dissections for N+ necks [84].

Larynx

Laryngeal cancer treatment is focused on functional preservation. The larynx is
poised for vocal production, swallowing, and breathing. Each of these three must be
considered individually when recommending an optimal treatment for patients.
Treatment is divided anatomically based on the three sections of the larynx:

Supraglottis

40% of laryngeal cancers originate in the supraglottis. Early-stage tumors are
treated with single-modality therapy, and advanced stage disease is treated with
multiple modalities. Smaller tumors are eligible for surgical resection [85]; how-
ever, as tumors extend to areas outside of the supraglottic region, or more deeply
into the vocal cords, non-surgical management is preferred [86, 87]. Surgical resec-
tion can be performed by TLM which has largely replaced open partial laryngec-
tomy approaches given the lower morbidity. TORS is limited by narrow exposure
through the oral cavity but has similarly reported similar functional and oncologic
outcomes to TLM [88, 89].

Stage III/IV tumors can be treated differentially with total laryngectomy and
radiation or chemoradiation alone [33]. Tumors that compromise the cartilage or
have extralaryngeal spread are favored for resection. Surgery is always the initial
option for salvage. Surgically, the traditional option has been total laryngectomy
and bilateral neck dissections, which presents significant morbidity. Supracricoid
partial laryngectomy preserves the hyoid and cricoid cartilage and resects all true
and false vocal cords, paraglottic spaces, thyroid cartilage, and epiglottis. This is
often closed with a cricohyoidopexy. Supracricoid partial laryngectomy is indicated
for T3 tumors with fixation of the true vocal cords or invasion of the pre-epiglottic
space and T4 tumors with minimal involvement of the thyroid cartilage without
extension to the extralaryngeal space [90].
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Glottis

59% of laryngeal cancers originate in the glottis. Glottic tumors often present early
with persistent hoarseness, allowing for better outcomes. T1 glottic tumors have
great control rates with surgery and radiation alone, with the former being slightly
preferred due to voice outcomes [91-93]. T2 tumors require more extensive resec-
tion of the vocal cord, which impairs voice outcomes, and more deeply invasive
tumors have a higher risk of recurrence. TLM is the preferred method for resecting
tumors over open approaches when feasible [88]. Voice prognosis from early tumors
depends directly on muscular invasion. The exception is anterior commissure
tumors which often recur. Open surgical resection may be the best option as radia-
tion often underdoses tumors in this location and TLM has poor visualization in this
anatomic region [94].

Stage III/IV tumors, similar to supraglottic tumors, can be treated with surgery
and radiation or chemoradiation alone, with surgery for salvage. T3/T4 tumors were
classically treated with total laryngectomy with adjuvant radiation; however, numer-
ous trials have demonstrated the feasibility of using concurrent chemoradiation
therapy for organ preservation and equivalent survival outcomes. Tumors that cause
a dysfunctional larynx prior to treatment, in particular due to destruction of the
laryngeal cartilage or cricoid invasion, are preferentially treated with an upfront
laryngectomy. Tumors with more than 1 cm subglottic extension or palpable thyroid
disease warrant hemithyroidectomy for likely invasion.

Subglottis

1% of laryngeal cancers originate in the subglottis [95]. While rare, these tumors are
highly invasive, often spreading distally along the trachea and posteriorly towards
the esophagus. Unfortunately, resection must be aggressive, yet survival is poor [96,
97]. Similarly, Stage I/II tumors receive radiation alone, while Stage III/IV tumors
are treated with surgery or possibly radiation alone in non-surgical candidates.
Surgery for all tumors is total laryngectomy to control the spread. Tracheal involve-
ment requires low tracheal resection and manubrium removal.

Neck Dissection

Supraglottic tumors are highly metastatic and often involve bilateral lymph nodes
[98]. Early T1 lesions can avoid elective neck dissection. NO/1 disease is recom-
mended for bilateral selective neck dissection of levels 2—4 [99, 100]. Ipsilateral
comprehensive neck dissection levels 1-5 and contralateral selective dissection are
warranted for N2/3 disease.



8 Surgical Ablative Treatment of Head and Neck Cancers 181

Glottic tumors have lower rates of nodal metastasis; thus early T1/2 glottic
tumors can exclude elective neck dissection. Majority of T3 tumors do not neces-
sitate neck management, while T4 tumors are recommended to undergo neck man-
agement [101]. This includes dissection of paratracheal nodes levels 2—4.

Subglottic tumors often spread via abundant lymphatics to the pretracheal, para-
tracheal, inferior jugular, and mediastinal nodes. Thus, bilateral neck dissection
with paratracheal node dissection is the standard of care.

Nasopharynx

Nasopharyngeal tumors are heavily susceptible to chemoradiation (generally radia-
tion for stage I/II and chemoradiation for stage III/IV); thus surgery is reserved for
local or regional disease recurrence [102, 103]. Contraindications to resection
include internal carotid artery involvement, skull base erosion, and intracranial
extension.

