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Preface

Head and neck cancer is an important health problem in all countries. The number of indi‐
viduals affected from the disease is increasing day by day. Important advances have occur‐
red in the diagnosis and management of cancer patients since the first reports. This also
leads to an increase in the survival rate of these patients.

A multidisciplinary approach is required for the management of these patients. Dentists also
are included in this team especially when the lesions are located in the oral cavity and jaws
and when radiotherapy including the head and neck region is applied.

This book starts with a chapter including signs and symptoms and etiology and risk factors
of head and neck cancer. It carries on with the epidemiology and recently identified micro‐
RNAs and the role of microRNAs in nasopharyngeal carcinoma and oral carcinogenesis.
The readers can find current information regarding classification of salivary gland tumors,
thyroid gland tumors, TNM staging, and preoperative assessment and management of these
lesions. Recent updates on the diagnosis and management of medullary thyroid carcinoma
are also included. Subsequently, interventional techniques that have been employed suc‐
cessfully for head and neck cancer pain are described. Oral side effects of head and neck
irradiation, dentist’s role in head and neck cancer team, dental management prior radiation
therapy, and oral care of these patients during and after head and neck radiotherapy are
described. The book finishes with a review including results of research about health-related
quality of life in maxillectomy patients rehabilitated with obturator prostheses.

The contributions to this book have been made from researchers and specialists from differ‐
ent countries. I hope that this book will serve as a useful reference for the readers.

I want to thank Ms. Andrea Korić for the invitation of the book project and Ms. Martina
Usljebrka for her help during the preparation of the book. I also want to thank my husband
Veysel and my sons Utku and Uğur for their patience during the preparation of this book.

Associate Professor Zühre Akarslan
Department of Oral and Maxillofacial Radiology

Gazi University Faculty of Dentistry
Turkey
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Introduction

Head and neck cancer includes the cancers of oral cavity, salivary glands, nasal cavity, para-
nasal sinuses, oropharynx, hypopharynx, pharynx, and larynx. It has a high rate among all 
cancer types in the world, and it constitutes a major public health problem. Although there 
are different histopathological types, the majority of the lesions are squamous cell carcinomas 
which usually arise from mucosal lining [1]. Males are more commonly affected from the 
condition compared to females [2].

The signs and symptoms of head and neck cancer depend according to the localization of 
the lesion. The most common sign of laryngeal cancer is hoarseness, whereas difficulty in 
swallowing or sore throat is seen in pharyngeal cancers. Sometimes, a painless neck mass is 
present. The important point is that the clinician should be careful during the examination 
of patients with nonspecific signs and symptoms, or signs and symptoms mimicking benign 
pathologies [1]. Any of the following such as sore throat, hoarseness, stridor, difficulty in swal-
lowing, lump in neck, unilateral ear pain, red or white patch in the oral cavity, oral ulcer, pres-
ence of an indurated or rolled border, loosened teeth over a short time, rapid swelling with 
no demonstrable cause, lateral neck mass, lymphadenopathy, rapidly growing thyroid mass, 
cranial nerve palsy, orbital mass, and unilateral ear effusion lasting for more than 3 weeks can 
be cancer [3, 4].

When we look at the etiology and risk factors of head and neck cancer, tobacco and alcohol 
are reported to be the major ones. If the patient is smoking and drinking alcohol at the same 
time, the risk is multiplied [5]. Genetic predisposition is related with some cases. Genetic 
polymorphisms in genes encoding the enzymes, which are responsible from the metabolism 
of tobacco and alcohol, increase the risk of development of cancer [1]. Viruses are linked with 
head and neck cancer. Human papilloma virus (HPV) is reported to be a risk factor, especially 
for oropharyngeal cancer [6].

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Premalignant lesions of the oral cavity are also suspected as risk factors. These lesions do not 
have a high-risk factor like the others addressed earlier but should be carefully examined and 
treated. Leukoplakia and erythroplakia are the common premalignant lesions. Oral lichen 
planus also has the potential of malignant transformation [7].

Patients with Fanconi anemia, ataxia telangiectasia, Bloom’s syndrome, and Li-Fraumeni syn-
drome have the risk of developing head and neck cancer. In addition, the risk of developing 
malignancy increases in immunosuppressed patients. Although Kaposi’s sarcoma and non-
Hodgkin’s lymphoma are the most prevalent lesions seen among HIV-positive patients, the 
risk of oropharyngeal squamous cell carcinoma is increased [7].

