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1Management-Based Pathology 
Assessment of Salivary Gland 
Carcinomas

Adel K. El-Naggar

1.1	 �Introduction

Salivary gland neoplasms are the most morphologically and clinically diverse solid 
epithelial tumors. There are 25 distinct salivary gland tumor types in the current 
WHO classification [1]. Given the clinical and management focus of this text, 
descriptions of pathologic features will be limited to gross and histopathologic man-
ifestations relevant to surgical and oncologic management. Similarly, brief lineage-
related biomarkers and genetic findings are present. Although the main focus is on 
malignant entities, benign tumors with differential diagnostic importance and those 
with potential progression to malignancy are discussed.

1.2	 �Salivary Gland Development and Tumorigenesis

Salivary glands evolve from the stomatodial surface of embryo at 6–8 weeks through 
branching morphogenesis where progressive indentation and elongation of an epi-
thelial cord through the underlying ectomesenchyme leads to the formation of the 
ductal acinar unit [2–4]. The inner cellular lining of the ductal segments is epithelial 
in lineage except for the terminal duct component in which both epithelial and 
basal/myoepithelial cells are present. This fundamental formation in large part 
linked to the putative segmental ductal derivation and diversity of salivary gland 
neoplasms [5]. In that context, the presence of myoepithelial cells plays a critical 
role in the structural polarity and stromal organization in tumors composed of both 
cell types. The mechanism for the dual epithelial-myoepithelial neoplastic partici-
pation in some tumors is uncertain. It is, however, possible that an event in 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-02958-6_1&domain=pdf
mailto:anaggar@mdanderson.org


2

uncommitted progenitor early in tumorigenesis gives rise to both epithelial and 
basal/myoepithelial cells (Fig.  1.1). In general, purely epithelial and majority of 
high-grade carcinoma arise from the main (nonterminal) ductal segments and those 
of low grade from the terminal duct-acinar unit.

1.3	 �Classification

Salivary gland tumors are broadly categorized into benign and malignant subtypes 
based on their histopathologic characteristics and the invasive nature of tumor at 
presentation. Grossly, benign tumors are well-circumscribed, thinly encapsulated, 
and soft to slightly firm in consistency. Histologically, generally these neoplasms 
display uniform epithelial and/or myoepithelial cell composition in variable mani-
festations. Malignant tumors, in contrast, present as firm, less mobile, ill-defined, 
and invariably infiltrative in nature. Histologically, tumors display heterogeneous 
neoplastic cellular and structural features (Table 1.1).

Hypothetical Evolution of Salivary Malignancy

ACC / EMC

Bipotent
progenitor

UDC
SB

Early
progenitor

Epithelial
cell

Myoepithelial
cell

Myoepithelial
tumors

BCA/BCadc /
MEC / SDC / Acinic

UDC: Undifferentiated Carcinoma; SB: Sialoblastoma; ACC: Adenoid Cystic Carcinoma;
EMC: Epithelial Myoepithelial Carcinoma; PD: Poorly Differentiated; MEC: Mucoepidermoid
Carcinoma; SDC: Salivary Duct Carcinoma; BAC/BCadC: Salivary Basal Cell Adenoma
Carcinoma; MC: Myoepithelial Carcinoma

Fig. 1.1  Empirical diagram of the developmental pathway of the morphologic and cellular origins 
of salivary tumors

Table 1.1  Broad clinicopathologic categories of salivary gland carcinomas

Low/Indolent Intermediate Aggressive
• ACC, Tubular and 
Cribriform

• Predominantly 
Cribriform

• Salivary Duct Carcinoma

• Low grade MEC • Intermediate MEC • Solid—ACC
• EMC • Adenocarcinoma, NOS • High-grade MEC
• Basal Cell 
Adenocarcinoma

• Secretory Ca • High grade transformation of 
different low and intermediate grade 
carcinomas

• Secretory Carcinoma • Myoepithelial Ca
• Acinic cell carcinoma • Oncocytic Carcinoma • Carcinosarcoma
• Myoepithelial Ca • High-grade adenocarcinoma

A. K. El-Naggar
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1.4	 �Pre-surgical Diagnosis of Salivary Gland Tumors

1.4.1	 �Fine Needle Aspirations (Table 1.2)

Initial assessment of salivary tumors commonly entails a fine needle aspiration 
cytology evaluation. The primary purpose of this procedure is to exclude metastasis, 
lymphoreticular disorders, infectious processes, and reactive lesions and to ascer-
tain the primary salivary nature of mass. In general, the majority of primary and 
malignant tumors can be determined through this procedure. FNA, however, is lim-
ited in delineating benign and malignant nature of basaloid and oncocytic and myo-
epithelial and of carcinoma ex-PA. The procedure is also valuable as a follow-up 
tool for harvesting cells for ancillary testing [6–11].

1.4.2	 �Core Biopsy

Occasionally, core biopsy is performed for salivary tumor diagnosis; however, this 
procedure should be limited to non-resectable, recurrent, and metastatic tumors.

1.4.3	 �Intraoperative Consultations

Although it is unnecessary, intraoperative frozen section can be requested where the 
nature of malignancy may alter the surgical plan and if surgical margins are of con-
cern. In these instances, the surgeon and pathologist should be closely interacting 
during this process especially for minor salivary tumor resections. In these cases it 
is advisable that surgeons submit separate cavity-based margins.

1.5	 �Post Surgical Gross Assessment

Salivary tumor resections of major and minor glands should be inspected for gross 
infiltration of surrounding host tissue and processed to include tumor/host tissue 
interface and different regions of the tumor mass to assess invasion into peri-
glandular soft tissue. Gross description of salivary resection should include size, 
appearance, and consistency, and the relation to surrounding host tissue is required.

Table 1.2  Cytology in 
salivary gland mass 
evaluation

Indications Limitations
• Confirm primary • Differentiation between 

benign and malignant
• Exclusion of • Basaloid, myoepithelial
 � − Metastasis • Grade MEC
 � − Lymphoreticular disorders • Dx of limited Ca EX PA
 � − Reactive
 � − Inflammatory

1  Management-Based Pathology Assessment of Salivary Gland Carcinomas
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1.5.1	 �Histopathologic Evaluation

Diagnosis for salivary gland tumors is based on the light-optic evaluation of well-
prepared hematoxylin- and eosin-stained sections representing lesion and its bound-
aries. Certain immunomarkers may be used in certain instances for differential 
diagnosis and assessment of progression.

1.5.2	 �Pathologic Report

Pathology reports of salivary tumors must primarily include the following informa-
tion: type of surgery, site, size, histologic diagnosis, presence or absence of perineu-
ral spaces, and margin status. Additional relevant findings may include grade if 
appropriate, and tumor diathesis, extraglandular extension margin status.

1.6	 �Common Benign Salivary Gland Tumors of Differential 
Diagnostic Significance

Benign salivary gland tumors are the most common in the parotid gland, and the 
vast majority pose no diagnostic difficulties. Certain subtypes may pose diagnostic 
challenges especially on the initial FNA evaluation. Generally, adenomas present as 
well-defined and encapsulated mass.

1.6.1	 �Pleomorphic Adenoma (PA)

PA is the most common benign salivary neoplasm and manifests a wide range of 
cellular and stromal component manifestations within and between tumors. Not 
uncommonly rare features such as squamous, sebaceous, and adipose tissue meta-
plasias are present, and this may lead to differential diagnostic challenges. PA gen-
erally presents as an ill-defined presentation and may manifest microscopic satellite 
formations that evade detection at the time of surgery leading to frequent recur-
rences. Histologically, tumors can be predominantly myoepithelial, epithelial, or 
paucicellular and can mostly be composed of chondroid, fibrotic, or myxoid ele-
ments. Occasionally, the delineation between myoepithelial dominant PA and myo-
epithelioma is difficult, but such distinction is of minimal clinical impact. 
Pleomorphic adenomas are also prone to recurrence and rarely distant dissemina-
tion. Metastasizing PA, in general, is histologically benign and typically presents in 
patients with multiple recurrence as a result of dislodgment of tumor in vascular 
spaces. These cases should be managed based on their presentation. Because of the 
not uncommon occurrence of carcinoma in long-standing PA, extensive sampling 
and careful examination of these tissues are critical especially in elderly patients 
with long-standing history of salivary swelling [12–15].

A. K. El-Naggar
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1.6.2	 �Myoepithelioma

Myoepithelial tumors are either entirely or largely composed of myoepithelial cells 
in spindle, plasmacytoid, and epithelioid features. The benign and malignant forms 
cannot be distinguished by FNA due to similar histologic features. Only on com-
plete surgical excision the distinction of benign and malignant forms can be made. 
Immunohistochemistry may aid in confirming the diagnosis using SMA, p63, and 
calponin [16–18]. Their management is similar to pleomorphic adenoma.

1.6.3	 �Basal Cell Salivary Adenoma

Basal cell salivary tumors are composed of monotonous basal-like cells and classi-
fied into adenoma and adenocarcinoma based on the state of tumor invasion. 
Therefore, the initial assessment of these tumors by FNA is difficult if not impos-
sible. Although the majority is cured by surgery, some adenomas may recur locally. 
Metastatic dermal basal cell carcinoma may lead to differential diagnostic difficulty 
especially in patients with remote history of skin primary. In these instances, immu-
nostaining for keratin, p63, and SMA may confirm the dual cell formation of sali-
vary basal neoplasms. Rarely, recurrence may develop due to multifocality. Not 
uncommonly, basaloid adenocarcinoma may evolve from adenoma [19–21].

1.6.4	 �Oncocytic Salivary Lesion

Oncocytic lesion/tumors are unique entities composed of mitochondrial-rich cells 
and are classified into hyperplastic and neoplastic lesions. The hyperplastic form is 
typically diagnosed as nodular oncocytic hyperplasia and may present unilaterally 
or bilaterally. These lesions regardless of their histologic classification are com-
posed of monotonous epithelial cells with abundant eosinophilic cytoplasm and 
central nuclei. Histologic examination reveals the multinodular formation in vari-
able sizes. The neoplastic types are classified into adenoma and carcinoma based on 
the status of the invasiveness [22–24].

1.6.5	 �Warthin’s Tumor (WT)

Warthin’s tumor can be presented bilaterally as single mass and rarely multifocally 
within intraparotid lymph nodes. The differential diagnosis of Warthin’s tumors 
should be considered in oncocytic tumors and mucoepidermoid carcinoma, espe-
cially on FNA materials. Thorough examination of Warthin’s tumors must be per-
formed to exclude the latter possibility. Grossly, Warthin’s tumor presents as a brown 
bulging and pliable soft mass. Histologically, lesions are formed of eosinophilic epi-
thelial cell lining lymphoid nodules in distinct structural formation [25–27].

1  Management-Based Pathology Assessment of Salivary Gland Carcinomas
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1.7	 �Malignant Salivary Tumors

1.7.1	 �Mucoepidermoid Carcinoma (MEC)

MEC is the most common salivary carcinoma of minor and major salivary glands in 
adults and children. MEC is also the only salivary cancer where histologic grading 
is associated with clinical behavior. Accurate diagnosis is difficult on FNA material 
and can be confused with cystic lesions and Warthin’s tumor. Grossly, MEC pres-
ents as ill-defined cystic, partially cystic, or solid light tan and mucinous. 
Histologically, tumors are composed of mucinous, epidermoid (epithelial squamous-
like), and transitioned (intermediate) cells in variable structural forms. Tumors are 
graded into low grade (grade 1), intermediate (grade 2), or poorly differentiated 
(grade 3) based on the extent of cystic and cellular manifestations. MEC may dis-
play oncocytic, clear, and transitional cell features of invariable proportion and pat-
terns and display sclerotic. Mucoepidermoid carcinoma can rarely be associated 
with protracted radioactive iodine treatment in patients with papillary thyroid carci-
noma. Low-grade cystic MEC is cured by complete surgery in major salivary gland. 
The most common grade is grade 2 where subjectivity plays a major role. Regardless 
of the reported grading systems, broadly speaking low-grade MECs are mainly cys-
tic with limited foci of cellular proliferation, while intermediate grade displays 
more cellular formations with less cystic structure and the high-grade manifests 
markedly cellular with no cystic formation and focal intracellular mucin production 
[28–32].

Minor salivary gland MECs may pose surgical challenges if incompletely 
excised. Ancillary staining is rarely used in the diagnosis. Occasionally mucicar-
mine stain can be helpful in the diagnosis of poorly differentiated tumors. MEC is 
characterized by reciprocal translocations of chromosome 11p and 19q that lead to 
the formations of the CTRC1-MAML-2 fusion transcript [33–35]. Currently, there 
is no diagnostic, prognostic, and/or therapeutic validated evidence for this event. 
Mucoepidermoid carcinoma rarely shows keratin formation. Carcinoma with dis-
tinct keratin component and mucinous differentiation should be categorized as ade-
nosquamous carcinoma. If metastasis is excluded, definitive distinction between 
these tumors should not influence the surgical management.

Complete surgical excision with free margins is the primary treatment for all 
grades of MEC. Post-operative XRT may be considered in case with close surgical 
margins and /or perineural invasion [32].

1.7.2	 �Adenoid Cystic Carcinoma (ACC)

ACC is the second most common and relentless salivary carcinoma subtype. ACC is 
assumed to develop from the terminal segment of the ductal-acinar unit and is 
formed of dual cell composition of outer myoepithelial and inner ductal cells [36]. 
The initial FNA diagnosis may not reliably be achieved, and definitive diagnosis can 
only be made on either excision biopsy, especially of minor salivary glands, or 

A. K. El-Naggar
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post-excision [37]. ACC is not graded due to the invariable presence of at least two 
histologic forms in any given tumor [38]. The tubular and the cribriform are com-
posed of dual epithelial and myoepithelial cell. These forms retain the structural 
polarity, and pursue slow and progressive clinical course. Loss of myoepithelial 
component leads to epithelial solid form [39].

Solid epithelial development is typically associated with loss of myoepithelial 
cells and clinical progression. Solid myoepithelial transformation is typically of 
low-grade nature. ACC is characterized by translation between chromosomes (6;q) 
and (8;q) resulting in fusion genes of MY13 and MYBL1 genes with the NFIB 
genes in more than 60% of tumors. No definitive association between fusion and 
outcome has been established [40–45]. ACC of minor salivary glands, particularly 
the sin0-nasal sites, is difficult to eradicate unless clear margins are achieved 
intraoperatively.

1.7.3	 �Salivary Duct Carcinoma (De Novo and Ex-pleomorphic 
Adenoma)

Salivary duct carcinoma is one of the most aggressive malignancies of salivary 
glands and presents as de novo primary or as a malignant transformation of pleo-
morphic adenoma [46–49]. It is important that the carcinoma subtype be clearly 
stipulated in the diagnosis of this entity ex-PA. Generally, tumors histopathologi-
cally resemble high-grade mammary adenocarcinoma and share overlapping molec-
ular and biomarker characteristics, an issue of differential diagnostic relevance in 
female patient. Multiple cytomorphologic features have been described including 
oncocytic, apocrine, rhabdoid, and squamoid. These morphologic forms have no 
clinical significance. SDC typically presents at high stage and wide surgical exci-
sion with neck lymph node dissection with radiotherapy and/or chemotherapy is the 
primary management [50–52].

Certain biomarkers may aid non-surgical therapy of these tumors including 
EGFR, AR and PTEN, and HER-2 [53, 54]. High AR nuclear expression is found in 
approximately 70% of males and 50% of female tumors. Recently, presence of AR 
isoform A7 has also been reported in AR-positive tumors of male and females [55–
57]. Androgen deprivation treatment has been empirically used with variable and 
inconsistent results. PTEN expression is frequently lost in SDC and directly or indi-
rectly is associated to PI3K pathway activation [58, 59].

1.7.4	 �Polymorphous Adenocarcinoma (PAC)

In the current WHO classification of head and neck tumors, the “low-grade” desig-
nation has been omitted due to the aggressive behaviors of some of these tumors. As 
the descriptive term implies, the tumor manifests variable neoplastic manifestation 
including lobular, trabecular, papillary, microcystic, and/or solid features. PAC is 
the second most common malignancy in the oral cavity, palate, and base of the 
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tongue [60–63]. PAC has also been reported to occur in major salivary glands, the 
lacrimal gland, minor glands of the nasopharynx, and the nasal cavity. Grossly 
tumor presents as unencapsulated, light tan and soft with variable appearance and 
occasional hemorrhagic regions. A salient morphologic feature is the presence of 
distinctive cellular structures (eddy-like formation) along with the tubular, trabecu-
lar, and/or lobular structure. A reported subset with dominant cribriform and micro-
cytic patterns has been reported as a separate entity but currently represents a variant 
of PAC [64]. Although a majority of these tumors pursue a good behavior with 
complete excision, not uncommonly recurrent and metastatic disease is encountered 
especially those of minor glands and base of tongue locations. This entity can be 
misclassified as adenoid cystic and epimyoepithelial carcinomas due to occasional 
overlapping features and definitive distinction may not be possible on small materi-
als. Definitive diagnosis may not be achieved on biopsy materials and should not 
affect the surgical management. Rarely PAC may undergo high-grade undifferenti-
ated transformation, and these cases typically pursue a more aggressive behavior 
[39, 65].

1.7.5	 �Acinic Cell Carcinoma

Acinic cell carcinoma is a distinctive entity composed of neoplastic cells of aci-
nar cell features and coarse granules and afflicts a wide age range with no signifi-
cant sex predilection. Acinic cell carcinoma is the second most common cancer 
in children and occurs mainly in the parotid and occasionally in mixed serious 
and mucinous glands. The tumor may rarely be encountered in mixed major and 
minor salivary glands [66–68]. Acinic cell carcinoma, as in Warthin’s tumor and 
oncocytic and mucoepidermoid carcinoma, may develop in intraparotid lymph 
nodes and can be multifocal. Grossly acinic cell carcinoma is typically well-
circumscribed with a brownish, mahogany color, soft, and can be cystic. 
Histopathologically, they are readily recognized by well-trained pathologists and 
may display variable phenotype patterns microcystic followed by macrocystic 
with papillary formation. In general, acinic cell carcinoma has a low to interme-
diate grade but occasionally displays solid transformation and poor differentia-
tion. Patients with high grade transformation should be managed as other high 
salivary carcinomas [67, 69, 70].

1.7.6	 �Secretory Carcinoma

Secretory carcinoma is a newly recognized subtype with similar morphology to 
their mammary gland counterpart. This new entity has been extracted from acinic 
cell carcinoma following the recognition of a morphologically similar subset of 
secretory carcinoma in a review of acinic cell carcinomas of the mammary gland 
[71, 72]. As in mammary and acinic cell carcinomas, they are low to intermediate in 
grade and typically managed similarly to acinic cell carcinoma. A subset of this 
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entity, as in mammary tumors, manifests (12, 15) resulting in gene fusion transcript 
of the ETV6 and the NTRK3 genes [73–75]. Although this fusion has not been 
reported in other salivary gland carcinomas, it has been detected in multiple tumor 
entities of diverse cell origins including carcinoma, lymphoma, thyroid, and rare 
lung tumors. The incorporation of this fusion in the diagnosis and differential diag-
nosis of primary and metastatic salivary tumors must supersede the morphologic 
diagnosis. The diagnostic and biological significance of this fusion is currently 
uncertain and must await large studies with long-term follow-up. The clinical course 
and management is similar to acinic cell carcinoma [76].

1.7.7	 �Adenocarcinoma: Not Otherwise Specified (NOS)

Adenocarcinoma, NOS, is defined as a salivary gland malignancy with ductal and 
glandular features that cannot be categorized as epithelial salivary carcinomas. This 
entity includes adenocarcinoma, NOS, cribriform adenocarcinoma, and mucinous, 
papillary, and intestinal carcinoma subtypes. The majority of tumors are of parotid 
origin, but minor and major salivary glands can be the source. In general, they can 
be considered intermediate in grade and behavior. Surgical excision remains to be 
the primary treatment [77–80].

1.7.8	 �Basal Cell Adenocarcinoma (BCAC)

BCAC, a distinctive low-grade malignancy of salivary glands, is characterized by 
uniform basaloid cell composition forming ductal, acinar, and tubular structures. 
Their pathologic classification into benign and malignant forms is based on the 
presence of lack of infiltrative extension into host tissue. BCAC may present as de 
novo or as carcinoma arising from basal cell salivary adenoma especially the mem-
branous form [81–83]. Some of these tumors share striking resemblance to dermal 
adnexal tumors, and both types of tumors may occur in the same patient. Tumors 
should be differentiated from metastatic basal cell carcinoma of the skin, and sialo-
blastoma in infants. Complete excision with clear margins is generally curative. 
Recurrence may occur if close margins or satellite nodules are reported. Neck dis-
section is rarely recommended. Not uncommonly, carcinoma may arise from pre-
existing adenoma and may manifest high-grade features. Patients with these tumors 
should be managed similar to a high-grade salivary malignancy.

1.7.9	 �Clear Cell Carcinoma (CCC)

CCC is a rare entity typically composed of clear epithelial cells with and without 
fibrosis. Among tumors that may exhibit significant clear cell features are mucoepi-
dermoid, oncocytic, and myoepithelial carcinomas. Grossly, tumors are generally 
less well-circumscribed, soft, and tan with and without visible sclerosis. The most 
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common site for these tumors is the oral cavity. Females are thought to be more 
affected than males, but the rarity of these tumors precludes confirmation. Complete 
excision of this low−/intermediate-grade tumor is curative. Rarely nodal metastasis 
and recurrence may occur [84–87].

1.7.10	 �Myoepithelial Carcinoma

Myoepithelial carcinoma, similar to myoepithelioma, is composed entirely of 
malignant myoepithelial cells of hybrid epithelial and smooth muscle characteris-
tics. Pre-surgical classification into benign and myoepithelial-rich PA may not be 
possible by FNA screening. Grossly, tumors are generally ill-defined, gray to tan in 
color, and firm in consistency. Histopathologically, they may display spindle, epi-
thelioid, plasmacytoid, and/or mixed cell composition with infiltrative and ill-
defined boundaries. The differentiation from the benign tumor is largely based on 
the infiltrative nature and extension into surrounding soft tissue. Myoepithelial car-
cinoma presents either in a pure form or as the malignant component of long-
standing pleomorphic adenomas. These tumors are generally low grade and 
managed by complete surgical excision. Infiltrative spindle cell forms can be prone 
to recurrence [88–91].

1.7.11	 �Epithelial-Myoepithelial Carcinoma (EMC)

EMC is a low-grade salivary malignancy composed of dual cell types; outer clear 
myoepithelial and inner epithelial cells in ductal and nesting formation. EMC is 
uncommon with an estimated incidence of 5% of salivary malignancies. The most 
common sites of these tumor types are the parotid and the submandibular glands. 
The majority is of low-intermediate grade and is generally cured by complete surgi-
cal excision. Because of their dual cell formation, they may cause differential diag-
nostic difficulties with adenoid cystic, myoepithelial, and clear cell carcinomas. 
High-grade transformation has been reported and should be managed as high-grade 
malignancy [92–94].

1.7.12	 �Carcinosarcoma

Carcinosarcoma is a rare salivary malignancy composed of two distinct high-grade 
epithelial carcinoma and heterologous mesenchymal derived components. The epi-
thelial form in commonly high-grade adenocarcinoma and the mesenchyme form is 
osteo-chrondro rhabdo and/or angiosarcoma subtypes. Tumors are large and grossly 
variable with solid, hemorrhagic, and osteo-chondromatous features with extension 
into surrounding host tissue. Generally, they are de novo in presentation but may 
rarely originate from pleomorphic adenoma and both instances are managed in a 
multidisciplinary setting. These tumors should be considered high-grade 
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malignancy and if not surgically eradicated can be managed by either sarcoma or 
carcinoma medical oncology [95–98].

1.7.13	 �Poorly Differentiated and Undifferentiated Carcinomas

Primary poorly differentiated carcinoma may exhibit either small (slightly larger 
than lymphocytes) or large cell formation typically in cohesive sheets and nests. 
These tumors may manifest neuroendocrine differentiation and can be diagnosed as 
poorly differentiated carcinoma with neuroendocrine features or small- and large-
cell neuroendocrine carcinoma. The latter tumors, particularly, should be differenti-
ated from metastatic or unknown primary Merkel cell carcinoma. Tumors typically 
run aggressive clinically and frequently show lymph node metastasis. Management 
remains to be initial surgery with postoperative XRT and/or chemotherapy 
[99–101].

1.7.14	 �Undifferentiated (Lymphoepithelial) Carcinoma

Morphologically these tumors mimic nasopharyngeal carcinoma and are rare in 
Caucasian populations. Tumor is characteristically composed of malignant epithe-
lial cells forming synthetial nests with intra- and peritumoral lymphoid infiltrate of 
undifferentiated tumor cells. Primary intraparotid tumor may arise de novo or from 
lymphoepithelial lesions. Tumor may or may not be positive for EBV. The tumor 
may present with lymph node metastasis. Surgical treatment is the primary approach 
with postoperative radiation and/or chemotherapy [102–105].

1.7.15	 �Primary Squamous Carcinoma

Primary squamous carcinoma of the salivary gland is exceedingly rare, and the 
diagnosis mostly only is made after the exclusion of dermal squamous malignancy 
even if remote. Primary squamous carcinoma can rarely occur in patients with long-
standing sialolithiasis and chronic inflammation and squamous metaplasia of the 
main duct that primary squamous diagnosis can develop. The differential diagnosis 
from tumors with squamous features includes MEC and salivary duct carcinomas. 
Proximity to the main duct with evidence of squamous metaplasia and/or dysplasia 
is necessary to confirm the primary origin. Typically they are well to moderately 
differentiated and their surgical excision is curative [106–108].

1.7.16	 �Sialoblastoma

This is a tumor of infancy and has, until recently, been considered of uncertain 
malignant potential. In the fourth WHO edition of H&N tumor classification, it was 
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considered low-grade malignant neoplasm of infancy. Histologically, tumors mani-
fest basal cell proliferation with remarkable resemblance to salivary gland anlage.

This entity shares common cellular features with basaloid salivary tumors and 
adenoid cystic carcinoma. Their presentation at birth or shortly afterward is critical 
to proper classification. Complete surgical excision is curative in most cases. 
Recurrence and nodal metastasis have been reported in approximately 25%. Rare 
instance of concurrent presentation with hepatoblastoma and congenital nevi has 
been reported [109–112].
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Abbreviations

a.k.a.	 Also known as
ACC	 Acinic cell carcinoma
AdCC	 Adenoid cystic carcinoma
AR	 Androgen receptor
CAMSG	 Cribriform adenocarcinoma of minor salivary glands
CREB	 cAMP response element-binding protein
CXPA	 Carcinoma ex pleomorphic adenoma
FGF-IGF-PI3K	 Fibroblast growth factor-insulin-like growth factor-

phosphatidylinositol 3-kinase pathway
FISH	 Fluorescence in situ hybridization
HCCC	 Hyalinizing clear-cell carcinoma
IDC	 Low-grade intraductal carcinoma
MAPK	 Mitogen-activated protein kinase
MASC	 Mammary analogue secretory carcinoma
MEC	 Mucoepidermoid carcinoma
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NOS	 Not otherwise specified
PA	 Pleomorphic adenoma
PAC	 Polymorphous adenocarcinoma
PI3K	 Phosphatidylinositol 3-kinase
RT-PCR	 Reverse transcription polymerase chain reaction
SC	 Secretory breast carcinoma
SDC	 Salivary duct carcinoma
SGC	 Salivary gland carcinomas

2.1	 �Introduction

The advent and widespread use of new genetic methods (e.g., next-generation 
sequencing or array technologies) has paved the way for promising advancements 
in our understanding of molecular tumor biology. This is also true for salivary gland 
carcinomas (SGC) which comprise a widely heterogeneous group of cancers [1]. 
Diagnosis is challenging, due to the diversity of histologic subtypes and the overlap-
ping morphological patterns among many of these lesions. The phenotypic hetero-
geneity is reflected by the variety of aberrant genetic and molecular pathways 
contributing to the development and progression of each tumor. There are unique 
molecular alterations for some SGCs (Table 2.1), which will be the focus of this 
chapter, pointing out molecular markers that could become relevant in clinical prac-
tice. This chapter highlights markers that can be used for typization of tumors and 
sporadically reported and research-based markers that can be found elsewhere in the 
literature.

Table 2.1  Overview of recurrent alterations in salivary gland carcinomas

Diagnosis Alteration Gene fusion Comments References
MEC t(11;19)(q21~22;p13) CRTC1-MAML2 Usual good 

prognosis; occurs 
mainly in low- and 
intermediate-grade 
MECs

[2–4]
t(11;15)(q21;q26) CRTC3-MAML2 [5, 6]

Loss of CDKN2A Indicator for worse 
prognosis

[7]

Hotspot mutation in 
HRAS

Occurs in ~20% of 
MECs

[8]

t(6;15)(p21;q12) EWSR1-POU5F1 Occur in high-grade 
MEC-like tumors

[9]

Mutation of TP53 Occurs in 
intermediate- and 
high-grade MECs

[10]

In-frame deletion in 
POU6F2

187Q > −

AdCC t(6;9)(q22~23;p23~24) MYB-NFIB [11–13]
t(8;9) MYBL1-NFIB
t(8;14) MYBL1-RAD51B
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Table 2.1  (continued)

Diagnosis Alteration Gene fusion Comments References
MASC t(12;15)(p13;q25) ETV6-NTRK3 Same fusion as in SC 

of the breast
[14]

t(12;?) ETV6-X
(unknown fusion 
partner)

Potential more 
aggressive than 
MASC with 
ETV6-NTRK3 fusion

[15, 16]

HCCC t(12;22)(q13;q12) EWSR1-ATF1 Occur in high 
frequency in HCCC 
and CCOC, indicates 
a biologic link 
between these entities

[17, 18]

CXPA t(8q12) CTNNB1-PLAG1 Same fusions as 
described for PAs

[19–22]
FGFR1-PLAG1
TCEA1-PLAG1
CHCHD7-PLAG1
LIFR-PLAG1

t(12q14–15) HMGA2-WIF1
HMGA2-FHIT
HMGA2-NFIB

Amplification 12q13–15 Amplification of 
HMGA2 and/or 
MDM2

Mutation of TP53
Mutation or amplification 
of ERBB2 (HER2)

SDC Mutations of TP53, 
HRAS, PIK3CA, or BRAF

[21, 23]

Loss or mutation of PTEN
Amplification of ERBB2
Gain of EGFR
Gain and/or 
overexpression of AR 
(androgen receptor)

PAC Hotspot mutation in 
PRKD1

p.Glu710Asp [24]

CAMSG t(1;14) ARID1A-PRKD1 [25]
t(14;X) DDX3X-PRKD1

AdCC adenoid cystic carcinoma, CAMSG cribriform adenocarcinoma of minor salivary glands, 
CXPA carcinoma ex pleomorphic adenoma, HCCC hyalinizing clear-cell carcinoma, MASC mam-
mary analogue secretory carcinoma, MEC mucoepidermoid carcinoma, PA pleomorphic adenoma, 
PAC polymorphous adenocarcinoma, SC secretory carcinoma of the breast, SDC salivary duct 
carcinoma

2.2	 �Mucoepidermoid Carcinoma

Mucoepidermoid carcinoma (MEC) is the most common salivary gland malignancy. 
MECs are composed of mucinous, intermediate (clear-cell), and squamoid tumor 
cells forming cystic and solid patterns [1]. Rarely they can also occur in other ana-
tomic locations such as the skin, lung, maxillary sinus, and upper respiratory tract 
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[26–29]. MEC is traditionally graded in low-, intermediate-, and high-grade tumors. 
Low-grade MECs have an excellent prognosis after surgical excision with a 10-year 
survival rate of over 90%. In contrast, high-grade MECs have a poor prognosis. 
Despite intense treatment strategies, the 10-year survival rate is about 25% [1, 30]. 
Previous cytogenetic studies have identified a t(11;19)(q21~22;p13) translocation 
as a recurrent and tumor-type-specific rearrangement in MECs of the salivary glands 
[2]. Recent studies have shown that this rearrangement results in a fusion of CRTC1 
(a.k.a. MECT1, TORC1, and WAMTP1) exon 1 with exon 2–5 of MAML2 [5], 
whereas a small subset of MEC shows a t(11;15)(q21;q26) translocation cytogeneti-
cally reflecting a CRTC3-MAML2 fusion [31].

MAML2 belongs to a family of Mastermind-like nuclear proteins that act as 
transcriptional coactivators for Notch receptors. CRTC1 and CRTC3 are part of a 
family of highly conserved CREB coactivators [5, 32]. The CRTC1-MAML2 fusion 
encodes a chimeric protein consisting of the CREB-binding domain of CRTC1 
linked to the transactivation domain of MAML2. In particular, the fusion protein 
activates transcription of cAMP/CREB target genes [33, 34]. Previous studies have 
shown that sustained expression of the fusion is essential for tumor cell growth in 
salivary gland cancers that carrying the t(11;19) translocation [3]. Tumors with 
CRTC1/CRTC3-MAML2 gene fusion tend to be low- or intermediate-grade. High-
grade MEC are rarely fusion positive. Moreover, some clinical studies have demon-
strated that patients with CRTC1/CRTC3-MAML2-positive MECs have increased 
survival and a better prognosis [4, 6, 35–37], although there is still an ongoing 
debate on this query [38]. In addition, detection of the CRTC1-MAML2 fusion 
might be useful for diagnostic purposes since it is very characteristic of MEC, irre-
spective of anatomical location. Nevertheless, an identical fusion has also been 
identified in look-alikes of the so-called metaplastic Warthin tumor and in clear-cell 
hidradenomas of the skin [32, 39–41], thus broadening the spectrum of neoplasms 
associated with this gene fusion.

Recently, genomic studies have shown that fusion-positive MECs can be subdi-
vided in low- and intermediate-grade tumors by copy number alterations [4, 6]. 
Tumors with no or only a few copy number alterations have a good prognosis, while 
tumors with numerous copy number alterations, including loss of the tumor sup-
pressor CDKN2A, tend to be high-grade tumors and have a poor prognosis [7, 35, 
36, 42]. It is noteworthy that there is a subgroup of tumors that may be classified 
morphologically as high-grade MEC but are negative for the fusion [6, 31, 35, 36]. 
Moreover, it has been speculated that at least some of the cases classified as high-
grade tumors that do not carry the translocation might in fact not represent MEC but 
rather a more aggressive squamous carcinoma or a SDC [35, 36]. Irrespective of the 
MAML2 fusion status, gene copy number alterations of either HER2 or EGFR are 
associated with high- and extremely rarely low- and intermediate-grade MEC [10]. 
HER2 or EGFR gene abnormality might play an important role in the development 
of high-grade MEC and also in the progression from MAML2 fusion-positive low-/
intermediate- to high-grade in a subset of MEC [10]. Whole-exome sequencing and 
gene copy number analyses performed on 18 MEC have shown that TP53 is the 
most common mutated gene in MEC (28%). Interestingly, the mutations were only 
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found in intermediate- and high-grade MECs, and the mutated tumors had more 
mutations overall than tumors without TP53 mutations (p  =  0.006). The second 
most frequent mutated gene POU6F2 was found in three low-grade MECs encoding 
the same in-frame deletion (187Q>-) [43]. The POU6F2 gene encodes a member of 
the POU protein family; the family members are transcriptional regulators, many 
of which are known to control cell-type-specific differentiation pathways [44]. Loss 
of heterozygosity in regions containing POU6F2 or overexpression of POU6F2 has 
been reported in Wilms tumor [9, 45]. The authors proposed that beside the CRTC1/
CRTC3-MAML2 gene fusions as the main oncogenic driver, somatic TP53 mutation 
may act as an alternate mechanism of tumorigenesis, and POU6F2 mutations may 
act as drivers of oncogenesis in low-grade MEC [43].

In addition to CRTC1/CRTC3-MAML2 fusions, rare cases with t(6;22)(p21;q12) 
translocation and EWSR1-POU5F1 gene fusion have been reported [8]. Although 
these findings have been validated, analyses of larger tumor series are required to 
evaluate the diagnostic or biological significance of these findings. Last but not 
least, hotspot mutations in HRAS have been found in approximately 20% of MECs. 
The presence of HRAS mutations strongly correlates with high-grade tumor [46].

2.3	 �Adenoid Cystic Carcinoma

Adenoid cystic carcinoma (AdCC) is one of the most common cancers of the salivary 
glands. It is composed of epithelial and myoepithelial neoplastic cells that form vari-
ous patterns, including tubular, cribriform, and solid [1]. Although AdCC of the sali-
vary gland is a slow-growing tumor, long-term prognosis is poor due to frequent 
local recurrences, distant metastases, and tendency for perineural invasion [1, 47].

Genomic studies of AdCC have shown that losses of 1p and 6q are associated 
with high-grade tumors and poor prognosis, whereas loss of 14q is exclusively seen 
in low-grade tumors [11, 48]. Key genomic alteration in AdCC is a recurrent t(6;9)
(q22~23;p23~24) chromosomal translocation that results in a fusion of the tran-
scription factor genes MYB and NFIB (Fig. 2.1) [49]. The MYB oncogene acts as a 
regulator of stem cells. The gene is highly expressed in immature, proliferating cells 
and is downregulated during differentiation [50]. NFIB encodes a transcription fac-
tor that controls cell proliferation and cell viability [19]. The MYB-NFIB fusions, 
which consist of the DNA binding and transactivation domains of MYB fused to 
different parts of the three-end of NFIB, interrupt the C-terminal part of MYB, lead-
ing to loss of negative regulatory sequence elements and, subsequently, to overex-
pression of the fusion protein [49]. In addition to gene fusion, MYB may be activated 
by copy number gain or juxtaposition of enhancer elements from other genes, 
including NFIB, RAD51B, or TGFBR3, to the MYB locus [48, 51, 52]. The latter 
events result in overexpression of a normal MYB protein, whereas the fusion events 
usually result in expression of truncated MYB proteins.

Recent molecular analyses, including whole-exome sequencing of AdCCs, 
have revealed a wide mutational diversity and low somatic mutation rate, with 
gene mutations influencing a wide variety of pathways, such as mutations 
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affecting the FGF-IGF-PI3K pathway in 30% of samples as well as in the 
NOTCH1 pathway in 13% of the cases [12, 53]. Interestingly, KIT and EGFR, 
which are frequently overexpressed in AdCC, are rarely mutated or amplified. 
The translocation t(6;9) is the only highly recurrent genetic alteration in these 
tumors suggesting that the product of the MYB-NFIB fusion gene is a key driver 
mutation in the development of AdCC. In a subset of AdCC, t(8;9) and t(8;14) 
translocations are detected, fusing the MYBL1 gene to NFIB and RAD51B, 
respectively [13, 54].

In summary, MYB/MYBL1 activation due to gene fusion or other mechanisms 
occurs in the vast majority (60–80%) of AdCC and is a novel diagnostic biomarker for 
this tumor entity [13, 14, 55]. Also, its clinical application as new molecular target for 
therapy in AdCC patients is promising though functional studies are necessary.

2.4	 �Mammary Analogue Secretory Carcinoma

Certain types of SGCs have striking histological similarities with mammary tumors 
and indeed share overlap in molecular features. Mammary analogue secretory car-
cinoma (a.k.a. secretory carcinoma or MASC) is a newly described salivary gland 
carcinoma that is defined by its histologic, immunophenotypic, and genetic similari-
ties to secretory breast carcinoma (SC) (Fig. 2.2a) [56, 57]. Key genomic alteration 
in both SC of the breast and MASC is the ETV6-NTRK3 chimeric tyrosine kinase 
generated by a balanced chromosomal translocation t(12;15)(p13;q25) [56, 58]. 
The chromosomal alteration can be detected by ETV6-fluorescence in situ hybrid-
ization or by RT-PCR for the ETV6-NTRK3 fusion transcript (Fig. 2.2b). The ETV6-
NTRK3 fusion can be found in the vast majority of MASC [56]. MASC typically 
has an indolent clinical course, although sporadic cases with high-grade transforma-
tion have been reported [59]. Further studies are needed to clarify whether the clini-
cal behavior of MASC matches the tumor’s low-grade histologic appearance. Before 
their initial description, these salivary gland tumors were generally diagnosed as 
ACC or adenocarcinoma, NOS.
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Fig. 2.1  AdCC carrying 
the MYB-NFIB gene 
fusion, detected by 
RT-PCR. (+) positive, (−) 
negative, ctrl control
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Expression of the ETV6-NTRK3 gene fusion leads to constitutive activation of 
the Ras-MAPK and the PI3K-AKT pathways [15, 56, 58]. Recent studies have 
shown that a subset of fusion-negative MASCs have variant fusions involving ETV6 
and an unknown fusion partner, designated as ETV6-X fusions, and tumors with 
these fusions may behave more aggressively than ETV6-NTRK3-positive cases [16, 
60]. The presence of the ETV6-NTRK3 fusion gene has not been demonstrated in 
any other salivary gland tumor so far. Interestingly, the same t(12;15) translocation 
with the same fusion gene was also described in congenital mesoblastic nephroma 
[61], congenital fibrosarcoma [62], and some cases of myelogenous leukemia [63], 
indicating that this chimeric tyrosine kinase has transforming activity in multiple 
cell lineages. Studies that have identified MASCs retrospectively have demonstrated 
that they had previously most often been classified as ACC, MEC, or adenocarci-
noma/cystadenocarcinoma, NOS [56, 64–68]. Taking into account the different 
tumor biology of these neoplasias, it is mandatory to exploit all immunohistochemi-
cal and molecular tools prior to the final diagnosis.

2.5	 �Hyalinizing Clear-Cell Carcinoma

Hyalinizing clear-cell carcinoma (a.k.a. clear-cell adenocarcinoma, clear-cell carci-
noma, or HCCC) is a unique low-grade tumor with rare metastases and a very good 
prognosis. The tumor has a typical clear-cell morphology and pattern of hyaliniza-
tion often with focal mucinous differentiation [1, 17, 69].

Recurrent t(12;22)(q13;q12) translocation consistent with EWSR1-ATF1 gene 
fusion in HCCC has been described [70]. Rearrangements of EWSR1 not only have 
been found in about 85% of HCCC [17, 18, 70] but also in a high percentage of 
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Fig. 2.2  (a) Typical MASC with partly confluent tumor complexes containing abundant (foamy) 
secretory material. The eosinophilic tumor cells are cuboidal in shape and contain moderately 
atypical nuclei. (b) MASC-specific ETV6-NTRK3 gene fusion detected by RT-PCR. (−) negative, 
ctrl control
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clear-cell odontogenic carcinomas (CCOC), suggesting a biologic link between these 
two malignancies [71]. In contrast, the fusion has not been detected in any of the mor-
phological mimics: epithelial-myoepithelial carcinoma, myoepithelial carcinoma, or 
MEC, demonstrating its usefulness as a diagnostic biomarker for HCCC [70]. The 
translocation appears to be very specific to HCCC. Interestingly, high-grade transfor-
mation of HCCC with EWSR1 rearrangement has been reported recently [72].

2.6	 �Carcinoma Ex Pleomorphic Adenoma

Carcinoma ex pleomorphic adenoma (CXPA) is defined as a carcinoma arising from 
a primary or recurrent benign pleomorphic adenoma (PA). It amounts to approxi-
mately 10–15% of all SGCs. The malignant component is frequently an adenocar-
cinoma, NOS, or SDC or may be any other histological subtype of SGC, such as 
MEC or AdCC (Fig. 2.3) [1]. CXPA is often a high-grade malignancy and espe-
cially when associated with deep (extracapsular) invasion has to be regarded as 
neoplasia with high risk of progression. High-grade adenocarcinoma, NOS, and 

Fig. 2.3  H and E staining of CXPA.  Tumor is partly encapsulated and shows residues of PA 
(right) with abortive ductal formation and dissociated myoepithelial cells in a sclerosing back-
ground. At the bottom of the figure and in the lower left part, several typical (pseudo-) cribriform 
manifestations of an AdCC. In addition, the upper left part shows invasion into the surrounding 
fatty tissues, the tumor component later classified as SDC (positive for AR and p53, data not 
shown)
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SDC are the most common histologic subtypes, counting for approximately 80% of 
the carcinomatous components [1, 20]. However, some cases of CXPA are low-
grade tumors, following a more indolent course [20]. The understanding of molecu-
lar mechanism causal for the transformation process of a benign PA into a CXPA is 
still very limited. Because of the tremendous diversity in histologic appearance, 
recent molecular studies have attempted to identify the genetic abnormalities that 
define this tumor. CXPA can express PA-specific gene fusions involving the tran-
scription factor genes PLAG1 (e.g., CTNNB1-PLAG1) and HMGA2 (e.g., HMGA2-
WIF1) [51, 73–76]. Subsets of CXPA also show amplification of MDM2 and 
HMGA2 in 12q13–15, mutations of TP53 and/or amplification of ERBB2 (HER2) 
as markers of malignant transformation [23, 73, 75, 77]. Most CXPA with ERBB2 
amplification are SDCs developing within PAs; these patients may benefit from 
treatment with trastuzumab [21].

2.7	 �Salivary Duct Carcinoma and Low-Grade Intraductal 
Carcinoma

Salivary duct carcinoma (a.k.a. high-grade ductal carcinoma or SDC) is one of the 
most aggressive malignancies of the salivary gland representing about 10% of all 
SGCs. Local recurrences as well as regional lymph node involvement and distant 
metastases are common. It can occur de novo or as the malignant component of 
CXPA and shows many genetic and histologic similarities to invasive ductal carci-
noma of the breast [1, 78, 79]. Recent molecular analyses, including whole-exome 
sequencing, have revealed a wide mutational diversity and a high mutational burden 
(1.7  mutations/megabase) for SDC [80]. Frequently detected genetic alterations 
were mutations in TP53 (55%), HRAS (23%), and PIK3CA (23%) and amplification 
of ERBB2 (35%). The majority (74%) of tumors had alterations in either MAP-
kinase genes (BRAF/HRAS/NF1) or ERBB2 [80]. These results are in line with pre-
vious studies, which reported that the most common alterations in SDC are mutations 
in TP53 (>50%), PIK3CA (~30%), HRAS (~30%), BRAF (7%), and EGFR gain 
(~80%), and loss, or mutation of PTEN (~40%) [81]. Additionally, more than 70% 
of SDCs have copy number gain and/or overexpression of the androgen receptor 
(AR) [79, 80, 82, 83]. Knockdown of AR expression in SDC cells in vitro markedly 
inhibits growth, suggesting that SDC patients with AR-positive tumors may benefit 
from androgen deprivation therapy [83]. Dalin and coworkers have emphasized the 
fact that the majority (61%) of SDCs have genetic alterations for which published 
clinical evidence supporting specific targeted therapies exists [80]. Taken together, 
the molecular data of SDC suggest that for this disease tumor sequencing on a rou-
tine basis is likely to be of clinical value.