Surgical approaches can be open or endoscopic, depending on the location and
extent of tumor. Challenging access is evident from the posterior location of the
nasopharynx and the narrow gateway nasal vestibule, and open approaches require
significant exposure from a transpalatal, transmaxillary, transcervical approach,
extended osteoplastic maxillotomy, or “maxillary swing” [104]. Endoscopic and
robotic nasopharyngectomies are becoming more popular for small central recur-
rences [105]. These approaches can resect the posterior nasal septum, roof of the
nasopharynx, and the medial maxillary wall. Regional recurrence in the neck man-
dates a modified radical or radical neck dissection.

Nasal Cavity

Nasal cavity tumors are generally treated surgically. Resection must take into con-
sideration involvement of the sinuses, nose, orbit, and cranial base.

Paranasal Sinus

Paranasal sinus tumors are particularly challenging given their insidious progres-
sion and advanced disease at time of presentation. General management involves
surgical resection and postoperative radiation or chemoradiation. Early T1/2 tumors
localized to a single region, such as the nasal cavity, septum, or maxillary sinus, can
be managed with surgical resection alone. Increased stage tumors are supplemented
by postoperative radiation, and chemotherapy is reserved for unresectable tumors.
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Surgical Techniques

The choice of open versus endoscopic resection depends upon the intrinsic tumor
properties and surgeon training. Open resection enables comprehensive exposure
and should be pursued for involvement of the hard palate requiring maxillectomy,
involvement of the orbit requiring orbital exenteration, anterior involvement of the
nasal bone, and involvement of the external skin.

The endoscopic approach provides higher definition, allowing careful dissection
around critical structures such as the orbit, dura, and carotids while avoiding unnec-
essary bony/soft tissue ablation [106, 107]. For most sinonasal malignancies, the
endoscopic approach is now used whenever feasible [108]. Endoscopic endonasal/
sinonasal resection occurs segmentally from the inferior nasal floor superiorly
towards the skull base until clear margins are secured. Endoscopic partial maxil-
lectomy removes the medial maxilla with inferior tubinate, the uncinate process,
and, if involved, the orbital lamina. Endoscopic transcribriform resection expands
the partial maxillectomy to include the anterior cranial base. Tumors that spread
into the pterygopalatine or infratemporal fossa can be reached with coronal plane
extension following medial maxillectomy. Contraindications to endoscopic resec-
tion include involvement of the soft tissue of the face or forehead, frontal sinus,
palate, dura of the lateral orbit, brain invasion greater than two centimeters, man-
dible, cavernous sinus, significant orbit involvement requiring exenteration, or
internal carotid total encasement.

Salivary Gland
Benign

The focus of this chapter is on resection of head and neck malignancies; however,
given the prevalence of benign parotid tumors and their predominant surgical man-
agement, we will discuss them briefly. The majority (85%) of benign salivary
tumors are parotid [52, 109, 110].

The approach to the majority of benign lesions is surgical excision with a cuff of
healthy tissue, including myoepitheliomas, canalicular adenomas, oncocytomas,
and lipoadenoma [111]. Large tumors in the superficial lobe can be resected with a
superficial parotidectomy. Otherwise, deep tumors indicate total parotidectomy
with facial nerve preservation. Facial nerve involvement indicates some degree of
nerve sacrifice. If function is preserved, nerve branches can be selectively removed
and reconstructed. Total paralysis on presentation requires facial nerve resection.

Pleomorphic adenomas are the most common benign parotid tumor and make up
75% of benign salivary gland tumors [112, 113]. As 90% arise superficial to the
facial nerve, they are treated operatively with superficial or total parotidectomy
depending on their location with dissection and sparing of the facial nerve. Transoral
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resection or enucleation leads to unacceptably high recurrence rates. These often
have a substantial recurrence rate of 2—7%, often as a complication of incomplete
resection. Treatment is reoperation and adjuvant radiotherapy for multinodular
recurrence. Repeat resection carries increased risk of facial nerve damage. Patients
who are not good surgical candidates can achieve successful local control with neu-
tron radiotherapy.

Warthin tumors are the second most common benign parotid tumor, found almost
exclusively within the parotid. These tumors are slow growing, often asymptomatic.
Smoking is a notable risk factor [114], and smoking cessation often significantly
decreases risk. Treatment is observation, with resection for symptomatic disease —
occasionally are painful or inflamed — or cosmetically desired. Parotidectomies are
preferred as recurrence is common with inadequate excision.

Benign submandibular gland tumors involve gland removal with preservation of
the marginal mandibular and hypoglossal nerve. Similarly, minor salivary gland
tumors should be excised with a cuff of normal tissue, and enucleation should be
discouraged. Management of malignant submandibular gland tumors is dis-
cussed below.

Parapharyngeal salivary gland tumors are resected via a transcervical incision
and exposure of the major neurovascular structures of the upper cervical region.
Hemangiomas, similar to those of other anatomical sites, are initially treated with
steroids or beta-blockers with surgery or laser therapy reserved or select cases.