If you do not pay enough attention to the signs and symptoms of head and neck cancer and do 
not treat premalignant lesions and premalignant conditions, the requirement of a more aggres-
sive treatment and even early death of the patient can occur [4]. Thus, be careful! It can be cancer.

Overview of the chapters of this book

Second chapter: “Head and Neck Cancer: Epidemiology and Role of MicroRNAs” written by 
Muhammad Babar Khawar, Naz Fatima, Muddasir Hassan Abbasi, Rabia Mehmood, Saira 
Kainat, and Nadeem Sheikh. This chapter starts with the epidemiology and then focuses on 
the role of microRNAs on head and neck cancer. The authors give information about the dis-
covery and biology of microRNAs. Recently identified microRNAs that undergo deregulation 
in head and neck cancer and their role in nasopharyngeal carcinoma and oral carcinogenesis 
are presented in detail. A list of microRNAs, identified as potent biomarkers of head and neck 
cancer, is presented. This is particularly helpful to the readers. The authors emphasize that 
microRNAs may be used to improve treatment strategies of head and neck cancer.

Third chapter: “Salivary Gland Cancers: A Survey Through History, Classifications and 
Managements” written by Mohammad Hossein Khosravi, Ali Bagherihagh, Masoumeh 
Saeedi, Payman Dabirmoghaddam, Ali Kouhi, and Mohammad Hosein Amirzade-Iranaq. 
This chapter starts with the anatomy, embryology, and structure of salivary glands. Then, 
a detailed histological classification of epithelial tumors according to WHO and TNM clas-
sification and staging of major salivary gland tumors are given. Preoperative assessment and 
management of the tumors based on recently published data in the literature are presented. 
These topics are useful for the clinicians.

Fourth chapter: “Thyroid Cancers: Considerations, Classifications and Managements” 
written by Mohammad Hossein Khosravi, Ali Kouhi, Masoumeh Saeedi, Ali Bagherihagh, 
and Mohammad Hosein Amirzade-Iranaq. This chapter starts with a detailed epidemiology 
of thyroid cancer, following clinical features and categories of thyroid malignancies accord-
ing to a new classification. Staging and management of these lesions are also presented. The 
authors’ description of thyroid cancer categories and treatment options peculiar to each lesion 
is particularly informative.

Fifth chapter: “Medullary Thyroid Carcinoma: Recent Updates on the Diagnosis and 
Management” written by Andrei Cismaru, Iulia Coroian, Gabriel Cismaru, and Adrian 
Udrea. This chapter describes updates on the diagnosis and treatment of medullary 
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 thyroid carcinoma. Fine-needle aspiration, serum calcitonin, computed tomography, and 
 fludeoxyglucose-positron emission tomography (FDG-PET) are summarized. Biomarkers 
with prognostic value, such as plasma calcitonin, carcinoembryonic antigen, germ-like RET 
mutation, and matrix metalloproteinase, are given. Updates on the management and treat-
ment of the pathology including surgical treatment, radiation therapy, systemic therapy 
angiogenesis inhibitors as well as transcatheter arterial embolization, percutaneous ethanol 
injection and gene therapy are described. Finally, the authors present a case of medullary 
thyroid carcinoma.

Sixth chapter: “Interventional Techniques for Head and Neck Cancer Pain” written by Victor 
M. Silva Ortíz, Guillermo E. Aréchiga Ornelas, José A. Flores Cantisani, J. Ignacio Reyes 
Torres, and Fernando Cantú Flores. This chapter gives information about factors associated 
with pain resulting from head and neck cancer and the methods used for the management of 
pain. The interventional techniques, which have been employed successfully for head and neck 
cancer pain such as sphenopalatine ganglion block, trigeminal ganglion block, glossopharyngeal 
nerve block, and stellate ganglion block, are described. In addition, vertebroplasty for cancer-
related cervical vertebral compression fractures, intrathecal drug delivery systems, peripheral 
nerve blocks, cervical epidural and medial branch block, and Botulinum neurotoxin are also 
included. This chapter provides valuable information about these techniques to the clinician.

Seventh chapter: “Oral Side Effects of Head and Neck Irradiation” written by Vlaho Brailo, 
Vanja Vučićević Boras, Danica Vidović Juras, Ana Andabak Rogulj, Božana Lončar Brzak, 
and Ivan Alajbeg. This chapter gives information about the acute and chronic side effects of 
head and neck irradiation. Besides, the dentist’s role in head and neck cancer team, dental 
management before radiation therapy, and oral care of these patients during and after head 
and neck radiotherapy are given in detail. The role of dentists for the management of such 
patients’ is stressed in the chapter. The readers can benefit from practical strategies which 
could be applied in clinical practice.