There is also a very uncommon low-grade variant of SDC, with a favorable prog-
nosis after complete excision. After a long discussion, the term low-grade SDC for 
these entities was replaced by low-grade intraductal carcinoma (a.k.a. low-grade 
cribriform cystadenocarcinoma, ductal carcinoma in situ, low-grade salivary duct 
carcinoma, or IDC), to clarify that these tumors are biologically different from 
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ordinary SDC [1, 84, 85]. These lesions are indolent but can be graded as low-, 
intermediate-, or high-grade tumors depending on the degree of the cytologic abnor-
malities present. Reported tumors have been described as typically small, unencap-
sulated, and cystic [85, 86]. In contrast to SDC, no amplification of ERBB2 was 
found in low-grade IDCs [87]. Interestingly, approximately 13% of IDCs show 
focal transformations into a high-grade morphology [85, 86, 88]. However, the clin-
ical impact of this transition is not clear, since the number of high-grade IDCs is 
very small and the median follow-up is only 27 months [84]. Nevertheless, there is 
indication that high-grade IDC have good prognosis [88].

2.8	 �Acinic Cell Carcinoma

Acinic cell carcinoma (ACC) is a low-grade, slow-growing tumor [1]. 
Histopathologically, variable architectural patterns have been described: solid, 
microcystic, papillary-cystic, and follicular [89]. Classifying ACC according to 
these subtypes can be challenging, as different patterns may occur in a single lesion 
[90]. Since the emergence of MASCs as a distinct tumor entity, the defining charac-
teristics of ACC have come under question. New evidence suggests that it may be a 
far more aggressive tumor than originally reported [91]. As mentioned above, 
tumors previously classified as ACC were often retrospectively identified as MASC.

The knowledge of the associated molecular background is still very limited. Only 
in a minority of ACC, an abnormal karyotypic profile has been found, and the only 
common change observed was trisomy 8 in three cases [92]. No gene fusions or recur-
rent mutations have been identified so far. Studies on growth factor receptors using 
tissue microarrays with 168 ACCs have shown epidermal growth factor receptor 
(EGFR, HER1) immunoreactivity in 30 ACC (18%) [93] and overexpression of epi-
dermal growth factor receptor 2 (ERBB2, HER2) in 1 single case out of 170 ACC 
(0.6%) [94]. However, in situ hybridization suggests overexpression of ERBB2 on 
mRNA level in ACC [24]. Recently, it was shown that mice with constitutive activa-
tion of the Wnt and mTOR signaling pathways develop tumors that have remarkable 
morphologic similarity to human ACCs [25]. Treatment of tumor-bearing mice with 
the mTOR inhibitor rapamycin resulted in complete regression of the tumors. 
Immunohistochemical analysis of human ACC samples showed that mTOR signaling 
is also activated in human ACCs, indicating that mTOR inhibitors such as rapamycin 
or temsirolimus might be useful for treatment of patients with ACC [25, 95].

2.9	 �Polymorphous Adenocarcinoma and Cribriform 
Adenocarcinoma

Polymorphous adenocarcinoma (a.k.a. polymorphous low-grade adenocarcinoma, 
PLGA, or PAC) is a usually indolent low-grade salivary gland malignancy character-
ized by uniform cytology and histologic diversity [1]. Histopathologically, PAC is a 
challenging diagnosis. The two main differential diagnoses are AdCC and PA. The 
tumor occurs mainly at intraoral sites and sporadically in the major glands [1]. 
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Cribriform adenocarcinoma of minor salivary glands (CAMSG) is a low-grade car-
cinoma, mainly found in the tongue and oropharynx, that shares morphologic, clini-
cal, and molecular features with PAC [1, 22].

A variety of molecular and genetic findings have been reported in PAC lately. 
The majority of PACs (~75%) harbor somatic rearrangements of PRKD1, PRKD2, 
and PRKD3 or somatic mutations of PRKD1 encoding p.Glu710Asp, distinguish-
ing them from other salivary malignancies [96, 97]. Thus, PRKD1 mutations 
could be tested as a biomarker to distinguish PAC from its mimics. Interestingly, 
CAMSG has also alterations of PRKD family genes. PRKD1 and PRKD3 rear-
rangements were found in ~80% of CAMSG. In some cases recurrent ARID1A-
PRKD1 and DDX3X-PRKD1 gene fusions were detected [97, 98]. These findings 
indicate a shared molecular pathogenesis for PAC and CAMSG. These facts raise 
the question whether PAC and CAMSG represent separate entities or variants of 
one spectrum [1, 97].

2.10	 �Conclusions

The discovery of specific and recurring translocations, point mutations, and ampli-
fications in some types of SGC has given pathologists new and highly specific diag-
nostic tools and in some cases prognostic and possibly treatment-relevant markers. 
While diagnosis, i.e., confirmation of tumor-type and its related prognostic impact, 
may be supported in all tumors listed above, the detection of the MEC-related fusion 
gene and other molecular markers may provide segregation of tumors with low and 
high risk of progression. Also, the detection of fusion gene characteristic for certain 
SGC (particularly AdCC) may facilitate a tailored therapeutic approach in a multi-
modal setting, analogous to what is aimed for in the EORTC study 1206 for patients 
with SDC (see Chap. 13).
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3.1	 �Introduction

The role of imaging in salivary gland tumors (SGTs) is primarily to detect the 
lesion, possibly classifying it as benign or malignant. Imaging helps to stage malig-
nant tumor according to the TNM classification, in order to plan therapy (including 
surgical, radiation, and oncological treatment) [1, 2].

Imaging provides information about tumor location (regarding anatomical rela-
tionship with nervous and vascular structures), local extension, perineural spread, 
nodal and distant metastases.

For superficial tumors, especially within the parotid and the submandibular glands, 
ultrasound (US) is the modality of choice for initial workup and may be combined 
with fine needle aspiration cytology (FNAC) or core needle biopsy (CNB) to obtain 
tissue diagnosis [2]. If US does not allow for the evaluation of the whole lesion 
(because of deep location) or there are signs that suggests extra-glandular extension, 
advanced techniques such as magnetic resonance imaging (MRI) or computed tomog-
raphy (CT) should be carried out [1, 2]. For SGTs arising from the upper aerodigestive 
tract, endoscopy and CT examination are essentials for diagnosis [3, 4].

3.2	 �Ultrasound

Ultrasound (US) is the first step in the diagnostic algorithm of patients presenting 
with a palpable salivary gland mass. It can be used to distinguish solid from cystic 
lesion, perform nodal staging and, in addition to Doppler technique, assess vascular 
structures and tumor vascularity [5]. US is also an optimal guide to perform invasive 
diagnostic procedure such as FNAC or CNB.

The examination is usually carried out with high-frequency transducers, such as 
5–12-MHz wideband linear transducers [6]. All the parenchyma and all the lesion 
should be scanned in at least two orthogonal planes. The whole neck should also be 
evaluated to assess the lymph node status [6].

The normal echogenicity of salivary glands is usually homogeneous and varies 
from bright and strongly hyperechoic to lightly hyperechoic in comparison to adja-
cent muscles, depending on the amount of fat within the gland.

Regarding the parotid gland, facial nerves and its branches conventionally repre-
sent anatomical markers to distinguish superficial from deep portion; since these 
nerves’ structures are not well visible at US examination, the retromandibular vein 
(which generally lies above the nerve) is used as landmark. Of note, deeper areas of 
glandular parenchyma may be hidden in the acoustic shadow behind the mandibular 
ramus. Lymph nodes may be normally found in glandular parenchyma, usually in 
the upper and lower poles [7]. The normal appearance of intraglandular nodes is that 
of oval-shaped, slightly hypoechoic structures with hyperechoic hilum and short 
axis up to 5–6 mm [7].
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3.2.1	 �Benign Neoplasm

The most common benign neoplasm of salivary gland is pleomorphic adenoma, 
which typically presents at US as a hypoechoic, well-circumscribed and lobulated 
lesion with posterior acoustic enhancement, sometimes with calcifications (Fig. 3.1) 
[6, 8]. The use of power Doppler usually shows poor or absent vascularization 
within the lesion.

The second most common benign neoplasm is Warthin’s tumor. The US appear-
ance of this tumor is that of a hypoechoic, oval-shaped lesion with well-defined 
margins, commonly containing multiple, small and spongelike anechoic areas 
(Fig. 3.2) [6, 8]. This appearance may vary according to the size. In fact, tumors 
larger than 4–5 cm tend to show high cystic content compared to smaller lesions, 
with some cases presenting totally cystic content. Despite the difference being 
sometimes subtle, Warthin’s tumor is usually hyper-vascularized at power Doppler 
compared to pleomorphic adenoma [9].

It has been reported that lobulated shape is frequently encountered in pleomor-
phic adenomas, while cystic areas may be commonly found in Warthin’s tumor; 
nevertheless, these features are not pathognomonic of these neoplasms, as they can 
be found in many other lesions. For example, cystic areas may be frequently found 
also in malignant tumors, such as mucoepidermoid or acinic cell carcinoma, as well 
as in abscessed or necrotic metastatic node [10]. As a consequence, attention should 
be paid to these features as certain degree of overlap may exist.

Fig. 3.1  US imaging of 
pleomorphic adenoma of the 
parotid gland. The lesion is 
inhomogeneous, predomi-
nantly hypoechoic with 
well-defined borders and 
posterior acoustic 
enhancement
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3.2.2	 �Malignant Neoplasms

Imaging features of malignant tumor mostly depend on the degree of malignancy. 
Well-differentiated malignant SGTs generally present with US features that are sim-
ilar to that of benign tumors. Poorly differentiated malignant SGTs presents in many 
cases with irregular shape, ill-defined margins and hypoechoic, inhomogeneous, 
structure [6]. The internal echo-structure of malignant tumors at US may be differ-
ent: predominantly solid, cystic, mainly cystic with a mural solid nodule. As vascu-
larization is not pathognomonic, Doppler techniques are not usually helpful in 
differentiating between benign and malignant SGTs [6, 11]. Perilesional adenopa-
thies are additional findings that may suggest malignancy.

Metastases from other tumors to salivary glands are very rare. The most common 
primary tumors metastasizing to salivary glands are head and neck neoplasm, mela-
noma, squamous carcinoma of the skin, breast and lung cancer [12]. At US they 
usually are well-defined, hypoechoic, oval-shaped lesions [6].

The sensitivity of US is reported to range from 62% to 84%, the specificity from 
88% to 96% while the accuracy from 57% to 96% [1, 13]. US-guided FNAC may 
provide further information regarding the nature of a lesion [14]; however, consider-
ing that negative predictive value of FNAC is reported to be low (66%), attention 
should be paid to negative results [1]. In case of US-guided FNAC failure, a reliable 
diagnosis can be obtained by US-guided CNB which reach a sensitivity of 93% and 
an accuracy of 98% [15]. Complications, such as hematomas or temporary facial 
weakness, are uncommon; rare cases of tumor seeding following both FNAC and 
CNB are reported in literature [1, 15, 16].

The use of US is limited to superficial structures and the accuracy depends on spe-
cialist expertise [2]. Furthermore, minor salivary gland lesions, deep tissue/bone 
involvement and perineural spread are not evaluable with conventional US technique.

Fig. 3.2  US imaging of 
Warthin’s tumor of the 
parotid gland. The lesion is 
hypoechoic with multiple, 
spongelike anechoic areas. 
The lesion shows lobulated 
margins and posterior 
acoustic enhancement 
(similar to pleomorphic 
adenoma)
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3.3	 �Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is the modality of choice for staging SGTs due 
to its optimal soft tissue contrast [1]. High-resolution turbo-spin-echo T1-weighted 
(T1W) and T2-weighted (T2W) sequences, in addition to post-contrast images with 
fat saturation (FS), are the essentials for the assessment of salivary gland neoplasms 
[1, 17].

Post-contrast 3D gradient echo (GE) sequences have been recently introduced 
and are usually combined with FS techniques. These sequences allow for multipla-
nar reconstructions thus offering anatomic details of great importance. Multiplanar 
images are reconstructed from isotropic, axial, acquisitions with slice thickness up 
to 0.8 mm.

In adult population most of the tumors arising from the parotid gland can be 
efficiently visualized on non-contrast T1W images, because of their relatively low 
signal compared to the hyperintense background of the gland, which is due to physi-
ological fatty involution [17]. For this reason, T1W sequences provide excellent 
information regarding tumor margins, tumor deep extention and pattern of infiltra-
tion. In addition, post-contrast T1W images with FS technique are useful to best 
address bone invasion, meningeal infiltration or perineural spread [18]. In fact, 
when using T1W fat-saturated sequences the bone marrow, the cortex and the skull 
base will have suppressed signal compared to the hyperintense, enhancing, tumoral-
lowing for the detection of bony and meningeal invasion as well as tumor spread 
along the facial and trigeminal nerves (up the stylomastoid foramen, the foramen 
ovale and the foramen rotundum) [18].

As for US imaging, the MRI appearance of benign and low-grade malignant 
SGTs may show overlapping features, especially with regard to well-defined mar-
gins and to the homogeneity of signal intensity. On the other side, high-grade neo-
plasms often present with more aggressive features such as irregular borders, 
invasion into adjacent compartments (parapharyngeal space, muscles or bone), low 
signal on T2W images, heterogeneous enhancement, cystic changes or central 
necrosis (Fig. 3.3 a, b) [1, 2]. Among these characteristics, signal intensity on T2W 
images has been reported to be helpful in predicting whether a salivary gland neo-
plasm is benign or malignant [18]; usually a mass with low to intermediate signal 
intensity on T2W images is associated with malignancy while hyperintense masses 
on T2W images might be considered benign. An exception is represented by malig-
nant tumor that shows cystic/necrotic changes, which may be a confounding factor 
with benign ones.

MRI sensitivity and the specificity in predicting malignancy were reported to be 
70% and 73%, respectively [17]. However, conventional MRI in the differential 
diagnosis of SGTs has some limitations [1, 2].

3  The Role of Imaging in Staging and Follow-Up of Salivary Gland Tumors
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3.4	 �Additional MR Imaging Techniques

Diffusion-weighted imaging (DWI) is an MRI technique which provides informa-
tion about tissues cellular density in relation to freedom of motion of their water 
molecules. In highly cellular tissues and dense fluids water motion is restricted, 
while in pure fluids water motion is not.

Simplifying, a tissue or tumor characterized by high cellular density shows high 
signal on DWI sequence. The signal on DWI sequence can be quantitatively 
expressed by means of apparent diffusion coefficient (ADC), value that is automati-
cally calculated and shown separately in a specific map (Fig. 3.4 a–d)

Regarding SGTs, an overlap in terms of ADC values has been reported between a 
large part of low-/high-grade malignant neoplasm and benign lesion [19, 20]. This 
overlapping could be in part explained by the fact that some high-grade malignant 
neoplasms show cystic or necrotic component (with no water motion restriction), 
while some benign tumors (such as Warthin’s tumor) have high cellularity (and sub-
sequently significant water motion restriction). Therefore, it is not possible to dif-
ferentiate between malignant and benign SGTs based on DWI imaging alone [19].

Dynamic contrast-enhanced MRI (DCE-MRI) is another additional MRI tech-
nique that evaluates the different degrees of tumor contrast enhancement over time. 
This technique is mostly based on two parameters: the time-to-peak enhancement 
(T-peak) and the washout ratio (WR). According to these parameters, four different 

a b

Fig. 3.3  MRI examination of high-grade neoplasm located in the deep lobe of the parotid gland. 
On post-contrast T1W-FS sequence (a) the lesion shows inhomogeneous enhancement and irregu-
lar borders; on T2W sequence (b) the same lesion shows cystic component with fluid-fluid level 
within

S. Sdao et al.



39

curves of enhancement pattern have been developed (A, B, C, D: persistent enhance-
ment, washout, plateau and no enhancement, respectively) [21]. Most malignant 
SGTs show a type C curve (typically associated with a T-peak  <  120  s and a 
WR < 30%) but, also in this case, overlap with benign lesion exists.

Currently, the use of DWI or DCE-MR alone to differentiate between benign and 
malignant SGTs is not advised. Conversely, the combined use of DWI and DCE-MR 
imaging features is more advisable and shows promise to increase diagnostic accu-
racy for discriminating between different tumor types [22].

a b

c d

Fig. 3.4  MRI examination of a huge lesion within the parotid gland that shows intermediate sig-
nal on T2W image (a) and inhomogeneous enhancement on post-contrast fat-saturated T1W image 
(b). The tumor shows high cellularity (and restricted diffusion) which correspond to high signal on 
DWI sequence (c) and low ADC value on the specific map (d)
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3.5	 �Computed Tomography

Computed tomography (CT) is the preferred modality in patients with MR contra-
indication (claustrophobia, cardiac pacemakers, metallic devices) or when further 
information about bone structures is required. A satisfactory CT examination should 
always provide images with thin slices (up to 1mm) and multiplanar reconstruction 
with bone and soft tissue algorithms [1].

It is well known that soft tissue contrast of CT images is lower compared to MRI; 
in fact, perineural spread could be suspected only in the case of skull base foramina 
asymmetry, due to cortical erosion consequent to neural thickening. The use of 
iodinated contrast medium is mandatory to increase soft tissue resolution and depict 
pathology with better accuracy (attention should always be paid in patients with 
suspected nephropathy or previous allergic reactions). On the other hand, CT scans 
are more widely available and easier to perform, compared to MRI, due to shorter 
time of acquisition [18].

3.6	 �Perineural Spread

The incidence of perineural spread is reported to occur in up to 50% of high-grade 
malignant SGT, being particularly common for adenoid cystic carcinoma (ACC) 
[2]. The assessment of neural involvement is of utmost importance for tumor stag-
ing and treatment. As previously stated, both CT and MRI can detect perineural 
spread; however MRI is definitively superior. MRI allows to suspect perineural 

a b

Fig. 3.5  Gadolinium-enhanced T1-weighted magnetic resonance imaging (a) demonstrating 
enhancing thickening along the mandibular branch (V3) of the trigeminal nerve, conditioning lat-
eral bulging of cavernous sinus dural membranes (arrow). On T2W image (b), brain edema is 
present due to mass effect of the cavernous sinus bulging

S. Sdao et al.
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spread both on pre-contrast T1W images (due to the replacement of fat in neural 
foramina) and on post-contrast T1W images with FS, as diffuse or nodular enhanced 
thickening of the cranial nerves (Fig. 3.5 a, b) [1, 18].The first and most commonly 
involved nerves in SGTs are the facial and trigeminal nerves due to the close ana-
tomical relationship with the major salivary glands. The auriculotemporal nerve 
represents an important connection between facial and trigeminal nerves [1]. In 
more advanced disease, other cranial nerves may be involved.

MRI sensitivity for perineural spread has been reported to be up to 95% [1, 23]. 
False-positive findings due to inflammatory changes reduce MRI specificity (85%). 
Microscopic neoplastic infiltration may cause inaccuracy in diagnosing neural 
involvement and may explain the presence of skip lesions [1].

3.7	 � Follow-Up of Salivary Gland Tumors

Clinical examination in patients who underwent surgery and radiotherapy is diffi-
cult in relation to anatomical changes related to surgery and radiation-induced tis-
sue fibrosis. For this reason, in some cases, deeper recurrences or perineural spread 
may be overlooked [1].

It has been reported that up to 70% of recurrence of high-grade SGTs manifest 
within 3 years of treatment [1, 24] and that up to 50% of patients affected by SGTs 
show distant metastasis during follow-up, most of which [1, 25] arising from high-
grade ACC, adenocarcinoma NOS (not otherwise specified) and carcinoma ex pleo-
morphic adenoma. In most of cases, metastases involve the lungs while less than 
15% affect the bones, liver, brain and other sites [3].

Imaging, during follow-up of SGTs, has the role to detect early recurrence; this 
role is crucial for those relapse that can be still treated and is essential to improve 
the prognosis of these patients which is generally poor [24, 25].

As reported above, US is an easy and fast modality to assess superficial masses 
characterizing them as solid or cystic but has the well-known limitation of poor 
assessment of deeper tissues. After irradiation, salivary glands may become 
hypoechoic and inhomogeneous at US. Of note, the salivary glands may enlarge 
immediately after radiotherapy and later become smaller because of subsequent 
atrophy. As a consequence, during follow-up,  US is primarily used for guiding 
FNAC or CNB to discriminate recurrence from post-treatment changes.

MRI is the most sensitive techniques to perform follow-up in patients with SGTs.
The use of paramagnetic contrast medium is mandatory to increase soft tissue reso-
lution and to detect perineural spread, as already mentioned. Baseline examination 
is usually performed 3 months after the end of treatments [1]. Attention should be 
paid to post-irradiation changes such as edema, which correspond on high signal on 
T2W images. DWI may be helpful in monitoring treatment and diagnosing recur-
rence only in SGTs with high cellular density at the baseline, such as for squamous 
cell carcinoma [26].

CT is an easy and fast modality to follow-up SGTs and is of utmost importance 
for imaging distant metastases (Fig. 3.6) [27].
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3.8	 �Positron Emission Tomography-CT with Fluorine-18-
Deoxy-d-Glucose (FDG PET-CT)

SGTs are an uncommon clinical indication for FDG PET-CT that is the most 
widely used functional imaging modality based on the assessment of tumor glu-
cose metabolism. An increase of FDG uptake, expressed by standardized uptake 
value (SUV), is associated with cell vitality and proliferative activity [28]. FDG 
PET-CT is not a useful imaging method for distinguishing between benign and 
malignant SGTs. In fact, benign tumors such as Warthin’s tumors and pleomor-
phic adenomas usually show increased FDG uptake without significant differ-
ence in SUV compared to malignant SGTs [29, 30]. Furthermore, low-grade 
malignant tumors (clear cell carcinoma, etc.) are often biologically hard to dif-
ferentiate from benign lesions. Considering the metabolic features of these 
tumors, FDG PET-CT is not routinely recommended for the diagnosis and initial 
staging, especially in histotypes with low glucose avidity. FDG PET-CT might be 
useful in the detection of cervical lymph nodes and distant metastases in patient 
with high-grade SGTs, modifying the therapeutic management in up to 15–25% 
of patient and sometimes avoiding unnecessary surgery [1, 31, 32]. On the con-
trary, literature data doesn’t show consensus about the role of FDG PET-CT on 
surveillance/follow up of malignant SGTs. Particular attention should be made 
for ACC which is a biologically and clinically distinct subtype of SGTs with 
lower FDG uptake, slow development but strong tendency for local invasion and 
poor prognosis. In ACC patients the use of alternative radiopharmaceutical like 
11C-methionine (MET) might be considered. MET is an essential amino acid 
that plays a role in cancer cell metabolism [33]; its uptake is often increased in 
tumors with low glucose uptake. The main limitation of this tracer is the short 
half-life which implies the presence of on-site cyclotron and dedicated radio-
chemistry laboratories for the production and clinical utilization. The use of 
hybrid PET/MRI images might offer a higher sensitivity and specificity to assess 
the presence of malignancy on initial staging, providing high-quality compli-
mentary morphological and multi-parametric functional information in one set-
ting [34]. However, at present, sufficient data are still lacking.

a b c

Fig. 3.6  CT examination during follow-up of a patient affected by submandibular adenoid cystic 
carcinoma shows distant metastasis within the liver (a), left thoracic wall (b), and lungs (c)
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4Surgery for Malignant Parotid  
Gland Tumours

Vincent Vander Poorten

4.1	 �Introduction

Malignancy involving the parotid can arise primarily from the parotid tissue (pri-
mary parotid cancer), primarily in the lymph nodes in the realm of lymphoma, or 
can be due to a non-parotid cancer that metastasizes to or directly invades the 
parotid. Cancers metastasizing to the parotid lymph nodes are mainly skin cancer of 
the forehead, eyelid and temple area, but cancers anywhere in the body can do so. 
Cancers directly invading the parotid are mainly skin cancer, external acoustic 
meatus cancer and oropharyngeal cancer with very deep extension [1]. Successful 
treatment depends on a maximally informative preoperative workup that allows for 
careful individualized planning of surgery and the often needed postoperative radio-
therapy [2].

4.2	 �Surgery for Primary Parotid Cancer

Eighty to ninety percent of parotid tissue is located laterally to the course of the 
facial nerve. In parallel, 80–90% of epithelial neoplasms arise laterally to the course 
of the facial nerve [3]. The remainder of the tumours is located below the level of 
the facial nerve, in the deep lobe. In less than 1%, a tumour arises from the acces-
sory parotid tissue along Stensen’s duct.

One in four parotid tumours is cancer, and their histopathological appearance is 
extremely diverse (Table 4.1). Their malignant nature is frequently unclear before 
surgery but is suggested in many other instances by clinical signs, rapid growth, 
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enlarged neck lymph nodes (29%), deep fixation or skin invasion (9%) (Fig. 4.1), 
pain (44%) and CN VII dysfunction (19%), a finding independent of the tumour 
diameter [5–10]. Clinical TNM staging summarizes this clinical information on the 
size of the primary, the nodal extension, the function of the facial nerve and the inva-
sion of surrounding structures [11, 12] (Table 4.2).

Surgical excision of parotid cancer with—on indication—a course of postopera-
tive radiotherapy is the treatment modality providing the best chance of cure [1, 2, 
12–14]. The extent of surgery of the primary tumour is determined by the size of the 
lesion, the relationship to the facial nerve and eventual extraparotid tissue invasion. 
A thorough preoperative workup aims at anticipating these tumour characteristics. 
In this way the extent of surgery and eventual reconstruction can be planned, and a 
realistic estimate of expected prognosis can already be made in the preoperative 
situation [8]. Table  4.3 displays expected treatment results of multidisciplinary 
treatment of patients with parotid cancer in terms of disease-specific survival.

4.2.1	 �Workup: Diagnostic Radiology

For small, slowly growing mobile tumours, imaging will not frequently alter the 
approach. Imaging is mandatory, however, when confronted with a large tumour 
(>4 cm), impaired tumour mobility, facial nerve dysfunction or, in the case of pal-
pable cervical lymph nodes [12], ultrasound is well suited for evaluation of 

Table 4.1  The WHOa 2017 
histologic classification of 
malignant salivary gland 
tumours [4]

Type WHO Abbreviation
  1. Mucoepidermoid carcinoma MEC
  2. Adenoid cystic carcinoma AdCC
  3. Acinic cell carcinoma AcCC
  4. Polymorphous adenocarcinoma
  5. Clear cell carcinoma
  6. Basal cell adenocarcinoma
  7. Intraductal carcinoma
  8. Adenocarcinoma, NOS ACNOS
  9. Salivary duct carcinoma SDC
10. Myoepithelial carcinoma
11. Epithelial-myoepithelial carcinoma
12. Carcinoma ex pleomorphic adenoma
13. Secretory carcinoma
14. Sebaceous adenocarcinoma
15. Carcinosarcoma
16. Undifferentiated carcinoma
17. Large cell neuroendocrine carcinoma
18. Small cell neuroendocrine carcinoma
19. Lymphoepithelial carcinoma
20. Squamous cell carcinoma
21. Oncocytic carcinoma
22. Sialoblastoma (uncertain malignant potential)

aWHO World Health Organization
Modified from the WHO publication to include only the 
malignancies [4]
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relatively small and superficially localized neoplasms and may optimize results of 
fine needle aspiration cytology (FNAC). A magnetic resonance imaging study 
(MRI) is superior to a computerized tomography (CT) in evaluating parotid tumours 
and is especially useful in visualizing the retromandibular parotid and parapharyn-
geal space, the area of the stylomastoid foramen and eventual facial nerve invasion 
and perineural extension (Fig. 4.2). Also for recurrent tumours, the exact assess-
ment of tumour extent needs MR imaging. Additionally, conventional MRI also has 
specific signs suggesting malignancy [26], and a specific pattern on diffusion-
weighted MRI (DW-MRI) may result in an even improved identification of potential 
malignancy [27]. CT scanning may be required in instances where bone invasion is 
suspected (mastoid, mandible, infratemporal fossa) [1]. In suspected malignancy, 
based on clinical, radiological or FNAC elements, positron emission tomography 
(PET) with or without CT can be considered to exclude distant metastases, before 
embarking on locoregional therapy. A recognized pitfall of PET-CT is the high 
false-positive and false-negative rate in differentiating benign from malignant sali-
vary disease [28].

Fig. 4.1  Parotid cancer with skin 
invasion. Source: Prognosis in Head 
and Neck Cancer, Robert J 
Baatenburg de Jong, editor. V. Vander 
Poorten: Prognosis in patients with 
parotid carcinoma; Chap. 21, p. 356. 
Reprinted by permission of Taylor 
and Francis
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4.2.2	 �Workup: Pretreatment Pathology

In specific situations we will attempt to obtain tissue before embarking on treat-
ment, when we expect this information to alter management. Aims then are (1) to 
confirm salivary tissue origin, (2) to discriminate between benign and malignant 
lesions and (3) to obtain, if possible, information on histopathologic typing 
(Table 4.1). For this purpose, we dispose of (ultrasound-guided) fine needle aspira-
tion cytology (UgFNAC), US-guided thru-cut biopsy and open biopsy.

Using FNAC, an experienced cytologist can quite accurately (accuracy 79%) 
differentiate between malignant and benign tumours [29–31]. Cytologic features of 
a lymphocyte-predominant lesion should raise the suspicion of lymphoma, and a 
thru-cut or open biopsy may ensue. In case of salivary tissue found on FNAC, cor-
rect tumour typing is difficult, but maximizing pretreatment probability of the 

Table 4.2  UICC eighth edition TNM classification and stage regrouping for major salivary gland 
malignancies [11]

T—primary tumour
Tx Primary tumour cannot be assessed
T0 No evidence of primary tumour
T1 Tumour 2 cm or less, without extraparenchymal extensiona

T2 Tumour >2 to 4 cm, without extraparenchymal extension
T3 Tumour >4 to 6 cm, and/or extraparenchymal extension
T4a Tumour invades the skin, mandible, ear canal and/or seventh nerve involvement
T4b Tumour invades the base of skull, and/or pterygoid plates and/or encases carotid artery
N—regional lymph nodes
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in a single ipsilateral node, 3 cm or less in greatest dimension, without 

extranodal extension
N2a Single ipsilateral node >3 to 6 cm, without extranodal extension
N2b Multiple ipsilateral nodes <6 cm, without extranodal extension
N2c Bilateral or contralateral nodes <6 cm, without extranodal extension
N3a Metastasis in a lymph node >6 cm without extranodal extension
N3b Metastasis in 1 or more lymph nodes with extranodal extension
M—distant metastasis
M0 No distant metastasis
M1 Distant metastasis
Stage grouping
Stage 0 Tis N0 M0
Stage I T1 N0 M0
Stage II T2 N0 M0
Stage III T3 N0 M0

T1, T2, T3 N1 M0
Stage IVa T4a N0, N1 M0

T1, T2, T3, T4a N2 M0
Stage IVb T4b Any N M0

Any T N3 M0
Stage IVc Any T Any N M1

aExtraparenchymal extension is clinical or macroscopic invasion of soft tissues or nerve, other than 
those listed under T4a and T4b
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benign or malignant nature remains a feasible goal. This then allows for appropriate 
counselling of the patient and guides timing and prioritization of treatment and 
planning of the extent of resection and possible reconstruction. Ultrasound guid-
ance of FNAC increases its accuracy and simultaneously helps in evaluating the 
neck [32]. Direct on-site evaluation of the cellular quality of the aspirate by the 
pathologist is a means of further increasing accuracy, implying immediate repetition 
of the FNAC when the aspirate is deemed unsatisfactory [33]. The obtainable daily 
practice accuracy of FNAC is reflected in the findings of a series of 1355 aspirates 
by the Institut Curie group in Paris, who found an 80.5% correct identification of 
malignancy (true positive), 11.9% false negatives, 4.6% suspicious lesions and 3% 

Table 4.3  Disease-specific survival (DSS) following treatment of patients with parotid 
carcinoma [12]

Authors Year of publication DSS 5 years (%) DSS 10 years (%)
Frankenthaler et al. [5] 1991 75 70
Kane et al. [15] 1991 69 68
Pedersen et al. [16] 1992 52
Poulsen et al. [17] 1992 71 65
Renehan [18] 1999 78 65
Spiro [13] 1986 55 47
Spiro and Wang [19] 1993 77 65
Spiro et al. [14] 1989 63 47
Therkildsen et al. [20] 1998 76 72
Leverstein et al. [21] 1998 75 67
Vander Poorten et al. [7] 1999 59 54
Harbo et al. [22] 2002 57 51
Vander Poorten et al. [9] 2003 62
Godballe et al. [23] 2003 52
Mendenhall et al. [24] 2005 57
Lima et al. [25] 2005 72 69
Vander Poorten et al. [8] 2009 69 58

Fig. 4.2  Massive 
perineural spread of 
undifferentiated parotid 
carcinoma. Source: 
Prognosis in Head and 
Neck Cancer, Robert J 
Baatenburg de Jong, editor. 
V. Vander Poorten: 
Prognosis in patients with 
parotid carcinoma; Chap. 
21, p. 364. Reprinted by 
permission of Taylor and 
Francis
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of uninterpretable samples [30]. The 12% false negativity implies that removal of 
the tumour for further histopathology analysis remains required, also when the 
FNAC suggests benign disease [12]. The difficulty in increasing accuracy of FNAC 
lies in the fact that the different salivary gland tumour types have overlapping histo-
logical features and that individual cells, obtained by FNAC, are not embedded in 
their tissue architecture.

Controversy surrounds the use of thru-cut biopsies for parotid lesions. While 
some studies report safety and higher accuracy than FNAC [34, 35], the author has 
seen several cases of damage to facial nerve branches in patients subjected to parotid 
thru-cut biopsies. Open biopsy is rarely indicated but can be considered in (1) skin 
invading tumours where an incisional biopsy is in the area where the skin will have 
to be resected anyway in an eventual subsequent extended parotidectomy and in (2) 
advanced tumours that, at presentation, are already beyond surgical cure, so the 
biopsy may be the only tissue sample obtained. Increasingly, molecular biological 
studies can be carried out, also on the incisional biopsy material [36].

4.2.3	 �Extent of Surgery for the Primary Tumour

The different types of parotidectomies that are classically described all have identi-
fication of the facial nerve—and preservation if possible—as common principle and 
are listed below:

	1.	 Partial superficial parotidectomy implies resection of the tumour with a cuff of 
normal tissue where possible.

	2.	 Superficial or lateral parotidectomy implies removal of all tissue lateral to the 
facial nerve.

	3.	 Total parotidectomy implies removal of all tissue lateral and medial to the facial 
nerve.

	4.	 Radical parotidectomy implies all tissue, including the nerve.
	5.	 Extended parotidectomy implies a radical parotidectomy with adjacent invaded 

structures such as the skin, bone of mastoid or mandible, temporomandibular 
joint, masticatory muscles and infratemporal fossa.

Recently the European salivary gland society (ESGS) published a proposal for a 
rational and logical description of parotidectomies, performed for both benign and 
malignant diseases in the parotid gland, numbering the levels of the parotid in refer-
ence to a plane formed by an imaginary line connecting the bifurcation of the facial 
nerve trunk into its two major branches (temporofacial and cervicofacial) with 
Stensen’s duct [37]. The parotidectomy performed is described by an enumeration 
of the levels resected in combination with additional non-parotid structures that are 
sacrificed. These are represented by capital letters placed in between brackets after 
the resected levels (CN VII, facial nerve trunk and/or all the main branches; CN VII 
t-z-b-m-c, when only facial nerve branches have been resected; ECA, external 
carotid artery; GAN, greater auricular nerve; LTB, lateral temporal resection; MB, 
mastoid bone; MM, masseter muscle; S, skin) (Table 4.4).
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Table 4.3 shows a number of situations described by this system.

4.2.3.1	 �Less-Than-Total Parotidectomy (Nos. 1 and 2)
There is quite some debate about the extent of surgery needed to remove a preopera-
tively known parotid cancer, and in our recent paper, we pointed out that the contro-
versy mainly regards stage I and II tumours [2].

Because the majority of parotid cancers (80–90%) are located in the superficial 
or lateral parotid lobe, with a normally functioning facial nerve, several authors 
agree that performing the standard superficial or lateral parotidectomy would appear 
to be adequate in the majority of small tumour cases without regional metastasis 
[12, 38], and in the same line, many authors, retrospectively reviewing their institu-
tional patient series, find that a less-than-total parotidectomy had been employed in 
a subset of their treated patients. This is frequently the case in patients where the 
diagnosis of malignancy is made in retrospect, following a limited parotidectomy 
that is judged to have adequately removed the tumour. In these instances, a decision 
to go back, to perform a completion parotidectomy, is not taken. Already in 1975 
Ronald Spiro reported that 58% of malignant tumours in his series of the MSKCC 
had been adequately removed by less-than-total parotidectomy.

In our own nationwide review of patients with parotid cancer in the Netherlands, 
27% of patients were treated with a superficial parotidectomy [9], and in our study 
including Belgian and German patients, this was the case in 21% of patients. It is 
unclear how these patients would have done with more radical primary surgery [8].

4.2.3.2	 �Total Conservative Parotidectomy (No. 3) (Fig. 4.3)
Proponents of more radical surgery especially stress the presence of intraparotid 
lymph nodes. These are to be considered the first echelon nodes for metastatic cells 
on their way to the neck nodes and thus at the highest risk of being involved with 
lymph node metastasis [3, 39–41]. Indeed, Armstrong et al. showed that the parotid 
lymph nodes are involved in 53% of elective neck dissections [42]. Similarly, 
Klussman et al., in their series of patients that all had undergone total parotidectomy 
and elective neck dissection, found that 65% of pN+ necks had metastatic disease in 
the parotid lymph nodes [43].

Table 4.4  ESGS parotidectomy classification applied to common surgical situations [37]

Parotidectomy I Partial superficial parotidectomy
Parotidectomy II Partial superficial parotidectomy
Parotidectomy I–II Superficial parotidectomy
Parotidectomy I–II–III Superficial parotidectomy extended to the inferior deep lobe
Parotidectomy III–IV Deep lobe parotidectomy
Parotidectomy I–IV Total parotidectomy with facial nerve preservation
Parotidectomy V Accessory lobe removal
Parotidectomy I–IV (VII) Total parotidectomy with facial nerve resection
Parotidectomy I–IV (VII, 
S, MM)

Extended total parotidectomy with facial nerve resection plus skin 
and masseter muscle resection

ECD I Extracapsular dissection with tumour in level I
ECD II Extracapsular dissection with tumour in level II
ECD V Extracapsular dissection with tumour in level V
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This reasoning entails performing a deep lobe parotidectomy in patients with 
metastatic skin cancer to a superficial intraparotid node (see further below), primary 
parotid cancer that has metastasized to the neck nodes or to a superficial parotid 
node and high-grade primary parotid cancer [3].

There is far less discussion on the need for total parotidectomy tumours located 
in the parapharyngeal or deep lobe or even in the more advanced tumours located in 
the superficial lobe (tumours >4  cm or with facial nerve dysfunction, i.e. UICC 
stages III and IV disease). Especially in these high-stage, high-grade parotid carci-
nomas, the intraparotid lymph nodes may harbour metastatic disease that would be 
overlooked or not resected should a lesser procedure be performed [43–45].

Until a prospective randomized evaluation proves the oncological benefit of 
removing the deep lobe to address occult metastatic disease, to date very little local 
recurrence has been observed in primary parotid tumours that are well localized in 
the superficial lobe and that are adequately removed. It is very likely that the use of 
postoperative radiotherapy will also aid with the control of possible microscopic 
lymph node deposits located in the deep lobe [46–48]. On the other hand, regarding 
metastatic skin cancer, several reports point at the importance of resecting the deep 
lobe. A large Australian series of patients with metastatic cancer to the parotid 
underwent superficial parotidectomy and neck dissection without removal of the 
deep lobe. Even with postoperative radiation therapy, a recurrence rate of 20% was 
observed, of which two out of three recurrences occurred in the area of the deep 

Fig. 4.3  Total 
conservative 
parotidectomy. The facial 
nerve, preoperatively 
functioning, is preserved 
intact, but all salivary 
tissue has been removed
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parotid lobe [49] (see Metastatic Cancer to the Parotid). Authors of the Mayo 
Clinic, resecting the deep lobe parotid in these patients, found a metastatic rate of 
22% in the deep lobe parotid nodes [50].

4.2.3.3	 �Nerve Sacrifying Total Parotidectomy (No. 4 and Higher) (Fig. 4.4)
As a general rule, facial nerve branches are only to be resected when preoperatively 
paralysed, preoperatively invaded or circumferentially surrounded by tumour. Most 
preoperative normally functioning nerve branches can be dissected macroscopically 
free from the tumour [1, 2, 12, 51]. Nerve sacrifice in these instances will induce 
disproportionate morbidity at the expense of minor gain in tumour control [51–53]. 
A good suggestion is to perform electromyography in preoperatively suspected 
malignant tumours. This is more sensitive than clinical examination and can help in 
counselling the patient on the possible need for nerve resection and reconstruction 
[54]. In the situation where the tumour has to be dissected off the nerve, it is impor-
tant not to leave macroscopic tumour behind. The consensus regarding the safety of 
using postoperative radiotherapy to control disease left behind on a spared nerve 
branch only regards microscopical disease, not macroscopical disease [2, 14, 18, 21, 
32, 51, 52].

When one or more branches of the facial nerve are not functioning preopera-
tively, or the nerve is preoperatively found encased in tumour, we add a more or less 
extended nerve resection to a total parotidectomy [1, 2, 12]. When doing a facial 
trunk or branch resection, it is recommended to do frozen section of the cut margins 
to avoid leaving tumour skip metastases. Especially AdCC is notorious for this fea-
ture [55]. A mastoidectomy or lateral temporal bone resection may be needed to 
obtain free margins (Fig. 4.4).

Following resection, immediate cable grafting guarantees the best function. 
After trimming of the nerve endings, tension-free anastomosis of the epineurium is 

Fig. 4.4  Extended radical 
parotidectomy with GAN 
as cable graft, proximal 
anastomosis in the mastoid
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a prerequisite for successful reinnervation [54, 56]. To this purpose, the greater 
auricular nerve is the first choice. It is in the operative field, has an ideal arboriza-
tion, a good proximal diameter of the main trunk for coaptation to the cut main 
trunk of the facial nerve and also the distal branches nicely adapt to the diameter of 
the peripheral branches [2, 12, 56–58]. Both the GAN and the facial nerve share a 
monofascicular character, which is also an advantage [56]. For longer defects the 
same donor nerve can be backtraced to include cervical sensory branches [12, 56]. 
A key issue in facial nerve cable grafting is to overcome the numerical and size 
discrepancies. Stennert described the key principles to obtain (1) size augmentation 
by unifying two smaller branches to increase the diameter of the nerve graft and (2) 
size reduction (distal splitting of nerves and suturing the peripheral epineurium) 
[56]. The sural nerve is less ideal, as it is polifascicular, has almost no arborization 
and requires opening of a second surgical field [56, 59, 60].

Two years following cable grafting, one can expect the final result: a light to 
obvious paresis with synkinesis but possible eye closure (House Brackmann grades 
II and III) [54, 61]. EMG signs of reinnervation appear after 4.5 months, followed 
by the first movements from 6 months on [57–59]. Radiotherapy does not impair 
these results, but a preoperative nerve dysfunction (and, increasingly so, the longer 
this exists) and age over 60 do affect the final result in a negative way [54]. The 
radiotherapy effect has been studied by Brown et al. These authors find a House-
Brackmann grade III or IV in 69% of irradiated patients versus in 78% of nonirradi-
ated patients, a difference which is non-significant (p = 0.54) [57]. This finding was 
recently confirmed by a Spanish study, where the authors compared six cable-
grafted patients without RT to seven cable-grafted patients undergoing radiotherapy. 
Again, at a median follow-up of about 3 years, there was no difference in facial 
movements [62]. On the other hand, highly complex reconstructions such as micro-
neurovascular free muscle flaps do suffer from postoperative radiotherapy, and as 
such these are rarely used in this patient population which consists of a majority of 
elderly patients [63].

Immediate facial nerve reconstruction outperforms delayed reconstruction: the 
longer the lag time between resection and reconstruction, and the longer the defect 
length, the less favourable the reinnervation outcome will be. In delayed reconstruc-
tion, decreasing muscle fibres and motor endplates, degenerating Schwann cells and 
increasing fibrosis will result in a longer duration and less successful bridging of the 
defect by the regenerating axons [56].

In patients where surgery implies a mastoidectomy and proximal facial nerve 
resection that results in too short nerve stump in the middle ear, cable grafting 
becomes technically impossible. Here, a hypoglossal-distal facial nerve anastomo-
sis can result in a quick reinnervation of the facial musculature, over a period of 
3–4 months. Initially this procedure was mainly performed as an end-to-end XII–
VII anastomosis, but subsequently, it was found that adequate results can also be 
obtained using a GAN interposition graft in a hypoglossal-facial-jump-anastomosis 
(HFJA). This implies incising the XII nerve only over half its circumference—thus 
preserving half of the hypoglossal motor input to the tongue—and then suturing a 
GAN interposition graft in this defect, allowing ingrowth of hypoglossal axons 
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within the GAN perineurium into the distal facial nerve stump. This significantly 
reduces tongue musculature dysfunction [64]. For very extensive facial nerve resec-
tions, there are some other options to consider. The hypoglossal nerve can be mobi-
lized up to the separate branches that run into the floor of mouth and tongue muscles, 
and after mobilizing the main trunk of the XIIth nerve, as well as the descending 
ansa hypoglossi branch, all these branches then can be anastomosed without tension 
to the distal facial nerve. Alternatively, a combination of facio-facial interposition 
grafts for the orbicularis oculi with a HFJA anastomosis for the orbicularis oris can 
give excellent results too [2, 56, 65].

During the period of 1–2 years that is needed for the above-mentioned nerve 
grafts to take effect, the crucial facial motor functions of eye closure and oral com-
petence have to be guaranteed by static measures. These are routinely applied in 
patients undergoing cable grafting or hypoglossal nerve-based anastomoses in order 
to bridge the recovery period. These static measures can of course also be the only 
measures taken in elderly patients, where cable grafting is not performed because of 
an estimated limited effect [2, 66].

Taking care of a paralysed orbicularis oculi muscle aims at countering the 
unopposed action of the superior levator palpebrae muscle. To this end, a gold or 
platinum weight implant of 1–1.2 g on the upper tarsal plate, combined with a 
lateral canthopexy/canthoplasty, is very effective [67]. Secondarily, a brow lift 
can additionally compensate for brow ptosis. Further, a lateral tarsorrhaphy can 
help, in patients where a canthopexy or canthoplasty is insufficient in promoting 
eye closure [2].

Different measures to tackle the effect of the paralysis of the lower facial muscu-
lature aim at restoring the oral commissure, the nasolabial fold and the nasal ala. 
Reinforcing the ala nasi aims at reducing inspiratory collapse and at improving 
nasal flow [68]. A first possibility is the dynamic temporalis muscle transfer. In this 
technique, three divergent strips of fascia are sutured in between the temporalis 
tendon at its release point from the coronoid process on one hand and the three key 
midfacial structures on the other (upper lip—modulus—lower lip). Alternatively, a 
semi-dynamic solution consists of deep temporalis fascial slings left attached to the 
temporalis muscle. A third, less frequently used option is a static suspension of 
fascial slings to the zygomatic periosteum [2, 63]. The typical lower lip elevation 
and inversion following lower lip depressor paralysis can be addressed by transfer-
ring the anterior belly of the digastric muscle to the angle of the mouth. In this 
technique, the tendon that joins the anterior to the posterior belly of the digastric is 
inserted superiorly to the orbicularis oris muscle, through a lower lip vermillion 
incision at the angle of the mouth. When the anterior belly muscle, which is still 
attached to its mandibular insertion, then contracts, it provides for a new depressor 
function [69].