Malignant

Tumors that arise in the sublingual glands and minor salivary glands are most often
malignant, while those in the parotid are more often benign. These include muco-
epidermoid carcinomas, adenoid cystic carcinomas, acinic cell carcinomas, and
polymorphous adenocarcinoma. Pleomorphic adenomas have a 10% risk for malig-
nant transformation to carcinomas ex pleomorphic adenoma. Squamous cell carci-
noma arising in the parotid gland are assumed to arise as metastases from
frontotemporal scalp cutaneous carcinoma. Occasionally, skip lesions occur in the
upper neck, and treatment of these should still involve a parotidectomy for pre-
sumed occult disease. Lymphomas are one exception and are treated by chemora-
diation primarily.

Parotid

The parotid is bordered by the masseter anteriorly, sternocleidomastoid muscle pos-
teriorly, zygomatic arch superiorly, and mandibular ramus inferiorly [115, 116].
While not anatomically separate, surgeons tend to refer to the deep (20%) and
superficial lobes (80%) of the parotid which are separated by the plane of the facial
nerve. Lymph nodes are located intra- and peri-glandular.
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Malignant parotid tumors should be managed with a parotidectomy [109, 117].
Current guidelines are moving towards less aggressive resections when indicated. A
total parotidectomy is indicated for high-grade tumors with high metastatic profile,
tumors with lymph node metastasis, or any primary deep lobe tumors. Small, encap-
sulated malignancies in the lateral lobe can be managed with a superficial parotidec-
tomy, and larger tumors can be considered for a partial deep lobe resection.

Parotidectomies are approached via the modified Blair incision, taking care to
identify the main trunk of the facial nerve laterally, and the marginal mandibular
branch inferiorly [118]. Deep lobe and parapharyngeal space tumors can warrant
transcervical resection with possible mandibulotomy. If the facial nerve is involved,
general principles apply and resection with negative margins should be pursued.
Proximal extension may require mastoidectomy to achieve a negative margin. Facial
nerve reconstruction can be completed by neurorrhaphy or interposition graft.
However, if no nerve invasion is present and a plane can be surgically developed
between the parotid tissue and nerve, preservation is important for improved
morbidity.

Facial nerve paresis or paralysis may result from manipulation and traction dur-
ing dissection, fortunately with full recovery in most cases. Approximately 20% of
superficial parotidectomies can result in Frey syndrome, or auriculotemporal nerve
syndrome. This is classified by gustatory sweating as a result of sympathetic fibers
of transected auriculotemporal nerve branches aberrantly reinnervating the parotid.
Treatment for refractory cases can be topical scopolamine or Botox injection.

Submandibular Gland

The submandibular gland is bordered superiorly by the mandible and inferiorly by
the anterior and posterior bellies of the digastric muscle [119, 120]. Lymph nodes
are all located peri-glandular.

Malignancies require gland excision in continuity with the level Ib nodes (sub-
mandibular nodes), present at the inferomedial location on the mandible [69]. Care
should be taken to identify the marginal mandibular nerve, which should be reflected
superiorly for preservation. The hypoglossal nerve should similarly be protected
deep to the digastric muscles. The facial artery and vein can be ligated, and the sub-
mandibular ganglion and Wharton duct are the final structures to be sacrificed.

Sublingual and Minor Salivary Glands

The sublingual glands are located superior to the mylohyoid muscle, opposite of the
lingual frenulum. Malignancies must be resected via a transcervical or, more popu-
larly, a transoral approach, with a wide local excision often involving the tongue,
mylohyoid, mandible, and possibly lingual nerve.
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Neck Dissection Palpable or radio-apparent nodes in the neck should undergo ipsi-
lateral radical neck (Levels 1-5) dissection with adjuvant radiation [121, 122]. Such
aggressive treatment is necessary as salivary gland cancers often metastasize to any
of the nodal basins.

Armstrong and colleagues demonstrated that 3 out of 30 patients (10%) had
metastases in level I, 8 of 30 (27%) in level 11, 7 of 30 (23%) in level III, 6 of 30
(20%) in level IV, and 1 of 30 (3%) in level V [123, 124]. They showed that dissec-
tion of levels I through IV would have detected all occult metastases. The one
patient with a positive level V node also had node-positive disease in levels II
through I'V.

The guidelines for management of the clinically node-negative neck are under
investigation. In general, elective neck dissection can be considered for high-grade
or stage III/IV disease, extra-glandular extension, or facial nerve involvement.

Conclusion

Head and neck surgery is a formidable field to master. Each cancer type and ana-
tomic location possesses different management algorithms and unique challenges.
Proper comprehensive discussion would mandate a textbook for every tumor cate-
gory. The importance of an involved radiation oncology team cannot be emphasized
enough, as management almost always extends past surgical resection alone. There
furthermore remains much to innovate in the field of head and neck surgery. Minimal
surgical treatment has allowed great improvements in functional morbidity, signifi-
cantly limiting the need for tracheostomies. As the field continues to grow, we antic-
ipate improved resection outcomes with decreased aesthetic and functional deficits.
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