Eighth chapter: “Health-Related Quality of Life in Maxillectomy Patients Rehabilitated 
with Obturator Prostheses: A Literature Review” written by Kadriye Peker. This chapter 
gives information about the results of the studies including manufacturing individualized 
obturators, different retention mechanisms, obturator replacement with free flap, obtura-
tor functioning, health-related quality of life (HRQOL), and self-reported problems among 
patients wearing an obturator prosthesis according to a literature search performed in 
PubMed, EMBASE, and Google Scholar. The tables summarizing results of different studies 
are particularly informative to the readers.
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Abstract

Head and neck cancer (HNC) is referred to the cancers of aerodigestive tract covering number 
of structures viz, oral and nasal cavity, paranasal sinuses, lips, salivary glands, oropharynx, 
hypopharynx, pharynx, larynx, and local lymph nodes. It is the sixth most common cancer in 
the world. MicroRNAs (miRNAs) are small single‐stranded noncoding RNAs (ncRNAs) of 
about 19–25 nucleotides. These miRNAs have been reported to influence number of biological 
activities, i.e., gene regulation, differentiation, organ formation, cell death, cell proliferation, 
and stress responses. The first ever study involving miRNAs in HNC was published in 2005. 
Since then, association between dysregulation of miRNAs and head and neck tumorigenesis 
has been documented by a number of researchers. This chapter has covered a comprehensive 
state of the art literature review of the recent studies about the role of miRNAs in HNC includ‐
ing oral squamous cell carcinoma (OSCC) and human nasopharyngeal carcinoma. Despite 
significant improvement in multimodal treatment, the prognosis of advanced HNC is quite 
poor. Recent studies are promising regarding the potential role of miRNAs as prognostic indi‐
cators. Recently, some miRNAs have been discovered as important diagnostic biomarkers. 
In fact, miRNAs are found circulated stably in different body fluids, i.e., urine, blood, saliva, 
as well as in breath. Hence, these miRNAs can be assessed easily with noninvasive methods. 
miRNAs are the key therapeutic targets in addition to their prognostic and diagnostic value. 
Use of synthetically designed “miRNAs sponges,” miR mimics (agomiRs), miR antagonists 
(“antagomiRs”), and miR inhibitors (antimiRNAs oligonucleotides) is an innovative strategy 
to modulate oncogenic and tumor‐suppressive pathways. Our understanding of miRNAs 
involvement in HNC is in its infancy. The discovery of miRNAs heralds a complete new para‐
digm in the understanding of exact molecular pathways involved in HNC development. More 
detailed studies are required for better understanding and therapeutic targets to treat HNC.

Keywords: biomarker, gene regulation, head and neck cancer, microRNAs, nasopharyngeal 
carcinoma, noncoding RNAs, oral squamous cell carcinoma (OSCC), therapeutic targets

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



1. Head and neck cancer epidemiology

Head and neck cancer (HNC) is referred to the cancers of aerodigestive tract covering number 
of structures viz, oral and nasal cavity, paranasal sinuses, lips, salivary glands, oropharynx, 
hypopharynx, pharynx, larynx, and local lymph nodes [1]. It is the sixth most common cancer 
in the world with more than 500,000 cases reported annually [2, 3]. HNC has found to be more 
prevalent among males than females [3]. More than 90% of all the reported cases of HNC are 
squamous cell carcinomas (HNSCCs) which usually arise from mucosal lining in these sites 
[1]. Among these cases, 80–90% cases were found to be associated with prolonged usage of 
alcohol and tobacco [4].