Common to these static measures is the frequent need for secondary corrections, 
due to the untoward and continuing effect of gravity on the initial reconstructive 
efforts. Inserting a cartilage graft onto the inferior orbital rim, anteriorly of the infe-
rior tarsal plate, may counter lower eyelid ectropion; a further wedge excision may 
be needed to reduce eventual continuing lower lip elongation [63].
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4.2.3.4	 �Extended Parotidectomies: Reconstructive Issues Regarding 
the Skin and Soft Tissue (Fig. 4.5)

Complete resection of extensive tumours may require, besides a removal of the 
facial nerve as described above under “Sect. 4.2.3.3”, also a resection of the skin, 
mandibular or temporal bone or adjacent deep soft tissues such as the masticatory 
muscles [2, 12, 70]. Additional procedures required to do so may be—alone or in 
combination—an ascending ramus mandibulectomy, an infratemporal fossa dissec-
tion and a lateral temporal bone resection [1]. Logic dictates that it is best to recon-
struct the resulting composite defect in the same session, in order to restore form 
and function and thus quality of life. This approach also facilitates a timely postop-
erative radiotherapy, which is always indicated in tumours that require such an 
extensive resection [63, 71]. Delayed reconstruction in post-RT contracted and 
fibrotic tissues implies a significantly increased risk of wound breakdown and fail-
ure of the reconstructive efforts [63]. In order to reach the best functional and aes-
thetic result in the long run, the surgical team generally will combine cable grafting 
of the resected facial nerve with static measures with a selection of procedures for 
defect filling and restoring the skin, as enumerated here below [72].

Primary closure or a cervicofacial rotation flap is satisfactory for limited skin 
defects, while larger defects may need a cervicodeltopectoral flap [2]. These flaps 
are raised while creating access for a neck dissection. After the resection, the skin 
with a good texture and colour match can be rotated into the area where the skin 
was resected, while the donor site can be primarily closed [63, 73, 74]. For large 
defects (up to 7 by 13 cm) in patients that are unfit for free flaps, one option is a 
“keystone island flap” based on occipital and posterior auricular perforators [75], 
and another option is the “supraclavicular artery island flap”, a pedicled flap, that 

Fig. 4.5  Reconstruction with anterolateral thigh flap. After comprehensive neck dissection and 
extended radical parotidectomy with skin resection, external acoustic meatus, lateral temporal 
bone resection, reconstruction by GAN facial nerve cable grafting, static reconstruction including 
gold weight in the upper eyelid and temporalis fascial sling to the angle of the mouth and covering 
the defect with replacement of resected skin in view of postoperative radiotherapy. Patient at this 
moment 4y NED

V. Vander Poorten



57

can bring in a substantial amount of skin and subcutaneous soft tissue without hav-
ing to perform a microvascular anastomosis [76]. After deepithelialization, this 
flap can also be used as a “filler” flap when there is substantial soft tissue loss 
without a skin defect [77].

It is common for tumours necessitating skin resections to also require removal of 
deep and supporting tissues. It may be needed to resect the masseter muscle which 
results in a denuded mandible, to clear the parapharyngeal space and/or infratempo-
ral fossa tissues or to perform a lateral temporal bone resection [63] (Fig.  4.5). 
Reconstruction then requires free or pedicled composite flaps. Pedicled flaps that 
reliably provide significant skin and soft tissue volume are the pedicled latissimus 
dorsi flap [78] and the pectoralis major myocutaneous flap [79]. These still have an 
important role to play in difficult situations: the medically compromised patient, in 
salvaging failed free flap reconstructions, or in combination with free flap recon-
structions. In general, however, microvascular free flaps are preferred, and espe-
cially the anterolateral thigh (ALT) perforator flap is frequently chosen. It is a flap 
with a relatively constant anatomy, which facilitates its harvesting, and with a com-
fortable vascular axis combining a long length (8–16  cm) and a large calibre 
(2–2.5 mm) [80, 81]. Flap volume can be adapted to the needs of the defect. When 
a thin cutaneous flap is needed, one can go for a suprafascial dissection, and if more 
volume is needed, the surgeon can include vastus lateralis or rectus femoris muscle 
in a musculocutaneous ALT flap. If mainly volume is needed, the combination of a 
deepithelialized ALT flap with a cervicofacial rotation flap can give a very nice 
aesthetic result [63]. Identifying and preserving the nerve to the vastus lateralis and 
the fascia lata can be considered for facial reanimation [72, 80]. Because the donor 
site is separate from the resection field, a two-team approach is possible and speeds 
up the total procedure time. Primary closure for skin defects less than 9 cm wide 
results in low donor site morbidity. In considering the volume that needs restoring, 
the surgeon has to take expected flap shrinkage over time into account. The post-RT 
volume loss of ALT flaps in parotidectomy reconstruction was recently very ele-
gantly quantified as limited to 8%, a number to keep in mind when preparing this 
flap [82]. For restoring the skin and soft tissue, less-used alternative free flaps are 
the scapular and parascapular flaps [83] and the rectus abdominis free flap (the latter 
especially for very large defects) [84].

A parotid cancer that requires mandibular resection will typically result in a lat-
eral mandibular defect with or without the condyle. Bony reconstruction generally 
only works well when the condyle and the temporomandibular joint can be pre-
served and then an osteocutaneous fibula flap can restore bone and limited skin 
defects. If needed the surgeon can provide additional soft tissue by including the 
soleus muscle [85]. Extensive defects that cannot be adequately addressed by a 
single flap may require using two free flaps [86, 87]. On the other hand, one should 
keep in mind that it may be indicated for medically unfit patients to minimize the 
surgical complexity and address the bony defect with only a soft tissue reconstruc-
tion (ALT, latissimus dorsi, or rectus abdominis). One then provides acceptable 
speech, mastication and frontal facial symmetry in rest but accepts malocclusion 
and deviation to the resected side on mouth opening [63].
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4.2.4	 �Surgery for Cancer Metastatic to the Parotid

As already stated above under “Sect. 4.2.3.2”, the parotid gland is a lymphatic basin 
for melanoma and non-melanoma skin cancer (cutaneous squamous cell carcinoma, 
SCC; metastatic basal cell carcinoma; Merkel cell carcinoma) located on the con-
junctiva, eyelid, cheek, forehead, temple, scalp, auricle and middle ear [88, 89], but 
also oropharyngeal cancer can drain to these lymph nodes.

The most frequent cancer metastasizing to the parotid is cutaneous SCC, with 
parotid metastasis (including the external jugular node) accounting for 75% of 
nodal metastases. Level II nodes are affected in two out of five patients with N+ 
disease [88]. This disease is increasingly encountered, and one important factor is 
the steadily increasing number of patients undergoing solid organ transplantation, 
needing immunosuppression.

Regarding the surgical approach, there is the same discussion that surrounds the 
need to perform a total parotidectomy in all of these patients. There is agreement 
on the prognostic value of finding metastatic lymph nodes in the deep lobe of the 
parotid in these instances [50], which heralds poor outcome (disease recurrence, 
distant metastasis and death from disease) for metastatic skin cancer to the parotid. 
A clear link was also described between not addressing these nodes and the obser-
vation of local recurrences in that area in one in five patients [49]. Parotid bed 
recurrences have even been reported in up to 44% [90–92]. Whereas performance 
of a deep lobe parotidectomy for parotid metastasis of non-melanoma skin cancer 
implied an excellent locoregional control in the series of the Mayo Clinic, overall 
oncological outcome and survival remained relatively low. Only one in three 
patients was free of distant metastasis at 5 years. The authors conclude that, in 
patients with a high risk of metastatic involvement of the deep parotid lymph 
nodes, such as those that have a skin malignancy that has clinically metastasized to 
the parotid, there is evidence that deep lobe parotid removal improves local parotid 
bed control [3, 50].

Important to note is that, once there is a surgical indication for a parotidectomy 
because of a parotid metastasis of cutaneous SCC, the neck also has to be addressed, 
even if clinically N0. This can be done surgically, and then selective neck dissection 
should address levels I–III for facial primaries, levels II–III for SCC of the anterior 
scalp and external ear and levels II–V for SCC of the posterior scalp and neck [93]. 
If pN0, the postoperative radiotherapy can be limited to the parotid bed. Alternatively 
both the parotid bed and the neck can be irradiated [94].

For parotid metastasis of melanoma, many authors perform a superficial paroti-
dectomy [88], but in the series of the Mayo Clinic, the authors also performed a 
deep lobe parotidectomy, which implied an excellent local control. Again, overall 
oncological outcome and survival remained low: patients with parotid metastatic 
melanoma were either dead of disease or alive with distant metastasis at the end of 
follow-up (1/3 of patients) [3, 50]. Indeed, once there is obvious melanoma meta-
static disease in the parotid, it is advisable to screen for distant metastatic disease 
using PET-CT scan and brain MRI [88].
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4.2.5	 �Treatment of the Neck

4.2.5.1	 �The cN+ Neck
Clinically and/or radiologically apparent regional metastasis (cN+ disease) at pre-
sentation is reported in 14–29% of patients [8, 9, 42, 45] and involves most fre-
quently levels II, III and IV [42] and requires a (modified) radical neck dissection, 
removing levels I to V, with radicality towards the non-lymphatic structures (nerve 
XI, jugular vein or sternocleidomastoid muscle) depending on proximity of the 
lymph node metastasis [95]. This old knowledge has recently been confirmed again 
in recent studies from the Memorial Sloan Kettering Cancer Center, where the rates 
of pN+ involvement in level I were 51.6%, in level II 77%, in level III 73%, in level 
IV 53% and finally 40% in level V [96], as well as from Korea, where rates of pN+ 
involvement in level I were 42.9%, in level II 90%, in level III 40%, in level IV 
57.1% and still 42.9% in level V [97]. Besides the well-accepted prognostic value 
of clinical neck disease as such [7–9, 98], recent reports have focused on the inde-
pendent negative prognostic significance of an increasing ratio of the number posi-
tive nodes over the total number of lymph nodes removed, the so-called lymph node 
density [99, 100].

As stated above, a significant proportion (53–65%) of patients with pN+ disease 
on neck dissection will also have metastatic deposits in the intraparotid lymph nodes 
[42, 43], and in this way it is logical and consequent that, when a neck dissection is 
needed for removal of cN+ disease, a deep lobe parotidectomy is performed too.

In pN+ patients, radiotherapy applied to the parotid and the ipsilateral neck dou-
bles locoregional control and improves survival [71, 95, 101–103].

4.2.5.2	 �The cN0 Neck
The reported rates of pN+ disease in patients that are defined as cN0, based on clini-
cal and high-quality radiological examination, vary widely. They range between 
12% and 49%, and this derives from the high number of salivary gland cancer his-
totypes and grades within histotypes, each with a different tendency to regional 
metastasis [42, 43, 45, 102, 104–106].

In these patients with a cN0 neck at presentation, we usually solve this problem 
by looking at the presence of the risk factors for occult neck disease and deciding to 
treat the neck when the probability, based on the combined presence of different risk 
factors, exceeds the threshold of 15–20%. These risk factors predicting micrometas-
tases are clinical factors such as age in the sixth decade, pain and seventh nerve 
function and local size and extension as reflected in T-classification, as well as his-
tological factors such as histotype and grade, extraglandular extension and lym-
phatic invasion [42, 104, 105, 107, 108].

Histologies that have classically been associated with a high prevalence of 
cN0pN+ disease are high-grade mucoepidermoid carcinoma, salivary duct carci-
noma, undifferentiated carcinoma, adenocarcinoma NOS and squamous cell carci-
noma [42, 45, 109, 110]. Although until recently generally thought to have a low 
tendency to regional metastasis, parotid AdCC seems to have a high-grade subgroup 
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(AdCC-HGT) that implies a pN+ rate of up to 57% [111]. Generally considered as 
having a low rate of pN+ disease are acinic cell carcinoma (AcCC) and low-grade 
mucoepidermoid carcinoma, although series routinely doing an elective neck dis-
section on all patients also find higher than expected rates here [43, 45], and also in 
AcCC nowadays a high-grade subtype is defined that implies a higher risk [112, 
113]. That said, also low-grade cancers and early-stage cancers can present with 
cN0pN+ disease [96, 104, 114].

When it is then decided to treat the neck, the first possible option is by elective 
neck surgery. Some groups propose a routine elective neck dissection for every patient 
with parotid carcinoma [45, 106]. Zbären et al. base this recommendation on their 
observation of a 22% occult rate in operated patients, who then show an improved 
5-year locoregional control as compared to patients where the neck was merely 
observed. These findings have to be appreciated in the context that none of the patients 
in this series did receive radiotherapy [106, 115]. Stennert reports even a 45% occult 
rate in a series of patients who all underwent neck dissection [45]. A Brazilian series 
reported an occult metastasis rate of 37% that was predicted by T-classification, severe 
desmoplasia and histology (adenocarcinoma, undifferentiated carcinoma, high-grade 
MEC, SDC and SCC, together resulting in a 68% occult rate) [105].

The second option that has also been shown effective is elective radiotherapy 
[46, 47, 71, 102, 107, 108] in high-risk patients that end up in this category depend-
ing on definitive histopathology of the resected primary. This strategy is appealing 
because the indications for elective neck treatment concur with the indications for 
postoperative radiotherapy to the primary and also because many of the factors that 
imply high risk only become clear following pathological examination of the 
resected primary (exact histotype, exact grade, extraparenchymal extension, lym-
phovascular invasion). Indeed, pre- and perioperative typing of salivary carcinomas 
frequently proves very difficult (accuracy 51–62%) [95, 107, 116, 117]. Furthermore, 
radiotherapy may still be indicated a cN0 neck turns out to be pN+ [46–48, 71]. The 
answer as to which approach to the cN0 neck is the best one, elective neck surgery 
with—on indication—postoperative radiotherapy or immediate elective radiother-
apy, can only reliably obtained by conducting a prospective randomized trial, which 
will be difficult to organize.

Alternative approaches that have been postulated to fine-tune the choice between 
the two modalities are (1) using preoperative USgFNAC of the neck and (2) using 
of perioperative frozen section [32, 118]. In our own policy, we perform—in preop-
eratively known malignancies with a cN0 neck—a standard selective level II dissec-
tion before doing the parotidectomy. By the time the parotidectomy is performed, 
frozen section analysis of the level II nodes is available. If frozen section reveals 
macrometastases, we consider the neck as cN+ and perform a modified neck dissec-
tion [7, 12]. Other authors have described “levels I and II node sampling” in high-
risk patients [119].

The levels to address with either surgery or radiotherapy became clear by analys-
ing elective neck dissection specimens. A pivotal study dates already from 1992 
[42] and concludes that the neck levels to address are levels II, III and IV. Recent 
studies confirmed that in cN0 necks, disease is rather rarely found in levels I and V 
indeed [96, 108].
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In our recent paper, we therefore made up an overview of three possible scenar-
ios that can be encountered in the clinical reality in dealing with the cN0 neck in 
salivary gland cancer [2]:

First Scenario
Low risk of occult nodal disease (T1–T2, low-grade tumour, young patient): a wait-
and-see policy can be defended [96], a level II dissection at the beginning of the 
procedure with frozen section can be performed [12] with extension to a compre-
hensive neck dissection in the rare occasion that disease is present or an elective 
neck dissection may be carried out [43, 45, 106, 114].

Second Scenario
Risk factors for occult disease discovered only at definitive histology (high grade 
and/or high stage): elective irradiation of the neck [47, 107].

Third Scenario
High risk of occult nodal disease preoperatively certain:

	1.	 Elective neck dissection (II–IV or Ib–IV) and postoperative radiotherapy to the 
neck based on the histopathological findings in the resected primary and the 
END specimen [102].

	2.	 Elective irradiation of the neck, especially if adjuvant radiotherapy for the pri-
mary tumour is already likely [5, 46, 47, 107].

	3.	 Super-selective dissection of level II with extension to a comprehensive neck 
dissection when disease is present [12, 120]. One should consider also resecting 
level I and level V in some specific anatomical situations, like for a primary 
located more anteriorly where metastases to level I are more likely and like for 
a large tumour located in the parotid tail where there is increased risk of spread 
to level. If no disease is present, radiotherapy to the neck can be decided upon 
based on the definitive pathology report of the resected primary. Other authors 
dissect levels I–II [119] or levels I–III [121] neck dissection with frozen sec-
tions and conversion to comprehensive neck dissection in presence of occult 
nodal disease, but the rationale to dissect level I is doubtful given the low inci-
dence of disease in level I as seen in the pivotal study of Armstrong et al. [42]. 
Furthermore, in this study, the few patients with a positive node in level I all had 
also positive level II nodes that would also have been detected if limiting the 
dissection for frozen section to level II. Recent studies confirmed a low rate of 
cN0pN+ in level I [96, 108].

4.2.6	 �Conclusion

Parotid carcinoma is a particularly demanding tumour for both patient and the mul-
tidisciplinary team trying to offer the best treatment. Every step in the management 
is complicated: the clinical assessment, the radiological evaluation, the histopathol-
ogy, the ablative surgery and the realm of reconstructive options, the radiotherapy 
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and the eventual chemotherapy, as well as the management of arising complica-
tions. Undoubtedly care for patients with this rare disease is best, when centralized 
in specialized tertiary referral centres.
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5.1	 �Introduction

Parapharyngeal tumors are located in the parapharyngeal space. Most parapharyn-
geal tumors are benign and for a long time asymptomatic. Malignant tumors are 
rarely considered, which may delay making the correct diagnosis. Salivary gland 
cancer is rare but the most frequent malignant tumor in the parapharyngeal space. It 
is important to understand the anatomy of the parapharyngeal space in order to 
understand why different types of tumors are located in different parts of the para-
pharyngeal space. Furthermore, the topography helps to realize the advantages and 
limitations of the different surgical approaches. The most characteristic feature is 
that the tumor may be asymptomatic for a long time. Parapharyngeal salivary gland 
cancer normally exceeds already the parapharyngeal space when it presents unspe-
cific symptoms, most of all as a cervical or intraoral mass. The necessary preopera-
tive diagnostics including cross-sectional imaging and the important role of 
fine-needle aspiration cytology are presented. The main focus of this chapter is on 
the surgical approaches to the parapharyngeal space in case of salivary gland cancer. 
The transcervical route is the cornerstone of all surgical approaches and is with all 
its important modifications at the center of attention.

5.2	 �Anatomy of the Parapharyngeal Space

The parapharyngeal space is located in the upper cervical region reaching from the 
inferior surface of the temporal bone to the hyoid (Fig. 5.1). The parapharyngeal 
space is a virtual inverted pyramidal-shaped space. More precisely, its superior 
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Fig. 5.1  Topographical anatomy of the parapharyngeal space in the axial plane, including the dif-
ferent fascial layers at this level. From: [1]

border is an area of the temporal and sphenoid bones including the carotid canal, the 
jugular foramen, and the hypoglossal foramen. The superior border ends laterally at 
the fascia covering the medial pterygoid muscle and medially at the attachment of 
the pharyngobasilar fascia and posteriorly at the prevertebral fascia. The relevant 
structures of the inferior boundary are the greater horn of the hyoid, the facial 
attachments of the posterior belly of the digastric muscle, and the sheath of the sub-
mandibular gland. The prevertebral fascia is the posterior boundary along its entire 
length. Its medial limit is formed by the pharyngobasilar fascia overlying the supe-
rior constrictor muscle. The tonsil also lies directly medial to the parapharyngeal 
space. Important lateral landmarks are the ramus of the mandible, the fascia of the 
medial pterygoid muscle, the retromandibular portion of the deep lobe of the parotid 
gland, and most inferiorly the fascia overlying the posterior belly of the digastric 
muscle. Finally, the pterygomandibular raphe and the submandibular space form the 
anterior border of the parapharyngeal space.

The parapharyngeal space has two compartments: the anterior muscular com-
partment (also known as the true parapharyngeal space or prestyloid space) and 
the posterior neurovascular compartment (formerly retrostyloid or poststyloid 
space). Most of the anterior compartment is covered by musculature. It contains 
fat and parotid tissue. It also contains the inferior alveolar, lingual, and auriculo-
temporal nerves as well as the maxillary artery. Therefore, all primary salivary 

O. Guntinas-Lichius



71

gland tumors within the parapharyngeal space originate from the anterior com-
partment (Table 5.1). Other tumors of the anterior compartment are lipomas and 
rarely neurogenic tumors.

5.3	 �Types of Tumors and Epidemiology

Parapharyngeal tumors are rare. About 0.5–0.8% of all head and neck tumors are 
parapharyngeal tumors. About 50–77% of the tumors are salivary gland tumors, and 
pleomorphic adenoma is the most frequent histology [2–4]. Salivary gland tumors 
can arise from the deep lobe of the parotid gland or from a minor salivary gland. 
Conversely, this does not mean that all deep lobe parotid tumors are parapharyngeal 
space tumors. Due to the tumor size at the time of diagnosis it is most often not pos-
sible to clarify the origin. For the differential diagnosis of malignant salivary gland 
cancer in the parapharyngeal space, it is important to realize that about two thirds of 
the parapharyngeal salivary gland tumors are benign tumors and one third are 
malignant salivary gland tumors. Neurogenic tumors are the second most entity 
with up to 25% of all cases. Paragangliomas account for about 15% of the cases.

All types of salivary gland cancer can also occur as parapharyngeal tumors. Due 
to casuistic reports, the most frequent histological subtypes in the parapharyngeal 
space are adenoid cystic carcinoma and mucoepidermoid carcinoma. Squamous cell 
carcinoma, carcinoma ex pleomorphic adenoma, adenocarcinoma, or myoepithelial 
carcinoma is much rarer [4]. Hence, the distribution of histological subtypes of 
malignant salivary gland tumors is not different to other regions like parotid or 

All primary malignant salivary gland tumors within the parapharyngeal space 
originate from the anterior compartment of the parapharyngeal space.

About two thirds of the parapharyngeal salivary gland tumors are benign 
tumors and one third are malignant salivary gland tumors.

Table 5.1  Comparison of the anterior and posterior compartment of the parapharyngeal space

Anterior compartment (prestyloid) Posterior compartment (poststyloid)
Anatomic 
structures

Deep lobe of parotid gland, minor 
salivary glands, lymph nodes, and 
parapharyngeal fat

Carotid artery, jugular vein, cranial nerves 
IX, X, XI, and XII, lymph nodes, cervical 
sympathetic chain and glomus tissue

Tumors Salivary gland tumors, 
lymphomas, and lipomas

Paragangliomas, nerve sheath tumors, 
lymphomas, connective tissue tumors, and 
ganglion tumors
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submandibular gland cancer. Other malignant tumors than salivary glands are very 
rare. Unspecified malignant peripheral nerve sheath tumors, malignant paragangli-
oma, different types of sarcoma, lymphomas, undifferentiated carcinoma, and 
metastasis of other primary origin have been found casuistically.

5.4	 �Symptoms

Like salivary gland cancer at other locations, most tumors may behave like benign 
tumors for long time. Due to their location, parapharyngeal tumors can grow even 
to a gigantic size without causing any symptoms. Hence, when symptomatic, para-
pharyngeal salivary gland cancer already exceeds the parapharyngeal space. All 
symptoms are unspecific. The most frequent presenting symptom is a cervical or 
intraoral mass in about half of the patients (Fig. 5.2). The tumor mass may put pres-
sure onto the pharynx, and therefore lead to dysphagia and trismus. Compression of 
the eustachian tube leads to hearing loss. Pain, facial weakness or facial palsy, dys-
phonia, and Horner syndrome as signs of neural invasion are indirect but neverthe-
less unspecific signs of malignancy.

5.5	 �Preoperative Diagnostics

A very important part of the clinical examination is the palpation. Parapharyngeal 
tumors are usually only palpable as a neck lump when the mass is at least larger than 
2.5 cm [6]. Bimanual palpation of the tumor is important to assess size and mobility. 
It might be helpful during bimanual palpation to place the intraoral finger against the 

Even malignant salivary gland tumors of the parapharyngeal space are 
asymptomatic for a long time or the symptoms are unspecific. Pain, trismus, 
dysphagia, and cranial nerve dysfunction are already symptoms of a larger, 
advanced tumor.

Fig. 5.2  Parapharyngeal 
salivary gland tumor 
presenting as intraoral 
mass (asterisks) with 
protrusion of the lateral 
pharyngeal wall. From: [5]
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tonsil or in the tonsillar fossa if the patient is tonsillectomized. Advanced salivary 
gland cancer may present with limited mobility and fixation. Lesions of the anterior 
compartment rather displace the tonsil than lesions of the posterior compartment. The 
medial enlargement results in an asymmetric intraoral swelling and is sometimes dis-
covered accidently by a dentist. The intraoral mass is typically smooth and not ulcer-
ated for a long time. Only a very advanced parapharyngeal salivary gland cancer 
shows typical intraoral cancerous ulceration. The inferior pole of the tumor may be 
palpable as a mass in the angle of the mandible. If a parotid mass and an intraoral mass 
in the tonsillar fossa can be palpated, this is a sign of a dumbbell-shaped deep lobe 
parotid tumor and not a sign of a parapharyngeal tumor in the narrower sense.

A negative ultrasound of the neck does not rule out a parapharyngeal tumor. Cross-
sectional imaging with CT or MRI scan is necessary to define the relationship of the 
tumor to other structures in the parapharyngeal space and adjacent structures (Fig. 5.3). 
As the salivary gland cancer originates from the anterior compartment, it displaces the 
internal carotid artery posteriorly (Fig. 5.4). In case of salivary gland cancer an angi-
ography is normally not required. An angiography might only be helpful if the dif-
ferential diagnosis of an angioma or a neuroectodermal tumor has to be ruled out. If 
the parapharyngeal salivary gland cancer arose from a minor salivary gland, a fat 
plane between the parotid and the tumor might be maintained in smaller tumors.

If a pathologist experienced in salivary gland cytology is available, transcervical 
fine-needle aspiration cytology (FNAC) is ideal to confirm or rule out salivary gland 
cancer. Ultrasound-guidance improves the accuracy if the tumor can be visualized by 
ultrasound. CT guidance is an alternative, but rarely performed for parapharyngeal 

a b

Fig. 5.3  Axial T1-weighted spin-echo image (a) at the level of the soft palate. The boundaries of 
the parapharyngeal space (PPS) (including prestyloid and retrostyloid compartment) are indicated 
by arrows and arrowheads on the right. On the left, the adjacent spaces are labeled: 1, pharyngeal 
mucosal space; 2, masticator space; 3, parotid space; 4, retropharyngeal/prevertebral space. (b) 
Coronal T1-weighted spin-echo images through prestyloid compartment of the PPS.  Inferiorly, 
this space is closed by the submandibular gland (5), while superiorly, it reaches the skull base (6). 
The foramen ovale (arrow), through which the mandibular nerve passes, communicates with the 
masticator space. The styloglossal muscles run through the PPS (arrowheads). From [1]
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tumors. If the mass is palpable transorally in the tonsillar fossa, a transoral FNAC is 
much easier. Core-needle biopsy becomes more popular as an alternative to FNAC, 
as standard histology can be performed on the core samples. Although core-needle 
biopsy is as safe as FNAC, still it is a matter of debate [7, 8].

Of course, if the patient has a preoperative facial palsy due to tumor infiltration, 
facial nerve diagnostics is mandatory to plan rehabilitation of the facial nerve [9]. 
Patients with parapharyngeal salivary gland cancer need a standard tumor staging as 
other salivary gland cancer patients including complete head and neck examination, 
CT/MRI imaging of the neck and CT of the thorax, if clinically indicated in advanced 
cancer (NCCI guidelines Version 1.2016).

5.6	 �Operative Setting/Intraoperative Neuromonitoring

Nasotracheal intubation and muscle relaxation are important to improve the visual-
ization of the surgical field independent from the approach chosen. Intraoperative 
neuromonitoring is also recommended especially for the assessment of facial nerve 
and vagus nerve function. Additionally, monitoring of other cranial nerves like the 
glossopharyngeal, accessory, and hypoglossus nerve is feasible [10]. Intraoperative 

It is recommended to use cross-sectional imaging with CT or MRI to define 
the relationship of the tumor to other structures of the parapharyngeal and 
adjacent structures. Transcervical fine-needle aspiration cytology (FNAC) is 
recommended to confirm or rule out salivary gland cancer.

a b

Fig. 5.4  Axial (a) and coronal (b) MRI showing a large mucoepidermoid cancer of the parapha-
ryngeal space on the right side
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neuromonitoring is most important to have an additional tool to protect the facial 
nerve. Especially, when a parotid-sparing approach is used, facial neuromonitoring 
is the only way to get information on the facial nerve without surgical identification 
of the nerve. Finally, even with the widest approach, the parapharyngeal space can 
have hidden corners. This is especially hindering when confronted with a large 
tumor. Most important is to understand the relation of the tumor to the internal 
carotid artery. Patients should be considered at high risk of internal carotid artery 
injury if lesion surrounds the vessel for more than half of its circumference; if there 
is evidence of stenosis or irregularity of the vessel wall [11]. If the internal carotid 
artery is involved, subadventitial dissection, i.e. the separation of the muscular from 
the adventitial layer of the vessel, might be possible in individual cases [11]. In high 
risk patients, preoperative internal carotid artery endovascular stenting and/or per-
manent balloon occlusion is also an option [12]. Intraoperative Doppler imaging 
can help to locate the internal carotid artery.

5.7	 �Approaches to the Parapharyngeal Space

Table 5.2 gives an overview about the common approaches and routes to the para-
pharyngeal space. The most frequent approaches are the transcervical, transcervi-
cal–transparotid with or without mandibulotomy, and/or the infratemporal access. 
Most of the salivary cancer cases are approached via a transcervical or transcervi-
cal–transparotid route [13]. There are some novel possibilities alone or in 

Nasotracheal intubation, muscle relaxation, and neuromonitoring are impor-
tant intraoperative measures to support the resection of the tumor.

Table 5.2  Overview of the surgical approaches to parapharyngeal salivary gland cancer

Surgical approach Comment
Transcervical Standard approach for most benign parapharyngeal space tumors, but 

normally not sufficient for malignant tumors as a better overview is needed
Transcervical–
transparotid

This is the minimal standard approach for malignant salivary gland tumors 
of the parapharyngeal space. If the facial nerve is not infiltrated, a total 
parotidectomy is included. If the facial nerve is infiltrated by the tumor, a 
radical parotidectomy is performed

Transoral This approach cannot be recommended for malignant salivary gland 
tumors of the parapharyngeal space

Infratemporal For tumors with extension into the infratemporal fossa, complex approach, 
endoscopic approach also possible

Mandibulotomy A mandibulotomy might be necessary in addition to the transcervical–
transparotid approach to enlarge the exposure of the parapharyngeal space

Transcervical 
endoscopic

This new technique can be combined with the transcervical–transparotid 
approach to get a better view into parapharyngeal space and around the 
tumor to control the large vessels and the cranial nerves

Transcervical 
robotic

Today certainly an experimental approach even for benign tumors. This 
approach cannot be recommended currently for malignant tumors in 
clinical routine
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combination with a transcervical route to improve the visualization which have to 
be discussed [11].

5.8	 �Transcervical–Transparotid Approach

The transcervical approach is the most used approach for parapharyngeal space 
tumors [4] (Fig.  5.5). The transcervical approach alone does not give sufficient 
exposure for malignant salivary gland tumors. An enlargement including resection 
of the parotid gland, i.e. an enlargement to the transcervical–transparotid approach 
(optional for benign tumors) is mandatory for malignant tumors. It allows the best 
exposure of the tumor and of the important nerves and vessels. Several modifica-
tions are possible to avoid other more radical routes. The main disadvantages of the 
transcervical approach are the limited exposure of the superior and medial parts of 
the parapharyngeal space as well as the limited access to the skull base [6].

The transcervical–transparotid approach is the most used approach for malig-
nant salivary gland tumors of the parapharyngeal space.

a

b

Fig. 5.5  Transcervical–transparotid approach. (a) Incision line. (b) Bony landmarks and facial 
nerve. From: [14]. The incision can be enlarged with a submandibular incision up to the midline of 
the lower lip for mandibulotomy
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Step by step, surgery is performed as follows:

	a.	 Most cases need a tracheostomy; percutaneous dilatation tracheostomy is an 
alternative.

	b.	 The primary incision is a cervico-submandibular incision that is extended 
directly to a preauricular incision. The incision can also be extended to a lower 
lip incision if a mandibulotomy is needed.

	c.	 It might be easier to start with the neck dissection (see below, Chap. 11). If the 
relation of the tumor to the large vessels in the parapharyngeal space is unclear, 
the external and internal carotid artery as well as the internal jugular vein are 
attached with vascular loops. Doing so, the vessels can be followed easier crani-
ally from the neck into the parapharyngeal tumor region later.

	d.	 A total parotidectomy is performed, if the facial nerve is not tumor-infiltrated 
(see chapter on parotid cancer).

	e.	 A radical parotidectomy is performed, if the facial nerve is tumor-infiltrated (see 
chapter on parotid cancer).

	 f.	 If the neck dissection is performed after the resection of the primary tumor, and 
if there is no tumor infiltration, the greater auricular nerve, the mandibular 
branch of the facial nerve, and if possible the cervical branch of the facial nerve 
are preserved.

	g.	 The submandibular gland is removed in most cases to widen the approach to the 
parapharyngeal space.

	h.	 The lingual nerve is identified and preserved during submandibulectomy.
	 i.	 The external maxillary artery and accompanying veins are ligated.
	 j.	 At this point, still a very limited exposure of the parapharyngeal space is given. 

The stylomandibular ligament is sectioned to mobilize the mandible 
anteriorly.

	k.	 Now, the internal and external carotid artery and its branches as well as the 
internal jugular vein can be dissected in cranial direction. When preparing 
cranially, follow the cranial nerves and dissect them.

	 l.	 If needed, the external carotid artery is ligated.
	m.	 During careful step-by-step dissection of the tumor, control bleeding from the 

pterygoid plexus of veins.
	n.	 At latest, at this moment, it should be clear if a mandibulotomy is needed or not 

(see below).
	o.	 If a mandibulotomy is performed, the outward rotation of the mandible already 

enlarges the surgical field. If the tumor is infiltrating the pterygopalatine 
fossa, the pterygoid muscles and also the muscles of the lateral floor of the 
mouth on the affected side can be transected. If the mandible is infiltrated, 
these parts can be resected. It might also be necessary to disarticulate the 
mandible.

	p.	 If more exposure is needed, the complete cheek can be mobilized cranially as a 
cheek flap.

	q.	 The resection of the tumor is completed.
	 r.	 For larger defect, a reconstruction with a free muscle flap is necessary.
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	 s.	 Otherwise, closure (of reconstruction) is performed by approximation of the 
transected muscles. If a mandibulotomy was performed, an osteosynthesis is 
performed now.

	 t.	 Finally, the subcutaneous layers and the skin are closed.

Different maneuvers have been introduced to increase the exposure:

–– Resection of the styloid process with surrounding musculature and the posterior 
belly of the digastric muscle;

–– Mobilization or resection of the submandibular gland;
–– Division of the stylomandibular ligament to move the mandible;
–– Check if the muscle relaxation still is effective.

A mandibulotomy should be considered in all cases of malignant tumors, as a 
wide view of the operating field is essential for tumor resection and vascular con-
trol. Several mandibulotomy techniques have been described [15]. Osteotomies at 
the mandibular symphysis or close to the mandibular angle are the oldest tech-
niques. Disadvantages are inferior aesthetic results, higher risk of malocclusion, and 
damage of the mental nerve. A lateral mandibulotomy does not help sufficiently to 
widen the exposure of the parapharyngeal space. The double mandibular osteotomy 
technique enlarges the access to the parapharyngeal space significantly [16]. Due to 
two lesion sites at the mandible there is a higher risk of later mandibular instability. 
Modified midline mandibular osteotomy with transient intraoperative mandibular 
swing offers an excellent view into the parapharyngeal space in case of large para-
pharyngeal tumors [15, 17].

5.9	 �Transoral Approach and Transoral Robotic Approach

In case of malignant salivary gland tumors of the parapharyngeal space, the classical 
transoral approach cannot be recommended. Control over the neurovascular struc-
tures is very limited or the vessels can even not be seen when resecting the tumor. An 
extension of the tumor into the deep lobe of the parotid gland cannot be controlled. 
There is a much higher risk of tumor spillage than via the transcervical approach. 
Theoretically, the transoral route might be feasible for very small malignant lesion 
not extending to the styloid process when there is a contraindication against the tran-
scervical route. The introduction of transoral robotic surgery (TORS) brought a 
revival of this approach mainly, of course, for benign tumors. But resection of malig-
nant tumors via this route has been described, too [18]. One should be aware that 

If the transcervical–transparotid approach does not allow a safe control over 
the large vessels within the parapharyngeal space, an additional mandibulot-
omy is recommended.
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even in benign tumors a high rate of intraoperative tumor fragmentation was noted 
when using the TORS approach [19, 20]. Actually, it is less the robotic technique 
itself but mainly the three-dimensional endoscopic view is providing a much better 
view around the tumor and better protection of the vessels and nerves. The future will 
show if the combined transparotid–transoral robot-assisted approach is of help for 
selected large malignant tumors with unclear medial extension [21] (Fig. 5.6).

5.10	 �Transcervical Endoscopic and Other New Approaches

To improve the overview of the transcervical approach, especially to improve the 
exposure of the cranial parts along the skull base, an endoscopic approach using 
rigid endoscopes was introduced [22, 23]. To use endoscopes might be helpful to 
confirm successful hemostasis and complete tumor resection. However, case reports 
describing experiences with endoscopes in patients with malignant salivary gland 
tumors are lacking so far. Endoscopes can also be used for a combined transnasal–
transcervical approach also allowing a better exposure of the cranial portion of the 
lesion at the skull base [24].

a b

c

Fig. 5.6  Transcervical–transparotid approach used in the same case as shown in Fig.  5.4. (a) 
Large mucoepidermoid cancer of the parapharyngeal space on the right side. (b) After lateral 
parotidectomy; (c) after total parotidectomy and resection of the tumor with preservation of the 
facial nerve which was not tumor-infiltrated
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5.11	 �Adjuvant Measures

If parts of the peripheral facial nerve and its branches have to be resected due to 
tumor infiltration, a reconstruction of the nerve in the same surgical session gives 
the best results [9]. Segmental defects of the peripheral facial nerve can be recon-
structed by interpositional nerve grafts, for instance using the greater auricular 
nerve. The greater auricular nerve can be exposed directly without needing to extend 
the transcervical approach. More complex defects can be reconstructed combining 
interpositional nerve grafts and, for instance, a hypoglossal-facial jump nerve suture 
[25]. If a nerve reconstruction is not feasible because most of the peripheral facial 
nerve has been resected, reanimation of eye closure using an upper lid weight and 
reconstruction of the zygomatic function using a muscle transfer are alternative 
options [26].

Treatment of salivary gland cancer in the parapharyngeal space should be not 
different to parotid gland cancer (for instance, see NCCN guidelines [27]). It is 
recommended that any patient with cervical lymph node metastases (N+) should 
receive a neck dissection at best in the same surgical session. Patients with a clinical 
N0 neck should receive a neck dissection at least if it is a higher-grade and high-
stage (T3-T4) primary tumor.

Adjuvant radiotherapy is recommended for any adenoid cystic carcinoma, inter-
mediate or high grade tumors, close or positive margins, neural or perineural inva-
sion, pN+, and lymphatic or vascular invasion. Because of the narrow conditions in 
the parapharyngeal space and the close relation to the skull base, close margin is 
typical for resected salivary gland cancer of the parapharyngeal space. Therefore, 
adjuvant radiotherapy is normally recommended for malignant salivary gland 
tumors in this location.

5.12	 �Complications of Surgery

Cranial nerve injuries (cranial nerves V, VII, IX; X, XI, XII) are the commonest 
complications. Vagal nerve injury occurs in about 14% of the cases [4]. Other typi-
cal complications are Horner’s syndrome, first bite syndrome, trismus, vascular 
injury, dysphagia, dysphonia, and palatal insufficiency [4]. Vascular injury can lead 
to severe hemorrhage or stroke. If the salivary gland cancer involves the carotid 
artery or encloses more than half of the artery, the risk of vascular complications is 
increased.

If a mandibulotomy is performed, sensory disturbances of the neighbored teeth 
can occur. The inferior alveolar nerve can be damaged. Instability of the mandible, 

If the facial nerve is tumor-infiltrated, facial nerve reconstruction surgery 
should be performed as single-stage surgery if possible. Moreover, the neck 
dissection should also be performed in the same surgical session.
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malocclusion and dysfunction of the temporomandibular joint are other possible 
sequelae of a mandibular osteotomy.

There are special complications associated with the transoral approach. These 
possible complications are additional arguments against this approach. There is a 
high risk of tumor rupture and tumor spillage. The unavoidable contamination of the 
surgical wound with saliva can lead to increased risk of wound infection.

5.13	 �Follow-Up

Recommendations for the follow-up shall be based on the follow-up recommenda-
tions for head and neck cancer treating with curative intent. A follow-up examina-
tion should be performed every 1–3 months in the first year, every 2–6 months in the 
second year, every 4–8 months in the year 3–5, and later every 12 months. Post-
treatment baseline imaging with CT or MRI of the primary site is recommended 
within 6 months of treatment. If osteosynthesis material was used for obturating the 
transient mandibulotomy, it should not be explanted earlier than 12 months after 
surgery. If facial nerve reconstruction surgery is performed, the final results can be 
evaluated not earlier than 12 months after surgery. Some patients need additional 
minor procedures or botulinum toxin treatment against synkinesis to optimize the 
functional result.

5.14	 �Conclusions

Although salivary gland cancer of the parapharyngeal space is rare, the treatment, 
especially the surgical treatment is based on well-defined and established surgical 
approaches. The transcervical–transparotid approach still is and probably will be far 
into the future the approach of first choice. The combination with endoscopic tech-
niques without or with a robotic system mainly will help to expand the possibilities 
of the transcervical approach and will help to preserve critical structures, especially 
large vessels and important cranial nerves in the parapharyngeal space. There is a 
high risk of cranial nerve injury for patients treated for salivary gland cancer in the 
parapharyngeal space. Therefore, it is important for the head and neck surgeon deal-
ing with the tumor to offer treatments to overcome the functional deficits related to 
cranial nerve injury.
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6.1	 �Introduction

Salivary gland tumors may originate in either major or minor salivary glands, and 
the proportion of benign to malignant salivary gland neoplasms is dependent on 
location. A mass in the submandibular gland or a minor salivary gland is more likely 
to be malignant. In a review of more than 2000 salivary gland tumor cases, 73% of 
the tumors were found in the parotid with only 15% found to be malignant, while 
11% were found in the submandibular gland with 37% found to be malignant [1]. 
Tumors of the sublingual gland are extremely rare and comprise 0.5–1% of all sali-
vary tumors, and 80–90% are malignant [2, 3].

It is imperative for the physician to distinguish a chronic benign process, such as 
sialadenitis, from a submandibular gland neoplasm, and then further determine if a 
neoplasm is benign or malignant. This is done through careful history and physical 
exam, as well as utilization of preoperative imaging and fine needle aspiration.

Management of submandibular gland malignancy can be challenging due the 
relative rarity of the disease and the diversity of its behavior due to a variety of his-
tologic subtypes and grades. Adenoid cystic carcinoma is the most common subtype 
in the submandibular gland, followed by mucoepidermoid carcinoma and then ade-
nocarcinoma. Table 6.1 displays the histologic spectrum of malignancy for tumors 
of the submandibular gland at our institution [4, 5]. Adenoid cystic carcinoma is 
also the most common malignant sublingual gland tumor (71%) followed by muco-
epidermoid carcinoma (18%) [6].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-02958-6_6&domain=pdf
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6.2	 �Clinical Presentation

Most often, a tumor of the submandibular gland presents as a mass or swelling. 
For patients with chronic sialadenitis, the typical symptoms include intermittent 
swelling of the submandibular gland that is associated with eating or drinking. 
The gland may become firm and painful. Benign and malignant tumors of the 
submandibular gland can both present as a painless mass. However, when a 
neoplasm is accompanied with pain, it suggests malignancy. In up to 20% of 
patients with malignant tumors, pain may be constant and progressive, while 
benign neoplasms rarely present with pain [7]. Gradual enlargement is also 
more common in patients with submandibular neoplasia, and progressive 
enlargement over a short period of time suggests malignancy (Fig.  6.1a–c). 
Tumors of the sublingual gland present as a submucosal mass in the floor of 
mouth and usually at an advanced stage due to the late onset of symptoms and 
less noticed location.

Physical examination includes inspection and palpation of the neck as well 
as the oral cavity. Bimanual palpation should be performed to determine if the 
gland is fixated to adjacent structures such as the mandible or skin. It is impor-
tant to determine sensation of the tongue (indicating lingual nerve involve-
ment), tongue fasciculations or weakness (indicating hypoglossal nerve 
involvement), and lip weakness (indicating marginal mandibular nerve involve-
ment), all of which indicate perineural spread of the tumor. The presence or 
absence of trismus should be assessed and, if present, indicates invasion of the 
medial pterygoid muscle.

Careful examination of the neck is critical to identify lymphadenopathy, particu-
larly in level I, because adenopathy with an enlarged submandibular or sublingual 
gland is highly suspicious for malignancy. At initial presentation, the presence of 
lymph node metastasis from a submandibular gland malignancy ranges from 8 to 
35% of patients [7–9].

Table 6.1  Histology of malignant submandibular gland tumors

Histologic type Number of patients (% total)
Adenoid cystic 57 (66%)
Mucoepidermoid carcinoma 15 (17%)
Adenocarcinoma 5 (6%)
Undifferentiated 3 (3%)
Acinic cell 2 (2%)
Lymphoepithelioma 2 (2%)
Squamous cell 1 (1%)
Carcinoma ex pleomorphic adenoma 1 (1%)
Other 1 (1%)
Total 87
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a

c

b

Fig. 6.1  (a) The patient presented with an enlarging submandibular mass suspicious for malig-
nancy. (b) CT scan with contrast revealed a heterogeneously enhancing mass of the submandibular 
gland that did not appear to be locally invasive. (c) The tumor was completely excised with a level 
I lymph node dissection, and final pathology revealed carcinosarcoma of the submandibular gland 
with no positive lymph nodes or perineural invasion

6  Surgery for Submandibular and Sublingual Malignant Tumors
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6.3	 �Imaging Studies

Imaging for submandibular and sublingual gland lesions augments the physical 
exam and aids in the following: determining if a lesion is intrinsic or extrinsic to the 
gland, evaluating the extent of the lesion with respect to local invasion, establishing 
perineural involvement, and determining if there is metastatic disease. All of these 
are important to delineate prior to surgical management so that the appropriate pro-
cedures are discussed and planned for [10].

Although imaging lacks the specificity to determine benign from malignant 
tumors, a computed tomography (CT) scan with contrast can provide valuable 
information regarding mandibular bone invasion, the local extent of the tumor, and 
the presence or absence of pathologic lymphadenopathy (Fig. 6.1b, c). Magnetic 
resonance imaging (MRI) can provide superior soft tissue detail to CT scans and 
can help assess perineural spread (Fig. 6.2a, b).

Positron emission tomography (PET)-CT in salivary gland disease can help rule 
out distant metastasis if the primary cancer has enhanced fluorodeoxyglucose 
(FDG) uptake. In FDG-avid cancers, PET-CT may be useful in initial staging, in 
histologic grading, and in monitoring for recurrence [11, 12]. However, an inflamed 
or infected submandibular gland may also uptake FDG and enhance on PET-CT.

6.4	 �Fine Needle Aspiration Biopsy

The role of preoperative fine needle aspiration (FNA) as a diagnostic test is a vital 
part of the clinical management algorithm for submandibular gland disease. For 
inflammatory causes of salivary gland enlargement, nonsurgical management can 
often be used, or a simple submandibular gland excision may be planned without a 

a b

Fig. 6.2  Adenoid cystic carcinoma of the sublingual gland imaged using both MRI (a) and CT 
scan with contrast (b). Arrow pointing to a metastatic level II lymph node
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level I neck dissection. Therefore, when properly combined with clinical-radiologic 
findings, FNA results (which typically demonstrate the presence of acute and 
chronic inflammatory cells) can aid in surgical planning; and cultures for suspected 
infectious masses could be obtained. Regarding malignancy, if the histopathologic 
type can be determined in advance, this information may be used for preoperative 
counseling regarding the extent of surgery, primarily regarding the necessity of a 
neck dissection. This is also true for sublingual gland masses. Differentiating 
between benign and malignant salivary gland tumors can be difficult with 
FNA.  Nonetheless, with experienced cytopathologists, FNA is accurate in over 
90–95% of patients [13]. The use of fine needle aspiration (FNA) in working up 
salivary tumors is also cost-effective. Layfield et al. demonstrated that routine FNA 
in the work-up of salivary gland lesions saves up to $70,000 per 100 patients and 
FNA reduces the operative intervention by 65% in submandibular masses and by 
35% in parotid masses [14].

Ultrasound-guided biopsy can be useful in a heterogeneous gland that is suspi-
cious. Also, core needle biopsy is more sensitive and specific than FNA in diagnos-
ing malignant lesions and can therefore be used as an additional diagnostic tool in 
uncertain lesions, especially for patients who may require extensive surgery to be 
discussed in advance [15].

6.5	 �Histopathology

Salivary gland malignancies are extraordinarily heterogeneous and complex in his-
tology. This results in variable clinical behavior and therefore clinical management. 
The 2005 WHO classification described 24 different salivary gland phenotypes, and 
the same TNM staging classification is used for all histologic types of salivary gland 
cancer arising in the major salivary glands [16]. It is essential for treating physicians 
to understand the spectrum of clinical progression and biological aggressiveness of 
the most common histological types.

6.6	 �Adenoid Cystic Carcinoma

Adenoid cystic carcinoma is the most common type of malignant tumor of the 
submandibular and sublingual gland. It is characterized by locally infiltrative 
growth pattern with perineural invasion and high rates of local recurrences and 
delayed distant metastasis [17, 18]. For submandibular gland cancers, perineural 
invasion can be seen in up to 75% of cases and can affect the extent of surgery, 
requiring sacrifice of nerves if involved by tumor, most often the lingual and hypo-
glossal nerves [19]. Perineural spread may also involve the marginal mandibular 
nerve or the cervical branch of the facial nerve. Adenoid cystic carcinoma is more 
aggressive in the minor salivary glands than in the parotid. Solid tumor subtype, 
lymphovascular invasion, and positive margins also correlate with a poorer prog-
nosis [20, 21]. Despite the ability to achieve good initial local control, adenoid 
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cystic carcinoma is the most common type of salivary gland carcinoma associated 
with distant metastasis and can develop many years after initial diagnosis [22]. 
And, although the majority of patients with clinically early-stage adenoid cystic 
carcinoma of the salivary glands have a favorable prognosis, a significant percent-
age (20%) will develop distant metastasis and therefore need to be monitored care-
fully over longer periods of time [23].

6.7	 �Mucoepidermoid Carcinoma

Mucoepidermoid carcinoma is the second most common malignant tumor of the 
submandibular and sublingual gland and can be low, intermediate, or high grade in 
histology. High-grade lesions, advanced stage, perineural invasion, positive mar-
gins, and submandibular/sublingual gland location are all associated with a worse 
prognosis. There is a higher proportion of intermediate- or high-grade lesions in 
patients presenting with a submandibular gland primary, and up to 50% of mucoepi-
dermoid carcinoma cases in this region will have cervical metastasis compared to 
28% for the parotid gland [24]. High-grade tumors are more aggressive, can invade 
locally, and are also more likely to have nodal metastasis [25]. However, even low-
grade mucoepidermoid carcinomas of the submandibular gland can recur and 
metastasize more frequently than those of the parotid or minor salivary glands, 
necessitating aggressive resection of any mucoepidermoid carcinoma primary in 
this location [24, 26].

6.8	 �Adenocarcinoma

Adenocarcinoma of the salivary glands represents a wide array of histopathologic 
entities such as salivary duct carcinoma, adenocarcinoma not otherwise specified 
(NOS), polymorphous low-grade adenocarcinoma, and basal cell carcinoma. It is 
generally differentiated into low- and high-grade histologies with salivary duct car-
cinoma and about half of adenocarcinoma NOS representing high-grade entities. 
Overall survival is low at 43% over 5 years and is associated with several clinico-
pathologic factors such as a fixed mass or rapid tumor growth, a diagnosis of adeno-
carcinoma NOS, and positive surgical margins [27].

6.9	 �Surgical Management

Surgery is the primary treatment for patients with resectable submandibular and 
sublingual salivary gland cancer. The minimal procedure performed should be com-
plete excision of the affected gland and a level IA and IB lymph node dissection 
with careful attempt to spare uninvolved nerves. Generally, this is an acceptable 
treatment for tumors that are low grade and early stage (i.e., no clinical or radio-
graphic neck disease). High-grade, advanced stage tumors will require more 
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extensive surgery involving an ipsilateral selective neck dissection in addition to 
excision of the sublingual gland and/or submandibular gland. Excision of sublin-
gual gland tumors less than 2 cm in size may be removed transorally, but the ipsilat-
eral submandibular gland should also be excised as the ductal system can be 
compromised. Sublingual tumors that are larger than 2 cm in size should be removed 
en bloc using a pull-through technique [28]. When a tumor is locally advanced, 
resection of adjacent structures such as the mandible, involved nerves, or skin may 
be necessary (Fig.  6.3a, b). In these cases, reconstruction may be required with 
local, regional, or free microvascular flaps [7, 10].

There are several clinicopathologic factors that are considered when recom-
mending adjuvant treatment. Indications are positive surgical margins, high-grade 
histology, locally advanced disease (perineural/bone invasion), and advanced stage. 
Postoperative treatment generally consists of ipsilateral neck irradiation and can 
significantly increase local control as compared with surgery alone [29]. Garden 
et al. treated patients with adenoid cystic carcinoma of the submandibular gland and 
suspected microscopic residual disease with postoperative radiotherapy and 
achieved a 10-year survival of ~60% [20]. Currently under investigation is the role 
for adjuvant chemoradiotherapy for resected high-risk salivary gland lesions 
(Radiation Therapy Oncology Group, Protocol #1008).

a

b

Fig. 6.3  (a) The patient 
presented with recurrent 
high-grade 
mucoepidermoid 
carcinoma of the 
submandibular gland 
requiring wide local 
excision of the gland with 
removal of tissues from the 
floor of mouth and 
previous scar; a radical 
neck dissection was also 
performed. (b) The entire 
specimen was removed en 
bloc
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At our institution, in 86 patients with submandibular gland malignancy treated 
initially with surgery, 45% developed recurrences. Half of those patients recurred 
locoregionally and the other half at distant sites. The 2- and 5-year survival was 
82% and 69%, respectively [7]. Locoregional control was enhanced by adjuvant 
radiation.

6.10	 �Surgical Technique for Excision of Malignant 
Submandibular Gland Tumors

The patient is placed supine and general endotracheal anesthesia is induced. A 
shoulder roll is placed extending the neck. The neck and face are prepped and 
draped with adequate exposure of the submental area and corner of the mouth. An 
incision is marked in a natural skin crease at least two fingerbreadths below the edge 
of the mandible to protect the marginal mandibular nerve (Fig. 6.4a). The incision 
should extend from the anterior boarder of the sternocleidomastoid muscle to the 
submental region. The skin and platysma are incised, and the superior flap is 

a c

b d

Fig. 6.4  (a) An incision is marked at least two fingerbreadths below the edge of the mandible. (b) 
Subplatysmal flaps are elevated. Arrow pointing to marginal mandibular nerve. (c) The lingual 
nerve is visible. The submandibular ganglion and duct have been ligated. (d) The hypoglossal 
nerve here is visible deep to the ligated submandibular duct. Rights to reprint these pictures have 
been obtained from Wolters Kluwer Health. License#3677830789655
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elevated to the inferior boarder of the mandible, and the inferior flap is elevated 
below the submandibular gland (Fig. 6.4b). If the platysma is infiltrated with tumor, 
flap elevation should be in a supraplatysmal plane with excision of the involved 
muscle. The marginal mandibular nerve is identified, traced over the mandible, and 
elevated superiorly. The facial artery and vein are clamped and ligated inferior to the 
marginal mandibular nerve. The perifacial lymph nodes, proximal facial vessels, 
and the lateral aspects of the submandibular gland are reflected inferiorly and ante-
riorly. The mylohyoid muscle is skeletonized to its inferior edge about the digastric 
tendon including all of the fatty areolar tissue. If a tumor is fixed to the mandible 
without evidence of invasion, then a rim of the mandible may be excised. Frank 
invasion necessitates a mandibulectomy.

Next, the submental region is dissected. The medial edge of the contralateral 
anterior belly of the digastric muscle is first skeletonized. The submental lymph 
nodes are reflected inferiorly off of the underlying mylohyoid muscle. If any muscle 
is infiltrated with tumor, it is resected with the gland. The specimen is reflected 
toward the ipsilateral anterior belly of the digastric and also skeletonized. The level 
IA specimen should be continuous with the level IB contents. The mylohyoid mus-
cle is then retracted, exposing the lingual nerve and the deeper portion of the sub-
mandibular gland. When perineural invasion is suspected, frozen section samples 
may be sent intraoperatively, and if nerves are positive for tumor, they are resected 
with the gland. The nerves should be followed in a retrograde fashion until clear 
margins can be obtained. Of note, adenoid cystic carcinoma often has skip metasta-
sis, making frozen section analysis less reliable when attempting to clear margins.

The submandibular ganglion is next clamped, cut, and ligated (Fig. 6.4c). The 
submandibular duct is identified and followed. The duct is ligated, and the surround-
ing portion of the submandibular gland is reflected inferiorly with the attached spec-
imen. Prior to ligating the duct, the hypoglossal nerve should be identified deep to 
the duct and preserved if uninvolved by tumor (Fig. 6.4d). The specimen is reflected 
posteriorly, where it remains tethered by the proximal portion of the facial artery. 
The artery is clamped, cut, and ligated. The wound is irrigated and a suction drain is 
placed. The wound is closed in several layers [5].

6.11	 �Surgical Management of the Neck

A clinically positive neck should be treated with an ipsilateral neck dissection 
including all grossly involved nodes while attempting to spare vital structures. The 
most common involved nodes from carcinoma of the submandibular gland are lev-
els I–III, but it can skip levels; therefore a comprehensive neck dissection is recom-
mended in the setting of clinically positive disease [25].

The management of the N0 neck is controversial. Options include observation, 
elective neck dissection, or radiation. As mentioned previously, all malignant tumors 
in the submandibular gland mandate a level IA and IB dissection. However, elective 
neck dissection is typically reserved for tumors with a high propensity for occult 
metastasis.
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6.12	 �Conclusion

Submandibular and sublingual gland malignancies are rare and present both a treat-
ment and diagnostic challenge due to their histologic heterogeneity and aggressive-
ness. Complete submandibular gland excision with a regional dissection of the 
submental lymph nodes is the primary treatment for malignant submandibular gland 
tumors. Sublingual gland tumors should also be completely excised with a complete 
level I neck dissection. The neck should be surgically addressed based on pathology 
and nodal status. Adjuvant radiotherapy can decrease local recurrence rates and 
improve survival in patients with adverse features, while adjuvant chemotherapy is 
being investigated. It is imperative to follow patients long after initial treatment due 
to the high likelihood of distant metastasis.
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7.1	 �Introduction

The incidence of malignant tumors of the minor salivary glands (MiSGMTs) ranges 
from 14 to 20 cases per million/year, with the majority of patients in the fifth to sixth 
decade of life [1–3]. Up to 80% of these lesions are located in the oral cavity (the 
most frequent primary site is the hard palate) and oropharynx; the sinonasal tract 
and nasopharynx are affected in 20% of the cases, with the hypopharynx, larynx, 
and trachea considered together in about 2% [1–5].

The literature is rich in studies on MiSGMT. However, for different reasons it is 
difficult to extrapolate specific information on the different histologies, especially 
with regard to the different anatomic sites and subsites. Many studies cover very 
long frames with a change in histologic taxonomy, focus on mixed heterogeneous 
histologic subtypes, and/or group together minor and major salivary gland tumors.

In most reports, adenoid cystic carcinoma (AdCC) accounts for the majority of 
cases, ranging from 32 to 71%, followed by mucoepidermoid carcinoma (MEC), 
which represents 15–38% of MiSGMT [6–11]. However, other 22 malignant salivary 
tumor types have been described in the literature, some of which have a non-negligible 
incidence: i.e., adenocarcinoma not otherwise specified (ACNOS) accounts for 
9–28% of the cases and acinic cell carcinoma (ACN) for 1–9%, while all the other 
histologic subtypes considered together range from 0 to 16% [3, 12–27].
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Typically, the signs and symptoms of MiSGMT depend on the anatomic site of 
origin. The classical presentation consists in a painless submucosal fixed swelling, 
associated with obstructive symptoms when the tumor is located in the sinonasal 
cavities, pharynx, and laryngotracheal axis. According to Vander Poorten et al. [3], 
pain and nerve impairment are present in up to 26% of patients and strongly suggest 
a diagnosis of AdCC.

The management of MiSGMT poses specific problems related to histology, as 
well as to the site of origin. For this reason, preoperative histologic diagnosis, 
together with assessment of local and regional extension, is essential for surgical 
planning. Of note, the indications and treatment strategies in MiSGMT overlap with 
those of other epithelial malignancies, with the exception of AdCC, which presents 
peculiar biological features that will be discussed afterward.

In preoperative workup, the first step is to assess the disease with radiologic imag-
ing such as computed tomography (CT) and/or magnetic resonance imaging (MRI) 
with contrast medium [28, 29]. The second step is to perform an incisional biopsy 
that does not interfere with the definitive treatment. Indeed, an adequate tissue sam-
ple makes it easier for the pathologist to accurately classify the tumor or, at least, to 
provide an indication of the tumor grade [30]. All the other information such as the 
presence of perineural growth and lymphovascular invasion can usually be obtained 
only from the definitive specimen. When the pathologist poses a preoperative suspect 
of high-grade malignant tumor, positron emission tomography (PET) and ultraso-
nography (US) of the neck are recommended to rule out systemic and regional 
spread, respectively. It is worth remembering that in AdCC PET scan has a low sen-
sitivity and preoperative assessment is better performed using CT scan with contrast 
enhancement of the chest and abdomen together with bone scintigraphy.

As a general rule, surgery followed by adjuvant radiotherapy is commonly indi-
cated as the treatment of choice for MiSGMT [3, 31]. Resectability is preopera-
tively determined based on staging workup, site of origin of the lesion, histology, 
and surgical expertise. A challenging scenario is offered by cases in which preop-
erative imaging anticipates that macroscopic disease will be left behind in critical 
anatomic areas (i.e., cavernous sinus). Up to now, no data supporting radiotherapy 
with state-of-the-art technology as an alternative to incomplete surgery followed by 
radiotherapy are available in the literature [31].

The goal of surgery is to achieve radical resection with clear margins: in all 
series, margin status is an important prognostic factor [20, 21, 32, 33]. However, 
there are specific problems to be considered when planning intervention: AdCC is 
characterized by a peculiar tendency to perineural, submucosal, and subperiosteal/
perichondral spread, all features which need to be accurately identified by preopera-
tive imaging and intraoperative frozen sections. All the named nerves adjacent to 
the tumor should be carefully inspected and, in case of doubtful invasion, should be 
biopsied; in case of positivity, they should be resected until clear margins are 
obtained proximally and distally, if possible [31, 34]. Among the different localiza-
tions, the sinonasal tract and the nasopharynx are probably the most critical in rela-
tion to the potential of the lesion to involve vital anatomical structures and, 
consequently, to the difficulty of resecting the lesion with adequate margins. Another 
characteristic of AdCC, which has an impact on treatment outcome, is that the 
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lesion is diagnosed at an advanced stage in the majority of patients. This is espe-
cially true for the sinonasal tract and nasopharynx, where T3–T4 lesions account for 
up to 78% of cases [7, 32, 35, 36]. The oral cavity and oropharynx (up to 70%) and 
laryngotracheal axis (up to 60%) follow [4, 5, 37, 38].

Non-adenoid cystic carcinomas (NAdCC) are diagnosed at relatively earlier stage 
compared to AdCC [39]. In spite of the high degree of histologic heterogeneity, in 
NAdCC tumor grade is probably the most important prognostic factor. Low- and inter-
mediate-grade lesions display indolent growth, low tendency to spread along nerves 
and subperiosteal/perichondral planes, and favorable prognosis [33, 40–42]; usually a 
less aggressive policy of surgical resection is advised in these lesions. As a general rule, 
a margin greater than 1 cm is considered adequate [39]. Conversely, high-grade tumors 
can display a more aggressive and rapid pattern of growth with perineural and lympho-
vascular spread, and thus more aggressive surgical treatment is generally required.

In addition, surgical planning for both AdCC and NAdCC tumors needs to con-
sider the possibility of a reconstructive phase; in fact, although in recent years there 
has been an evolving trend of surgical techniques in favor of approaches that tend to 
minimize morbidity and optimize both functional and esthetic results (i.e., endoscopic 
transnasal surgery for sinonasal and nasopharyngeal tumors, transoral robotic surgery 
for base of the tongue tumors), extensive surgical resection can be still required.

Once the tumor is staged and graded, adjuvant radiotherapy is recommended for 
most patients. Going into detail, in case of AdCC, the indications include all patients 
with exclusion of pT1 tumors without histologic risk factors (perineural and/or lym-
phovascular spread, solid variant); in case of NAdCC, adjuvant radiotherapy is rec-
ommended for all high-grade tumors, pT3–T4 low-grade tumors, and pT2 low-grade 
tumors in the presence of aggressive features (involved margins and/or proximity to 
vital structures) [3, 31]. Of note, an improved locoregional control does not invari-
ably translate in higher survival rates; this is especially true for high-grade tumors, 
which are characterized by a high rate of distant failure [3, 14].

In view of the peculiarities of the different subsites in terms of surgical require-
ments, we will provide a separate discussion. Furthermore, all the main pathways of 
spread typically involved in AdCC, in view of its tendency to spread along nerves 
and subperiosteal/perichondral planes, will be reviewed.

7.2	 �Oral Cavity

Pathways of spread:

	1.	 Spaces: sublingual, submandibular, pterygopalatine fossa (palate lesions), mas-
ticatory, parapharyngeal

	2.	 Nerves: lingual, hypoglossal, inferior alveolar (oral floor and tongue lesions), 
greater and lesser palatine, nasopalatine, Vidian (trigone and palate lesions), 
maxillary, and mandibular

Minor salivary gland tumors arising in the oral cavity are rare, accounting for 
about 10% of all salivary gland tumors, with a malignancy rate generally superior to 
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50% [12, 22, 30]. The hard palate is the most frequently involved site, followed by 
buccal mucosa and retromolar trigon, with AdCC and MEC being the most fre-
quently encountered histologies [3, 25, 27, 30]. The tumor often presents as a slow-
growing, submucosal mass; ulceration and pain are rare, especially at presentation 
[26, 30]. The importance of histologic type and grading on treatment planning and 
outcome emphasizes the need, whenever possible, for an incisional biopsy to obtain 
a representative tissue sample [26, 27, 30, 43].

When dealing with salivary gland cancer of the oral cavity, it is a matter of debate 
if all the tumors necessarily require resection of the bone. For low-grade MEC, 
some authors advocate less aggressive treatment than that used in oral squamous 
cell carcinoma or more aggressive salivary histologies [41], in view of the limited 
biologic aggressiveness and slow growth of the tumor. When the lesion does not 
directly involve the bone, careful intraoperative assessment of the periosteum with 
frozen sections should be performed, and, in the absence of infiltration, sparing the 
bone is considered an adequate choice (Fig. 7.1). Conversely, whenever a low-grade 
tumor shows bone involvement, bony removal could be modulated according to the 
site of origin of the lesion and entity of bone invasion; thus, limited palatectomy and 
partial or total maxillectomy may be performed, accordingly (Fig. 7.2) [27]. The 
same conservative philosophy does not apply to more aggressive neoplasms with a 
tendency to spread along subperiosteal and submucosal planes, such as AdCC or 

a b c
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Fig. 7.1  Small submucosal mass involving the left retromolar trigone (a). Preoperative MRI in 
coronal (b) and axial (c) planes shows that the lesion (asterisk) had no bone involvement. 
Preoperative biopsy was consistent with low-grade MEC. The lesion was excised through a tran-
soral approach; frozen sections on the mandibular periosteum were negative, and bony removal 
was not required. Postsurgical endoscopy (d) showed a perfectly healed mucosal incision (arrows); 
MRI on coronal (e) and axial (f) planes confirmed the absence of local relapse at 3 years after 
surgery (SAP superior alveolar process, T tumor, TO tongue, U uvula)
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high-grade lesions, therefore reducing the possibility of limited surgical approaches. 
Li et al. presented a series of 103 patients with a salivary gland tumor of the hard 
palate [27]. The authors clearly demonstrated that AdCC is the histology with the 
highest risk of positive margins and recurrence that, in this site, is mainly local; their 
results are perfectly in agreement with those published by other authors [30]. In 
AdCC, therefore, every effort should be directed toward intraoperatively assessing 
the status of surgical margins as well as all possible pathways of spread in order to 
obtain complete resection and minimize the risk of recurrence.

In the presence of tumors extensively involving the hard palate, oral tongue, and/
or the floor of the mouth, the surgeon should follow the same principles applied in 
squamous cell carcinoma. Moreover, after ablative surgery, different options, rang-
ing from prosthetic obturator to pedicled and free flaps, are available [44, 45].

It is worth remembering that the oral cavity, along with the oropharynx, is the 
preferential site of origin of a recently described salivary cancer, namely, cribriform 
adenocarcinoma (Fig. 7.3) [46–48]. As pointed out by Skalova et al. [49], in addi-
tion to a peculiar cytologic profile and PRKD gene alterations, this tumor is charac-
terized by a relatively indolent growth of the primary lesion and early neck 
involvement; all these factors contribute in differentiating cribriform adenocarci-
noma from “conventional” polymorphous low-grade adenocarcinoma.

Apart from cribriform adenocarcinoma, the risk of nodal involvement at presenta-
tion is unexpectedly low. In the series from the MD Anderson Cancer Center, only 
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Fig. 7.2  MRI on axial (a), coronal (b), and sagittal (c) planes of a slow-growing lesion involving 
the full thickness of the right hard palate in a 19-year-old man. Incisional biopsy was consistent 
with low-grade MEC, and definitive histology confirmed the diagnosis (d) (hematoxylin-eosin 
[H–E]). After transoral inferior maxillectomy, palatal reconstruction was performed by fascio-
cutaneous forearm free flap. MRI (e) and oral endoscopy (f) show the absence of local recurrence 
and optimal results of palatal reconstruction (asterisk, flap)
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3% of patients had clinically involved cervical lymph nodes at presentation, a rate 
that was also confirmed in the study from the cancer center in Guangzhou (3.9%) 
[27, 30]. Kakarala and Bhattacharyya performed a review on 639 cases of oral 
MiSGMT and found a rate of nodal involvement of 6.6% [25]. Dubal et al., in a 
SEER database analysis on more than 1000 patients with AdCC of the oral cavity, 
reported that 6.2% had neck metastasis at presentation [50]. Regarding the risk of 
occult disease, there are some difficulties in extrapolating specific data since some 
studies have analyzed oral and oropharyngeal cases together [26], whereas others 
report only the overall rate of nodal involvement; furthermore, there are studies 
addressing only the risk in specific subtypes [36]. Mucke et  al., in a series of 95 
patients with MiSGMT of the oral region in which neck dissection was performed in 
57 (66%) cases, detected lymph node positivity in 29 (30.5% overall and 50.9% of 
those who underwent neck dissection) [43]. Recognizing that their rates were higher 
than expected, the authors explained the finding with the relatively high number of 
advanced T-stage lesions in the series. Nobis et al. found occult neck involvement in 
13 patients with MiSGMT of the oral cavity (34.2% overall, 37.1% among those who 
underwent elective neck dissection) [51]. Amit et al., in a multicenter analysis on the 
role of elective neck dissection in head and neck AdCC, found an overall rate of 
occult nodal disease of 17%, with the oral cavity being the most frequently involved 
site (66% of all cases) [36]. Consistently with previous statements, it seems that the 
risk of occult nodal involvement in MiSGMT is higher in case of advanced T-stage, 

a
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Fig. 7.3  A neoplasm originating from the ventral surface of the oral tongue is clearly visible at 
clinical (a) and MRI evaluation on sagittal (b) and axial (c) planes. Since preoperative biopsy sug-
gested a diagnosis of cribriform adenocarcinoma, the patient underwent transoral excision with 
primary closure and bilateral neck dissection. Definitive histology was consistent with the preop-
erative diagnosis of cribriform adenocarcinoma (H–E staining in d, cytocheratin 7 in e, S-100 in f)
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oral cavity localizations, and high tumor grade. As a consequence, elective treatment 
of the neck is advised in patients with these risk factors.

7.3	 �Nasoethmoidal Complex

Pathways of spread:

	1.	 Spaces/areas: the anterior cranial fossa, pterygopalatine fossa, and orbit
	2.	 Nerves: the olfactory phyla (→ anterior cranial fossa), palatine, Vidian (→ ICA), 

and ethmoidal (→ orbit with possible perineural spread along ophthalmic and/or 
optic nerve toward the orbital apex and middle cranial fossa)

The most common salivary histologies are AdCC and MEC [52, 53]. Presenting 
complaints may be scarce and non-specific, thus leading to delayed diagnosis in a 
relevant proportion of cases [7, 53].

Surgery with possible adjuvant radiotherapy may be considered as the best treat-
ment strategy available in sinonasal salivary cancer [7]. Different from nasopharyn-
geal tumors, sinonasal MiSGMT does not require a different treatment strategy 
from non-salivary cancers: salivary and non-salivary tumors share the same indica-
tions and contraindications for surgery; regardless of the approach, the surgical 
technique is the same. The most important difference in terms of surgical indica-
tions and technique is between AdCC and NAdCC carcinomas due to the specific 
pattern of growth of AdCC with a natural tendency toward perineural spread and 
subperiosteal diffusion [31].

For many decades craniofacial resection (CFR), combining a transfacial with a 
subfrontal approach, has been considered the gold standard for treating naso-
ethmoidal malignancies [54, 55]. From the end of the last century, the use of trans-
nasal endoscopic surgery was advocated even for treatment of very selected 
sinonasal malignancies [56]. In the following years, due to increased surgical exper-
tise and more sophisticated surgical tools, the number of patients treated and the 
oncologic results led to consider this minimally invasive approach a valid alterna-
tive to CFR [57–62]. Endoscopy allows to operate within a magnified surgical field, 
avoiding any facial incision; moreover, this approach has been demonstrated to be 
very useful in lesions such as AdCC since it allows to precisely assess the status of 
all the sites and structures potentially involved by the tumor [31]. Indications and 
contraindications to a purely endoscopic excision of naso-ethmoidal malignant 
tumors along with surgical technique have been widely described [57–59, 61, 62]. 
Far from including a single technique valid for all tumors, the endoscopic approach 
entails a spectrum of surgical options modulated according to the local extension 
and biology of the neoplasm. Endoscopic resection (ER) is performed for naso-
ethmoidal lesions without extrasinusal extension and no critical relationship with 
the orbit and skull base (Fig. 7.4). Lesions with focal contact with the skull base, 
conversely, may require resection of the overlying bone. In the presence of olfactory 
niche or skull base involvement (with or without dura infiltration) or when micro-
scopic involvement of the dura along olfactory phila is suspected (wide area of 
contact by tumors with a known propensity for perineural or subperiosteal spread), 
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Fig. 7.4  AdCC (mixed tubular-cribriform pattern of growth) involving the sphenoetmhoidal 
region with no evidence of perineural spread or intracranial extension at preoperative MRI evalu-
ation on axial (a) and coronal plane (b). A transnasal endoscopic resection without craniectomy 
was planned; intraoperatively (c and d), no involvement of the Vidian nerve (arrow in d) and sphe-
noid bone was found. The patient underwent postoperative radiotherapy. MRI on axial (e) and 
coronal (f) planes shows no sign of local recurrence at 5 years after treatment. (LIT left inferior 
turbinate, RIOC right interoptic-carotid recess, RIT right inferior turbinate, S sellar region, SFF 
sphenoid sinus floor, SR sphenoid roof, SSPW sphenoid sinus posterior wall, ST suction tube)
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Fig. 7.5  MRI on axial (a) and coronal (b) planes shows a naso-ethmoidal AdCC with a large area 
of contact with both orbital walls (arrows) and the anterior skull base; the sphenoid sinus was not 
involved and filled with mucus (asterisk in a). An endoscopic resection with transnasal craniec-
tomy was performed (c); the arrowheads point to the posterior dural resection margin. Definitive 
histology confirmed a mainly cribriform AdCC (d) with microscopic dural involvement; adjuvant 
radiotherapy was therefore performed. MRI on axial (e) and coronal (f) planes showed no local 
recurrence at 4 years after treatment; brain post-actinic damage was also visible (LOW left orbital 
wall, ROW right orbital wall)
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endoscopic resection with transanal craniectomy (ERTC) should be utilized. In this 
regard, in AdCC abutting the anterior skull base, a more liberal use of ERTC than in 
NAdCC is recommended (Fig. 7.5). Especially in tumors (AdCC) whose precise 
local extension may be assessed only at surgery, informed consent should be con-
ceived to enable the surgeon to intraoperatively switch to a more extended proce-
dure in case of involvement of critical structures.

An endoscopic transnasal approach may be combined with a classic subfrontal 
approach (cranio-endoscopic approach [CER]) in the presence of macroscopic dural 
involvement of the orbital roof going beyond the vertical plane crossing the eyeball, 
frontal sinus invasion (with the exception of marginal infiltration of the posterior wall), 
or massive brain infiltration. Involvement of the hard palate, maxillary sinus walls 
(except the medial one), orbital content, lacrimal pathway (with the exception of the 
nasolacrimal duct), or nasal bones may be still considered as contraindications to an 
endoscopic approach. In these cases, a classic transfacial approach is indicated. When 
reconstruction of the skull is required, a variety of options are available: pedicled flaps 
such as the pericranial or nasoseptal flap, autologous material (the fascia lata or ilio-
tibial tract) with a multilayer reconstruction technique [59, 63]; allogenic material is 
preferably used in combination with a vascularized flap. Lesions with encasement of 
the ICA, bilateral macroscopic orbit infiltration, optic chiasm involvement, and mas-
sive brain infiltration with surrounding edema are deemed unresectable. The manage-
ment of the orbit will be discussed in the section on maxillary sinus neoplasms.

The risk of nodal involvement in naso-ethmoidal lesions is traditionally consid-
ered low, and this statement may also be applied to non-salivary sinonasal tumors. 
Cantù et al., indeed, in a pivotal paper on the risk of nodal involvement in sinonasal 
cancer, found nodal involvement in only 5 of 305 (1.6%) patients with naso-
ethmoidal lesions [64]. Neck recurrence occurred in 15 (4.9%) patients; notably, no 
regional relapse was observed in patients with AdCC (n = 24) or MEC (n = 1). The 
authors concluded that elective treatment on the neck for naso-ethmoidal lesions is 
required only for undifferentiated carcinoma (UC).

7.4	 �Maxillary Sinus

Pathways of spread:

	1.	 Spaces/sites: the pterygopalatine fossa (→ orbit, via the inferior orbital fissure), 
masticatory space, infratemporal fossa, and middle cranial fossa.

	2.	 Nerves: infraorbital with centripetal (along the maxillary and mandibular nerve 
toward Gasser’s ganglion and Meckel’s cave) and centrifugal (premaxillary soft 
tissues) extension, ophthalmic (→ other orbit nerves), palatine, Vidian. The path-
way mandibular-auriculotemporal nerve may lead to facial nerve involvement.

AdCC is the most common salivary cancer affecting the maxillary sinus, whereas 
ADC and MEC are less frequent [52, 65–67]; among sinonasal primary sites, the 
maxillary sinus is the most frequently involved by salivary malignant tumors [7, 
53]. Presenting complaints are usually non-specific (nasal obstruction, epistaxis) 
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and, along with the slow growth of the majority of salivary cancers, explain why 
diagnosis is often reached at an advanced stage of the disease when other signs and 
symptoms (facial numbness, pain or swelling, visual disturbances) suggest invasion 
of surrounding spaces, nerves, or structures.

Surgery followed by adjuvant radiotherapy is considered the mainstay of treat-
ment for resectable maxillary salivary cancer [7, 66, 67]; nevertheless, some critical 
issues in surgical planning and crucial differences with treatment of the most fre-
quent maxillary tumors, i.e., squamous cell carcinoma (SCC), need to be reviewed.

In maxillary sinus malignancies, an endoscopic approach should be limited to 
small lesions exclusively involving the medial wall; this very restrictive indication 
explains why it is feasible in only a small minority of cases [57]. For all other lesions, 
different types of maxillectomies (partial, total, and extended total) are available 
[52]. The specific patterns of growth of AdCC imply that all the possible pathways of 
spread (perineural, submucosal, and subperiosteal) should be evaluated by preopera-
tive imaging and intraoperatively by multiple frozen sections, even in the absence of 
macroscopic evidence of involvement. It is inherent that, especially in AdCC, the 
final resection is often larger than that expected on the basis of preoperative diagnos-
tic workup. In this regard, the pterygopalatine fossa, a real crossroad for AdCC 
toward surrounding spaces and structures, may be involved in multiple ways: with a 
direct extension through the maxillary posterior bony wall (Fig. 7.6) or via perineural 
spread, mainly along the infraorbital and maxillary nerves (Fig. 7.7). It is therefore 
of utmost importance that this space, even in the absence of macroscopic involve-
ment, is accurately exposed and cleared whenever necessary; the status of the perios-
teum and nerves should also be checked. In the presence of perineural invasion, the 
nerve should be resected under the guidance of frozen sections until the residual 
stumps (proximal and distal) show the absence of neoplastic infiltration [31].

Similarly to naso-ethmoidal lesions, another critical point is the management of 
the orbital content. As a general rule, orbital clearance is required whenever the 
periorbit has been crossed and a macroscopic infiltration of fat or muscles is detected 
(Fig. 7.8). For lesions only in contact with or minimally infiltrating the orbit wall, 
removal of bone and possibly of the adjacent periorbit is deemed an adequate solu-
tion. Notably, AdCC may extend directly to the orbit through adjacent spaces (i.e., 
the pterygopalatine fossa and inferior orbit fissure), thus reaching critical areas such 
as the orbital apex. Tumors involving the orbital apex, due to their poorly accessible 
location as well as a relevant risk of middle cranial fossa extension through dural 
and perineural spread, may require an aggressive surgical treatment entailing not 
only orbital clearance but also resection of the surrounding skull base and dura [68].

In addition, management of skull base is crucial. Maxillary sinus tumors require 
resection of the adjacent skull base whenever there is involvement of the overlying 
mucosa or soft tissues. In the presence of spread along the olfactory phyla and/or bone 
invasion, the resection should include also the dura. Nishio et al. reviewed a series of 
40 patients with T4 maxillary cancer (only a minority with salivary origin) involving 
the anterior skull base who received anterolateral craniofacial resection [69]. They 
reported encouraging oncologic results (5-year overall survival of 62.7%) with a dis-
mal prognosis for patients (n = 5) with cavernous sinus involvement; notably, all these 
five cases experienced CNS complications. They concluded that, in the presence of 
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Fig. 7.6  Serendipitous finding of an otherwise asymptomatic left maxillary lesion in a 24-year-
old girl at plain CT on axial (a) and coronal (b) planes; erosion of the posterior wall of the sinus 
with possible extension (asterisk) into the surrounding spaces is evident. MRI on axial (c, e) and 
coronal (d, f) planes better depicts the presence of a malignant tumor (later revealed to be AdCC), 
infiltrating the posterior wall of the maxillary sinus and massively involving the pterygoid root, 
pterygopalatine fossa, and masticatory space
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Fig. 7.7  A 65-year-old woman with facial numbness lasting 6 months. MRI on coronal (a, e), 
axial (b, d, f), and sagittal (c) planes shows a maxillary AdCC involving nearly the entire sinus 
with marked perineural spread along maxillary nerve causing massive cavernous sinus 
involvement
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Fig. 7.8  Left maxillary sinus lesion in a 72-year-old patient; pre-treatment CT (a, b) and MRI (c, 
d) on coronal and axial planes, respectively, show a maxillary neoplasm extensively invading the 
bone and with a critical relationship with the orbital content (arrows). Incisional biopsy was con-
sistent with high-grade, not otherwise specified, salivary cancer. The patient underwent radical 
maxillectomy with orbital clearance (orbit invasion confirmed by frozen sections), selective neck 
dissection (I–III), and reconstruction with the rectus abdominis free flap. Definitive histology was 
consistent with salivary duct cancer (H–E staining in e) (pT4a N0 M0). Twenty-four months after 
the end of adjuvant radiotherapy, no signs of local relapse were identified at MRI (f), and PET-CT 
showed multiple lung metastases
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involvement of the cavernous sinus, due to surgical morbidity as well as poor progno-
sis, surgical resection should no longer be justified. The authors’ statement empha-
sized the concept that aggressive surgery with possible disfiguring mutilation may be 
considered justified only if R0 or R1 surgical margins may be obtained, especially in 
tumors where free surgical margins are reached in a relatively low percentage of 
patients [7, 52]. Whenever macroscopic residual disease is expected, the possibility of 
nonsurgical treatment should also be discussed with the patient. In this scenario, 
promising data on heavy-ion therapy (carbon and proton) for treatment of resectable 
and unresectable AdCC have been reported [70, 71]. It is worth remembering that cur-
rently there is no general consensus about the ideal treatment strategy of advanced 
AdCC (surgery with adjuvant radiotherapy vs. partial removal with planned residual 
disease and radiotherapy vs. exclusive radiotherapy). Tumor involvement of critical 
areas and structures, the efficacy and morbidity of each treatment, specific expertise 
of the surgical and radiation oncology team, and patient’s willingness are all factors 
that must be balanced and which all contribute to the final treatment decision [31].

One of the most striking differences between maxillary SCC and salivary tumors 
is the risk of nodal involvement. Dooley and Shah, in a review on the risk of nodal 
involvement in maxillary SCC, mention some papers that report an overall inci-
dence of N+ at diagnosis of about 15% [72–75]. The risk of neck involvement in 
maxillary sinus salivary cancer seems to be lower. Cantù et al. found neck metasta-
ses in 33 of 399 (8.3%) patients with maxillary sinus malignancies: nodal disease 
was found in 16/156 (10.6%) cases with SCC and in 4 additional cases with UC 
[64]. No details on histology in the remaining 13 cases were provided, but the over-
all rate of nodal disease in non-SCC, non-UC carcinoma was 6% [64]. Moreover, 
neck recurrences (51/399, 12.5%) from maxillary sinus primary lesions were more 
frequent in the SCC-UC (35/156, 22.4%) than in the non-SCC-UC (16/243, 6.6%) 
subgroup. Pantvaidya et  al., in a review on 163 patients with sinonasal salivary 
malignancies, reported that 7.9% of patients were cN+ at presentation, with equal 
distribution between AdCC, ADC, and MEC [52]. On the other hand, Lupinetti 
et al. found that only 2% of patients with sinonasal AdCC were N+ [7]. These low 
rates of involvement apparently do not justify the need for elective treatment of the 
neck, apart from aggressive, high-grade tumors.

After major surgical ablation, there is the need to plan an adequate reconstruc-
tion, whose main aims are to divide the sinonasal cavities from the intracranial 
content and the oral cavity, allow dental prosthetic rehabilitation, and restore facial 
contour. Several options are available, namely, prosthetic obturator, pedicled flaps 
(the temporalis muscle), and free flaps (see chapter on reconstruction).

7.5	 �Nasopharynx

Pathways of spread:

	1.	 Spaces: the pterygopalatine fossa, parapharyngeal space, and masticatory space
	2.	 Nerves: Vidian, maxillary, mandibular, and oculomotor
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AdCC and MEC are, by far, the two most frequent histologies affecting the naso-
pharynx [3, 76]. The treatment of nasopharyngeal MiSGMT can substantially differ 
from that of the more frequent “classic” non-salivary nasopharyngeal carcinomas 
(NPC). While there is general consensus that radiotherapy, with or without chemo-
therapy, is the gold standard for primary NPC, the treatment of tumors of salivary 
origin is more controversial [77]. This striking difference may be explained by the 
greater radio-chemosensitivity of NPC in comparison with salivary cancers. NPC is 
also characterized by a very high risk of clinical involvement (cN+) of retro-latero-
pharyngeal and lateral neck nodes that therefore need to be treated concomitantly 
with the primary lesion. The risk of clinically involved lymph nodes (cN+) in naso-
pharyngeal salivary tumors is considered lower. Notably, Schramm and Imola 
reported a 47% rate of occult nodal metastasis in a series of 23 patients with 
MiSGMT of the nasopharynx [76]; however, this rate was calculated only among 
the 15 patients who underwent elective neck dissection. The scarce radiosensitivity 
of the primary tumor and lower risk of clinical nodal metastasis explain why naso-
pharyngeal salivary malignant neoplasms may be effectively treated with radical 
intent by surgery, with different techniques according to tumor location and extent.

For many years, only external approaches have been adopted for the treatment of 
recurrent NPC or primary non-NPC tumors; nasopharyngectomy was and may still 
be performed through trans-maxillary [78], trans-palatal, infratemporal [76], trans-
mandibular, or maxillary swing procedures [79]. All these approaches, however, are 
burdened with significant sequelae and complications related to osteotomies and 
soft tissue incisions, such as nasopalatal fistulas, trigeminal branch numbness, tem-
poromandibular joint dysfunction, or osteitis.

In the last decade, the development of angled scopes and dedicated surgical 
instruments as well as increased surgical experience has allowed to effectively treat 
selected cases of nasopharyngeal salivary cancer using a minimally invasive, trans-
nasal endoscopic approach [77]. As pointed out by Castelnuovo et  al. [77], who 
extensively described surgical techniques and indications, the critical points for a 
purely endoscopic nasopharyngectomy are the dura of the posterior cranial fossa 
and the parapharyngeal-paraclival tract of the internal carotid artery (ICA). One of 
the major advantages with a transnasal endoscopic approach is the possibility to 
modulate the approach according to the site of origin and local extension of the 
tumor. For lesions limited to the posterior wall of the nasopharynx, a simple resec-
tion of the posterior nasopharyngeal wall is performed (NER type 1) [77, 80]. 
Whenever the lesion extends to involve the roof of the nasopharynx, the resection 
should be extended to the overlying floor of the sphenoid sinus (NER type 2). When 
the tumor extends laterally to the eustachian tube and the lateral wall of the naso-
pharynx, the surgical procedure required is more complex (NER type 3) and requires 
a trans-pterygoid trans-maxillary approach (Fig.  7.9). The posterior wall of the 
maxillary sinus along with the content of the pterygopalatine fossa and the ptery-
goid process is removed in order to expose the cartilaginous portion of the eusta-
chian tube.

Tumors with a critical relationship with the ICA, macroscopic posterior cranial 
fossa dural involvement, and/or intracranial extension should not be treated by a 
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purely transnasal endoscopic approach [77]. In these cases a combined procedure 
(i.e., endoscopic and infratemporal) or a purely external approach is required.

The group from the Queen Mary Hospital in Hong Kong demonstrated that the 
maxillary swing approach, mainly conceived for treatment of recurrent NPC, may 
warrant good oncologic and functional outcomes with a reasonable rate of compli-
cations [81–83]. This approach allows, whenever necessary, to extend the resection 
to the skull base, and even the ICA may be resected; in these cases an extracranial-
intracranial vascular bypass may be accomplished [82]. In recent years, some pre-
clinical and clinical experiences have advocated the use of robotic surgery for the 
treatment of nasopharyngeal tumors, although this approach appears to have several 
limitations (it is cumbersome and does not include the possibility to use drills and 
chisel) and seems therefore to be far from definitive validation [84, 85]. Finally, dif-
ferent reconstructive options are available with the main intent to reconstruct the 
dura and cover the ICA and bone, thus minimizing the risk of postoperative hemor-
rhage and/or osteitis/osteonecrosis. The reconstructive choice may vary from locally 
harvested flaps (pericranium, nasoseptal flap, temporoparietal fascial flap, tempora-
lis muscle) to free flaps (rectus abdominis, lateral thigh, radial forearm) according 
to the different situations [81, 86, 87].
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Fig. 7.9  Pre-treatment nasal endoscopy (a) and MRI in coronal (b) and axial (c) planes showing 
a nasopharyngeal AdCC with no critical relationship with the left ICA (arrow in c) and no intracra-
nial extension. The patient was treated by transnasal endoscopic nasopharyngectomy (NER Type 
3) [77] and adjuvant radiotherapy. Nasal endoscopy (d) and MRI on coronal (e) and axial (f) planes 
show no signs of local recurrence at 7 years after treatment (IT inferior turbinate, LMSPW left 
maxillary sinus posterior wall, MT middle turbinate, NS nasal septum, PW posterior nasopharyn-
geal wall, RET right eustachian tube, SP soft palate, SS sphenoid sinus, T tumor)
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The delayed diagnosis of nasopharyngeal neoplasms with possible locally 
advanced disease at presentation, the risk of occult nodal involvement, and the spe-
cific biology of MiSGMT concur in defining a definitive role for adjuvant radio-
therapy [88], whereas exclusive radiotherapy, especially with heavy particles, is 
presently considered a viable choice in the treatment of unresectable lesions 
(Fig. 7.10) [89].
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Fig. 7.10  Nasal endoscopy shows an AdCC reaching the right choanal region (a) and involving 
the entire nasopharyngeal surface with mucosal spreading over the right eustachian tube (b). At 
MRI (c, d), the lesion is found to have macroscopic intracranial extension along trigeminal 
branches with right ICA encasement (arrow in c) and cavernous sinus involvement. The lesion was 
deemed not suitable for surgical treatment, and the patient underwent exclusive radiotherapy (IT 
inferior turbinate, LET left eustachian tube, MT middle turbinate, NS nasal septum, PW posterior 
nasopharyngeal wall, RET right eustachian tube, T tumor)
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7.6	 �Oropharynx

Pathways of spread:

	1.	 Spaces/sites: the parapharyngeal space, masticatory space, mobile tongue, and 
floor of the mouth

	2.	 Nerves: hypoglossal, lingual, glossopharyngeal

MiSGMT rarely affects the oropharynx, and the base of the tongue is the most 
commonly involved subsite, followed by the soft palate and palatine tonsil [90]; 
even in this site, MEC and AdCC are the most frequently encountered histologies. 
Surgery, which is considered the mainstay of treatment, includes a large spectrum 
of approaches: transoral, transcervical, and transmandibular (with or without man-
dibulectomy) [90]. The latter is classically considered to provide the best exposure, 
though at the expense of possible sequelae and complications (i.e., malocclusion, 
osteitis, or osteonecrosis) [91]. Iyer et  al. reported that, even if an open-neck 
approach was used in 67% of 61 patients undergoing primary surgery for oropha-
ryngeal MiSGMT, positive margins were observed in 28 (46%) cases; not surpris-
ingly, the majority of involved margins were found in base of tongue tumors [90].

In the last decade, the introduction of robotic surgery has added a new tool for the 
treatment of oropharyngeal tumors. Villanueva et al. reported a preliminary experience 
in the treatment of ten cases of oropharyngeal MiSGMT by this approach [91]. 
Functional and quality-of-life outcomes were excellent; moreover, only one of the ten 
patients had positive margins at definitive histology. Notably, the authors reported a 
complication rate that was less than in traditional open-neck approaches to the orophar-
ynx. This finding is completely in agreement with data reported in papers comparing 
robotic and open surgery for oropharyngeal SCC [92]. However, the authors recognized 
the inherent limitations of the study, namely, the low number of cases and preliminary 
functional evaluation. Moreover, it is clearly stated that transoral robotic surgery should 
be considered as an appropriate tool for the treatment of early-stage lesions [91].

As a general rule, oropharyngeal primary tumors are considered at high risk of 
nodal involvement, especially when the tongue base is involved [93]. While there is 
no doubt that cN+ patients, whenever deemed operable, are candidates for therapeu-
tic neck dissection, elective treatment of the neck is more controversial. On the one 
hand, it is difficult to retrieve data on a specific site/subsite, and, on the other, the 
impact of elective treatment of the neck in MiSGMT is less relevant in view of a 
very high risk of distant failure [93].

7.7	 �Larynx

Pathways of spread:

	1.	 Sites: the hypopharynx and esophagus, thyroid gland, and trachea
	2.	 Nerves: recurrent laryngeal, superior laryngeal
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Tumors of salivary origin are extremely rare in the larynx, since they account for 
less than 1% of all malignancies in this anatomic site [3, 4, 94]. The subglottis is the 
most involved subsite followed by the glottis and supraglottis [3, 95]; AdCC and 
MEC are the most frequent histologies [4, 94], whereas other subtypes such as 
ACNOS are extremely rare [96]. Hoarseness and dyspnea are the most frequent 
presenting complaints, even if diagnosis, mainly as a consequence of a slow growth, 
is often delayed [94, 95].

The mainstay of treatment of salivary laryngeal cancer is surgical excision, pos-
sibly followed by radiotherapy [97]. Due to the frequent subglottic origin and late 
diagnosis at an advanced stage, conservative surgery is only occasionally feasible 
[98], and therefore total laryngectomy is the surgical option that is most frequently 
reported in the literature [95].

In supraglottic tumors, conservative options include horizontal supraglottic lar-
yngectomy by a transoral endoscopic or conventional cervicotomic approach; the 
former should be performed in the absence of massive involvement of the pre-
epiglottic space and tongue base invasion (Fig.  7.11) [99, 100]. Among lesions 
involving the glottic plane, only those without cartilage and posterior paraglottic 
space involvement and with limited subglottic extension may be effectively treated 
by transoral excision with CO2 laser; in all other cases, a cervicotomic approach is 
required. Supracricoid laryngectomy (with crico-hyoid- or crico-hyoid-epiglotto-
pexy) is considered a valid surgical option, provided that at least one functional 
cricoarytenoid unit may be spared and no critical extension toward the inter-
aritenoid space and the subglottis is demonstrated [101, 102]. In AdCC the indica-
tions for conservative surgery are further decreased by its well-known propensity 
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Fig. 7.11  A well-defined lesion (asterisk) was found on the lingual surface of the epiglottis 
(arrow) (a). Preoperative CT on axial (b) and sagittal (c) planes shows a mildly enhancing lesion 
(asterisk) with marginal pre-epiglottic space involvement and no extension into the tongue base. A 
transoral supraglottic laryngectomy was performed. Definitive histology was consistent with 
AdCC (cribriform type, no solid component). Resection margins were clear, and perineural spread 
was absent; no adjuvant radiotherapy was therefore planned. Seven years after treatment, laryngos-
copy (d) and MRI on axial (e) and sagittal (f) planes are negative for recurrence (TB tongue base)
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for perineural and submucosal spread, thus confirming total laryngectomy as the 
only therapeutic option in the majority of cases [95, 103].

Subglottic lesions are commonly diagnosed at an advanced stage, thus requiring 
total laryngectomy extending to the first tracheal rings. In rare cases with limited 
cricoid arch involvement, at least one functioning cricoarytenoid unit, and longitu-
dinal tracheal involvement less than 4.5–5  cm, a conservative approach (crico-
tracheal resection and anastomosis) may be performed [104].

The risk of nodal disease in laryngeal salivary cancer is difficult to assess, since 
most of the investigations report on low number of patients and/or the risk is detailed 
for specific histologies only, such as AdCC [4, 94, 105]. The risk of cN+ in laryn-
geal salivary cancer is about 25–27% [4, 94]; when only AdCC is analyzed, the rate 
drops to 13.3–15.4% [95, 97, 105]. Marchiano et al. in a systematic review on 89 
cases of laryngeal AdCC reported neck involvement in 13 of 89 (14.6%) patients 
[95]. Coca-Pelaz et al. completed a multicenter analysis on the risk of nodal involve-
ment in laryngeal AdCC: they were able to assess the status of cervical lymph nodes 
in 156 patients, and only 24 (15.4%) showed disease in the neck [105]. All the 
aforementioned authors concur in considering neck dissection mandatory in cN+ 
patients, whereas the role of elective treatment of the neck is more controversial. 
Hellquist et al. highlighted that, in the presence of a high transformation of head and 
neck AdCC, the risk of nodal metastasis is 5–10 times higher than conventional 
AdCC and therefore elective neck dissection is strongly advised in patients with this 
highly aggressive variant [106]. Even in laryngeal MEC, there is general consensus 
about the need for elective treatment of the neck in the presence of high-grade 
lesions [107, 108].
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8Surgical Management  
of Recurrent Disease

M. Guzzo

Salivary gland cancers (SGCs) are an uncommon disease including a heterogeneous 
group of cancer subtypes with different biological behaviors. The relative rarity and 
the clinical diversity of these tumors require a multidisciplinary management in 
high-volume head and neck cancer center [1]. Appropriate surgery, followed by 
radiotherapy when needed, represents the best therapeutic approach to prevent the 
recurrences of the disease.

Many features have been correlated with the recurrence rate and survival of 
patients. Some of them have been studied and confirmed only in selected histo-
logical subtypes. In general, tumor size (cT3/cT4), tumors with high-grade histol-
ogy, lymph node metastases, extraparenchymal extension, neural invasion, 
lymphatic or vascular invasion, and close (<1 mm) or positive resection margins 
lead to a worse prognosis and to a high risk of local recurrence. Moreover, a group 
of molecular markers have been correlated with biologic behavior of these tumors 
with conflicting results. This is the case of Ki67 (MIB1) that when expressed at 
high level by mucoepidermoid and adenoid cystic carcinomas seems related to a 
worse prognosis [2].

Patterns of recurrence are heterogeneous. Consequently, the site of relapse and 
the interval between the primary treatment and recurrence can be different. Most of 
the patients have recurrence within 5 years. Despite multimodality treatments, the 
rate of local recurrence ranges from 15% to 80% at 5 years according to tumor stage 
and histotype. Late recurrences are also possible. The rate of late recurrences (more 
than 5 years after the treatment of the primary) is close to 20%. Different figures can 
be found according to diverse histotypes such as adenoid cystic carcinoma (ACC) 
or high-grade cancers. ACC shows a high risk of recurrence and the unique clinical 
behavior to recur as late as 30 years after initial treatment. Local recurrence and 
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distant metastases have been reported to occur in about 30% and 50% of the cases, 
respectively [3]. Salivary duct carcinoma (SDC), a very aggressive malignancy, 
tends to recur earlier (more than 50% of recurrence rate) and with a high rate of 
tumor-related deaths within 5 years (from 55% to 65%). SGCs are more likely to 
recur locally or distally, being regional lymph node metastasis less than 10%. 
Consequently, a complete restaging of the disease including a head and neck MRI 
and a total body CT scan should be always advised before planning surgery for 
local/regional recurrences. If distant metastases have been discovered, surgical indi-
cation should be carefully balanced. This is also true in the case of ACC with syn-
chronous presence of local relapse and small slow-growing lung metastases. In 
these patients Wan der Val et al. [4] found an average time between the occurrence 
of lung metastases and death of 32.3 months which may support a possible indica-
tion for surgery in selected cases.

Recurrent SGCs should be considered as high-grade tumors by definition. 
Accordingly to the site of occurrences (minor or major salivary gland), an open or 
ultrasound core needle biopsy is always recommended before planning surgery. 
Biopsy-proven salivary cancer recurrence often needs multimodality treatment; 
consequently, it is recommended to discuss the case in a multidisciplinary setting. 
Surgery, where applicable, in combination with postoperative radiotherapy, when 
feasible, is the treatment of choice also in case of recurrent disease. About 60% of 
the patients that experienced a recurrence will be suitable for surgery [5] that 
appears to be appropriate when performed with curative intent.

A comprehensive head and neck examination followed by a proper radiological 
imaging is mandatory before to manage a recurrent disease. Local-regional recur-
rence may be sometimes difficult to detect because it is “hidden” by combined side 
effects of the previous surgery and radiotherapy. The patient could be asymptom-
atic. Local pain embittered by palpation may be found along with cranial nerve 
palsy (i.e., CN VII) in the case of deep and infiltrative recurrence. Other clinical 
signs may vary according to the site of the disease. Nodal recurrence usually appears 
as a neck lump or swelling. Distant metastases are discovered preferably by imag-
ing. Unresectable disease and patients with poor performance status or distant 
metastases (except for ACC patients) should be addressed to radiotherapy, chemo-
therapy, or palliation.

The distortion of anatomy and the posttreatment fibrosis tend to make difficult 
the surgical dissection putting at risk the functional facial nerve preservation. 
Kobajashi et al. reported less than 50% of facial nerve preservation after surgery for 
parotid recurrent tumors. The use of intraoperative facial nerve monitoring (IFNM) 
is controversial among surgeons. IFNM may help to identify the nerve without com-
plete dissection of the fibrosis that surrounds the branch reducing the manipulation 
and the risk of nerve injury. Some authors [6, 7] recently reported that IFNM 
decreases the immediate postoperative facial nerve weakness, reduces the time of 
surgery, and increases postoperative nerve recovery. Because of the potential pres-
ence of scar tissue and neural-perineural spread, intraoperative frozen section is 
recommended in an attempt to obtain clear margins of resection. Appropriate soft 
tissue or nerve reconstruction with regional flap or free tissue transfer should be 
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considered. The risks and the benefits of the procedure should be discussed in 
details as well as the potential extension of the operation, e.g., mandibulectomy, 
mastoidectomy, skin resection, neck dissection, or nerve sacrifice. The patient 
should be widely aware about postoperative deficit, and he will be requested to sign 
a complete informed consent.

Data on the final outcome of these patients are scarce in the literature. However, 
some reports including a variety of histopathological types suggest that an aggres-
sive treatment including surgery is oncologically sound with a 5-year disease-free 
survival of 64.1% [5, 8]. The prognosis seems to be related to the presence of lymph 
node metastases and tumor grade. The 10-year cancer-specific mortality for patients 
with early and late recurrences was 77.7% and 7.7%, respectively [9].
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9Principles of Reconstruction: 
Reconstruction of the Parotid Area

Silvano Ferrari, Andrea Ferri, Bernardo Bianchi, 
and Enrico Sesenna

Tumours of the major salivary glands are mostly located in the parotid gland, and 
already mentioned surgical resection with free margins is considered the best treat-
ment in the vast majority of cases. However, the auricular-parotid area is critical for 
several reasons, both cosmetically and functionally.

The aesthetical impact of a parotid defect is quite evident: facial contour is dra-
matically impaired in cases of unreconstructed defects, especially if the entire 
parotid gland is sacrificed. In case of composite resections, when skin is involved, 
scars and differences in terms of colour match and texture between the face and the 
tissue used for skin replacement are a major issue as well. Finally, the most critical 
and challenging point is related, also functionally, to the management of the facial 
nerve, which is always an issue to consider when approaching a tumour of the 
parotid gland.

In this context, the role of reconstruction is very important. The goals that need 
to be achieved are different and depend essentially on the extension of the resection 
and on the characteristics of the patient in terms of comorbidities, cosmetic expecta-
tions, donor site availability and previous surgical or radiation treatments. The ideal 
reconstruction should provide enough tissue for defect replacement, a skin with the 
same features of colour, texture and thickness of the resected one, restore facial 
contour and take consideration of potential facial nerve impairment.

Local flaps, such as the SMAS (superficial muscular aponeurotic system) or 
SCM (sternocleidomastoid muscle) flaps, regional fasciocutaneous flaps as the cer-
vicofacial/cervicopectoral, supraclavicular or submental flaps, musculocutaneous 
pedicled flaps as the pectoralis major and the trapezius or even free flaps in case of 
wide defects as ALT (anterolateral thigh) or latissimus dorsi free flaps, are the main 
options for the management of this area [1]. Careful selection of the technique is 
undoubtedly a key point in achievement of the best results.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-02958-6_9&domain=pdf
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Among these options, the auricular-parotid area differs from other sites in the 
head and neck (such as oral cavity or midface) because its lateral position, very 
close to the back and shoulder, often makes it reachable by a pedicled flap, dramati-
cally reducing the need for free tissue transfers and the associated technical difficul-
ties of the reconstruction. Therefore, the frequent use of regional flaps, even in the 
free flap era, should not seem outdated [2, 3]. Furthermore, surgery of this area 
usually spares impairment of the oral cavity and upper airways, ensuring fast and 
safe recovery; this aspect together with possible reconstruction with a “low-impact” 
technique makes surgery feasible even in patients with poor prognosis or with poor 
general conditions, and even sometimes as palliative treatment.

As alluded to above, defects of the parotid area can be very heterogeneous, but, 
considering only reconstructive needs, they can be divided as follows:

	1.	 Defects involving only the parotid gland
	2.	 Defects extending to the skin overlying the parotid
	3.	 Composite defects extending to other structures (facial skin, masseter muscle, 

mastoid, skull base, masticatory space, etc.)
	4.	 Resections that include facial nerve sacrifice (main trunk or branches)

This academic classification can be useful because the purpose of reconstruc-
tions is very different in these defects, and therefore the reconstructive technique 
will also change contextually.

9.1	 �Reconstruction of Gland Defects

As already discussed, tumours confined to the parotid gland are usually treated by 
parotidectomies that can be partial, superficial or total, essentially basing the choice 
of the resection on tumour’s histology, size and position (superficial or deep lobe). 
Concerning the reconstructive perspective, the first point to address is that the sac-
rifice of a part or the whole parotid gland, if not reconstructed, will lead to a depres-
sion in the pre-auricular and/or submandibular area proportional to the amount of 
parotid tissue resected. When benign tumours are removed, partial parotidectomy or 
extracapsular dissection allows the use of spared parotid tissue for parotid bed 
reconstruction, and further reconstructive techniques are usually not necessary.

However these options are rarely usable when malignant tumours are treated, 
since total parotidectomies are the most widely used techniques for resection of 
these lesions. In such cases reconstruction of the parotid bed is not feasible, and, as 
largely reported in the international literature, the use of local flaps as SMAS or 
SCM is indicated [4].

SMAS is probably the most used technique worldwide because it is easy to har-
vest; usually spared during resection; provides a good separation between the 
parotid bed and skin, thus helping to prevent Frey’s syndrome; and ensures good 
cosmetic results because it gives support to the overlying skin by avoiding its 
depression during healing. As an alternative, or sometimes in addition, the SCM can 
be used as a donor site for harvesting of a muscular flap that can be used with the 
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inferior or superior base (even a bi-pedicled flap is reported in the literature), and 
provides well-vascularised muscular tissue for filling the defect. Despite no differ-
ences in results when one or the other flaps are used as reported in literature, in 
general it can be useful to propose the SCM flap, especially for reconstruction of the 
inferior area of the parotid, which is closer to the SCM, while the SMAS is more 
easily applied for the superior portion of the area.

Nonetheless, when “pure” parotid gland defects are approached, the cosmetic 
results are usually good, especially because the skin is preserved, but even if SMAS 
and SCM flaps are properly used, they can be certainly improved upon. However, if 
some focal contour impairment still persists after healing, ancillary procedures, 
mainly represented by fat injection, can easily be associated to further improve 
patient satisfaction [5].

9.2	 �Reconstruction of Defects Extending to the Skin

Composite defects involving the whole gland and skin are often encountered in this 
area, especially when recurrences are treated. As already explained at the beginning of 
this chapter, skin replacement with tissue that has similar features in terms of colour, 
texture, hair-bearing and thickness is a key point of the reconstructive procedure 
because of the critical aesthetic relevance of this area in the frontal and lateral appear-
ance of the patient. While a free flap is certainly an option in such cases, if a fasciocu-
taneous regional flap is used, the skin features will better match the native one, with 
superior aesthetic results [6]. Among the different options available, cervicofacial/
cervicopectoral, supraclavicular and submental flaps are the most indicated [7].

9.2.1	 �Cervicofacial/Cervicopectoral Flap

Cervicofacial and cervicopectoral flaps are two very similar flaps that are harvested 
as random flaps from the facial area (cervicofacial) or designed to include anterior 
thoracic perforators from mammary artery (cervicopectoral), especially if associated 
with neck dissection. A wide range of skin defects can be managed with these flaps, 
especially when thin skin is required. The greatest advantage is that the skin of the 
face is merely advanced or rotated with perfect match in terms of skin features 
(Fig. 9.1a, b). Unfortunately, with these techniques only small defects can be prop-
erly reconstructed because of the relatively small arch of rotation of the flap. As 
already mentioned, if neck dissection is indicated, the cervicopectoral flap can be 
elevated during neck treatment and provides more tissue than a cervicofacial flap [8].

9.2.2	 �Supraclavicular Flap

Supraclavicular flap is an “old” flap that has again gained popularity after the year 
2000, thanks to its great versatility in head and neck defects. In the parotid area, it 
is especially useful in cases with skin defects that cannot be managed with a 
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cervicofacial/cervicopectoral flap, and today it represents the first choice in the vast 
majority of patients. The tissue provided is thin, pliable and reliable and can reach 
easily the parotid area, even in its most superior part. The skin of the shoulder is 
very similar to that of the face and is often without hair, thus offering a good solu-
tion from a cosmetic point of view [9]. Furthermore, the whole flap or only a part of 
it can be de-epithelised to provide vascularised tissue for filling the defect and to 
restore adequate volume and facial contour, even when facial skin is not resected. 
The greatest disadvantage of the flap is donor site morbidity and scars that can be 
increased in cases of harvesting large flaps when donor site closure, which is usually 
performed primarily, requires skin grafts that reduce cosmetic outcome. Finally, the 
pedicle may necessitate sectioning after healing if it interferes with the patient’s 
daily function but in most cases is not required [10].

9.2.3	 �Submental Flap

Submental flap is a well-known flap that has several indications in oral cavity and 
face reconstruction. Its use in the parotid area is not so popular, but this flap has 
some advantages that can improve cosmetic results. It is thin and pliable and pro-
vides hair-bearing skin that can be used for reconstruction of the pre-auricular 
hair-bearing area overlying the parotid, especially in males (Fig.  9.2a–c). 
Furthermore, colour and texture are very similar to native skin, which further 

a b

Fig. 9.1  Adenocarcinoma of the left parotid gland extended to pre-auricular skin (a) and results 
of reconstruction with cervicopectoral flap (b)
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d
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c

Fig. 9.2  Basal cell carcinoma infiltrating skin and parotid gland (a) treated with parotidectomy 
and simultaneous reconstruction with submental island flap (b). Figure (c) shows postoperative 
results, especially concerning hairy skin replacement. Figure (d) represents the V-Y technique 
used for pedicle elongation
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improves the results. Finally, donor site morbidity is very low, and its harvest may 
even be ameliorative in overweight patients when a more pronounced double chin 
is removed as a consequence of flap harvest [11]. However, this flap also has some 
disadvantages, mainly represented by the technical difficulty of its harvesting: 
pedicle dissection is difficult and requires skills in microvascular management and 
magnification that is mandatory for safe harvesting. The pedicle is short and the 
V-Y technique used for its elongation is often required to reach the upper portion 
of parotid area and can be difficult if not performed by experienced hands 
(Fig.  9.2d). Finally, oncological safety can be reduced in case of positive neck 
lymph nodes, when preservation of facial and submental artery and veins can inval-
idate the efficacy of neck clearance [12].

9.3	 �Extensive Composite Defects

Management of defects involving not only the parotid and the overlying skin but 
also adjacent structures, such as the masseter or other masticatory muscles, wider 
skin areas, temporal region, mastoid or skull base and SCM muscle or others, 
requires more tissue to be properly reconstructed. In this regard, musculocutaneous 
flaps are usually preferred over fasciocutaneous ones because of the possibility to 
provide the needed bulk. As mentioned in the introduction of this chapter, the 
parotid area is quite easily reached by pedicled musculocutaneous flaps harvested 
either from the thorax or from the back, and therefore pectoralis major, trapezius 
island and latissimus dorsi flaps are some of the most used techniques [13]. Free 
flaps, especially musculocutaneous as ALT or latissimus dorsi, are certainly another 
option and sometimes, especially in microvascular expert centres, can be easier than 
pedicled ones [14]. However, the distant skin is often worse than that provided by a 
pedicled flap, and they are therefore mainly indicated in extremely extensive defects 
(when the possibility to harvest large amount of tissue is required) or in patients 
with a compromised healing process, mainly in those with previous radiation ther-
apy or with diabetes, when well-vascularised tissue helps prevent marginal necrosis 
and decrease the healing time (especially when heavy flaps are harvested and grav-
ity works against healing in the upper portion of the suture).

9.3.1	 �Pectoralis Major Flap

Pectoralis major is one of the most popular pedicled flaps for head and neck recon-
struction, and almost all reconstructive surgeons are very familiar with it. It is very 
easy and fast to harvest, and donor site morbidity is negligible, with the exception 
of the aesthetic impact of the cutaneous scar on the chest. When the flap needs to 
reach the auricular-parotid area, pedicle elongation should be maximised, with har-
vesting of the cutaneous paddle in its more lower portion, island dissection of the 
pedicle and careful resection of all the muscular branches surrounding the vessels, 
in order to increase as much as possible its arch of rotation. Another important trick 
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is to properly manage the patient’s head positioning: a downward and medially 
rotated position is often ideal to prevent pedicle stretching and other vascular com-
plications. Pectoralis flap is therefore indicated in the reconstruction of lower parot-
idectomy defects, not extending to the temporal area, especially when bulk is 
required, as in cases of wide soft-tissue resections (Fig. 9.3a, b).

9.3.2	 �Trapezius Island Flap

Trapezius island flap is rarely used in head and neck reconstruction, mainly because 
of the need to change the patient’s position during surgery. Therefore, other tech-
niques that allow a supine position and possibly a double team approach are usu-
ally preferred. The auricular-parotid area is probably the main indication in head 
and neck surgery for this flap because of its unique advantages. First of all, being 
parotid lateral in the head, the patient can be positioned from the beginning in lat-
eral decubitus to allow tumour resection and flap harvest without the need to 
change the patient’s position (this could be uncomfortable in case of neck dissec-
tion). Furthermore the trapezius flap has a long pedicle that can reach easily the 
parotid area with a low rate of vascular complication. The tissue harvested has an 
ideal thickness for the parotid area, because it is usually a compromise between the 
bulk of the pectoralis major flap and the thinness of fasciocutaneous flaps, which is 
a major advantage when facial contour needs to be restored (Fig. 9.4a–d). Donor 

a b

Fig. 9.3  Adenoid cystic carcinoma of the left parotid gland extending to the skin (a) and results 
of reconstruction using pectoralis major pedicled flap (b)
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site morbidity is low, but its postoperative management can be complicated by the 
position of the patient in bed [15]. Furthermore, the skin of the back is not as 
mobile as the lateral thoracic wall, and donor site closure can be difficult in cases 
of large skin paddle harvesting. In conclusion, this flap is optimal for reconstruc-
tion of the parotid area, but difficulty in donor site management, the surgeon’s 
discomfort during the operation and, last but not least, the scarce familiarity of 
many head and neck surgeons with this technique often limit its use even in recon-
struction of parotid defects [16].

a

c

d

b

Fig. 9.4  Adenoid cystic carcinoma of the right parotid gland with invasion of the skin and of the 
lateral skull base (a, b). Trapezius island flap design (c) and its rotation to reconstruct the wide 
parotid defect (d)

S. Ferrari et al.



135

9.3.3	 �Latissimus Dorsi Free Flap

The lateral thoracic wall and, in particular, free flaps harvested from the thoracodor-
sal arterial system gained great popularity starting from 2010, especially after the 
description of the scapular tip free flap with its chimeric variations. In the parotid 
area, bone reconstruction is usually not required, with the exception of rare, 
extremely advanced tumours involving the mandibular ramus. Therefore, the most 
widely used flap harvested from the thoracodorsal system is the latissimus dorsi free 
flap. It can be also harvested on the same pedicle as a pedicled flap, as routinely 
done in the 1980s, but in this case pedicle transposition to the parotid area can be 
difficult, and today its free version is usually preferred. Latissimus dorsi free flap 
has the great advantage of providing an extremely wide amount of tissue, especially 
in the presence of very large skin defects. Muscle and the subcutaneous fat layer are 
often thinner than other areas (such as the thigh), which can improve cosmetic out-
comes. The pedicle is long and usually spared by vascular sclerosis, even in the 
elderly, and this can be of help during microvascular anastomosis, even though a 
long pedicle is usually not mandatory in the parotid area because of the proximity 
of temporal and facial vessels. One of its greatest advantages is the very low donor 
site morbidity: the lateral thoracic wall is usually easily closed primarily, and 
impairment of the patient’s functions is also low in the long term. Furthermore, 
there is no impairment of limbs, and mobilisation is possible starting from day 2 to 
day 3 after surgery. The main drawback of this technique is the difficulty of simul-
taneously harvesting the flap with tumour resection, but if the contralateral side is 
chosen and the patient is carefully positioned before surgery, this problem can be 
easily overcome.

9.3.4	 �Anterolateral Thigh Free Flap

Anterolateral thigh free flap is one of the most used soft-tissue free flaps world-
wide. In particular its perforator harvesting has many indications in head and neck 
defects, especially when the oral cavity needs to be reconstructed. The pedicle is 
long and of good calibre, and chimeric variations of the flap can also be harvested. 
Therefore, many surgeons are familiar with this donor site, and this flap is often 
used even in the parotid area. However, in this particular region, a useful modifi-
cation of this flap includes the vastus lateralis muscle, harvesting a musculocuta-
neous free flap rather than a perforator or a chimeric one. This is very useful 
especially when extensive defects are approached, and restoration of adequate 
bulk is one of the goals of treatment (Fig. 9.5a–c). In this variation ALT is even 
easier, safe and fast to harvest, because there is no need for musculocutaneous 
perforators dissection, even if a septocutaneous perforator is not found. The ped-
icle is elevated without separating it from the vastus lateralis, including all the 
perforator branches to the skin. The amount of muscle harvested depends on the 
need of the defect and the thickness of the subcutaneous fat layer of the thigh [17]. 
This possibility to “modulate” the amount of muscle is a precious advantage for 
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the parotid area, helping to prevent excesses or defects of bulkiness. Moreover, 
morbidity associated with muscle harvesting is paltry and does not interfere with 
the patient’s normal activity. However, around 1 week is usually required before 
the patient returns to walking in a satisfactory way, and crutches are often used 
during the first weeks after surgery [18, 19].

a

c

b

Fig. 9.5  Huge adenoid cystic carcinoma of the left parotid gland with extensive skin invasion (a, 
b) and results after reconstruction with a musculocutaneous anterolateral thigh free flap (c)
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9.4	 �Management of Facial Nerve

The facial nerve is certainly the most difficult issue to address in management of 
parotid malignancies. Principles of preservation or sacrifice of the nerve have 
already been analysed in previous chapters, and the purpose of this section is to 
provide a guide for facial nerve reconstruction after its resection. The techniques for 
immediate facial nerve repair include simple neurorraphy and nerve grafting and 
can be used within 30 days after nerve damage. After this time treatment consists in 
facial reanimation with different procedures based mainly on the time elapsed from 
palsy: in recent forms (before 18–20 months), the facial nerve can be recovered with 
facial cooptation procedures (cross-facial nerve grafting, masseteric-facial, 
hypoglossal-facial), while in established forms neuromuscular transplants are cur-
rently the gold standard [18–20]. However, this is not the topic of this chapter.

When the facial nerve is damaged during parotid surgery for salivary gland 
malignancies, the first and most important paradigm is that immediate reconstruc-
tion is always the best solution. In fact, it is widely reported in the literature that 
delays in reconstruction are related to poorer outcomes because of scars and diffi-
culties in isolation of facial nerve branches. Furthermore identification of facial 
nerve branches during tumour resection is usually easier, and it is possible to iden-
tify and isolate the main branches (a neurostimulation device is mandatory) that will 
be grafted during reconstruction.

The second key point is the use of tension-free sutures, meaning that reparative 
techniques for facial nerve damage, being sutures or reconstruction, must be per-
formed without tension that could interfere with the axonal regeneration process. In 
order to prevent tension, it is very useful to proceed in dissection of the branches or 
the main trunk to increase their mobility and to facilitate neurorraphy.

Finally, in case of nerve grafting, an adequate match of diameter between the 
facial nerve and the graft is an important element to ensure good neural regeneration 
through the graft [21].

From a technical point of view, neural suture must always be done under magni-
fication, to improve precision, and care must be taken to provide good closure of the 
perineural sheath, in order to prevent scarring that will interfere with regeneration 
of the nerve. At the end of the procedure, fibrin glue can be used to further isolate 
the neurorraphy from scarring processes. Other procedures such as vein grafts or 
synthetic materials can be also used for this purpose, although clear evidence of 
their benefit is not well documented in literature.

A key point of the procedure is selection of the donor nerve that will be used for 
grafting: the great auricular, the sural and the thoracodorsal nerves are the most 
widely used worldwide. The great auricular nerve has the advantage that is located 
very close to the parotid bed and is usually already dissected during parotidectomy. 
Therefore, its use is morbidity-free (with the exception of numbness in the ear lobe) 
and very fast and comfortable for surgeon. However, only a limited length of nerve 
is available, and the diameter provided is usually small. Therefore, its use is indi-
cated mainly in small reconstruction of single branches.
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The sural nerve (Fig. 9.6a) is probably the most used for facial nerve grafting, 
probably because it is also used in more complex facial reanimation procedures 
and surgeons are familiar with it. The main advantages are the possibility of har-
vesting the nerve with a second team during tumour resection (thus reducing 
surgical time), its low morbidity (just stripping the nerve through two small inci-
sions in the posterior calf and a small area of numbness in the lateral malleolus), 
the possibility of endoscopic harvesting (with only one incision) and the avail-
ability of a long nerve (such as the leg, if required), with a large diameter, which 

a

b

Fig. 9.6  Harvesting of the 
sural nerve from the leg 
(a) and its grafting to 
reconstruct multiple 
branches of the resected 
facial nerve (b)
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can also be split to provide an ideal match with the facial nerve. In case of resec-
tion of the main trunk, the whole diameter of the sural nerve can be used to better 
match the trunk size, and the other end can be split to match with two terminal 
facial nerve branches. In case of complex or complete reconstruction, multiple 
grafts should be used to restore the physiologic anatomy of the VII nerve as 
much as possible (Fig.  9.6b). In these cases, accurate identification of the 
branches that actually need reconstruction should be done by mapping all the 
branches with a neurostimulator and selecting those to reconstruct based mainly 
on facial movements rather than dimension or position: this is very important to 
reduce synkineses, which are the main complications of such reconstructions.

The thoracodorsal nerve is less well described in the international literature but 
certainly represents a good alternative to the sural nerve. The main advantage is that 
it is composed of a main trunk and multiple branches and presents an anatomy that 
is very similar to the facial nerve (Fig. 9.7). This means that splitting or multiple 
neurorraphies with the main trunk are not required. Concerning its harvesting, the 
scar is placed on the lateral thoracic wall, is well hidden and can be obtained simul-
taneously with tumour resection, even if with less comfort than with the sural nerve. 
In this case, the dissection is open and stripping is not possible. Unfortunately, 
while limited data concerning functional impairment (being a motor nerve) are 
available, it can be inferred that it has minimal impact on the patient’s shoulder and 
arm movements.
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10Principles of Reconstruction: 
Palatomaxillary Reconstruction

Cesare Piazza, Alberto Paderno, and Piero Nicolai

The hard palate and maxillary sinus are among the most frequently involved sites by 
minor salivary gland tumours, and reconstruction of these structures is particularly 
challenging in consideration of their essential aesthetic and functional roles. The 
maxillary bone (together with the zygomatic) contributes to the anterior projection 
of the midface and constitutes the bony scaffold of the hard palate and superior 
alveolus. Consequently, its role is essential in mastication, deglutition and speech, 
and it determines the shape of the midfacial region. In this view, reconstruction 
should be primarily focused on reconstituting this structural framework, withstand-
ing the forces applied during mastication, giving adequate separation between the 
oral cavity and nasal fossa/residual maxillary sinus and granting a symmetric facial 
appearance. This is even more complex when adjunctive structures are involved by 
resection, such as the orbital floor, orbital content, contralateral portion of the hard 
palate, facial skin and (less frequently) the skull base.

A number of reconstructive approaches may be applied to such a diverse group 
of defects, ranging from obturator prostheses and local flaps to more complex tech-
niques such as free flaps. For these reasons, an adequate classification system pre-
cisely addressing the defect extension and its characteristics is particularly useful 
for surgical planning of the reconstructive approach.
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10.1	 �Classification of the Surgical Defect

A number of classifications have been proposed in the international literature [1–5], 
mostly aimed at precisely describing the horizontal and vertical extension of the 
resection. In particular, Okay’s classification [1] has proven to be simple, easy to use 
and applicable to most of the defects. Its rationale is to define the structural proper-
ties of the defect in relation to the biomechanics that determine the stability of an 
obturator prosthesis or that of any other type of reconstruction. The horizontal 
extension is defined by the following:

–– Class Ia: defect involving any portion of the hard palate not extending to the 
tooth-bearing maxillary alveolus.

–– Class Ib: defect involving the premaxilla or any portion of the maxillary alveolus 
and dentition posterior to the canines.

–– Class II: defect involving any portion of the hard palate and tooth-bearing maxil-
lary alveolus and only one canine. The anterior margin of defect lies within the 
premaxilla. This class includes transverse palatectomy defects involving less 
than 50% of the hard palate.

–– Class III: defect involving any portion of the hard palate and tooth-bearing max-
illary alveolus, including both canines. This class includes total and transverse 
palatectomy defects extending to more than 50% of the hard palate.

On the other hand, the vertical extension is defined by these suffixes:

–– z: defect involving any portion of the zygomatic bone
–– f: defect involving the floor of the orbit
–– o: defect extending to the orbital content
–– s: concomitant resection of the facial skin

The conjunction of these two components (horizontal and vertical) leads to a 
three-dimensional definition of the surgical defect and, consequently, can orientate 
the choice of the ideal reconstructive approach.

10.2	 �Reconstruction of Partial Palatal Defects (Class I)

Defects involving the hard palate, but not extending to the tooth-bearing maxillary 
alveolus, and those involving the maxillary alveolus and dentition posterior to the 
canines may be easily rehabilitated by an obturator prosthesis, local flaps or (in 
larger defects and according to the patient’s preference) fascio-cutaneous free flaps, 
in particular the radial forearm (RF). In fact, in these defects the structural stability 
of the hard palate and maxilla is maintained, and residual structures are able to sus-
tain the cantilever forces applied to an obturator prosthesis by mastication. Similarly, 
soft tissue flaps can fill the palatal gap, avoiding oronasal/oro-antral fistula and 
allowing mastication and deglutition with the residual dentition or dental fittings. 
Considering local flaps, the most frequently employed in this scenario are:
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–– Buccal fat pad flap
–– Palatal island flap
–– Facial artery musculo-mucosal (FAMM) flap

Among regional flaps, the temporalis myofascial pedicled flap, even though less 
popular than some decades ago, can still be used for closure of limited palatal gaps 
even though at a relatively high functional cost, mainly related to the loss of a potent 
masticatory muscle with ensuing risk of postoperative trismus.

When a free flap is considered, the radial forearm (RF) is frequently the most 
suitable choice thanks to its long pedicle and favourable surface-to-volume ratio, 
with the anterolateral thigh (ALT) being the second choice for thin patients.

10.2.1	 �Obturator Prosthesis

Historically, this is one of the first techniques employed for palatal reconstruction, 
in particular for congenital defects. It is a prosthetic device aimed at separating the 
oral cavity from the nasal fossa and maxillary sinus while restoring complete denti-
tion (when necessary) by means of dental fittings. This is fixed to the residual palate 
and alveolus and depends on these structures to obtain sufficient stability to sustain 
the forces implied in mastication and to avoid oronasal regurgitation of food or 
liquids [6] (Fig. 10.1). Therefore, its effectiveness is directly related to the structural 
characteristics of each defect:

–– Class Ia and b defects are easily rehabilitated by an obturator.
–– Class II defects may be effectively covered by such a device, but residual func-

tional problems may be encountered especially due to the overall bulkiness of the 
obturator required, usually needing optimal mouth opening for its positioning 
and careful hygiene/maintenance [7].

–– Class III defects rarely (if ever) give sufficient stability to the prosthesis, leading 
to malposition and functional issues such as liquid leakage into the nasal 
cavities.

a b

Fig. 10.1  (a) Okay Class Ib defect with limited involvement of the superior alveolar crest and 
hard palate; (b) obturator prosthesis fixed on the contralateral teeth filling the palatal defect
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In fact, obturator stability may be determined by the so-called prosthodontist’s 
triangle [1], a figure defined by the fulcrum line connecting the two teeth that dis-
tally delimit residual dentition and the most distant point from this line at the level 
of the alveolus. The surface of this triangle may be employed as a “prognosticator” 
of prosthesis stability: a low surface determines a poor result and vice versa. 
Furthermore, residual canines and molars are particularly important because they 
serve as attachment points for retaining clasps.

The process for producing an adequate obturator prosthesis starts in the preop-
erative setting and ends at approximately 6 months from surgery, when wound heal-
ing is complete. For this reason, obturators may be distinguished in three types:

–– Surgical obturator
–– Temporary obturator
–– Definitive obturator

The process starts by taking an impression cast of the patient’s dentition and hard 
palate before surgery. This is used to produce a surgical obturator that is inserted at 
the level of the defect immediately after resection, allowing initial separation 
between the oral cavity and the nasal fossa/maxillary sinus, giving support to post-
operative wound dressings and allowing early rehabilitation of deglutition (with 
ensuing early removal of the nasogastric feeding tube).

After this phase, a temporary obturator is produced based on the patient’s post-
operative impression cast. This is composed of a horizontal portion covering the 
palatal defect and fixed to the residual teeth and palate and a vertical portion formed 
by a hollow bulb extending in the nasal fossa through the palatal defect. In case of 
resections extending to the teeth, it is possible to add dental fittings to the structure. 
This prosthesis is progressively adapted according to the wound modifications 
(scarring and remucosalisation) and patient needs.

When the healing process is complete and the structure of the obturator does not 
need further modifications, a permanent obturator is fabricated. This is composed of 
a false palate, a false alveolus with its attached dentition and a hollow bulb that 
avoids passage of liquids and food in the nasal cavity.

10.2.2	 �Palatal Island Flap

Small defects involving only a small portion of the palate may be easily recon-
structed with the rotation of a palatal island flap if sufficient residual mucosa is 
present. Clearly, flap design is limited by the fact that the resection itself reduces the 
amount of tissue available for closure. However, the transfer of well-vascularised, 
sensate mucosa is particularly appealing [8, 9].

After incision and dissection of the palatal mucoperiosteum pedicled on the 
greater palatine artery and vein, the flap can be rotated to cover a defect at the level 
of the contralateral palate. The secondary defect of exposed bone can heal by 
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secondary intention, with no functional morbidity or risk of wound contraction 
thanks to the underlying bone. However, as mentioned before, the main limits of 
this flap are the lack of healthy tissue after resection, as well as the limited elasticity 
of the palatal mucoperiosteum and its pedicle.

10.2.3	 �Buccal Fat Pad Flap

This intraoral flap may be useful in reconstruction of small defects of the hard palate 
and alveolus thanks to its close proximity to these sites [10–12] (Fig. 10.2). It is 
represented by the buccal fat pad, an encapsulated fat mass of the cheek located on 
either side of the face between the buccinator muscle and several more superficial 
muscles (including the masseter, zygomaticus major and zygomaticus minor). It 
may be divided into three lobes according to the structure of lobar envelopes, liga-
ments and feeding vessels: anterior, intermediate and posterior. The posterior lobe 
gives origin to the buccal, pterygoid, pterygopalatine and temporal extensions. The 
facial artery, transverse facial vessel and internal maxillary artery (together with 
their anastomosing branches) enter the fat tissue and form a lobar subcapsular vas-
cular plexus by anastomosing with each other.

The approach for buccal fat pad in case of reconstruction of the hard palate or 
superior alveolus is through an incision along the superior vestibular sulcus at about 
the level of the upper second molar and backwards. The incision through the mucosa 
and buccinator exposes the maxillary periosteum and buccal fat pad, allowing blunt 
dissection and fat herniation without tearing its capsule or surrounding vessels. The 
flap is then positioned at the level of the defect maintaining minimal tension in order 
to avoid compromise of its vascularisation.

This flap may be effectively employed for reconstruction of maxillary defects of 
approximately 4 cm not requiring significant structural stability.

a b

Fig. 10.2  (a) Bichat fat pad covering a maxillary tuberosity defect; (b) postoperative view after 
complete healing and flap remucosalisation
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10.2.4	 �FAMM Flap

This is a local flap suitable for small-to-moderate palatal defects that do not need 
rigid structural support but which only require adequate separation between the oral 
cavity and the nasal fossa or maxillary sinus. It is based on the facial artery (and its 
venous plexus), which allows isolating a flap composed of the buccal mucosa, 
underlying submucosa, a portion of the buccinator muscle and deeper fibres of the 
orbicularis oris [13–15]. In palatal reconstruction, the flap is based superiorly, with 
retrograde flow coming from the angular artery. This leads to a wide arc of rotation 
that allows reconstruction of defects of the hard palate, alveolus and nasal lining.

In flap harvesting, the facial artery is identified at the level of the buccal mucosa 
by means of palpation or a Doppler ultrasound probe. The vessel is then isolated and 
ligated at the antero-inferior edge of the flap after incision of the mucosa, submu-
cosa and buccinator muscle. The remaining edges of the flap are then incised along 
the course of the facial artery, maintaining the vessel at the centre of the mucosal 
paddle. The flap is then elevated from inferior to superior including the artery itself 
and all three soft tissue layers (mucosa, submucosa and buccinator). With this 
design, it is possible to harvest a long (7–8 cm) and narrow axially perfused flap 
with a thickness of approximately 8–10 mm.

10.3	 �Reconstruction of Unilateral Inferior Maxillectomy 
(Okay Class II)

Inferior maxillectomy consists of total or subtotal removal of the inferior portion of 
the maxilla (i.e. ipsilateral hard palate and alveolus) without involvement of its 
suprastructure. Consequently, the ipsilateral alveolar ridge is removed up to the 
midline or at least the canine teeth. As in smaller defects, the aim of reconstruction 
is to restore the physiologic separation between the oral cavity and nasal fossa/
maxillary sinus, since there are generally no issues concerning the anterior projec-
tion of the maxilla or the orbital floor.

Obturator prostheses remain a useful tool in this kind of defect even if cantilever 
forces generated during mastication are applied to a smaller “prosthodontist’s trian-
gle”, thus leading to inferior stability, more frequent malposition and a higher risk of 
nasal regurgitation (Fig. 10.3). In this view, patient preference also plays an impor-
tant role in the choice of treatment, since younger subjects may prefer a more defini-
tive type of reconstruction without the above-mentioned downsides and constant 
maintenance needed by an obturator. In these cases, fascio-cutaneous free flaps (in 
particular the RF) represent an ideal choice for closure of such gaps. In most cases, 
sufficient mastication is maintained by the contralateral dentition, and the anterior 
teeth may be replaced by dental fittings for aesthetic purposes. In selected cases and 
highly motivated patients, a bony free flap (i.e. scapula, fibula or iliac crest) could be 
considered in view of a subsequent insertion of osteo-integrated implants for com-
plete dental rehabilitation. However, this is not the main indication for this kind of 
flap.
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10.3.1	 �Radial Forearm Free Flap

The RF is a highly versatile free flap, widely employed in head and neck reconstruc-
tion in a variety of clinical scenarios. It almost invariably consists of a fascio-
cutaneous free flap based on the radial artery and the cephalic vein (or the comitant 
veins of the radial artery), while portions of the bone, muscle or tendon may also be 
transferred concomitantly. Typically, it allows harvesting of a wide surface of thin 
and pliable cutaneous tissue that can effectively reconstruct partial defects of the 
palate [16, 17]. Its long vascular pedicle is particularly suitable to reach the maxil-
lofacial region without the need for vein grafts. The anatomical separation between 
artery (in a deeper plain) and vein (in the subcutaneous layer of fat more superfi-
cially located in the forearm) also allows for a significant degree of freedom in the 
choice of recipient vessels. A further advantage is represented by the fact that the 
donor site is relatively distant from the head and neck area, thus allowing concomi-
tant flap harvesting and surgical resection.

On the other hand, the main drawbacks are related to donor site morbidity, 
since there may be negative outcomes both in terms of aesthetic appearance and 
subtle loss of functionality of the forearm and hand [18]. In particular, local flaps 
or a skin graft is almost invariably needed for wound closure, sometimes leading 
to diffuse scarring or a different type of skin texture at the level of the donor site. 
In addition, patients may experience mild functional sequelae that rarely influence 

a

c

b

Fig. 10.3  (a) Okay Class II defect (involvement of the entire hemi-palate and alveolar crest); (b) 
rehabilitation of the Okay Class II defect by means of an obturator prosthesis; (c) post-rehabilitative 
appearance with the obturator in place
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their overall quality of life: altered skin sensibility, reduced tolerance to low tem-
peratures (especially concerning the hand) and impaired accuracy of the hand fine 
motor control (mainly due to the potentially reduced sensitivity of the first two 
fingers).

10.4	 �Reconstruction of Subtotal and Total Maxillectomies 
(Okay Class II z, II f and II z, f)

Total maxillectomy is defined as the complete resection of the maxillary infra- and 
suprastructures and may involve the floor of the orbit (f), the zygomatic process (z) 
or both structures. Resection of these elements should be always precisely speci-
fied due to its significant impact on the reconstructive approach chosen for the 
patient. In fact, the anterior projection of the maxilla (defined by the zygomatic 
process and the zygomatic bone), as well as the orbital floor, often needs to be 
reconstructed by means of rigid structures (such as a bony free flap) to obtain an 
optimal result in terms of aesthetic appearance and stereoscopic visual function. 
While metallic meshes and bone grafts may also be employed, they generally do 
not represent a first choice in malignant salivary neoplasms because of the frequent 
need for adjuvant radiotherapy and the consequent risk of infection, exposure or 
necrosis.

In particular, reconstruction of the orbital floor should be carefully planned to 
symmetrically reposition the eye, avoid enophthalmos or proptosis and allow a 
complete degree of movement of the extraocular muscles.

The main free flaps containing a bone component that have been proposed for 
these defects are:

–– Tip of the scapula
–– Iliac crest
–– Fibula

Each of these flaps is characterised by distinct advantages and drawbacks that 
should be considered in relation to the defect and characteristics of the patient.

10.4.1	 �Tip of the Scapula Free Flap

The tip of the scapula osteo-muscular free flap is the latest acquisition in the field of 
palatomaxillary reconstruction [19–21]. It is based on the angular branch of the 
thoracodorsal artery and includes the tip of the scapula together with the teres major 
and/or the serratus anterior and/or part of the latissimus dorsi muscles. The vascular 
pedicle is the longest available for osseous donor sites (up to 15–20  cm) and is 
rarely involved by atherosclerosis, even in elderly patients with impending periph-
eral vascular disease.
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Vascularised bone provides an effective support for palatal and midfacial 
structures and allows subsequent dental rehabilitation with osteo-integrated 
implants. Its main application is in Class II z, f defects with involvement of the 
zygomatic-maxillary buttress and orbital floor (Fig. 10.4). In these defects, the 
tip of the scapula is positioned vertically to restore the alveolar bone with its 
lateral border and the naso-maxillary buttress with its medial part. In this case, 
the hard palate is restored using the teres major muscle, sutured posteriorly to the 
soft palate. Reconstruction of the orbital floor can be provided by contouring the 

a

c

d

b

Fig. 10.4  (a) Preoperative drawing showing the planned incision for tip of the scapula free flap 
harvesting; (b) intraoperative view of the left tip of the scapula harvested with its vascular pedicle 
(angular branch of the thoracodorsal artery and vein); (c) postoperative result after 3 months fol-
lowing total maxillectomy (Okay Class II z, f); (d) intraoral view showing complete muscle remu-
cosalisation (at 3 months)
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scapular bone with a greenstick osteotomy on its superior portion, obtaining a 
perpendicular surface oriented in the horizontal plane to support the orbital con-
tent. Postoperative positioning of osteo-integrated implants has been described 
by different authors, even though the quality of bone is usually inferior to that 
obtained from the fibula or iliac crest, with the only exception of young males 
in which the lateral edge of the scapula closely resembles the thickness of a 
fibular bone. Moreover, the tip of the scapula free flap is unique in the possibil-
ity to harvest generous chimeric flaps composed of multiple skin paddles (based 
on perforators coming from the circumflex scapular artery) and muscles (teres 
major, latissimus dorsi, serratus anterior with/without costal cartilages) which 
are rarely needed for reconstruction of extended resections involving the entire 
maxilla, mandibular ramus and condyle, orbital content and facial skin (Okay 
Class II z, f, o, s) [22] (Fig. 10.5).

Donor-site complications after tip of scapula harvesting are rarely described, and 
postoperative upper limb function has been evaluated by different authors, which 
shows mild dysfunction with little influence on patients’ quality of life.

a

c

d

b

Fig. 10.5  (a) Complex surgical defect following right maxillectomy (Class II z, f) extended to the 
pterygopalatine fossa and the masticatory space, marginal mandibulectomy and wide skin paddle; 
(b) preoperative planning for flap harvesting; (c) chimeric flap including the tip of the scapula, 
latissimus dorsi muscle and parascapular skin; (d) postoperative result 1 week after surgery
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10.4.2	 �The Iliac Crest Free Flap

This is an osteo-cutaneous, osteo-muscular or osteo-myocutaneous free flap based 
on the deep iliac circumflex artery and vein. It allows harvesting of a significant 
amount of uni- or bi-cortical bone from the iliac crest together with the overlying 
skin and/or the internal oblique muscle [23]. While it has been more frequently 
employed in mandibular reconstruction, several authors have described its potential 
in restoring both the superior alveolus and anterior maxillary projection without the 
need for multiple osteotomies (Fig.  10.6). Furthermore, the thick bone-stock is 
always suitable for implantation, even when harvested in a uni-cortical fashion. 
However, its main drawbacks are represented by the relatively short pedicle, the 
reduced degree of freedom in the orientation of each of its component (bone, skin 
and muscle) and the non-negligible donor site morbidity and sequelae [24, 25]. In 
fact, abdominal wall integrity is the first concern after reconstruction with this flap, 
since in approximately 10% of cases, subsequent development of abdominal hernias 
is observed, while another significant problem is related to the occasional develop-
ment of chronic pain or gait disturbances.

a b

c
d

Fig. 10.6  (a) Intraoral view after total maxillectomy (Class II z, f) and reconstruction with iliac 
crest free flap; (b) intraoral view after customised obturator prosthesis positioning; (c) dental pan-
oramic radiograph showing the iliac bone matching the contralateral maxilla; (d) patient’s appear-
ance after complete healing
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10.4.3	 �The Fibula Free Flap

The fibula free flap offers a large amount of cortical bone (up to 25 cm if the entire 
fibula is taken) that may be associated with a skin paddle perfused by perforator 
vessels (Fig. 10.7). The pedicle is represented by the peroneal artery and its comi-
tant veins, thus obtaining a moderately long pedicle with high-calibre vessels [26]. 
As mentioned before, it may be employed in the reconstruction of the superior alve-
olar crest in very selected Class II defects where resection does not involve the 
maxillary suprastructure [27]. When dealing with total maxillectomy defects (Class 
II z, II f and II z, f), complex tridimensional flap contouring is essential to restore all 
the main components of the maxilla [28] with an ensuing risk of pedicle kinking and 
compression. This is described as particularly cumbersome and may lead to a higher 
risk of bone devascularisation due to the numerous osteotomies needed. On the 
other hand, this flap offers a high-quality bone stock that effectively withstands the 
forces applied by mastication and which is ideal for intra- or postoperative 
implantation.

Concerning donor site complications, delayed wound healing (especially in case 
of skin grafting), wound necrosis and dehiscence are not infrequent. Additionally, a 
moderate number of functional issues have been reported, including limited range 

a
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b

Fig. 10.7  (a) Right fibula free flap after complete harvesting and contouring; (b) intraoral postop-
erative view 3 weeks after surgery: the skin paddle has been positioned in order to restore the 
subtotal palatal defect; (c) postoperative result 3 weeks after surgery
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of motion of the ankle, sensory deficit, chronic pain, ankle instability and reduced 
muscle strength [29]. Finally, arterial anomalies (as well as venous insufficiency) 
may put residual foot vascularisation at risk, necessitating adequate preoperative 
clinical and radiological assessment.

10.5	 �Reconstruction of Total Maxillectomy with Orbital 
Exenteration (Okay Class II z, f, o)

Total maxillectomy with orbital exenteration requires reconstruction with a high 
volume of tissue in order to completely fill the defect. In this view, the aim of recon-
struction is to fill the orbital cavity while simultaneously restoring the resected hard 
palate. This is essential to avoid aesthetically and functionally disabling defects 
with direct communication between the oral cavity, nasal fossa and orbital cavity. In 
addition, when the orbital cavity is left healing by secondary intention, remucosali-
sation and frequent occurrence of orbito-nasal fistulae lead to accumulation of 
secretions needing frequent medications. For these reasons, soft tissue free flaps 
with a low surface-to-volume ratio such as the rectus abdominis, anterolateral thigh 
(see Sect. 8.3.4) and latissimus dorsi (see Sect. 8.3.3) are ideal candidates for recon-
struction of these types of defects. As already mentioned above, the use of the angu-
lar branch-based tip of the scapula free flap after total maxillectomy with orbital 
clearance (Class II z, f, o) has been implemented to obtain better functional and 
aesthetic results while granting the possibility of dental rehabilitation by secondary 
osteo-integration. However, this should be only considered as an alternative in 
young, highly motivated patients with no significant comorbidities.

10.5.1	 �The Rectus Abdominis Free Flap

This is a myocutaneous, muscular or fascio-cutaneous free flap based on the deep 
inferior epigastric artery and vein, which has been widely popularised by its appli-
cation in breast reconstruction. When both the abdominal skin and the underlying 
rectus abdominis muscle are harvested (myocutaneous flap), it offers one of the 
largest volumes of soft tissues available for head and neck reconstruction. Neck 
recipient vessels can be easily reached thanks to the long- and high-calibre pedicle, 
and the skin paddle can be placed in different orientations according to each specific 
defect. The hard palate is often reconstructed using the abdominal skin, which may 
also be extended to cover midfacial cutaneous defects and the orbital cavity [30, 31] 
(Fig. 10.8). The main drawbacks of this flap are related to removal of the rectus 
abdominis muscle, an important structure of the abdominal wall. In fact, the most 
frequent sequelae are development of postsurgical hernias (which may be reduced 
by careful reconstruction of the abdominal wall using synthetic meshes) and a mild 
functional deficit in the flexion of the trunk (due to removal and denervation of the 
rectus abdominis).
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a

b

Fig. 10.8  (a) Rectus 
abdominis myocutaneous free 
flap after harvesting; (b) 
intraoperative view after total 
maxillectomy with orbital 
exenteration (Class II z, f, o) 
and reconstruction with 
rectus abdominis 
myocutaneous free flap

10.6	 �Reconstruction of Bilateral Inferior Maxillectomy  
(Okay Class III)

Class III defects (total or subtotal palatectomies) are extensive resections that may 
be needed in case of tumours arising from the hard palate and the superior alveolar 
crest with significant infiltration of these structures crossing the midline. In such 
advanced cases, there is no sufficient structural support to adequately sustain an 
obturator prosthesis due to the lack of a significant portion of the alveolar crest. For 
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this reason, a complex reconstruction by means of bone-containing flaps is essential 
to obtain an optimal functional result. The aim of this reconstruction is to separate 
the oral cavity from the paranasal sinuses while providing a stable structure for 
dental fittings or postoperative implantation. In this view, the tip of the scapula is an 
ideal donor site thanks to its remarkable tridimensional structural homology with 
the hard palate, as also demonstrated by radiological comparisons [32]. The scapula 
can be positioned horizontally at the level of the resected palate, with its bony tip 
oriented anteriorly, the ventral portion intraorally, the dorsal surface endonasally 

a b

c

e

d

Fig. 10.9  (a) Squamous cell carcinoma involving the entire hard palate; (b) intraoperative view 
after complete tumour resection (Class III defect); (c) intraoperative view after right tip of the 
scapula free flap insetting; (d) external postoperative appearance 2 months after surgery; (e) intra-
oral postoperative view 2 months after surgery with complete remucosalisation
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and the donor vessels on the side of the selected recipient vessels (considering that 
harvesting a right-sided tip of the scapula will bring the vessels to be anastomosed 
on the left side of the neck and vice versa). The bare muscles covering the ventral 
surface of the scapula (thus becoming the endo-oral part of the flap) undergo a quick 
process of shrinkage and remucosalisation that closely resembles the native palatal 
mucosa (Fig. 10.9).

Another option is represented by the fibula free flap, in which the bone can be 
used to replace the entire alveolar crest and the skin paddle used for closure of the 
palatal gap. However, the need for a significant length of bone results in a shorter 
pedicle that may frequently need vein grafts to reach the neck vessels. Moreover, the 
skin paddle used to reconstitute the palatal mucosal lining is suboptimal in terms of 
intraoral feeling and bolus processing.

References

	 1.	Okay DJ, Genden E, Buchbinder D, Urken M. Prosthodontic guidelines for surgical recon-
struction of the maxilla: a classification system of defects. J Prosthet Dent. 2001;86:352–63.

	 2.	Brown JS, Shaw RJ. Reconstruction of the maxilla and midface: introducing a new classifica-
tion. Lancet Oncol. 2010;11:1001–8.

	 3.	Cordeiro PG, Santamaria E. A classification system and algorithm for reconstruction of maxil-
lectomy and midfacial defects. Plast Reconstr Surg. 2000;105:2331–46.

	 4.	Cordeiro PG, Chen CM. A 15-year review of midface reconstruction after total and subtotal 
maxillectomy: part I. Algorithm and outcomes. Plast Reconstr Surg. 2012;129:124–36.

	 5.	Yamamoto Y, Kawashima K, Sugihara T, et al. Surgical management of maxillectomy defects 
based on the concept of buttress reconstruction. Head Neck. 2004;26:247–56.

	 6.	Sharma AB, Beumer J. Reconstruction of maxillary defects: the case for prosthetic rehabilita-
tion. J Oral Maxillofac Surg. 2005;63:1770–3.

	 7.	Keyf F. Obturator prostheses for hemimaxillectomy patients. J Oral Rehabil. 2001;28:821–9.
	 8.	Gullane PJ, Arena S. Palatal island flap for reconstruction of oral defects. Arch Otolaryngol. 

1977;103:598–9.
	 9.	Ducic Y, Herford AS.  The use of palatal island flaps as an adjunct to microvascular free 

tissue transfer for reconstruction of complex oromandibular defects. Laryngoscope. 
2001;111:1666–9.

	10.	Hao SP. Reconstruction of oral defects with the pedicled buccal fat pad flap. Otolaryngol Head 
Neck Surg. 2000;122:863–7.

	11.	Meyer E, Liebenberg SJ, Fagan JJ. Buccal fat pad – a simple, underutilised flap. S Afr J Surg. 
2012;50:47–9.

	12.	Kim MK, Han W, Kim SG. The use of the buccal fat pad flap for oral reconstruction. Maxillofac 
Plast Reconstr Surg. 2017;39:5.

	13.	Pribaz J, Stephens W, Crespo L, Gifford G. A new intraoral flap: facial artery musculomucosal 
(FAMM) flap. Plast Reconstr Surg. 1992;90:421–9.

	14.	Dupoirieux L, Plane L, Gard C, Penneau M. Anatomical basis and results of the facial artery 
musculomucosal flap for oral reconstruction. Br J Oral Maxillofac Surg. 1999;37:25–8.

	15.	Ashtiani AK, Emami SA, Rasti M. Closure of complicated palatal fistula with facial artery 
musculomucosal flap. Plast Reconstr Surg. 2005;116:381–6.

	16.	Duflo S, Lief F, Paris J, et al. Microvascular radial forearm fasciocutaneous free flap in hard 
palate reconstruction. Eur J Surg Oncol. 2005;31:784–91.

	17.	Ciuman R, Mohr C, Kroger K, Dost P. The forearm flap: assessment of functional and aesthetic 
outcomes and quality of life. Am J Otolaryngol. 2007;28:367–74.

C. Piazza et al.



157

	18.	Toschka H, Feifel H, Erli HJ, et al. Aesthetic and functional results of harvesting radial forearm 
flap, especially with regard to hand function. Int J Oral Maxillofac Surg. 2001;30:42–8.

	19.	Clark JR, Vesely M, Gilbert R.  Scapular angle osteomyogenous flap in postmaxillectomy 
reconstruction: defect, reconstruction, shoulder function, and harvest technique. Head Neck. 
2008;30:10–20.

	20.	Miles BA, Gilbert RW. Maxillary reconstruction with the scapular angle osteomyogenous free 
flap. Arch Otolaryngol Head Neck Surg. 2011;137:1130–5.

	21.	Piazza C, Paderno A, Del Bon F, et al. Palato-maxillary reconstruction by the angular branch-
based tip of scapula free flap. Eur Arch Otorhinolaryngol. 2017;274:939–45.

	22.	Janus JR, Carlson ML, Moore EJ. The scapular, parascapular, and latissimus dorsi flap as a 
single osteomyocutaneous flap for repair of complex oral defects. Clin Anat. 2012;25:120–8.

	23.	Brown JS. Deep circumflex iliac artery free flap with internal oblique muscle as a new method 
of immediate reconstruction of maxillectomy defect. Head Neck. 1996;18:412–21.

	24.	Rogers SN, Lakshmiah SR, Narayan B, et al. A comparison of the long-term morbidity fol-
lowing deep circumflex iliac and fibula free flaps for reconstruction following head and neck 
cancer. Plast Reconstr Surg. 2003;112:1517–25.

	25.	Valentini V, Gennaro P, Aboh IV, et al. Iliac crest flap: donor site morbidity. J Craniofac Surg. 
2009;20:1052–5.

	26.	Baj A, Youssef DA, Monteverdi R, et al. Reconstruction of partial maxillary defects with the 
double-barrel fibula free flap. Acta Otorhinolaryngol Ital. 2010;30:299–302.

	27.	Peng X, Mao C, Yu GY, et al. Maxillary reconstruction with the free fibula flap. Plast Reconstr 
Surg. 2005;115:1562–9.

	28.	Zhang WB, Wang Y, Liu XJ, et al. Reconstruction of maxillary defects with free fibula flap 
assisted by computer techniques. J Craniomaxillofac Surg. 2015;43:630–6.

	29.	Ling XF, Peng X. What is the price to pay for a free fibula flap? A systematic review of donor-
site morbidity following free fibula flap surgery. Plast Reconstr Surg. 2012;129:657–74.

	30.	Browne JD, Burke AJ. Benefits of routine maxillectomy and orbital reconstruction with the 
rectus abdominis free flap. Otolaryngol Head Neck Surg. 1999;121:203–9.

	31.	Bianchi B, Bertolini F, Ferrari S, Sesenna E. Maxillary reconstruction using rectus abdominis 
free flap and bone grafts. Br J Oral Maxillofac Surg. 2006;44:526–30.

	32.	Pagedar NA, Gilbert RW, Chan H, et al. Maxillary reconstruction using the scapular tip free 
flap: a radiologic comparison of 3D morphology. Head Neck. 2012;34:1377–82.

10  Principles of Reconstruction: Palatomaxillary Reconstruction



159© Springer Nature Switzerland AG 2019
L. Licitra, L. D. Locati (eds.), Salivary Gland Cancer, 
https://doi.org/10.1007/978-3-030-02958-6_11

E. Orlandi (*) · C. Fallai 
SC Radioterapia 2, Fondazione IRCCC, Istituto Nazionale dei Tumori, Milano, Italy
e-mail: ester.orlandi@istitutotumori.mi.it; carlo.fallai@istitutotumori.mi.it 

G. Sanguineti 
UOC Radioterapia, Istituto Nazionale Tumori Regina Elena, Roma, Italy
e-mail: giuseppe.sanguineti@ifo.gov.it

11Salivary Gland Tumors: Radiotherapy

Ester Orlandi, Giuseppe Sanguineti, and Carlo Fallai

Abbreviations

3DRT	 3-dimensional conformal radiation therapy
ACC	 Adenoid cystic carcinoma
AciCC	 Acinic cell carcinoma
CRT	 Chemoradiotherapy
CT	 Chemotherapy
CXPA	 Ex pleomorphic adenoma
DFS	 Disease-free survival
DSS	 Disease-specific survival
ECE	 Extracapsular extension
END	 Elective neck dissection
ENI	 Elective neck irradiation
HG	 High grade
IG	 Intermediate grade
IMRT	 Intensity-modulated radiation therapy
LC	 Local control
LF	 Local failure
LG	 Low grade
LGSGTs	 Low-grade salivary glands cancers
LRC	 Locoregional control
MEC	 Mucoepidermoid carcinoma
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OS	 Overall survival
PLGA	 Polymorphous low-grade adenocarcinoma
PNI	 Perineural involvement
PORT	 Postoperative radiation therapy
RFS	 Recurrence-free survival
RT	 Radiotherapy
SBRT	 Stereotactic radiotherapy
SEER	 Surveillance, epidemiology, and end results
SGTs	 Salivary gland tumors
SOR	 Standards, options, and recommendations
VMAT	 Volumetric modulated arc therapy

11.1	 �Introduction

SGTs are rare diseases, accounting for 2–6.5% of all head and neck cancers, and 
characterized by considerable heterogeneity in their histology, biology, and clinical 
behavior [1]. Mucoepidermoid carcinoma (MEC), ACC, and adenocarcinoma, 
NOS, are the most frequent diagnoses, representing >70% of all SGTs, although 
their frequency varies depending on the site of origin (major vs minor salivary 
glands) [2]. Among benign lesions, the most common tumor is the pleomorphic 
adenoma, although it shows great histopathological diversity with a relative propor-
tion of malignancy increasing in smaller glands [3].

Prognosis depends on histology and grading: among non-ACC, high-grade car-
cinomas are associated with a poorer prognosis compared with low-grade carcino-
mas [4, 5]. ACC frequently displays an indolent course with a propensity for local 
or distant recurrence, in particular up to 10–15 years after initial treatment, and it is 
often highly fatal. Histology, involved gland, and location within the gland have a 
pivotal role in choosing the best therapeutic management. Complete surgical resec-
tion with adequate free margins is the mainstay of treatment for resectable cases. 
Small, well-localized, low-grade carcinomas excised with clear margins are best 
treated with surgery alone [2]. PORT is recommended in high-risk patients when 
adverse prognostic factors based on pathology (T3–T4, lymph node involvement, 
close/microscopically positive margins, vascular/perineural invasion, and high-
grade) can be identified [2]. Unresectable or inoperable SGTs can be managed with 
RT alone, even though curative purposes are hardly achievable [2].

Overall, SGTs represent a major challenge for the radiation oncologists’ com-
munity not only for their historically known radioresistance but also for frequently 
horseshoe-shaped target volume (e.g., in case of perineural invasion) and their prox-
imity to radiosensitive normal structures (e.g., tumors arising from minor salivary 
glands in paranasal sinuses).

The last two decades has seen significant technological advances for photon 
radiation delivery in terms of precision by using IMRT, VMAT, and SBRT. These 
approaches can generate extremely conformal dose distributions including concave 
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isodose volumes that provide conformal target volume coverage and avoidance of 
specific sensitive normal structures [6, 7]. Further improvements in therapeutic ratio 
could be achieved by using particle beam RT, in particular proton and carbon ion 
therapy (see Chap. 11). This can lead to several advantages in terms of normal tissue 
sparing, better dose homogeneity, and a reduced dose bath effect (low radiation 
dose to normal tissue). However, both modern photon- and hadron-based treatments 
have been shown to be effective and are characterized by a favorable toxicity profile 
[8]. Dosimetric and/or clinical comparison studies between photon and hadron ther-
apy for SGTs are very scant [8, 9]. Besides, due to the high cost of particle therapy 
and the very low number of equipped facilities, a careful selection of patients is 
absolutely critical.

In this chapter, we will focus on the role and the impact of photon RT for 
SGTs both in malignant and benign lesions. The majority of published retrospec-
tive papers includes heterogeneous series taking into account number of patients, 
histology, tumor sites (major vs minor salivary glands), stages, and RT settings 
(i.e., definitive, postoperative, or reirradiation); for this reason we have dedicated 
different paragraphs to detail curative RT treatment based on the following histo-
pathologies: ACC, non-ACC high-grade, non-ACC low-grade, and non-malignant 
neoplasms.

11.2	 �Adenoid Cystic Carcinoma (ACC)

11.2.1	 �Indications and Role of Postoperative Radiotherapy 
(PORT)

The “gold-standard” treatment for potentially resectable ACCs consists in radical 
surgery providing free margins followed by PORT, although the role of RT has been 
debatable in the absence of randomized trials or prospective studies. The addition of 
RT with surgery has been reported to improve local control (LC) rates compared 
with surgical resection alone in all ACC sites. Five- and 10-year LC rates for com-
bined modality treatment were 88–95% and 84–91%, respectively [10–13]. Garden 
et al. studied 198 patients with ACC of the head and neck treated with surgery fol-
lowed by radiation. They demonstrated LC rates of 95%, 86%, and 79% at 5, 10, 
and 15 years, respectively. Improved treatment outcome led the investigators to rec-
ommend PORT as the routine treatment approach for most patients with ACC. In 
addition, Mendenhall et al. also stated that the optimal treatment for these patients 
is surgery followed by adjuvant radiotherapy [11]. The omission of adjuvant radia-
tion was found to be an independent predictor of local recurrence in the study by the 
University of California at San Francisco (UCSF), including 140 patients [14]. 
Furthermore, the experience of Memorial Sloan Kettering Cancer Center published 
in 2008 showed improved LC for patients treated with PORT and supported the 
routine use of combined treatment in ACC [15]. However, some authors do not find 
a statistically significant effect of PORT on LC [16, 17]; others postulated that 
PORT may delay rather than prevent recurrence instead [18, 19].
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The effectiveness of RT has been questioned by some other studies because of its 
lack of advantage in overall survival (OS) for the high rate of distant metastases and 
a relatively high probability of long-term survival after salvage therapy [14, 16, 20].

A recent study from the SEER database on 3026 patients reported by Ellington 
et al. suggested that PORT confers no survival benefit [21]; this was also confirmed 
by Lloyd et al. [22]. Some papers with opposed conclusions have been published. A 
retrospective series by Shen, on 101 patients diagnosed with ACC arising from all 
head and neck sites, showed at multivariate analysis that the addition of RT was a 
favorite predictor for LC and survival rates [23].

Several authors have retrospectively studied clinical and pathological features, 
attempting to identify significant prognostic factors in the presence of which PORT 
was highly suggested, but these factors still remain controversial. Various adverse 
parameters such as advanced tumor lesions, positive surgical margins, perineural 
invasion, and major nerve involvement have been suggested as the indication for 
PORT in ACC [11, 12, 14, 15, 24, 25].

In a recent paper by Ali at al. [26], pathological T4 stage without PORT was an 
independent predictor of local failure. However, after adjusting for T stage, patients 
who do not get PORT were more likely to have local recurrence: they had a 13-fold 
increased risk of local failure compared to patients treated with PORT. Vikram et al. 
recommended that patients with high-grade tumors and/or high-stage tumors bene-
fited from PORT [27]. Histological grade was also considered in the paper by da 
Cruz Perez et al. They affirmed that grade 3 ACC should be considered as a specific 
entity within the ACC group, due to its typical aggressive biological behavior and 
relatively poor outcome; therefore it is needed an improved adjuvant treatment [28].

As for perineural involvement (PNI), it is not currently clear if microscopic evi-
dence of perineural invasion has true prognostic significance in ACC and also avail-
able data are conflicting. Nevertheless, when the nerve involved is above a certain 
size, or “named,” a prognostic factor can be established [29].

It is known that PNI occurs via contiguous spread along perineural spaces or 
within the nerve itself, and it is a microscopic feature of malignancy often confined 
to the main tumor mass. The PNI, even microscopic, may be an indication for 
PORT. In fact, it is sometimes associated with skip lesions along the nerve that sig-
nificantly increase the risk of recurrence after resection even if negative margins are 
obtained [29]; besides, Chen et al. at the UCSF found that PNI was associated with 
local recurrence in patients treated with surgery alone but not in those who received 
postoperative radiation [14]. The authors regarded PNI invasion as a marker for 
subclinical extension of disease that may not be adequately addressed by surgery 
alone, even in the setting of an apparently complete surgical resection [14]. Besides, 
there is an association between PNI and margin status. In a paper by Khan, 15 out 
of 20 patients with positive margins displayed PNI as well, while only 5 of 17 with 
negative margins showed nerve invasion (P = 0.02) [20].

Bone invasion from ACC can be identified in advanced tumor arising from sub-
lingual and submandibular gland, paranasal sinuses, nasopharynx, and lacrimal 
gland. Thompson et al. stated that an increased incidence of either recurrence or 
dying with disease in patients with both skull base involvement and bone invasion 
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suggests an adjuvant treatment [30]. Williams et al. found radiologically and histo-
logically documented bony invasion of the lacrimal gland fossa by ACC very high, 
up to 76%. In this case, PORT could be hardly recommended, due to its poorly 
prognostic role [31].

Some reports have been shown that nodal involvement, with or without extra-
capsular extension (ECE), is independently associated with decreased overall 
and cause-specific survival, probably because it is a risk factor for subsequent 
distant metastasis [32]. The role of adjuvant RT after therapeutic neck dissection 
has been highly debated. Generally, patients treated with surgery and adjuvant 
RT showed comparable outcome with those treated by surgery alone [33]. 
Furthermore, regional recurrences are not usually identified in clinically positive 
node patients who undergo therapeutic neck dissection, whether or not adjuvant 
RT is administered [34].

The overall rate, from 15% to 44%, of occult neck metastasis for all ACC head 
and neck sites seems to be higher in oral cavity and oropharynx (22–31%) than 
those in the sinonasal tract (17%) or in the major glands (11–23%) [32–35]. Level 
II was the most frequently involved, with a reported incidence of 59.6%. Level III 
and IV regions were affected only in 22.5% of cases [32]. Besides, Lee et al. noted 
that the primary tumor site and peri-tumoral lymphovascular invasion were signifi-
cantly associated with cervical lymph node metastasis [35]. On this basis, selective 
neck dissection should be considered for tumors of those sites showing lymphovas-
cular invasion, in high-risk oral and oropharyngeal ACC [23, 32].

Lee et al. observed that regional recurrence was not identified in cN+ patients who 
underwent therapeutic neck dissection or in cN0 patients who had elective neck 
treatment, whereas regional recurrence was identified in four patients staged cN0 
who did not have elective treatment of the neck [34, 35]. Although there was no sig-
nificant difference in distant metastases or survival rates when END was performed 
in N0 necks, END could remove occult regional disease and provide patients with a 
regional recurrence-free life [34, 35]. However, elective neck irradiation (ENI) 
remains controversial. Balamucki et al. employed ENI in 64 out of 101 patients with 
undissected cN0; the remaining 37 were observed. Multivariate analysis of neck con-
trol revealed that ENI significantly influenced rates of neck control at 5 and 10 years 
[10]. On this basis, the authors advised to electively treat the first echelon nodes, 
particularly in patients with primary tumors at sites that are rich in lymphatics. 
However, contrary results have been published. Chen et al. [36] compared outcomes 
in a group of patients receiving neck irradiation and another group submitted to 
observation. There were no relapses in either group. In accordance with these results, 
their current policy is not recommending elective neck irradiation routinely.

Overall, PORT is suggested in all patients or at least in the presence of various 
adverse parameters such as advanced tumor stages (e.g., T3–4), positive or close 
surgical margins, PNI, and bone involvement [37]. Patients with T1/T2 tumors, neg-
ative margins, and negative neck disease did not have any benefit [38]. Radiotherapy 
treatment of the neck should be made on a case-by-case basis. However, ENI could 
be considered for tumors of those sites showing lymphovascular invasion and in 
high-risk oral and oropharyngeal ACC, when END is not performed [34, 35].
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11.2.2	 �Definitive Radiotherapy

RT alone can be given to a subset of patients with early-stage resectable cancers 
depending on the location of the tumor, patients’ wishes, and philosophy of the 
attending physician [10].

Patients with unresectable ACCs or gross residual diseases receiving conven-
tional RT alone showed the poorest results in terms of LC ranging from 10% to 48% 
[27, 39, 40]. ACCs from paranasal sinuses can receive advanced photon beam tech-
niques (IMRT and VMAT) allowing for a higher therapeutic ratio when a complete 
surgery cannot be performed because of invasion of the dura, brain, orbit, or naso-
pharynx. Spratt DE et  al. stated that IMRT techniques with doses ≥70 Gy are a 
reasonable alternative to neutron radiotherapy in patients who present unresectable 
SGTs showing comparable disease control with fewer late complications [41]. 
Today, a more state-of-the-art radiotherapeutic approach is applied: instead of pho-
ton external beam treatment, a proton- or carbon ion-based irradiation is currently 
used. Exclusive modern particle therapy is not the object of the present chapter, but 
we want just to make a brief reference to mixed beam RT, based on photon and 
heavy particle. Pommier et al. studied 23 patients with nonmetastatic ACCs with 
skull base extension treated with both proton and photon RT to a total dose of 75.9 
cobalt-Gy equivalent. The DFS and OS rates at 5 years were 56% and 77%, respec-
tively [42]. Huber et al. compared RT with neutrons, photons, and a photon/neutron 
mixed beam in 75 patients with locally advanced, recurrent, or incompletely resected 
disease. They found the 5-year LC rate to be 75% for neutrons and 32% for the other 
two groups [43].

The advantage of neutrons over photons has also been shown in a prospective 
phase III trial conducted by RTOG and MRC [44]. However, the study was prema-
turely interrupted, but data from the 32 enrolled patients showed a 10-year LC of 
56% in the neutron arm vs 17% in the photon arm. Long-term, treatment-related 
severe morbidity was greater in the neutron arm even if there was no significant dif-
ference in “life-threatening” complications. Neutrons were responsible for the 
increase in LC and toxicity [44].

More recently, carbon ion RT has been used in ACC, in the attempt to repro-
duce the high LC of neutron therapy without its toxicity. In the Heidelberg experi-
ence, a phase II trial (COSMIC) was designed to investigate the effects of dose 
escalation in the established mixed-beam regimen (photons+ carbon ions) with a 
total biologically effective dose of 80 Gy [45]. This study included patients with 
either inoperable disease or R2 or R1 resection (N = 53 patients), and most of 
them had ACC (89%). Three-year LC was 82%, and there was no significant dif-
ference between R1, R2, and inoperable patients. In the COSMIC trial, there were 
two patients with late osteoradionecrosis and one case of late internal carotid 
aneurysm [45].

Main characteristics and relative reported outcomes of ACC selected studies are 
reported in Table 11.1.
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11.2.3	 �Target Volumes, Doses, and Technique

Target volume delineation is based on preoperative imaging, preoperative physi-
cal exam, operative findings, and pathological findings. It is strongly recom-
mended to map preoperative macroscopic disease onto the PORT planning CT 
scan using image registration with pre-surgical CT, and in general two target vol-
umes can be defined. A high-risk target volume is commonly determined if micro-
scopically affected margins are found. An intermediate-risk volume generally 
encompasses anatomical sites at risk of residual disease in addition to the original 
areas involved and the operative bed. These two RT volumes are usually planned 
to receive a total dose of 66–70 Gy and 54–63 Gy, respectively, with conventional 
fractionation [37, 47]. Garden et al. detected a trend toward improved LC with 
doses >56 Gy and suggested a minimum of 60 Gy to the original tumor volume 
and 66 Gy when multiple margins are positive or there is extensive soft tissue 
involvement [12]. Harrison et  al. found a reduced 10-year LC rate of 53% in 
patients treated with lower doses compared to 72% in patients treated with more 
than 57.5 Gy [48]. Simpson et al. showed a statistically significant improvement 
in LC for patients receiving doses >60 Gy [49]. In the study by Chen et al., RT 
doses lower than 60 Gy were an independent predictor of local recurrence [14]. 
The extension of postoperative intermediate-risk volume varies according to pri-
mary site and occurrence of PNI. It is still doubtful whether an “elective perineu-
ral volume” (i.e., a prophylactic volume in the shape of nerves) should be drawn 
or not in case of microscopic PNI.  Contouring can be performed according to 
indications reported in 1008 Radiation Therapy Oncology Group (RTOG) phase 
II trial [47]. In case of superficial parotidectomy, superficial lobe tumors should 
always encompass the deep lobe (to depth of styloid process). For deep lobe 
tumors or with a complete parotidectomy, this volume must also cover parapha-
ryngeal space and temporal fossa. Finally, it should be delineated from the skull 
base up to the stylomastoid foramen if the VII nerve (facial nerve) is not grossly 
involved. When the facial nerve is hardly implicated, the contour should include 
the facial nerve canal through the petrous temporal bone [47]. If the tumor grossly 
involves one of the named large nerves in that area, such as the lingual nerve 
(branch of V3), the inferior alveolar nerve (branch of V3), or the hypoglossal 
nerve (cranial nerve XII), then the skull base needs to be included in this volume. 
In particular, it has to be up to the hypoglossal canal for hypoglossal nerve involve-
ment or foramen ovale for V3 branch involvement. Moreover, if the inferior alveo-
lar nerve (branch of V3) is involved near the skull base, intermediate-risk volume 
should include Meckel’s cave [47]. When only focal perineural invasion is patho-
logically found, it can be questionable if it routinely includes nerve pathways to 
the base of the skull in treatment portals. For ACC of the palate or paranasal 
sinuses, the base of the skull is usually included because of its proximity to the 
tumor bed.

Contouring guidelines are available to guide radiation oncologists in the delinea-
tion of cranial nerve anatomy [50, 51].
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In case of ACC involving sites with a rich lymphatic drainage or showing lym-
phovascular invasion, the neck has to be treated. If neck surgery has not been per-
formed, ENI must be considered, and it should include at least the first echelon 
nodes. This low-risk volume usually receives 45–54 Gy.

The resultant target volumes are complex three-dimensional shapes, in particu-
lar for ACC arising from minor salivary gland of paranasal sinuses. Besides, sev-
eral sensitive anatomical structures as the globes, lacrimal glands, optic nerves, 
chiasm, brainstem, and brain lie immediately adjacent or in close proximity to 
target volumes. Conventional RT has been associated either with incomplete tar-
get coverage or severe toxicity (e.g., radiation-induced blindness, retinopathy and 
neuropathy, dry syndrome) [19]. IMRT and VMAT, allowing steep dose gradients 
close to the target, turned out to be effective methods to optimize treatment plan-
ning of ACC and to deliver higher doses to the targets while minimizing the doses 
to the organs at risk [52–55]. Furthermore, the IMRT technique allows the simul-
taneous delivery of different dose levels to different target volumes within a single 
treatment fraction by using the “simultaneous integrated boost technique” or 
“SIB-IMRT” [56].

Target volume definition and RT dose distribution with postoperative VMAT in a 
case of ACC of submandibular gland are shown in Fig. 11.1.

a b

c d

Fig. 11.1  ACC of the left submandibular gland (stage pT2R1, PNI, N0): treatment planning for 
postoperative VMAT 66 Gy. Figures (a, c, d) show axial, coronal, and sagittal, respectively, com-
puted tomography (CT) simulation images. High-risk planning target volume (PTV) (66 Gy), in 
red, includes the surgical bed with wide margin along cranial direction due to the presence of R1; 
low-risk PTV (56.1 Gy) includes HR-PTV with margin and skull base up to the emergency of V 
cranial nerve. A three-dimensional view of VMAT plan with arches is reported in (b)

E. Orlandi et al.
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In the definitive non-operative setting, i.e., unresectable or inoperable cases, 
treatment volumes follow similar principles, but the total dose is usually carried to 
70 Gy in 35 fractions to macroscopic disease, i.e., the high-risk volume [41, 57].

11.3	 �High-Grade Non-adenoid Cystic Carcinoma (Non-ACC)

11.3.1	 �Indications and Role of Postoperative Radiotherapy

Surgery is the preferred up-front treatment for high-grade non-ACC. The aim of 
surgery is complete excision of the tumor along with adequate margins, and incom-
plete gross tumor resection (R2) should be always avoided.

Whether radiotherapy should be considered for all as opposed to selected patients 
after resection is debated. Even if the (beneficial) role of PORT is supported only from 
retrospective studies, almost all studies consistently show an advantage mostly in terms 
of locoregional control (LRC) by adding PORT to surgery [38, 57–61]. One area of 
debate is represented by completely resected (R0) stage I (–II) disease without other risk 
factors, where some authors recommend observation rather than postoperative RT. For 
major SGTs, stage I would include T1N0 lesions or those confined to the parenchymal 
gland up to 2 cm in greatest dimension. In the matched pair analysis from Memorial 
Sloan Kettering Cancer Center, no benefit was found for PORT in stage I–II disease 
after complete resection [38]. In the Dutch series, completely resected T1–T2 lesions 
showed a 95% long-term control rate [57]. However, most authors would still support 
the adjunct of RT after R0 surgery for all high-grade lesions regardless of the stage.

There is little doubt that PORT is indicated for patients with extraglandular 
extension (T3–T4 tumors), incomplete or close resection, bone invasion, perineural 
invasion, and pathologically involved lymph nodes (pN+) [57].

Another issue is whether a “planned” R1 resection (a resection that ends up in 
microscopically positive margins) is acceptable under specific circumstances or sur-
gery should always aim at achieving negative margins. This may happen when the 
tumor is close to the facial nerve, and thus complete resection with a margin would 
imply the sacrifice of the nerve. According to the experience of Shah et al. [62] at a 
median follow-up of 5 years, only 2 local failures were observed in a series of 50 
parotid cancers operated mostly (82%) to close or positive margins and irradiated 
afterward up to 60 Gy. While the authors conclude that “facial nerve-sparing sur-
gery” followed by RT (60 Gy) results in good LRC rates, it should be noted that 
only 20% of the patients in their series had high-grade tumors. Moreover, another 
20% of local failures are to be expected with a longer follow-up [63]. PORT 
improves LC over surgery alone after R1 resection, but R1 resection remains a poor 
predictor of LC despite PORT [64]. Therefore, both the risk and amount of R1 
resection should be minimized. Regarding facial nerve, if it is directly infiltrated 
and not functional, it should be sacrificed. However, if the nerve is functioning and 
not directly infiltrated, most authors would agree that conservative surgery (“tumor 
peel off”) followed by PORT to 60–66 Gy is an acceptable strategy even if it may 
be associated with a slight increase in the risk of local failure.
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Basically, all high-grade non-ACC are associated with a high risk of occult nodal 
spread. Squamous cell carcinoma, undifferentiated carcinoma, adenocarcinoma, 
and high-grade MEC have a remarkable (>30%) risk of occult nodal spread [59]. 
Besides pathology, another predictor of nodal spread is primary tumor stage [36, 
65–68], while tumor location is somewhat controversial [57, 63]. Parotid tumors 
with facial paralysis are associated with a high percentage of occult lymph node 
metastases as well [69, 70]. ENI is highly effective to prevent regional failure [36]: 
10-year regional control rates in cN0 patients treated without and with ENI between 
1960 and 2004 at UCSF were 74% and 100%, respectively, p = 0.0001. Therefore, 
ENI is a reasonable alternative to neck dissection. The choice between ENI and 
surgery is related to the overall treatment strategy (including the treatment of the 
primary disease) and the benefits (if any) of surgical staging. One may argue that in 
case of a small (cT1N0) major SGT, a complete resection of the primary to negative 
margins (pT1, R0) along with pathological confirmation of negative lymph nodes 
(pN0) may lead to withhold PORT. In another scenario of a larger primary high-
grade non-ACC for which the indication to PORT can be anticipated, the elective 
surgical treatment of the neck may be withheld provided that the neck is properly 
imaged and staged.

As previously mentioned, data on the outcome of high-grade non-ACC after 
combined therapy come from retrospective studies. Unfortunately, such retrospec-
tive series often include low-grade tumors and/or ACC as well. For instance, in the 
Dutch Head and Neck Oncology Cooperative Group report on 498 patients treated 
with surgery with (N = 386) or without (N = 112) PORT between 1984 and 1995, 
it is impossible to tease out the amount/percentage of patients with high- versus 
low-grade tumors (and thus their respective outcome) [57]. Anyhow, at a mean 
follow-up of 76 months, actuarial 5-year LC rate is 84% for surgery alone and 94% 
for combined surgery and RT (p < 0.0005). Independent prognostic factors for LC 
were treatment, with a relative risk for surgery alone compared with combined 
treatment, clinical tumor size, tumor location, status of the resection margins, and 
bone invasion [57]. A very similar outcome (5-year LRC: 89%) was reported in a 
subsequent group of patients treated for parotid carcinoma in Rotterdam between 
1995 and 2010 [71]. Interestingly, in this series, more locoregional failures were 
reported in patients with squamous cell and high-grade MEC (21% and 19%, 
respectively) than in patients with other histological types (p  =  0.04) and more 
distant metastases in patients with ACC and adenocarcinoma (20% and 19%, 
respectively) than in patients with other types (p = 0.03). Finally, in this analysis, 
more distant than locoregional failures were observed [71]. It should be noted that 
while most of failures occur within 5 years from initial surgery, another ≈10% and 
≈20% of patients develop disease recurrence at 10 and 15  years, respectively, 
mostly at distant sites [36].

In the experience of the Danish Head and Neck Cancer Group (DAHANCA), out 
of 871 patients diagnosed with SGT between 1990 and 2005, 425 patients (49%) 
received a combination surgery and RT, while 350 (40%) were treated with surgery 
alone. Indications for PORT were incomplete tumor resection, perineural extension, 
high disease stages, lymph nodes with extracapsular spread, and high-grade tumors. 
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High-risk pathology included ACC, SCC, carcinoma ex pleomorphic adenoma, 
G2/3 adenocarcinoma, and G3 MEC. Another major difference to current standards 
is that the neck was rarely addressed electively. At a median follow-up of 78 months, 
334 patients (38%) experienced recurrence. Interestingly, 23% of patients devel-
oped locoregional recurrence only (15% primary, 3% nodal, and 5% both), while 
8% had also distant metastases and 8% developed only distant disease. In multivari-
able analysis, stage III/IV, lymphovascular invasion, involved or close microscopic 
margins, and high-risk pathology were all prognostic factors for both recurrence-
free and overall survival. Unfortunately, the treatment approach (surgery vs com-
bined surgery and radiotherapy) was not tested in the model [72].

In the recently published experience by the Princess Margaret Hospital, carcino-
mas of the major salivary glands treated with surgery and PORT between 2000 and 
2012 were analyzed. High-risk pathology was defined, on central review, according 
to both histologic grade and WHO histologic subtype criteria, and included ACC, 
salivary duct carcinoma, squamous cell carcinoma, G2/3 adenocarcinoma, G2/3 
MEC, G2/3 carcinoma ex pleomorphic adenoma, carcinosarcoma, undifferentiated 
(small-cell, large-cell, or lymphoepithelial) carcinoma, and G3 of other histologic 
subtypes. Out of a total of 304 eligible patients, 190 (62.5%) had high-risk pathol-
ogy, including 55 patients with ACC. About 60% of the patients were treated with 
IMRT and the remaining ones with 3D CRT. At a median follow-up of 82 months, 
the estimated 5-(10-)year LC, RC, and DC were 96% (96%), 95% (94%), and 80% 
(77%), respectively. Only 13 patients developed local failure (LF); among these 
cases, 11 (85%) had positive resection margins (p = 0.02), and 10 (77%) had lym-
phovascular invasion (p = 0.01). During follow-up, diagnosis of DM was the most 
frequently observed treatment failure (n = 62) with a median DM-free interval of 21 
months (range, 5–141); 74% (46/62) DM failures were with isolated DM [73].

Few studies focused on selected pathology types only. Resected MEC of the 
parotid gland treated with adjuvant radiotherapy for high-risk features was the topic 
of the paper of Chen et al. [74]. At multivariable analysis on 61 patients, high tumor 
grade (hazard ratio = 7.92) and T4 disease (HR = 3.35) were found to be indepen-
dent predictors of decreased survival, with the former also predicting for distant 
metastasis and the latter predicting for local-regional recurrence. At a median fol-
low-up of 45 months, the 5-year estimate of overall survival was 83% for patients 
with non-high-grade tumors, compared to 52% for those with high-grade histology 
(p = 0.001). In a similar paper by MDACC on 145 patients with MEC of the salivary 
glands treated primarily with surgery and (60%) PORT, grade and stage confirmed 
to be the major determinants of overall survival [75]. Patients with T3–4 and high-
grade disease had a only 10% chance of long-term survival [75].

A couple of papers focused on carcinoma ex pleomorphic adenoma (CXPA) of 
the parotid gland that is a relatively rare malignancy that, as implied by its name, is 
believed to evolve from a preexisting benign adenoma [76]. In the first one [77], the 
authors retrospectively compared the outcome of high-grade tumors of the parotid 
gland (21 CPXA and 52 non-CXPA). Despite having similar stage of cancer and 
extent of surgical resection, patients with CXPA had a lower disease-specific sur-
vival compared to non-CXPA high-grade primary parotid cancer (p = 0.02). CXPA 
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of the parotid gland seems a more aggressive cancer compared to non-CXPA high-
grade primary parotid cancer. In the second one [76], 63 patients were treated with 
definitive surgery for carcinoma CXPA of the parotid gland, of whom 40 patients 
(63%) received also PORT to a median dose of 60  Gy (range, 45–71  Gy). 
Adenocarcinoma (29 patients), salivary duct carcinoma (16 patients), and ACC (9 
patients) were the most common malignant subtypes. At a median follow-up of 
50 months (range, 2–96 months), the use of PORT significantly improved 5-year LC 
from 49% to 75% (p = 0.005). At multivariate analysis, pathologic involvement of 
cervical lymph nodes was the only independent predictor of overall survival. In 
conclusion, surgery followed by PORT should be considered the standard of care 
for patients with carcinoma CXPA, which is an aggressive neoplasm.

11.3.2	 �Definitive RT

High-grade non-ACC includes a heterogeneous group of primary tumors that share 
the feature of being considered not particularly sensitive to ionizing radiations. 
Therefore, definitive RT is not considered an alternative to up-front resections and 
is usually reserved for unresectable lesions, for inoperable patients, and for those 
who refuse surgery. Definitive radiotherapy with photons has been associated in the 
past with dismal results. Two-dimensional photon-based RT was the control arm of 
a RTOG-MRC randomized study testing neutron therapy in inoperable or unresect-
able malignant SGTs [78]. The study was discontinued after enrollment of only 32 
patients of which 25 were evaluable. Patients had remarkable advanced disease; 
median primary tumor size was 6 cm (range, 3–16 cm), and 1/3 of patients had clini-
cally positive nodes. Moreover, pathology was not stratified by arms. As expected, 
at 10 years, the LRC in the control photon arm was only 17% [78]. Long-term LRC 
rates around 25% have been reported by others [79, 80].

In other series, 5-year LRC rates with photons have been reported around 50% 
[46, 57, 81], perhaps due to the higher dose of RT delivered (66–70 Gy). At UCSF, 
45 patients with newly diagnosed SGTs were treated with definitive radiation to a 
median dose of 66 Gy (range, 57–74 Gy) between 1960 and 2004. Indications for 
primary radiation treatment were as follows: 17 surgically unresectable (38%), 13 
with gross residual disease after subtotal resection or open biopsy (29%), 12 medi-
cally inoperable (27%), and 3 refusal of surgery (7%). The median tumor size, as 
determined by physical examination or radiographic imaging (or both), measured 
3.4 cm (range, 1.2–9.2 cm) with six patients having tumors in excess of 7 cm. None 
of the patients had clinical or pathologic evidence of regional lymph node disease at 
the time of presentation, and only two patients received chemotherapy in addition to 
RT. The series includes both low- and high-grade SGTs. At a median follow-up of 
101 months (range, 3–285 months), the 5-year and 10-year rate estimates of LC 
were 70% and 57%, respectively. A Cox proportional hazard model identified T3–4 
disease (p = 0.004) and radiation dose lower than 66 Gy (p < 0.001) as independent 
predictors of local recurrence [46].
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Results of contemporary photon-based series employing modern techniques 
(3D-CRT, IMRT, SBRT) are even better. From 1990 to 2009, 27 patients with unre-
sectable SGC (63%, with HG tumors) underwent definitive photon radiotherapy at 
MSKCC. Nodal involvement was found in nine patients. Median primary tumor 
size was 5 cm (range, 3–12 cm). Median dose of radiotherapy was 70 Gy, with 9 
patients receiving IMRT and 18 3D-CRT. Chemotherapy was given to 18 patients, 
most being platinum-based regimens. With a median follow-up of 52.4 months, the 
5-year actuarial LC was 55% (±24.2%). High grade was significant for an increased 
rate of DM (intermediate grade vs low grade, p = 0.04, HR 7.93; high grade vs low 
grade, p = 0.01, HR 13.50) [82]. Karam et al. have reported encouraging results on 
a selected group of patients treated with hypofractionated SBRT boost [83].

In conclusion, surgery remains the treatment of choice for patients with HG non-
ACC. For patients who have unresectable disease, are inoperable, or simply refuse 
surgery, definitive radiotherapy may offer a chance of cure. In this setting, heavy 
particles are usually preferred, but in their absence, photon-based IMRT may be a 
reasonable option as well.

11.3.3	 �Target Volumes, Doses, and Technique

In the postoperative setting, the tumor and involved lymph node bed constitute the 
target volume at intermediate risk. Electively treated uninvolved nodal regions rep-
resent the target volume at lower risk. Within a simultaneous integrated boost plan 
in 30 fractions, the former is usually planned to receive 60  Gy while the latter 
54–56 Gy [73].

Regarding the intermediate-risk volume, preoperative imaging and examination 
findings, operative notes, and pathology findings should guide contouring to ensure 
that all areas originally involved by disease are targeted. For patients with partial 
removal of the involved gland (i.e., superficial parotidectomy), the whole remaining 
gland (i.e., the deep lobe of the gland) is part of the intermediate-risk target 
volume.

Another area of possible concern is the skull base, in the presence of “named” 
nerve perineural invasion, though this is more common for ACCs.

Regarding the nodal stations at risk of subclinical disease (low-risk volume), 
ipsilateral cervical lymph nodes are routinely targeted either with surgery or RT as 
previously discussed. Elective nodal irradiation to a dose of 54 Gy (in 30 fractions) 
is usually reserved for patients without clinical or pathologic lymph node involve-
ment, while the areas originally involved and those with extracapsular extension are 
planned to receive 60 Gy and 64–66 Gy, respectively, in 30 fractions. The nodal 
regions to target depend on the location of the primary tumor and the nodal levels 
macroscopically involved. Periparotid and ipsilateral lymph nodes (level II) are 
most frequently involved in the tumors of parotid gland, although skip metastases to 
level III have been observed. In one study, for patients with three or fewer positive 
nodes at neck dissection, level IV and level V were positive in less than 10% of the 
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cases [36, 59]. Therefore, in elective treatment of the neck, at least levels I, II, and 
III should be included [36, 65], while levels IV and V can be omitted in the cN0 
neck. Level Ib nodes should be included when level II is involved, and levels IV and 
V nodes should be targeted when levels II and III are involved [36]. Submandibular 
gland cancers typically spread to levels I–III. Minor salivary gland cancers in the 
head and neck region can often be midline and may necessitate bilateral lymph node 
irradiation. Treatment of the contralateral neck should also be considered for 
patients who have multiple ipsilateral lymph nodes involved. In one recent paper on 
patients with resected major SGTs treated with PORT, regional failure occurred in 
3 (2%) out of 171 patients treated with IMRT; interestingly, all patients failed out-
side the low-risk volume: ipsilateral level VI b (N = 1), ipsilateral level V (N = 1), 
and contralateral level V (N = 1) [73]. Other studies suggest that elective treatment 
of the neck is at least as effective as surgery in controlling subclinical disease [36].

Sometimes a third volume at higher risk is identified (CTC high risk). The Dutch 
study supports a higher than 60 Gy volume for incompletely resected regions [57]. 
This volume typically receives an additional boost of 6–10 Gy to areas considered 
at higher risk of microscopic/R1 disease, such as those corresponding to positive 
margins and extracapsular tumor extension. The boost is usually achieved by a 
simultaneous integrated boost to the nominal dose of 64–66 Gy in 30 fractions.

Treatment should start as soon as possible after surgery and possibly not longer 
than 6–8 weeks from surgery, though clinical evidence is controversial [57, 84].

Target volume definition and RT dose distribution with postoperative VMAT in a 
case of high-grade MEC of the parotid gland are shown in Fig. 11.2.

In the definitive non-operative setting, treatment volumes follow similar princi-
ples, but the total dose is usually carried to 70 Gy in 35 fractions to the gross tumor 
volume [57]. Wang et al. reported LC as high as 85% with accelerated hyperfrac-
tionated photon therapy. The follow-up was rather short, and the results have not 
been updated [85]. Regarding the technique, IMRT may help to limit both acute and 
late toxicity rates [86] besides the possibility to paint the dose to the various 
targets.

11.4	 �Toxicity

Radiation-induced side effects are the same observed in head and neck district. 
They can be acute (i.e., mucositis, xerostomia, loss of taste, dysphagia) or late (i.e., 
osteoradionecrosis, neck fibrosis, trismus), these latter in particular when cancer 
arises from major salivary gland. Previous surgery limits the amount of radiation 
dose prescribed and may increase the risk of late toxicity.

Garden et al. [84] reported complications of irradiation in 51 out of 160 patients 
receiving PORT for minor SGTs. The most relevant were decreased hearing, 
radiation-induced injury to the visual pathway, and bone necrosis or exposure. 
However, these complications have been hardly ever seen during the last decades 
with improved radiation therapy techniques [84].
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In a series of patients treated after 2000 with either postoperative 3D-CRT or 
IMRT after a median follow-up of 82 months, the 5- and 10-year cumulative inci-
dence of RTOG grade 3 late toxicity was both 3%. No grade 4 or 5 was reported 
[73]. In another study, the cumulative incidence of grade 2 toxicity at 5 years after 
surgery and PORT was 8% [71]. Concomitant chemotherapy may enhance the 
intensity of side effects. Therefore, nowadays, most of the patients develop minimal 
effects.

11.5	 �Reirradiation

There are no randomized trials or prospective studies specifically on reirradiation of 
SGTs. It can be assumed that most of the general considerations and recommenda-
tions may apply to recurrent SGTs. Retreatment usually involves additional surgery, 
if feasible, and PORT. In certain histological subtypes (e.g., ACC), retreatment of 
locally recurrent disease yields prolonged survival [49]. Reirradiation must always 
be considered for local recurrences not amenable to surgical therapy, and in ACC 
reirradiation should be taken into account even in the presence of distant metastasis. 

a d

b c

Fig. 11.2  High-grade MEC of the left parotid gland, stage pT4a R1 (multiple surgical positive 
margins), PNI, and N2b. This is a treatment plan for a postoperative RT VMAT dose 70  Gy. 
Pictures show axial (a), coronal (b), and sagittal (c) computed tomography simulation images. 
High-risk planning target volume (PTV) (70 Gy), in red, includes the surgical bed with wide mar-
gin along cranial direction due to the presence of R1; intermediate-risk PTV (60 Gy) includes 
HR-PTV all ipsilateral neck and skull base up to the emergency of VII cranial nerve; low-risk PTV 
(54 Gy) includes HR-PTV, IR-PTV, and the right neck. Figure (d) shows a three-dimensional view 
of PTVs and neurological organs at risk (OARS) eye (light green), left eye (yellow); left optic 
nerve (white) optic chiasm (lilac); brainstem (green)
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Several photon techniques, such as IMRT, stereotactic RT, CyberKnife, and Gamma 
Knife radiosurgery, have been used with promising results in terms of acute and late 
toxicity [87–89]. Lee et al. reported on eight patients with skull base recurrences 
who underwent Gamma Knife radiosurgery. All patients experienced symptomatic 
response, usually pain resolution. The median local free from local progression and 
survival were 15.4 and 21.2 months, respectively [87]. In a paper by Karam, 18 
patients diagnosed with recurrent, previously irradiated, SGTs were treated with 
SBRT reirradiation (CyberKnife) with a median dose of 30 Gy given in 5 fractions 
with a median cumulative dose of 91.1 Gy. The 2-year OS and LRC rates were 39% 
and 53%, respectively. However, long-term toxicity analysis revealed four patients 
in the reirradiated group with soft tissue necrosis, correlated with the cumulative 
dose [89].

11.6	 �Chemoradiotherapy (CRT)

There is no convincing evidence on the efficacy of CT in treating SGT patients with 
curative intent, both in postoperative and radical setting. Amini et al. retrospectively 
reviewed 2210 patients with resected major SGTs using data from the National 
Cancer Database. They found that OS was significantly inferior with adjuvant CRT 
(n = 368) compared with RT alone (n = 1842) (p = 0.02), and patients treated with 
multiagent chemotherapy appeared to have a worse OS, compared with single-agent 
chemotherapy (P = 0.03) [90]. In a paper by Mifsud, outcome of patients treated 
from 1998 to 2013 with postoperative CRT (37 patients) or RT (103 patients) was 
analyzed. A multivariate analysis showed a trend toward a benefit in PFS from CRT, 
but it was not statistically significant [91].

Therefore, the RTOG is conducting a phase II randomized trial (RTOG 1008) to 
explore the utility of a platinum-based adjuvant CRT in high-risk patients. High-risk 
factors are the following: histological types as salivary duct carcinoma, grade 2/3 
MEC, grade 2/3 adenocarcinoma, grade 3 ACC, and grade 3 acinic cell carcinoma, 
pathologic stage III–IVB, and positive/close surgical margins [47]. Until the results 
of this trial will be available, the standard use of CRT for advanced SGTs is not 
recommended.

11.7	 �Low-Grade Non-adenoid Cystic Carcinoma (Non-ACC)

11.7.1	 �Radiotherapy: General Considerations

Low-grade (LG) SGTs are a constellation of different histologies [4]. While certain 
papers report on LGSGTs combining different histologic types, others are focused 
on specific subtypes (see the following sections).

Among the former, Walvekar et al. compared 34 patients with low-risk histology 
and grade, negative margins, and no ECE with 18 patients with low-risk histology 
and grade but with ECE and positive margins. Inclusion of ECE and margin status 
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substantially improved the prediction of disease recurrence, supporting PORT for 
low-risk histologies with positive margins or ECS [92]. Richter et al. reported on a 
small series of 17 T1–3 patients operated for low-/intermediate-grade MEC and 
acinic cell carcinomas of the parotid with only one negative factor, close (≤5 mm) 
or positive margins. They coded as patients with positive margin also the cases in 
which the tumor was “peeled” off the VII nerve [93]. The operative (parotid) bed 
was treated with a modest margin; the neck was included in a few cases (policy no 
longer followed). Sixteen patients were treated with a wedged-pair technique or 
three-dimensional conformal radiation therapy (3DRT) using 6 mV photons, and 
one patient received 6  mV photons and 20  MeV electrons using a mixed-beam 
approach. The range of doses to the parotid was 45–66 Gy, with a median dose of 
63 Gy mostly with daily fractions of 1.8–2 Gy; no disease failures were reported 
and acute and late toxicity were minimal [93].

Recently, Jae-Keun et al. from Korea reviewed the outcome of 179 LGSGTs. 
Various histologies were included, mainly LG MEC, ACC without solid component 
(tubular or cribriform subtypes), acinic cell carcinoma, and LG adenocarcinoma 
[94]. During the study period, radiation techniques were mainly 3D-CRT (N = 98) 
and IMRT (N = 27), with a median dose of nearly 60 Gy (range 50–66) by 1.8 or 
2.0 Gy per fraction over 5.5–6 weeks. Recurrence-free survival (RFS) was chosen 
as primary endpoint because there were only two disease-specific deaths in their 
series. Nodal status (N1–3 vs N0) had significant impact on RFS (univariate and 
multivariate analysis). RFS was worse for patients with pathological risk factors, 
lymphovascular invasion being the strongest determinant (it was significant at uni-
variate analysis). Only the presence of cancer cells at the margin of resection and 
not close margins (<5 mm) was significantly detrimental to RFS both at univariate 
and multivariate analyses. Contrary to common beliefs, less than total resection was 
equivalent to total resection (provided resection margins were not positive) [94].

Finally, the addition of PORT was highly significant in multivariate analysis in 
terms of improved RFS. They compared patients with N0 and negative pathological 
risk factors with patients with positive node/pathological risk factors. Results were 
equivalent in the first group with or without PORT, while in high-risk group among 
13 patients without PORT, 6 experienced recurrence (46.2%; p  =  0.001) versus 
6.8% of the irradiated patients [94].

In conclusion, they stated that advanced T stage, nodal status, and pathological 
risk factors (positive margins, PNI and lymphovascular invasion, extraparenchymal 
extension) are an indication to PORT [94].

Therefore, PORT may be indicated in a substantial proportion of LGSGTs: actu-
ally, in the Jae-Keun series, only 10% of the patients had positive node, but approxi-
mately 50% of the patients had pathological risk factors [94].

11.7.2	 �Radiotherapy for LG and Intermediate-Grade (IG) MEC

Several grading systems have been reported for salivary MEC: AFIP, Brandwein, 
and Healey grading systems, all include LG (low-grade), IG (intermediate-grade), 
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and HG (high-grade) MEC [95]. Not all authors report an IG group [96], but most 
studies have suggested that there is no statistically significant difference between 
patients with LG and IG MEC in OS or DFS [97–101].

The role of adjuvant radiation therapy for patients with MEC of the parotid gland 
is based on data from institution reviews and lacks data from randomized controlled 
trials.

However, in the Liu study, the LG tumors showed better survival outcomes com-
pared to patients with IG tumors for whom a significantly worse outcome was found 
[102]. Furthermore, in the Mc Hugh series, IG MEC had more local, regional 
(nodal), and distant relapse vs LG MEC (8%, 4.4%, and 4.4% vs 0%) in spite of 
similar OS and DFS [99]. IG has more often aggressive features (such as positive or 
close surgical margins, perineural or lymphovascular invasion, and extraglandular 
extension) [98, 99]. This probably explains why, e.g., in the Chen study, PORT was 
applied in 25% of the LG cases, 37.2% of the IG, and 79.9% of the HG cases in 
MEC [101]. Finally, Ozawa et al. combined IG tumors with HG tumors in assessing 
OS and DFS [103].

The criteria for PORT in MEC (all grades) include multiple factors: patients with 
HG lesions, stage III/IV lesions, positive lymph node status, positive margins, 
incompletely excised tumors, perineural/lymphovascular invasion, extraglandular 
extension, and tumors of the deep lobe of the parotid [97, 99, 102]. Also the primary 
site (major vs minor salivary glands), age (>60 years), positive margins, tumor size 
(>2.5 cm), pattern of invasion (broad-pushing borders vs infiltrative permeation), 
and length of time that the tumor was present have been shown to be associated with 
prognosis in MEC [104].

Specific indications to PORT for LG/IG MEC can be found in few papers: 14 LG 
lesions had PORT in the series by Guzzo et al. due to microscopic residual and/or 
advanced stage [96] and 1 LG patient in another series because of close surgical 
margins [105]. Rapidis reported 6 cases with PORT; 3 out of 4 IG had positive mar-
gins [98]. In the largest available series of the 30 patients with LG tumors, 12 
(41.4%) underwent PORT due to evidence of positive or close margins in 9 patients 
and PNI in 3 patients [99]. Advanced stage may represent an indication to PORT as 
well [99].

Finally, Olsen reported on two cases of LG MEC treated with PORT for positive 
surgical margins and PNI [106].

In summary, although evidences are weak, PORT may be considered in selected 
LG/IG patients that have a high risk of recurrence [99].

According to the update 2003 of the “Standards, Options, and Recommendations” 
(SOR) project, for completely resected patients, PORT should not be used in case of 
LG stage I and II tumors but should be used for LG stage III and IV tumors. For 
patients with incomplete macroscopic or microscopic residual disease, PORT must 
be delivered [107]. As for minor salivary glands, Vander Poorten [108] reported that 
most minor SGTs were treated with surgery and PORT, with the exception of com-
pletely resected LG, low-stage MEC, and well-resected PLGA [109]. Mean doses 
delivered in PORT range around 60 Gy in conventional fractionation ranging from 
40 to 66 Gy [97, 98, 102, 105, 106]. According to Hosokawa, 5-year LC was worse 
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with a dose lower than 55 Gy for patients with positive margins; however, the frac-
tion of LG/IG cases in this subset analysis was not available [97].

The treatment volume includes generally the operative bed alone. Elective ND 
should be avoided in LG or IG tumors [95]. Actually, cervical lymph node metastases 
from MEC have been reported in tumors of all sites and grades, although lymphatic 
spread is considered overall very rare event for LG MEC, with a range reported 
between 0% and 2.5% [104]. Chen et al. reported a percentage of 3.3% of positive 
nodes at the levels I–III for LG tumors and 8.1 % for IG. Involvement of levels IV–V 
was more uncommon (0.4–0.6%). All patients with LG and IG MEC with positive 
lymph nodes in levels IV to V also had positive lymph nodes in levels I to III [101].

11.7.3	 �Radiotherapy for Acinic Cell Carcinoma

Acinic cell carcinoma (AciCC) is an uncommon low-grade (LG) malignant epithe-
lial salivary gland cancer. Patients with well and moderately differentiated disease 
exhibited 20-year survivals of 97.79% and 83.33%, respectively, but despite being a 
predominantly LG cancer, it may have an aggressive behavior developing nodal and 
distant metastases, even many years after the initial diagnosis and treatment [108].

AciCC more often arise in parotid glands. Other sites, such as sinonasal cavities, 
are definitely less frequent [110]. Primary site may have an influence on survival. 
Biron et  al., who compared patients with parotid AciCC to a matched cohort of 
AciCC of sinonasal cavities, found a higher 10-year OS for parotid tumor in com-
parison with paranasal sinus lesions (100% vs 52.3%); DFS was also higher, 
although not significantly different [110].

Primary radiotherapy should be restricted to patients not suitable for surgery or 
refusing surgery because AciCC is considered not particularly radiosensitive [111].

PORT is not frequently used in AciCC. Spafford et al. in 1991 proposed a series 
of indications for PORT in AciCC: recurrent tumor; equivocal or positive margins, 
or evidence of tumor spillage; tumor adjacent to the facial nerve; deep lobe involve-
ment; lymph node metastases; extra-parotid extension PNI; and large tumors (e.g., 
greater than 4  cm) [112–114]. A total of 1241 cases of parotid AciCC in the 
Surveillance, Epidemiology, and End Results (SEER) Program database from 1988 
to 2007 were identified and analyzed by Andreoli et al. [115]. Comparison groups 
were surgery and surgery plus RT. When comparing surgery alone with surgery plus 
RT, there was no statistical difference in OS when stratifying for stage. Similarly, 
adjuvant RT did not demonstrate a survival advantage when stratified by histologic 
grade of tumor. The authors concluded that PORT does not confer a survival advan-
tage in low-grade and early-stage tumors and that RT can be spared for these 
patients, although the highest-grade and highest-stage tumors were fewer in number 
in this series. The most important limitation of this study is the lack of recurrence 
data available in the SEER database, which precludes the analysis of disease-free 
survival or local disease control. Similarly, surgical margin status is a key variable 
often used to determine the need for PORT, but this information was unavailable for 
these patients [115].
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In the small study by Liu, no difference in survival rate was observed between 29 
patients with surgery alone and 8 patients treated with surgery and adjuvant radia-
tion. Patients older than 60 years with a fixed mass, high-grade tumor and nodal 
stage, perineural invasion, and angiolymphatic invasion had adverse OS and DFS 
(P < 0.05) [114].

Biron et al. [116] identified 2061 patients with AciCC 1973–2009 in the SEER 
database, although clinical information were available for 614 patients. Eighty-
seven percent were grade I or II. Patients who received surgery alone had the highest 
20-year DSS (92.4%), followed by those treated with surgery and RT (71.9%) or RT 
alone (62.3%).

This difference between treatment modality could not be accounted for by differ-
ences in grade, stage, sex, subsites, or other factors correlated with survival.

These data are difficult to interpret given that the basis for the decision to give 
adjuvant radiation therapy is unknown (e.g., the presence of positive margins). 
Authors concluded that despite the limitations in interpreting these data, histologic 
grade is a stronger predictor of survival than TNM classification [116].

According to Vander Poorten et al., caution should be, however, exerted as the 
SEER analysis does not correct for involved resection margins or initially inade-
quate treatment, which accounts for a substantial part of AciCC patients. Even after 
a “rough” correction for stage and grade, significant selection and information bias 
is still likely present in the retrospective SEER data [117].

11.7.4	 �Radiotherapy for Polymorphous Low-Grade 
Adenocarcinoma (PLGA)

The role of PORT in PLGA has not been proven so far.
Evidence for PORT is considered weak [118] due to the rarity of this tumor and 

its long natural history (requiring a long follow-up to establish the recurrence 
potential).

No relapse was reported in the review of Uemaetomari et al. [119] in cases of 
negative surgical margins. However, wide resections with clear margins of the 
parotid gland might be difficult to obtain without the sacrifice of the facial nerve in 
certain cases. Only one relapse (at 11 years) was reported in seven cases who under-
went PORT, showing that PORT may have a role in selected cases of this indolent 
and slow-growing disease.

Verma et al. [120] suggest to refer patients with positive margins for PORT. PNI 
is not reported by the authors as a significant adverse prognostic factor for PLGA 
and is not considered a reason to administer PORT in patients with negative mar-
gins. Recommended RT doses are 66 Gy/33 fractions for microscopic residual dis-
ease and 70 Gy/35 fractions for gross residual disease [120].

From a literature search, Kimple et al. [121] reported that rates of recurrence 
after surgical excision without adjuvant radiation were 24.4% compared to 26.1% 
for surgical excision with adjuvant radiation therapy. However no information was 
available on selection criteria for PORT.  The SEER database was queried for 
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HN-PLGA cases from 2001 to 2011 (460 cases) by Patel et al. [122]. Ten-year OS 
and disease-specific survival (DSS) were not significantly different for surgery 
alone and surgery plus PORT [122]. In a small group of patients treated with RT 
alone, DSS was 75%. Information were available only for 6 out of 11 patients; they 
were older and with advanced stage disease [122].

11.7.5	 �Radiotherapy for Epithelial-Myoepithelial Carcinoma

The SEER database (1973–2010) was queried for epithelial-myoepithelial carci-
noma of the major salivary glands [123]. PORT was of no benefit, in terms of DSS, 
as compared to surgery alone in early stages (I–II); DSS was better after surgery 
plus RT vs surgery alone but not statistically significant in advanced stages (III–IV). 
However, stage was defined only in 93 out of 246 cases, and tumor size served as a 
proxy for clinical stage (tumor size of >4 cm had significant impact on survival). 
Furthermore, grading and margin status were not taken into account [123].

Therefore, no firm statement can be drawn on PORT indications.

11.7.6	 �Radiotherapy for Low-Grade Adenocarcinoma

A series of 51 patients with adenocarcinoma of the salivary gland, including 8 LG 
cases (unfortunately 15 patients had unknown grade), was reviewed [124].

Indications for PORT in low- to intermediate-risk adenocarcinoma of the sali-
vary glands were aggressive features such as positive or close margins, PNI, angio-
lymphatic invasion, extensive extraglandular extension, or multiple lymph node 
involvement. Seventy-five percent and 62.5% of patients with IG and LG disease 
underwent PORT, respectively.

In general, treatment protocol at the authors’ institution is to treat low- to 
intermediate-risk disease with surgery followed by radiation if aggressive features 
are determined. Although this treatment protocol is intuitive, adjuvant radiotherapy 
did not demonstrate a significant survival benefit; however, patients who received 
adjuvant therapy did reveal a trend toward better OS [124].

11.8	 �Benign Tumors: Pleomorphic Adenoma

11.8.1	 �Indications and Role of PORT

Pleomorphic adenomas account for 70–80% of benign SGTs and are especially 
common in the parotid gland [125].

Evidences of the role of PORT in pleomorphic adenoma after surgery come from 
various retrospective studies on institutional small series reporting on patients with 
primary disease [80, 126–129], recurrent disease [80, 130–136], or mixed cases 
[137, 138] and from a few review articles on the topic [139–143].
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In Table 11.2 indications to RT, settings (primary treatment, recurrent tumor), 
treatments (surgery, surgery plus PORT), disease control, and follow-up duration 
are reported.

Primary RT is anecdotal; gross tumor is not irradiated primarily unless it is abso-
lutely unresectable, since LC is relatively low in large tumor [138, 141].

Indications to PORT are controversial. Incomplete removal [128, 132]; gross resid-
ual disease [137]; tumor capsule rupture and spill [126, 128, 130, 132]; strict adherence 
and embedding of facial nerve [126, 132]; close [131], equivocal [137], or positive 
margins [126, 130, 131, 137]; and multiple [130] and multinodular [131] recurrences, 
all these features are reported as possible indications to RT after surgery.

The amount of disease left behind is of paramount importance to achieve LC 
both for primary and recurrent cases treated with surgery and PORT [135, 137, 
138]. Hodge et al. analyzed LC in microscopic disease vs gross residual disease: the 
presence of macroscopic disease decreased LC of 37% [138]. This series was 
recently updated and a reduction of LC by 18% was observed [137].

The pattern of recurrence (uninodular vs multinodular) has been reported to 
influence LC after combined treatment as well. Renehan et al. found no difference 
in LC between surgery alone and surgery + RT for uninodular recurrences, while 
adjuvant RT improved results as compared to surgery alone for multinodular recur-
rences: authors concluded that uninodular recurrences per se should not be offered 
adjuvant RT [133]. In spite of the more aggressive disease pattern, LC for multi-
nodular recurrences can be excellent: Renehan reported a 15-year LC of 96% [133], 
Leverstein observed recurrence in 16 patients with this pattern, and none developed 
a further recurrence after surgery plus RT [132].

Few retrospective series compared surgery alone vs surgery + RT. Improved LC 
for patients treated with adjuvant RT vs surgery alone in case of first treatment was 
reported by Robertson et al. [126].

Similarly, better LC for adjuvant RT vs surgery alone in recurrent cases was 
reported in other series [131, 133, 134].

In summary, if long natural history may favor wait and watch policy, the addition 
of PORT in selected cases can decrease the rate of locoregional recurrence (to less 
than 5%) and can reduce the chance of repeat surgery and damage to VII nerve [140].

11.8.2	 �Timing, Technique, Target Volume, and Schedules

Timing of radiotherapy is controversial. Whether to add RT after the first surgery 
rather after surgery for recurrence is a matter of debate.

Robertson et al. acknowledged the possible role of RT after primary surgery in 
reducing recurrence rates but emphasized the radio-induced toxicity and warned 
against delivering routinely RT [126].

On the contrary, Barton et al. stated that “patients having unsatisfactory surgery 
due to spill or residual tumor should have RT immediately and not delayed until 
local recurrence occurs because of the increased morbidity and the higher incidence 
of further recurrence” [128].
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Table 11.2  Main characteristics and relative reported outcomes of studies on pleomorphic ade-
noma included in this chapter

Author Year
Pri/
rec

N. 
pts TMT FU

% 
LC Subsets Indications to RT

Dawson 1985 Pri 311 S+RT 10 min 92 n.r.
Dawson 1989 Rec 29 S+RT 8.5 

mean
79 n.r.

Ravasz 1990 Rec 16 S+RT 11 med 94 n.r.
Pri 62 S+RT 100 n.r.

Samson 1991 Rec 21 S+RT 5.9 
mean

81

17 94 Microscopic 
tumor

4 25 Gross tumor
Barton 1992 Pri 115 S+RT 14 med 91 n.r. Incomplete removal, T 

spill
Rec 62 S+RT 14 med 87 n.r.

Liu 1995 Rec 17 S 12.5 
med

6 n.r.

16 S+RT 82 n.r.
Renehan 1996 Rec 63 S 14 med 76 n.r.

51 S+RT 92 n.r.
Leverstein 1997 Rec 16 S+RT 8.8 

med
100 Multinodular Embedded FN, 

incomplete removal, 
multinodular rec, T spill

Carew 1999 Rec 20 S 7.3 
med

71 n.r.

Rec 11 S+RT 100 n.r. Close or positive marg, 
multiple rec

Hodge 2005 Pri/
Rec

17 RT/
S+RT

9.6 
med

61 n.r. Equivocal or positive 
marg, gross residual, T 
spill

2 RT 0 n.r.
10 S+RT 80 Microscopic 

tumor
7 S+RT 43 Gross tumor

Chen 2006 Rec 34 S+RT 17.4 
med

94 n.r. Multiple rec, positive 
marg, T spill

Wallace 2013 Pri/
Rec

25 RT/
S+RT

10.5 
med

72 n.r. Equivocal or positive 
marg, gross residual, 
[multinodular rec]

16 75 Subclinical 
disease

9 56 Gross disease
Patel 2014 Pri 21 S+RT 7.6 

med
90 n.r. Close or positive marg

Robertson 2014 Pri 53 S 6.4 
med

79 n.r.

25 S+RT 96 n.r. Positive marg, T capsule 
rupture, adherence to FN

Abbreviations; Rec recurrent tumors, Pri primary tumors, N.pts number of patients, TMT treat-
ment, S surgery, S+RT surgery plus postoperative radiotherapy, FU follow-up, FN facial nerve, rec 
recurrences, T tumor, marg margins, mean mean, med median
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Multiple irradiation techniques have been developed over the years, from the con-
ventional wedged-paired fields to the three-field techniques, 3D-CRT, and more 
recently IMRT in its various forms. Its highly conformal dose distributions and reduc-
tion in doses to the surrounding normal tissues are hoped to translate into a reduction 
in both acute (skin and mucosal) and late (functional and cosmetic) toxicities [144].

Bolus was routinely placed over the surgical scar by Chen et al. [130]. In the 
Carew series, more than half of the recurrences had multiple nodules, and in more 
than 40% of the cases, the recurrence involved the scar of the previous surgical inci-
sion, a fact attributed to tumor spillage that may explain the suggestion for bolus 
application [131].

The treatment volume, in case of parotid origin, must include the operative bed 
and the whole parotid space [130, 145]. Treatment of the neck in benign adenomas 
is not recommended [130, 145].

To delineate more accurately the treatment volume, a fusion of the CT CE simu-
lation scan with the preoperative MRI is suggested [145]. A postoperative MRI is 
similarly helpful, namely, in case of residual disease. In case of multinodular recur-
rences, all the nodules even the tiniest have to be contoured [145].

As for treatment dose, Patel [127] delivered a median dose of 57.6 Gy (range 
55.8–69.96) with fractions of 1.8–2 Gy/die; similarly, Robertson gave 60 Gy in 30 
fractions [126].

A dose of 50–60 Gy with a boost of 10–20 Gy in case of gross residual disease 
is suggested by Jardel et al. [145] with conventional fractionation. In the Wallace 
[137] series, 17 patients received once-daily external beam RT to a median total 
dose of 64.8 Gy (range, 56.5–70 Gy) and a median dose per fraction of 1.8 Gy. For 
Chen the median radiation dose was 50 Gy (range, 45–59.40) with conventional 
fractionation [130].

Target volume definition and RT dose distribution with postoperative VMAT in a 
case of recurrent multinodular pleomorphic adenoma of parotid gland are shown in 
Fig. 11.3.

11.8.3	 �Toxicity

A first concern when adding PORT is the increase of morbidity [140].
Robertson emphasized the radio-induced toxicities. Of the 25 patients who 

received PORT, 22 developed complications from RT [126]. The majority were 
troubled with permanent erythema and skin discoloration (21 cases) at the treatment 
site. Cases of xerostomia (2 patients), dysphagia (2 patients), temporary hearing 
loss (1 patient), persisting aural discharge (1 patient), and altered taste (1 patient) 
were also reported [126].

On the contrary, in the series of Patel, acute morbidity was limited to RTOG 
grades 1–2, and no patients experienced RTOG grade 2–4 late toxicities [127]. 
Similarly no patients developed severe complications subsequent to RT in the series 
by Wallace. Dental caries and transient facial nerve deficits were the most common 
complications [137].
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A second concern is the risk of radiation-induced malignant changes [140], espe-
cially in younger patients.

Malignant degeneration into carcinoma ex pleomorphic adenoma occurring in 
recurrent pleomorphic adenomas is reported in the literature with varying rates 
(0–16%) [133]. Two cases of malignant change in 25 patients (0.5%) were reported 
by Wallace [137] and Leverstein series [132], and 1 case out of 62 patients was 
reported by Barton [128].

Pleomorphic adenomas rarely progress to carcinoma in the absence of previous 
RT, but it is difficult to say which is the exact contribution of RT. Olsen and Lewis 
reported on 73 patients treated at the Mayo Clinic (Rochester, MN) for carcinoma 
ex pleomorphic adenoma, and 70 patients (96%) had no history of prior RT to the 
site of the tumor [128].

Fourteen patients were observed at the Christie with three or more recurrences in 
the parotid gland; in 3 out of 14 cases (0.42%), carcinomatous changes were noted 
[133]. Previous RT was delivered in all three patients. Number of recurrences and 
time of follow-up may be correlated to malignant transformation in addition to pre-
vious RT [133].

The rate of malignant transformation may be lower with PORT, being reported in 
3–4% of the cases [140]. Second malignancies of different and possibly radio-
induced tumors have been also occasionally reported [140]. In the Chen series, one 
patient developed a second LG salivary gland malignancy at approximately 14 years 
after completion of therapy [130].

a d

b c

Fig. 11.3  Recurrent multinodular pleomorphic adenoma of the right parotid gland: treatment 
planning for postoperative VMAT dose 64 Gy. Figures (a–c), respectively, show axial (a), coronal 
(b), and sagittal (c) computed tomography (CT) simulation images. Planning target volume (PTV) 
(64 Gy), in red, includes the surgical bed with margins. Figure (d) shows a three-dimensional view 
of VMAT plan with arches
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Rare cases of secondary adenocarcinoma have been reported, although adeno-
carcinomas were also observed after surgery alone [140]. Dawson reported one 
malignant tumor probably radiation-induced, while the other cases were compatible 
with spontaneous malignant transformation of benign pleomorphic adenoma, 
although radiation may have played a role [129].
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12.1	 �Introduction

Radiotherapy is always a compromise: as pointed out by Hermann Holthusen 
already in the 1930s, radiation oncologists act within a narrow therapeutic window. 
While tumour control improves as dose to the tumour increases, toxicity also does. 
The trade-off therefore is between tumour control and acceptable toxicity (Fig. 12.1: 
Holthusen curve).

Technical developments in radiation oncology in the past decades such as 3D 
conformal therapy, stereotactic radiotherapy, intensity-modulated radiotherapy 
(IMRT), as well as image-guided and adaptive radiotherapy (IGRT and ART) have 
always worked towards increasing this therapeutic window by producing more con-
formal dose distributions and reducing margins.

Treatment of malignant salivary gland tumours of the head and neck is complex. 
For example, minor salivary gland carcinomas involve most commonly the parana-
sal sinuses, and unfortunately they are also comparatively radioresistant. Doses in 
excess of 60 Gy are needed to achieve long-term local control in this disease [1–4]. 
In order to give high radiation dose to these complex anatomical sites without 
simultaneously increasing toxicity, sophisticated radiotherapeutic techniques are 
needed.

Generally, there are three strategies to increase therapeutic effects of radiation: 
the addition of radiosensitizing agents (chemoradiation), dose escalation or the use 
of heavy particles to enhance the radiobiological effectiveness of radiation.

Data on radiosensitization in malignant salivary gland tumours (MSGTs) and 
especially adenoid cystic carcinoma (ACC) is clearly limited. Only a few groups 
have reported their experiences with platinum-based chemoradiation [5–10] or 
bioradiation [11, 12]. Reports are mostly retrospective and patient numbers are 
small. However, chemoradiation in MSGTs is a topic of increasing interest. RTOG 
is currently conducting and recruiting patients into a multicentric randomized 
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phase II/phase III trial to investigate this issue further in adjuvant setting for high-
risk cases (NCT01220583) [13]. Chemoradiation is currently not the standard 
treatment approach.

12.2	 �Dose Escalation with Charged Particles

Dose escalation can be achieved by alternative radiation modalities such as radio-
therapy with charged particles. As opposed to photons and neutrons, charged parti-
cles lose most of their energy towards the end of their path. Their penetration depth 
is characterized by their specific mass and charge as well as their kinetic energy on 
entering tissue. The point of the particle’s maximum energy deposition in tissue is 
called “Bragg peak”. Beyond the Bragg peak, dose drops to almost zero. Carbon 
ions do exhibit a so-called fragmentation tail corresponding to nuclear reactions and 
energy deposited beyond the Bragg peak; however, this effect is less pronounced in 
helium or neon.

Due to their dosimetric properties, charged particles offer the advantage of 
extremely sharp dose gradients. Critical structures even in close proximity to 
the target volume can therefore be spared while still applying high doses to the 
tumour. In order to use charged particles for clinical treatments and cover the 
complete extent of the tumour, multiple Bragg peaks need to be superposed 
(“spread-out Bragg peak”, SOBP) (Fig. 12.2). This can be achieved by either pre-
fixing material with different thicknesses (modulator wheel or range modulator) 
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into a homogenous particle beam with constant energy (passive beam applica-
tion) or by modulating particle energy in the accelerator system (active beam 
application) [15].

Compared to proton beams, heavy charged particles have the additional benefit 
of a very small lateral dose penumbra (Fig. 12.3, [14]).

In view of their physical properties, charged particle beams are therefore ide-
ally suited for dose escalation in complex anatomical sites such as paranasal 
sinuses or the base of the skull where tumours are located close to critical and 
radiosensitive organs at risk. The use of this highly conformal radiation tech-
nique allows treatment with high radiation doses without increasing dose and 
consequently toxicity to critical structures such as brain stem, optic nerves, 
optic chiasm, etc. Figures 12.4 and 12.5 show the dose distribution of carbon 
ions in patients with advanced MSGT of the paranasal sinus both at first diagno-
sis and for re-irradiation of tumour recurrence. As can be seen, organs at risk 
(OARs) can be spared in an optimal way, achieving adequate target coverage 
and obtaining early metabolic response and durable local control (Figs.  12.4 
and 12.5).

Particle beams with high linear energy transfer (high-LET) beams such as ion or 
neutron beams show an increased relative biological effectiveness (RBE). The RBE 
though changes with the position within the particle track. As energy deposition 
increases (increased linear energy transfer, LET), the RBE also increases. Particle 
beams therefore reach their maximum RBE with the Bragg peak towards the end of 
their penetration depth.

The RBE, however, not only depends on the position within the beam but also on 
particle charge, energy and absorbed dose in the tissue. In scanned particle beams 
and especially with multiple irradiation fields and dose contributions by different 
particle tracks, the RBE can no longer be calculated intuitively. In Europe all carbon 
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Fig. 12.4  Maxillary sinus adenoid cystic carcinoma pT4 pN0 R2 (intracranial extension and mac-
roscopic disease after surgical resection) treated with carbon ion radiotherapy with radical intent at 
CNAO. Prescription dose 68.8 Gy RBE in 16 fractions of 4.3 Gy RBE. Low-dose CTV including 
perineural spread 38.7 Gy RBE. (a) Pretreatment MR: light blue GTV, red CTV high dose, purple 
CTV low dose. (b) Pretreatment C11 methionine PET. (c) Dose distribution in axial plane. (d) 
DVH: light blue GTV, red CTV high dose, purple CTV low dose, violet from right to left right side 
parotid, left side parotid and right side optic nerve, green right side eyeball, yellow right side 
cochlea; other OARs received negligible dose. (e) MR response at 3 months. (f) Dose distribution 
in coronal plane. (g) B C11 methionine PET response at 1 month. (h) MR response at 2 years

12  Protons and Heavy Ions



200

ion facilities employ the local effects model (LEM) [16–19]. In Japan, a semiem-
pirical model was used (the so-called Kanai model), and more recently the micro-
dosimetric kinetic model (MKM) has been introduced [20–23]. Sophisticated 
calculation models are therefore an integral part of the respective treatment plan-
ning system.

Particle beams have further biological properties: while the effects of photon 
irradiation depend on the presence of oxygen in cells, the mechanism of action in 
particle radiotherapy is less dependent on oxygen. Hence, particle therapy may 
be especially advantageous in hypoxic tumours. In addition, there is less varia-
tion in radiosensitivity in particle radiotherapy related to position in the cell 
cycle. Due to massive energy depositions by single-particle tracks, cell repair 
phenomena tend to be less prominent; therefore fractionation effects are much 
smaller in ion RT.
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Fig. 12.5  Local recurrence of maxillary sinus adenoid cystic carcinoma treated with surgery and 
IMRT 50 Gy in 25 fraction 7 years before treated at CNAO with radical intent (intracranial exten-
sion and macroscopic disease after surgical resection) treated with carbon ion radiotherapy with 
radical intent at CNAO.  Prescription dose 60  Gy RBE in 15 fractions of 4.0  Gy RBE. (a, b) 
Pretreatment MR, the orbital nodule and maxillary nodule are contoured and are joined in a single 
CTV with small margins. (c, d) Pretreatment C11 methionine PET. (e) Dose distribution in the 
axial plane. (f) DVH; from right to left: red GTV, red CTV, green right eyelid, blue right eyeball, 
violet right cornea, green right optic nerve, yellow, right lens, purple right lacrimal gland; other 
OARs received negligible dose. (g, h) Dose distribution in coronal and sagittal planes. (i, j) MR 
response at 6 months. (k, l) PET response at 1 month. (m, n) MR response at 3 years
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Also, as particle radiation allows less cell repair, it is selectively more efficient 
against tumour cells with high repair capacities such as chordomas, chondrosarco-
mas, prostate carcinomas, etc.

The (almost) negligible dependence of the dose-response relationship on tumour 
differentiation for carbon ions has been recently elegantly shown in an in  vivo 
model: rat prostatic carcinomas displayed wide variations in their response to pho-
tons RT according to their grade, but only limited differences were detectable for 
well-differentiated, hormone-resistant or anaplastic tumours when carbon ions were 
employed [24].

While both charged ions and neutrons show similar biological properties which 
have been exploited in neutron radiotherapy already decades ago, heavy ion beams 
have several advantages over neutron and even proton radiotherapy: due to the phys-
ical properties of heavy ions and protons, dose distributions are significantly more 
conformal and dose gradients steeper than with neutrons. However, due to their 
higher mass, Coulomb scatter and therefore lateral penumbra are lower in heavy 
ions as compared to protons.

12.3	 �Biological Properties of Particle Beams: Proton 
and Carbon Ions

The idea to use particle beams for cancer treatment is not new. Barely 27 years after 
the proton had been discovered by Lord Rutherford, the physicist Robert R Wilson 
was the first to propose treatment with protons and heavy ions for malignant tumours 
as early as 1946. The first patients received particle therapy at the Berkeley Radiation 
Laboratory in 1954. More than 2500 patients with various indications were treated 
with both protons and heavy ions at this institution until closure of its clinical proj-
ect in 1992.

Due to biological properties of neutron beams, these were investigated for rela-
tively radioresistant tumours such as MSGTs and especially ACC already in the 
1980s. To date, the majority of our experience with particle therapy in the treatment 
of MSGTs stems from these neutron studies.

Griffin and Laramore reported results of the randomized RTOG-MRC trial 
comparing radiotherapy with photons and neutrons in head and neck malignan-
cies. Patients were treated with either 70 Gy standard fractionated or 55 Gy hypo-
fractionated photons vs. 16.5–22 Gy neutrons in 12 fractions over 4 weeks. Trial 
recruitment was terminated early as locoregional control was significantly higher 
in the neutron arm as compared to the photon arm (67% vs. 17% at 2  years). 
Overall survival did show a trend towards improvement in the neutron arm at 
2 years (62% vs. 25%); however, this trend was not statistically significant [25] 
and disappeared at 5- and 10-year follow-up [26]. The Seattle group updated their 
prior neutron experience [27, 28] in 2000 and reported outcomes of a large patient 
cohort with ACC (159  pts) who were treated between 1985 and 1997 with a 
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median dose of 19.2 neutron Gy (1.05–1.7 neutron Gy/fraction; the total dose cor-
responds to approximately 60 Gy for normal tissues and approximately 150 Gy 
for salivary gland malignancies [29]). Ninety-five percent of these patients had 
gross residual or unresectable disease; 48% of patients had T4 disease. Local 
control in patients with gross residual disease was 57% at 5 years. However, local 
control showed considerable variations for various subsites in the head and neck 
with between 21% for nasopharynx to 67% and 68% for parotid and oral cavity, 
respectively [28]. Also, Douglas et  al. reported a local control rate of 80% for 
ACCs of the lacrimal gland [28]. These results have recently been updated by 
Gensheimer et al. with a median follow-up of 75 months. Local control in these 
11 patients was 80% at 3 and 5  years and an estimated 55% at 10  years [30]. 
Overall survival at 5 years is estimated to 71% in the complete cohort [28] and 
90% in lacrimal gland ACC [30].

The European neutron centres have also shared their expertise from the 1980s 
and early 1990s. Patient numbers range from 8 to 72 with a follow-up between 36 
and 52 months [31–33]. Patients with mostly gross residual or unresectable disease 
received between 13.7 and 19 nGy in 3–4 fractions per week. Local control rates in 
these cohorts range from 73% at 3 years to 64% at 5 years [31–33].

Stannard and colleagues recently reported outcomes of patients treated with neu-
trons at iThemba Labs in Cape Town. Among the 335 patients treated between 1989 
and 2008, 5-year local control rates in the 108 patients were 55% in ACC and 47% 
in various high-grade histologies and 32% in squamous cell carcinoma (SCC) and 
77% in patients with low-grade histologies [34].

Mixed-beam regimens with a combination of neutrons and photon techniques 
were also investigated. As Huber et  al. demonstrated, the local control rates in 
patients with advanced tumour stages (T3/4: 86–90%) and gross residual or unre-
sectable disease (up to 40%) treated with mixed-beam regimens or only photons 
were inferior (mixed, 40% at 5 years; photons, 34% at 5 years) to neutrons (75% at 
5 years) [35].

Especially considering the risk profile of patients treated with neutrons (advanced 
T-stages, gross residual or unresectable disease), neutron-based treatments consis-
tently showed very good control rates. Unfortunately though, these were bought at 
the expense of considerably higher late toxicities. The final report of the random-
ized RTOG-MRC trial described significantly more severe late toxicities in the neu-
tron arm as compared to photons [25, 26]. These findings are consistent with 
published experience in other centres reporting higher-grade late toxicities (RTOG/
EORTC ≥grade III) of around 14% (9%–23%) [27, 28, 30–33, 36]. Only Stannard 
and co-workers achieved comparatively low complication rates with less than 9% 
≥grade III (CTCAE) [34].

Positive effects on local tumour control using high-LET radiation modalities in 
these early neutron studies led to the investigation of charged particle therapy for 
these tumours. In addition to their dosimetric advantages with steep dose gradients 
beyond the Bragg peak, steering of charged particle beams is much more convenient 
than for neutrons. In addition, heavy charged particles show a very narrow lateral 
penumbra and also increased RBE as compared to either photons or protons.

A. D. Jensen and P. Fossati



203

The initial experience with carbon ions for head and neck cancer of the group in 
HIMAC, Chiba (Japan), was very promising. In a prospective pilot trial, patients 
mostly suffering from advanced tumour stages (T4: 44%) were treated with either 
52.8–64 GyE carbon ions (C12) in 16 fractions (4 weeks) or 70.2 GyE C12 in 18 
fractions (6 weeks). Despite their unfavourable risk profiles, carbon ions led to a 
5-year local control rate of 50% in ACCs and 35% in SCC. No grade III toxicity or 
higher was observed [37]. The group’s prospective follow-up protocol prescribed 
either 57.6 GyE C12 or 64 GyE C12 (both in 16 fractions). With a median follow-up 
of 54 months, local control in all included patients (N = 236 pts) was 68%, 73% in 
ACC, 61–73% in adenocarcinoma and 61% in SCC. Corresponding 5-year overall 
survival was 47% in all series, 68% in ACC, 31–56% in adenocarcinoma and 17% 
in SCC. The Chiba group observed one case of grade IV late toxicity (ipsilateral 
loss of vision, 0.5%) but no other higher-grade late effects [38]. The recent update 
on results of the same treatment regimen in patients receiving carbon ions for ACC 
of the tongue base (n = 18) showed a 5-year local control rate of 92% albeit accom-
panied by the observation of three grade III late toxicities (17%: osteoradionecrosis, 
2 pts; vascular haemorrhage, 1 pt) [39].

In the late 1990s, the Heidelberg/GSI group started treatment with a mixed-beam 
regimen of intensity-modulated radiotherapy (IMRT) plus carbon ion boost. Initial 
analyses on 29 patients showed very promising local control rates (77.5% at 4 years) 
as compared to IMRT alone (24.6% at 4 years). Overall survival did show a trend in 
favour of the mixed-beam regimen, although differences were not statistically sig-
nificant at that time. All of these patients had gross residual or unresectable disease 
[40]. Updated results of these patient cohorts including 94% patients with T4 
tumours confirmed the initial findings: with a median follow-up of 63  months, 
5-year local control in the photon group is 40% vs. 60% in the mixed-beam regi-
men. Also, 5-year overall survival in the mixed-beam group is superior to photons 
(79% vs. 60%). Higher-grade late toxicities remained consistently low (grade III: 
5%) [41]. While most investigations support the combination of radical resection 
followed by high-dose radiotherapy in ACC both in the photon and in the particle 
world, ACCs with gross residual/inoperable disease seem to benefit from dose esca-
lation to approximately 76–80 Gy BED: no significant differences could be detected 
in  local control between patients following radical resection with gross residual 
tumour and patients with inoperable disease [41]. Prospective data from the 
COSMIC trial evaluating a combination of IMRT and dose-escalated carbon ion 
boost also showed promising local control rates with a consistently low toxicity 
profile [42–44]. However, comparison of toxicity in patients after resections vs. 
patients after biopsy-only suggests a more favourable toxicity profile in patients 
who underwent only biopsy and treated with definitive radiation. Local control does 
not seem to be compromised by definitive particle therapy [43]. Retrospective anal-
ysis of more than 300 patients with ACC treated with a mixed-beam regimen of 
IMRT plus carbon ion boost supports these findings. Moreover, there is no signifi-
cant difference in control rates even in patients after macroscopically complete 
resections in this analysis. Looking at T4 tumours, no significant differences were 
found regarding control and survival rates between patients undergoing surgery 
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(any margin status) followed by combined IMRT and C12 vs. patients undergoing 
radiotherapy (IMRT+C12) only. However, follow-up of the patients with macro-
scopically complete resections (R1) treated by combination radiotherapy is still 
short; hence these results need to be viewed with caution [45].

ACCs differ significantly from other MSGTs in their propensity to perineural 
spread, local recurrence and development of distant disease. The benefit of dose 
escalation in non-ACC histologies was subject of investigation in a retrospective 
analysis of 40 patients treated with a combination of carbon ions and IMRT between 
2009 and 2013. In addition to a very high proportion of advanced tumour stages 
(T3/T4, 33%/46%) and a 58% of patients with gross residual disease, 40% of 
patients had also positive neck nodes. At a median follow-up of 26 months, 3-year 
local control was 82% in all series and 100% both for adenocarcinoma and acinic 
cell carcinoma, whereas local control was significantly lower (69%) in mucoepider-
moid carcinoma (MEC). Overall survival at 3 years was 100% for acinic cell carci-
noma, 88% for adenocarcinoma and 64% for MECs. One high-grade late toxicity 
(tissue necrosis) in a patient receiving concomitant chemoradiation was observed 
which did not result in long-term sequelae. Otherwise, no grade III and up to 13% 
grade II late toxicities, most commonly xerostomia grade I and hearing impairment 
grades I–II, were recorded [45].

With a regimen of either protons or carbon ions, the group at HIBMC (Hyogo) 
reported a 3-year local control rate and 3-year overall survival of 63% and 80% in 
their patient cohort with unresectable ACCs of the head and neck. Patients received 
either protons (65 Gy in 26 fractions or 70 Gy in 28 fractions) or carbon ions to 
57.6 GyE (16 fractions) [46]. The update by Takagi and co-workers confirmed these 
results with a 3-year and 5-year local control of 84% and 75%, respectively, while 
the proportion of patients with T4 tumours was as high as 61% [47]. Late toxicities 
in this patient cohort were moderate, although 2 patients developed CNS necrosis 
grade 3, 3 patients loss of vision (grade 3), 11 patients osteoradionecrosis and 2 
patients trismus [47].

Radiobiological properties of carbon ions are not constant over their penetra-
tion path. In a clinical scenario, target volumes for SGCs have typical dimensions 
of several centimetres, and they are treated with multiple beams from different 
angles. In consequence the tumour receives dose contributions from different 
beams, beam angles and intensities. Since the RBE in scanned carbon ions varies 
along the path and reaches its maximum around the Bragg peak, the overall rela-
tive biological effectiveness is not easily predictable and no longer intuitively 
calculable. To achieve a clinical effect which resembles that of a constant dose of 
photons (or of a constant dose of neutrons), complex mathematical models are 
used to calculate RBE at the millimetric (voxel) scale and increase absorbed dose 
where RBE is lower.

RBE models used in Japan and in Europe differ considerably; therefore the same 
nominal RBE-weighted dose may correspond to rather different treatments with 
different probabilities of local control and toxicity in different institutions. Patients 
with salivary gland malignancies treated with carbon ions in Germany have received 
a mix of photons to (1) the macroscopic tumours; (2) the area at risk of microscopic 
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spread (including wide volumes for perineural invasion for ACC); and (3) macro-
scopically negative laterocervical lymph node level II (elective nodal irradiation, 
ENI) plus a boost of carbon ions to the macroscopic disease or tumour bed. Carbon 
ions were delivered at 3 Gy RBE per fraction with 5–6 fractions per week to a total 
dose of 18–24 Gy RBE. Patients treated in Japan have exclusively received carbon 
ions without ENI. Fraction size was either 3.6 Gy RBE or 4 Gy RBE to a total dose 
57.6–64 Gy RBE in 16 fractions at 4 fractions per week. No case of isolated neck 
recurrence has been reported in Japanese series.

At CNAO (Pavia) Italy, carbon ion radiotherapy is performed since 2012, and 
159 patients with ACC have been treated so far. Results have not yet been reported. 
The Japanese fractionation schedule was selected, but the nominal prescription dose 
was decided, analysing in silico plans delivered in Japan and optimized with the 
Kanai RBE models and recalculating them with the LEM model [48, 49]. Fraction 
size was 4.3 Gy RBE to a total dose 68.8 RBE in 16 fractions at 4 fractions per 
week. This nominal RBE-weighted dose is nominally higher than the highest dose 
employed at NIRS, however simulations correcting for different RBE models 
showed that it was intermediate between the 3.6 and 4 Gy RBE doses used in Japan.

At CNAO, ENI was employed only for selected cases of salivary gland malig-
nancies in which the risk of microscopic lymphatic infiltration was considered high.

The uncertainty in the beneficial effect of ENI is not unusual in radiation oncol-
ogy even for very common diseases (e.g. high-risk prostate cancer) and has no 
aspect that is peculiar to carbon ions; on the other hand, the existence of several 
RBE models introduces a degree of complexity that has to be taken into account. In 
the attempt to reproduce the results obtained by different institutions and in design-
ing multicentric trials, it should be never forgotten that RBE-weighted doses cannot 
be trusted at nominal value if different RBE models are employed. At present, a 
large cooperative effort involving European and Japanese facilities is ongoing to 
standardize conversion of prescription doses and OAR dose constraints. A report 
from the International Commission on Radiation Units and Measurements (ICRU) 
on this issue is under development and is expected in the next months.

While carbon ion facilities are scarce, protons are still more easily available. 
Pommier and Linton reported outcomes of 23 and 26 patients treated with standard 
fractionated protons to 76  Gy (Boston) and 72  Gy (Indianapolis). Despite very 
advanced tumour stages (T4, 77% [50]) and high proportions of gross residual dis-
ease (87% [51]), the 2-year and 5-year local control rates were promising with 92% 
[50] and 93% [51], respectively. One has to bear in mind though that these control 
rates need to be confirmed in larger cohorts.

12.4	 �Re-Irradiation

While treatment of head and neck ACCs at the first diagnosis can be a challenge 
even using charged particle therapy, this is even more true in case of recurrent 
tumours and for patients already treated with a prior radiotherapy. In cases where 
radical resection is not an option, patients face the choice between palliative 
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chemotherapy with response rates of up to 25% [52, 53] and undergoing another 
course of radiotherapy. In the past radiation oncologists were generally reluctant to 
use high-dose re-irradiation for fear of considerable early and late toxicity. In addi-
tion, recurrent tumours seemed to be more radiation-resistant than their initial clone 
[54]. Neutron and charged particle therapy produced encouraging local control rates 
albeit at considerable side-effects [55, 56]. In head and neck SCC, there is an emerg-
ing evidence that re-irradiation can lead to long-term local control in a carefully 
selected subset of patients [57–60] although the local control remains strongly 
dependent on the re-irradiation dose [57, 58, 61].

Early neutron data by Saroja on 40 patients treated for locally recurrent tumours 
at Fermilab after initial radiotherapy showed an impressive overall and complete 
remission rates (78% and 50%). Patients were treated with 18–27 nGy which led to 
an actuarial 2-year local control rate of 44% with a median overall survival of 
9.3  months. Patients with complete remissions lived significantly longer 
(14.5 months) than patients with partial remissions (7.5 months). While acute tox-
icities were described as mild, significant severe late toxicities (grade III or higher) 
were observed in 25% of the patients: fistula, ulcer, tissue necrosis, osteoradione-
crosis and severe fibrosis [56]. The UK neutron group achieved a complete response 
rate of 82% in the 28 patients treated with 15.6 nGy corresponding to a median local 
control of 29 months and median overall survival of 18 months [55].

More recent data on re-irradiation of heavily pretreated patients with recurrent 
MSGTs were also able to demonstrate a high objective response rates up to 57% 
[62, 63]. Median applied dose was 51 GyE (3 GyE/fraction) C12 corresponding to 
63  Gy BED with a median interval of 61  months from the prior RT treatment. 
Median cumulative dose was 128 Gy BED. Despite high re-irradiation and cumula-
tive doses, acute and late toxicities were tolerable [62, 63]. Two out of 52 treated 
patients developed central nervous system (CNS) necrosis grade III (CTCAE), and 
a corneal ulceration was described in one patient. Two patients experienced tissue 
necrosis, one of them developed a grade IV haemorrhage that was interventionally 
controlled and did not lead to any neurological sequelae. Both patients had received 
cumulative doses in excess of 128  Gy BED [63]. While local control is dose-
dependent also in re-irradiation, so is the risk of late effects [56]. High-dose re-
irradiation produced a 1-year local control rate of about 70% for a median time of 
19 months. However, most of the local relapses after re-irradiation still occurred 
within the high-dose area. In view of these two cases mentioned above, further dose 
escalation should be used with caution, even with particle therapy [63].

12.5	 �Conclusion

Based on the existing published data, particle radiotherapy can be considered the 
best radiation modality for radical treatment of inoperable or macroscopically 
residual MSGTs. There is at present no reason to recommend debulking surgery as 
a routine procedure in ACC. The possibility of radical carbon ion therapy to achieve 
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results identical to surgery in resectable tumours has to be considered as a hypoth-
esis to be tested in clinical trials, ideally beginning with tumours in which the 
expected sequelae of surgery may impact severely on quality of life. The possibil-
ity to achieve the same results with proton therapy as with carbon ions has to be 
validated in larger cohorts. At present, proton therapy can be considered for radical 
treatment of macroscopic diseases if carbon ion RT is not available. Tumours 
resected with microscopically positive margins (R1) should also be treated with 
carbon ions. There are no data to support the use of carbon ions after a radical 
resection (R0), whereas the use of proton therapy may be adequate in order to spare 
toxicity to noninvolved OARs on the basis of dosimetric evaluation and normal 
tissue complication probability (NTCP) model predictions. Significant uncertain-
ties remain on the optimal dose and fractionation as well as on the tolerance dose 
of OARs for radical carbon ion RT of MSGTs. There is no major disagreement on 
target volume with the one significant exception of the need of ENI. A consensus-
guided contouring atlas by experienced institutions could be a valuable tool espe-
cially for new facilities. There is the need to strengthen international cooperation 
both for the pooled analysis of already delivered treatments and their outcomes and 
for prospective cooperative trial design.
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ACC	 Adenoid cystic carcinoma
ADT	 Androgen deprivation therapy
AR	 Androgen receptor
CAB	 Combined androgen blockade
CDDP	 Cisplatin
CI	 Confidence interval
DFI	 Disease-free interval
ECOG	 Eastern Cooperative Oncology Group
EGFR	 Epidermal growth factor receptor
EORTC	 European Organisation for Research and Treatment of Cancer
FGFR	 Fibroblast growth factor receptor
FISH	 Fluorescent in situ hybridization
HDAC	 Histone deacetylase
IGFR	 Insulin growth factor receptor
IHC	 Immunohistochemistry
IL2R	 Interleukin-2 receptor
LHRH	 Luteinizing hormone-releasing hormone
MEC	 Mucoepidermoid carcinoma
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NOS	 Not other specified
ORR	 Overall response rate
OS	 Overall survival
PCa	 Prostate cancer
PD-1	 Programmed death-1
PDGFR	 Platelet-derived growth factor receptor
PD-L1	 Programmed death-ligand 1
PFS	 Progression-free survival
RFA	 Radiofrequency ablation
RT	 Radiotherapy
SDC	 Salivary duct carcinoma
SGC	 Salivary gland cancer
TACE	 Trans-arterial chemoembolization
TGF-β	 transforming growth factor-β
TKI	 Tyrosine kinase inhibitor
VEGF	 Vascular endothelial growth factor
VEGFR	 Vascular endothelial growth factor receptor

13.1	 �Introduction

As reported in Chap. 1, the classification of SGC is complex, including more than 
20 histotype variants, almost each one characterized by peculiar molecular profile 
as well as a different clinical behavior. In the clinical practice, metastatic ACC is the 
most common form of SGCs with medical oncologist deal. Distant metastasis from 
other histotypes (here defined as non-ACC) as SDC; adenocarcinoma, NOS; MEC; 
etc. is less frequent, and data on systemic treatments are generally few. Moreover, 
ACC and non-ACC tumors have a different clinical behavior in most of the cases. 
ACC is usually a slow-growing disease, having patients a prolonged survival, while 
non-ACC cases could be very aggressive with a rapid dismal outcome. These differ-
ences in the natural history pave the way to different clinical issues in the manage-
ment and potentially diverse clinical approaches. For all these reasons, we have 
decided to separate the description of systemic treatments in ACC patients versus 
non-ACC patients.

13.2	 �ACC

The most important question to be addressed with regard to relapsed and/or met-
astatic ACC patients is if a prompt management of disease may be worthwhile or 
not. This is because ACC is characterized by a typically slow-growing and indo-
lent evolution in the majority of cases, and, moreover, effective treatments are 
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completely lacking. Recent biological and clinical evidences seem to have iden-
tified two “groups” of ACC patients: one group with lung metastasis (plus or 
minus local relapse) with a better prognosis and the other group with liver, bone, 
and distant metastasis in atypical sites (e.g., skin, brain) with an aggressive dis-
ease with worse outcome [1]. The solid variant (or with solid component as the 
most represented part of the tumor) of ACCs has a worse prognosis in respect to 
the other histotype variants such as cribriform and tubular. These latter seem to 
be a completely different tumor either from a genetic and phenotypic point of 
view. Notably, cribriform and tubular variants have mutations mostly in the MYB 
oncogene pathway, while the solid variant is strongly associated with NOTCH-1-
activating mutations [2]. This dichotomous genetic situation is mirroring in a 
corresponding, totally different, clinical phenotype: solid ACCs have worse 
prognosis with higher stage at diagnosis, higher probability of relapse, and 
shorter survival and propensity to spread in the liver and bone; on the other hand, 
patients with no solid ACCs have better outcomes with primary diffusion in the 
lung and longer survival. Considering that the most common presentation of 
advanced ACCs is just with lung metastases, it could be reasonable to provide a 
“wait and see” strategy, reserving active therapy only to patients with symptom-
atic and/or rapidly progressing disease [3] or those with worse prognosis. In this 
context, the role of locoregional treatments (e.g., lung metastasectomy) is still to 
be defined, especially in terms of final outcome due to few available data and 
lack of clinical trials. Lung metastasectomy could have a role in very selected 
patients with a disease-free interval (DFI) longer than 36 months between the 
diagnosis of primary tumor and the appearance of distant metastases. Indeed, the 
5-year and the 10-year overall survival (OS) for patients with DFI less than 
36 months was 47.7 (95% CI 29.1–64.2%) and 21.9% (95% CI 8.4–39.5%) ver-
sus 76.5% (95% CI 63.3–85.4%) and 51.1% (95% CI 35–65.1%) in those patients 
with DFI more than 36 months (p = 0.007). Complete resection is another impor-
tant factor that could potentially influence the outcome of patients (5-year and 
10-year OS was 69.5% and 46.1% in case of complete resection versus 51.3% 
and no survivors, respectively, in presence of residual disease, p = 0.004) [4]. 
The number of metastatic nodes is not an absolute limit to metastasectomy albeit 
it does not compromise the feasibility of a complete resection. It is not clear 
whether an incomplete resection could result in a relief in case of symptomatic 
patients although in these cases other locoregional approaches, as RT or RFA, 
could also take into account. No data are available about the long-term effects of 
these locoregional therapies on the rest of healthy lung tissue. Long life expec-
tancy of our patients should always be taken into consideration before clinical 
decision since treatment-induced fibrosis could compromise the respiratory 
reserve, possibly worsening the quality of life of long-living survivors. The 
employ of other locoregional treatments, as TACE or RFA or RT, could be 
reserved for local disease control (e.g., symptoms, selective growth of the 
lesions) or symptom palliation.
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13.3	 �Chemotherapy

13.3.1	 �Monochemotherapy

ACC is “historically” judged as a chemo-refractory tumor. Table 13.1 summarizes 
all trials conducted with monochemotherapy in ACC patients. It is quite clear as the 
ORR is globally ranging from 0 to 15.4% [3, 5]. The result of ORR at 70%, reached 
in one study with CDDP, does not reflect the real outcome of CDDP in this setting 
at all. In fact, another study with the same drug demonstrated that ORR of CDDP 
was 15.4% (two partial responses out of 13 ACC patients) that was much more 
“realistic” and similar to what is observed with all other monochemotherapy-based 
regimens. The most important message to be extrapolated by Table 13.1 is that some 
drugs as CDDP and doxorubicin are active, and their use is supported by clinical 
evidence, although weak; other compounds, such as paclitaxel and gemcitabine, 
have no activity, and therefore their use should not be advised in oncologists’ daily 
clinical practice. Recently a phase II trial with eribulin 1.4 mg/m2 i.v. on days 1 and 
8 q3  weeks was published. Twenty nine patients, 11 of whom with ACC, were 
enrolled. Objective responses were reported in three cases, two ACC patients and 
one case of carcinoma ex pleomorphic adenoma. Activity was described both in 
chemo-naive and pretreated patients [6].

13.3.2	 �Polichemotherapy

Table 13.2 reported five trials in which few ACC patients (45 in total) were treated 
with polichemotherapy-based regimens. CDDP, anthracyclines, 5-fluorouracil, 
cyclophosphamide, vincristine, vinorelbine, and bleomycin resulted as moderately 
active and well-tolerated drugs when used in different combinations within this 

Table 13.1  All clinical trials conducted in ACC patients with a single-agent chemotherapy-based 
regimen

Drug Study population Drug dose and schedule
ORR% (Nb responders 
patients/Nb total patients)

Mitoxantrone 18 12 mg/sm
q21 days

5.5 (1/18)

Gemcitabine 21 1250 mg/sm (days 1 and 8)
q21 days

0

Epirubicin 20 30 mg/sm weekly 10 (2/20)
Mitoxantrone 32 14 mg/sm

q21 days
12.5 (4/32)

Cisplatin 10 80–100 mg/sm
q4–6 weeks

70 (7/10)

Cisplatin 13 100 mg/sm
q21 days

15.4 (2/13)

Paclitaxel 14 200 mg/sm
q21 days

0

Vinorelbine 13 30 mg/sm weekly 15.4 (2/13)

ORR overall response rate, Nb number, sm square meter
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tumor setting. In literature, it is possible to extrapolate information regarding the 
use of polichemotherapy in ACCs from other 13 trials conducted in unselected his-
totypes of SGCs whose 107 patients were ACCs. All data confirmed cisplatin and 
doxorubicin as those agents with better activity and acceptable safety [3]. It seems 
that a polichemotherapy leads to a higher activity. Indeed, it showed higher ORR in 
comparison to monochemotherapy regimens (Table 13.2). This was also confirmed 
in other studies which tested a triple agent-based chemotherapy [cyclophospha-
mide, doxorubicin, CDDP, q3–4 weeks, in a combination known as CAP regimen] 
with a response rate ranging from 18.1 to 62.5% at maximum [3]. Laurie et al. [3] 
reported an ORR of 25% (95% CI 11–39%) (9 responders out of the 36 included 
ACCs) for studies using CAP regimen in ACCs. This concept found confirmation 
even when four drugs (cyclophosphamide, doxorubicin, cisplatin, 5-fluorouracil) 
were administered concomitantly in seven ACC patients obtaining a 42.8% (3/7) of 
ORR without any advantage in survival outcomes. On the other hand, this study 
showed a great side effect rate with two drug-related deaths: one due to neutropenia 
and sepsis after the first chemotherapy cycle and one because of doxorubicin cardio-
toxicity (after two chemo cycles). In this scenario, there is no consensus about 
which and how many drugs have to be considered as the best option for systemic 
treatment in ACC patients. Therefore in routinary clinical practice, based on this 
complex risk/benefit balance, the choice between a single agent versus a combined 
chemo regimen is simply driven by the general clinical condition and patients’ 
performance status, reserving a polichemotherapy to those patients in better status. 

Table 13.2  All clinical trials conducted in ACC patients with a polichemotherapy-based regimen

Drug
Study 
population Drug dose and schedule

ORR % (Nb 
responders/Nb 
total patients)

CDDP vs CDDP 
Bleomycin
Doxorubicin

10 vs 9 CDDP: 50–120 mg/sm (q28 days) vs 
CDDP: 20 mg/sm (days 1 → 5)
Bleomycin: 30 mg (days 1 → 5)
Doxorubicin: 50 mg/sm (day 1)
q21 days

0 vs 33 (3/9)

CDDP
5-fluorouracil

11 CDDP: 100 mg/sm (day 1)
5FU: 1 g/sm/day (days 1 → 4)

0

Epirubicin
CDDP
5-fluorouracil

8 Epirubicin: 50 mg/sm
CDDP: 60 mg/sm
5FU: 200 mg/sm/day
q21 days

12.5 (1/8)

Cyclophosphamide
Vincristine
5-fluorouracil

8 Cyclophosphamide: 1000 mg/sm 
(day 1)
Vincristine: 1 mg (days 1 and 4)
5FU: 750 mg/sm (days 1 → 4)
q28 days

25 (2/8)

Vinorelbine
CDDP

9 VNB: 25 mg/sm (days 1and 8)
CDDP: 80 mg/sm (day 1)
q21 days

44.4 (4/9)

ACC adenoid cystic carcinoma, ORR overall response rate, Nb number, sm square meter, CDDP 
cisplatin, 5FU 5-fluorouracil, VNB vinorelbine
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The most used chemotherapy combination is a double-based regimen including 
CDDP and doxorubicin. Starting from this unsatisfactory context, the selection of 
ACC patients eligible to chemotherapy remains a mainstay in the clinical decision-
making process. In all chemo combinations, CDDP (if feasible) should be preferred 
to carboplatin considering that all studies with carboplatin have showed a lower 
response rate [3]. In the lack of any objective response, no more than four courses 
of chemotherapy should be administered since the probability to have a late response 
after six cycles is practically null.

Starting from this unsatisfactory context, the selection of ACC patients eligible 
to chemotherapy remains a mainstay to bearing in mind in the clinical decision-
making process. Good performance status (ECOG scale of 0–1), no significant 
comorbidities, and a symptomatic/rapidly progressive disease more advice physi-
cians to start with active treatment. If feasible, CDDP plus doxorubicin is a good 
option as first line; there are not enough evidence to support the use of a second-line 
chemotherapy. Enrollment of patients in clinical trials is strongly recommended.

13.3.3	 �Tyrosine Kinase Inhibitors and New Agents

Low rate of DNA mutations (0.3 mutations/megabase) characterizes ACCs, and, 
therefore, potentially druggable targets are still lacking [5]. The most recurrent gene 
alteration of ACCs (50–60% of cases) regards MYB oncogene where t(6:9) MYB-
NFIB translocation is the most frequent one. MYB-NFIB regulates genes involved in 
cell cycle control, DNA replication/repair, and RNA processing. The MYB-NFIB 
fusion is regulated through AKT-dependent signaling induced by IGF1R overex-
pression, and it is downregulated upon IGF1R inhibition. The MYB-NFIB-induced 
transcriptional program affects critical oncogenic mediators that are normally con-
trolled by MYC and is reversed by pharmacological inhibition of IGF1R. This is 
very intriguing in the hypothesis of a tailored approach [7]. To date, there are no 
drugs active on MYB even if two trials (NCT00002592 and NCT00780052) are test-
ing MYB antisense oligonucleotides in hematologic malignancies. In the last few 
years, many target therapies have been studied in this cancer setting. KIT and EGFR 
are frequently overexpressed but rarely mutated or amplified. Imatinib was tested 
but failed to show any activity. Indeed, the lack of KIT somatic mutations in ACCs 
could justify the lack of activity of imatinib. All of the anti-EGFR family members 
(lapatinib, gefitinib, cetuximab, and trastuzumab) failed to detect any responses in 
ACCs. Dasatinib, a small molecule of SRC-family protein tyrosine kinase inhibitors 
(TKIs), combined with multi-TKIs including KIT, showed a low response rate 
(2.5%) with disease control in half of the cases. Dovitinib is a TKI anti-fibroblast 
growth factor receptor-1 (FGFR-1). This receptor is commonly highly expressed 
and activated in ACCs. Despite the biological premises, dovitinib showed a very 
modest response rate (4.5%). The unsatisfactory results of tailored agents have led 
to focusing on new compounds characterized by a completely different action pro-
file. Literature evidences [5] suggest a linkage between the VEGF and a worse out-
come in SGCs, supporting the possible use of anti-angiogenic drugs in ACCs. From 
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now on, sunitinib, sorafenib, and axitinib have been studied in ACC population, 
unfortunately with lower results than what is expected: 0%, 11, and 9% in terms of 
ORR, respectively. In the trial with axitinib, the tumor samples of two responding 
patients harbored both MYB/NFIB fusions as well as the 4q12 amplification. This 
latter increases the gene copy number for three molecular targets of axitinib: 
PDGFR-A, VEGFR2, and KIT. This evidence supports the hypothesis of oncogenic 
dependence upon PDGFR-A/KDR/KIT signaling and susceptibility to axitinib by a 
subset of ACC. The first randomized trial comparing axitinib to placebo has been 
recently completed, but preliminary data are not available yet. Disappointing results 
have been also reported for nintedanib, regorafenib, and pazopanib [5].

Many other targeted agents (e.g., bortezomib, everolimus, nelfinavir, MK-2206, 
and vorinostat) have been studied in ACCs [5]. Among them, vorinostat, a histone 
deacetylase (HDAC) inhibitor, has to be cited because of its activity in 7% of cases 
and its promising role in upregulating PD-1 or PD-L1 expression (targets of the most 
recent immune modulators). In fact, a trial (NCT02538510) with combination of vori-
nostat and pembrolizumab is currently ongoing in advanced SGCs (ACCs included).

Combining multiple agents has been revealed as a successful strategy. In fact, 
tailored drugs with conventional chemotherapies resulted in higher ORR: 
CDDP  +  imatinib (vs imatinib alone), doxorubicin  +  bortezomib (vs bortezomib 
alone), and cetuximab + CDDP-based chemoradiotherapy vs chemotherapy alone. In 
all of these cases, the benefit was given by the addition of traditional chemotherapies 
based on the absent (or very low) activity of targeted agents when used alone [5].

Several progresses have been made in the recent years in the therapeutic modula-
tion of the tumor-immune system especially in lung cancer, melanoma, and renal 
cancer. PD-L1 expression is very low in ACC, about 2%. A retrospective analysis on 
21 patients did not show any PD-L1 expression on tumor cells. On the other hand, 
60% of primary tumor samples and 72% of distant metastases demonstrated a 
PD-L2 expression. Intratumoral lymphocyte infiltrate was present in 42% of patients 
both in primary and metastatic lesions. In this context, PD-L1 expression has been 
reported in 86% and 80% of immune cells in primary and distant metastases, respec-
tively. The presence of intratumoral lymphocyte infiltrate correlates with the expres-
sion of some genes such as SyK (p = 0.04), IL2RB (p = 0.02), and TGFbeta (p = 0.02). 
From these data the employ of an anti-PD-1 seems to be more rationale than anti-
PD-L1 [8]. PD-1 inhibitors, as pembrolizumab, are currently under evaluation in 
several malignant diseases, including SGCs. In a phase 1b trial KEYNOTE-028, the 
use of pembrolizumab did not lead to any response in ACC cases [5].

13.4	 �Systemic Chemotherapy in Non-ACC Histotypes

Unlike ACC, the watchful waiting is rarely considered in this group of tumors, and 
systemic chemotherapy is generally started at diagnosis. Locoregional treatments 
could be employed for symptom control since disease progression is rapid in most of 
the cases, and systemic therapy is advisable, although a clear evidence of benefit is 
still lacking also in this context. Several trials including different histotypes have been 
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conducted, so data on single tumor type could be extrapolated from these studies. 
MEC, adenocarcinoma, NOS, and SDC are the histotypes numerically more consis-
tent included in these studies. Data on chemotherapy activity from other histotypes, 
such as acinic cell carcinoma, clear cell carcinoma, etc., are anecdotal. CDDP alone 
or in combination with other agents is the most common drug used also for non-ACC 
histotypes. Two responses (ORR 17%) in 12 non-ACC subjects were reported in a 
phase II trial with CDDP 100 mg/mq q21 days. In a phase II study with CAP, six 
partial responses were reported (ORR 27%, 95% CI 27%–50%) among 22 enrolled 
patients, including 1 patient with MEC [5]. Three responses (two complete and one 
partial) were observed among five patients with adenocarcinoma enrolled in another 
trial and treated with CAP. The addition of 5FU (500 mg/mq day 1 and 2) to CAP 
(cyclophosphamide 500 mg/mq; doxorubicin 50 mg/mq; cisplatin 40 mg/mq) every 
3–4  weeks was tested in 17 patients of whom 16 are evaluable for toxicity and 
response. Nine out of 16 patients had an adenocarcinoma, NOS. The ORR was 44% 
including four responders out of nine patients with adenocarcinoma, NOS. Although 
the ORR was higher in comparison to other regimens, toxicities were consistent, and 
two toxic deaths were reported. The use of this regimen did not proceed further in the 
clinical practice. More recently, new combinations with CDDP or carboplatin have 
been tested. The regimen with gemcitabine 1000 mg/mq day 1–8 plus CDDP 70 mg/
mq q21 tested in 30 evaluable patients with mixed histologies showed one complete 
remission and seven partial responses (ORR 24%, 95% CI 11%–42%). Although the 
study did not meet the predefined criteria for being declared an active regimen, an 
interesting activity emerged for the eight patients with adenocarcinoma, NOS, for 
whom one complete response and two partial responses were reported. A response 
rate of 47% with a median OS of 13.6 months was reported with CDDP 80 mg/mq 
plus vinorelbine 25 mg/mq days 1–8 q3 weeks [5]. More recently, the same regimen 
was studied as first-line therapy in 40 patients with different histologies with an ORR 
of 35% and a median OS of 16.9 months. Looking at specific histotypes as adenocar-
cinoma, NOS (ten patients), and MEC (six patients), ORR was 40% and 33%, respec-
tively, supporting the activity of this combination in these histotypes [9]. The 
combination of carboplatin AUC 6 plus paclitaxel 200 mg/mq q3 weeks has been also 
evaluated. Response rate was 39% in 18 patients with SDC out of 38 patients treated. 
This study includes the largest number of patients with SDC ever enrolled, so this 
combination should be preferable in this subgroup of patients. Data on the activity of 
paclitaxel as monotherapy 200 mg/mq were available in 45 patients. Responses were 
observed in 3 out of 14 MEC patients (21%) and in 5 out of 17 patients (29%) with 
adenocarcinoma, NOS, supporting the use of paclitaxel in these histotypes [5].

13.4.1	 �New Treatments

Multiple targets potentially useful for a tailored approach have been identified in the 
last few years. Androgen receptor (AR) is one of the most studied marker, and we 
will extensively talk about it in Sect. 13.5. HER2 is another largely investigated 
target. It is overexpressed in about 44% and amplified in about 35–50% of the SDCs 
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[10]. HER2 overexpression and amplification have been reported also in other his-
totypes, although rarely. RAS, EGFR, MET, FGFR, BRAF, RET, ALK, and others 
are potentially druggable targets studied. Interestingly, within the RAS family, only 
mutations in the exon 2 and 3 of the H-RAS gene have been reported (20–25% of the 
cases), while no mutation has been identified in K- and N-RAS. The mutation rate 
for the other genes reported above is very low being less than 10% of the cases [11].

Trastuzumab is an anti-HER2 monoclonal antibody, approved for HER2-positive 
breast cancer as well as for stomach and gastroesophageal junction adenocarci-
noma. Trastuzumab was investigated within a phase II trial in 14 subjects. HER2 
was overexpressed in 10 out of 14 cases; only one long-lasting partial response was 
described in a case of MEC with HER2 overexpression, and no data on HER2 
amplification status was reported. Seven patients with a progressive SDC were ret-
rospectively reviewed. HER2 overexpression and amplification were present in 
100% and in 43% of the cases, respectively. There was a complete response lasting 
for 3 years in one patient out of the three patients who had been treated with trastu-
zumab. The HER2 gene status of the responding patient was unknown. Activity of 
trastuzumab has been reported in five patients with metastatic SDC, HER2 3+ and 
amplified by FISH in all cases: one patient had a complete remission lasting 
52 months during treatment with trastuzumab, two patients experienced a partial 
response, and progression was reported in other two cases. Trastuzumab was also 
employed as adjuvant treatment in eight patients with stage IVA disease: with a 
median follow-up of 27 months (range 8–48 months), five out of eight patients were 
alive and with no evidence of disease after more than 2 years of treatment, while in 
other three cases, there had been a disease relapse [5].

Recently, the activity of targeted drugs, such as entrectinib and crizotinib [12] 
and cabozantinib and regorafenib [5], was reported in the presence of specific 
genetic, fusion- or duplication-based, alterations (e.g., ETV-NTRK3 for entrectinib 
and crizotinib, NCOA4-RET for cabozantinib, BRAF kinase domain duplication for 
regorafenib).

Anti-angiogenic agents exert some activity in non-ACC tumors. VEGF expres-
sion has been reported in SGCs, particularly in MEC and in squamous cell carcino-
mas, and it seems to correlate with a worse outcome, representing a potential target 
for therapy. Recently, a phase II trial with sorafenib 800 mg daily has been carried 
out in 37 subjects (19 ACC and 18 non-ACC) with recurrent and/or metastatic SGCs. 
A higher ORR was reported in the non-ACC population in comparison with the ACC 
group (22% vs 11%). Partial remission was reported in one SDC, one adenocarci-
noma, NOS, one high-grade MEC, and one poorly differentiated carcinoma. The 
anti-angiogenic activity seems to be the main mechanism of action, supported by the 
lack of correlation between the activity of sorafenib and the expression of its targets 
as well as the overexpression of PDGFR-β in the stromal component of responding 
cases. However, results with more potent anti-angiogenic compounds, such as pazo-
panib, were not satisfactory. Indeed, pazopanib was tested at 800 mg daily in a phase 
II trial with 49 ACC and 20 non-ACC patients (including 11 adenocarcinomas). 
Pazopanib showed 1 partial response (6%) and 13 stable diseases (72%) in the non-
ACC group with 6-months progression-free survival (PFS) > 40% [5].
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PD-L1 is upregulated in high-grade SGCs, being expressed in 36% of carcino-
mas ex pleomorphic adenoma, in 30% of SDCs, in 10% of large cell carcinomas, 
and in 8% of adenocarcinoma, NOS [13]. Pembrolizumab, an anti-PD1 antibody, 
was tested in a phase 1b trial, KEYNOTE-028 [5]. In this trial, the patient popula-
tion was enriched for PD-L1 expression, and the objective responses were observed 
in histotypes with a high PD-L1 expression [13] and a higher mutational load [14]. 
Three partial responses (11.5%) were reported, two in cases of adenocarcinoma and 
one in high-grade serous carcinoma. Stable disease was the best response in 12 
cases (46.2%, 95% CI 26.6–66.6). Six-months survival was 70.4% and PFS was 
20.7%. Drug-related adverse events were common in 84.6% of cases: diarrhea, 
reduced appetite, pruritus, and fatigue were the most common events (≥15% of the 
cases). Three patients experienced a toxicity higher than grade 3 with one case 
evolved in a toxic death due to lung inflammatory complications. The evaluation of 
pembrolizumab activity is currently ongoing within the phase II basket trial 
KEYNOTE-158 (NCT02628067). Several trials testing the activity of a single agent 
or combination of more immune modulators are ongoing. The efficacy of nivolumab 
(monoclonal antibody anti-PD1) alone (NCT031332038) or combined with ipilim-
umab (NCT 03146650) is the object of two trials. The primary endpoint of the first 
trial is to test the activity of nivolumab in 92 patients including SGC patients. 
Median PFS is the primary objective of the second study in which 63 subjects have 
been planned. The evaluation of PD-L1 expression is not mandatory as inclusion 
criteria in both trials: patients with progressing metastatic SGCs could be enrolled. 
The activity of pembrolizumab plus vorinostat is under evaluation in another trial 
(NCT02538510), as mentioned above (Sect. 13.3.3).

13.5	 �Androgen Deprivation Therapy

SDC is characterized by the AR expression, which is reported in 75–99% of cases. 
AR is also reported in about 21–33% of adenocarcinomas, NOS, being AR the hall-
mark of these two histotypes. The prevalence of AR expression varies substantially 
among different subtypes of SGCs, except for SDC and adenocarcinoma, NOS, 
where the expression is generally strong. In MEC, acinic cell carcinoma and ACCs, 
the AR expression is ranging from 0 to 20% [15]. Nuclear AR expression based on 
immunohistochemistry (IHC) is the most widely used marker of active AR signal-
ing. Although a minimum of 1% of immunoreactive tumor cell nuclei was required 
to consider a sample as AR positive, the amount of immunoreactive cells seems to 
correlate with response to androgen deprivation therapy (ADT), similarly to pros-
tate cancer (PCa). For this reason, we have proposed a combined score to assess the 
AR expression (Table 13.3) [16]. The staining intensity and the percentage of posi-
tive nuclei were evaluated, with a final score deriving from the sum of these latter. 
Only patients with a high score of AR expression are the best candidate to 
ADT. Activity of ADT has been largely investigated in the last few years. In 2011, 
a Dutch group presented their series of ten SDC patients treated with bicalutamide 
150 mg daily [only one patient received both bicalutamide and luteinizing hormone-
releasing hormone (LHRH) analog]: the results were two partial responses and 
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three stable diseases. The median PFS was 12 months and the treatment was overall 
well tolerated. In 2012, a Japanese group retrospectively analyzed their series of 
eight SDC patients treated with LHRH analog, reporting two partial responses and 
three stable diseases; treatment was also well tolerated in this case. A retrospective 
work on 17 patients confirmed the activity of CAB (combined androgen blockade) 
with bicalutamide 50 mg plus LHRH analog with ORR of 64.7% [95% CI, 38.3–
85.8%] along with a 3-year PFS and 5-year OS of 11.8% and 19.3%, respectively 
[16]. The results obtained by CAB have been recently confirmed by a prospective 
phase II trial on 36 patients [17]. Objective response rate was 41.7% including four 
complete remissions, with a median PFS of 8.8 months (range 6.3–12.3 months) 
and a median OS of 30.5 months (range 16.8 not reached). The lower response rate 
could be potentially explained by the enrolment of six patients with AR expression 
lower than 70% hypothesizing in this group of patients a lower activity of CAB. A 
prospective proof-of-concept randomized clinical trial held by the EORTC is cur-
rently ongoing to demonstrate the efficacy and safety of ADT versus chemotherapy 
in patients with recurrent and/or metastatic, AR-positive SGCs (NCT01969578).

Following PCa treatment approaches, we firstly used abiraterone (1000 mg daily 
plus prednisone 5 mg q12 h), an inhibitor of androgen synthesis, in AR-expressing 
SGCs which had failed to respond to ADT. Abiraterone has been approved as a 
second-line treatment in hormone-resistant PCa patients. Two patients with recur-
rent/metastatic adenocarcinoma, NOS, progressive to ADT have been treated with 
abiraterone, obtaining a clinical response in both cases [5]. A phase II trial is cur-
rently ongoing to test the activity of abiraterone in a larger cohort of patients with 
hormone-resistant, AR-expressing SGCs (NCT02867852). Another phase II trial 
with enzalutamide is currently recruiting in the same patient setting (NCT02749903).

13.6	 �Conclusions

First-line treatment is still to be defined in advanced SGCs. To date, evidences 
would suggest cisplatin alone or combined with other agents as the preferable 
option as systemic therapy both in ACC and non-ACC groups. Considering the 
novel agents, promising results are coming from ADT in AR-expressing SDC and 
adenocarcinoma, NOS.  Multinational cooperation is crucial to improve research 
and clinical results in this cancer setting. For these rare cancers, a comprehensive 
understanding of genetics and biology could be the backbone to identify further and 
more active treatments. Enrollment in clinical trials is strongly advised for all 
patients with incurable SGCs.

Table 13.3  Combined score proposed to assess the androgen receptor (AR) expresson

Staining intensity Staining extent in nuclei Combined score
Negative 0 <10% 0 Negative 0
Weak 1 ≥10% to <30% 1 Low <6
Moderate 2 ≥30% to <70% 2 High =6
Strong 3 ≥70% 3

Modified from Locati LD [16]
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