One of the frequently diagnosed malignancies, globally, is head and neck cancer. Frequent 
relapses and distant metastasis have been observed in patients with advanced disease stages, 
resulted in an endurance rate of 5 years in almost 60% patients despite of substantial advances 
in multimodality rehabilitation [5]. Mucosal malignancy of head and neck is a potent mela‐
noma with poor prognosis. The nasal pit, paranasal sinuses, and oral cavity are the most 
widely recognized areas. Survival rates of 1, 3, and 5 years were 63, 30, and 20%, respectively, 
around 2000–2007. All interpretations suggested that cigarette smoking is hazardous. Clinical 
marks and clues are typically nonspecific for it. Surgery is regarded as the backbone of treat‐
ment for most mucosal melanomas of the head and neck supplemented with radiotherapy [6]. 
The relationship amongst alcohol consumption and head and neck disease is quite clear and 
the outcomes reliably demonstrated an expanded head and neck tumor chance related with 
alcohol drinking. Bagnardi et al. reported a positive relationship in between alcohol drinking 
and head and neck cancer risk [7]. In Western nations, around 39% of head and neck malig‐
nancy can be ascribed to alcohol utilization (4% for only alcohol drinking and 35% for the 
joint impact of alcohol and tobacco) [8]. Head and neck squamous cell carcinomas (HNSCCs) 
cause more than 300,000 deaths globally every year. Locoregional and removed recurrences 
are more important prognostic indicators and acknowledged surrogate markers of patients’ 
survival. No legitimate biomarker and rescue treatment exist to recognize and treat patients 
at high‐danger of recurrence [9]. Despite of reduction in smoking and alcohol utilization, the 
rate of oropharyngeal squamous cell carcinoma (OPSCC) is rising. It refers to human pap‐
illoma virus (HPV) infection contamination [10]. HPV is an entrenched prognostic marker 
for OPSCC [11]. Oropharyngeal tumors are firmly connected with HPV‐positivity [12]. Oral 
tumor constitutes the dominant part of head and neck diseases, which is the fifth most basic 
malignancy around the world, representing 984,430 cases in 2012. During 2000 and 2010, there 
were 1916 instances of OSCC in New Zealand with a male to female proportion of 1.85:1, and 
an age‐institutionalized rate of 42 for every 1,000,000 people [13]. Liquor utilization, trailed by 
tobacco, is considered the most common hazard in New Zealand. Given the high pervasive‐
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potent threat, is amongst the most regularly analyzed malignant sorts of head and neck SCC 
around the world. Rates of LSCC have been estimated to escalate recently [14]. Salivary gland 
pleomorphic adenoma (SGPA) is also one of the most widely recognized types of salivary 
organ tumor. In China, particularly in the South, nasopharyngeal cancer (NPC) is another 
widely recognized threatening tumors and hence remained unregistered even by National 
cancer registries, since little is known about its epidemiology [15]. The occurrence repre‐
sented around 40% of the world’s new cases as indicated by the World Health Organization’s 
GLOBOCAN revealed information of 2012 [16]. Individuals with a family history of NPC 
have a generously higher danger of NPC [17]. NPC’s mortality indicates marked distinction 
between endemic (highly vulnerable territories), where nonkeratinizing carcinoma (NKC) is 
pervasive, and nonendemic (safe districts), where the keratinizing squamous cell carcinoma 
(KSCC) is more frequent. Fluctuations in smoking and alcohol consumption amongst genders 
and geographic regions may clarify the diverse rates and patterns fully observed for KSCC 
and partially for NKC. Dietary patterns and improvement in disease management can also be 
accountable for observed trends [18].

2. MicroRNAs discovery

MicroRNAs (miRNAs) are single‐stranded, small RNA molecules whose presence was 
reported for the first time in 1993 in nematode Caenorhabditis elegans. A number of biological 
activities like gene regulation, differentiation, organ formation, cell death, cell proliferation, 
and stress responses have been reported to be influenced by these miRNAs [19–22]. These miR‐
NAs were found to regulate translation in larval development through an antisense RNA‐RNA  
interaction [19, 23, 24]. 1600 miRNAs of Homo sapiens have been reported and recorded by 
miRBase database in June 2013 [25]. Since 1970s, studies to determine and understand the 
function and genetics of gene regulation were performed [26]. C. elegans was used as a genetic 
model and tool to facilitate these kinds of ventures. More than 300 mutants of C. elegans with 
many developmental/birth defects and certain behavioral changes were generated by series 
of groundbreaking experiments by Brenner and Sulston [26, 27]. One of them was character‐
ized by reverberation of specific cell lineages and showing a flaccid and extremely elongated 
body [27, 28]. The nature of the gene(s) and the exact mechanism underlying such morpho‐
logical and behavioral changes were unknown at that time. This mutant was considered as 
the founding member of the miRNA family and was named as lin‐4. Lin‐4 was reported to 
influence specific developmental responses in a variety of cell types of C. elegans larva [29, 30].  
In 1993, cloning of lin‐4 locus took about 2 decades after its early description [23]. Lin‐4 locus 
was found unique having characteristics different from other coding genes. It was found 
employing site‐directed mutagenesis, that lin‐4 gene encodes a small RNA molecule instead 
of a protein. Furthermore, the transcripts of lin‐4 were of smaller size compared to other genes 
as the two transcripts identified were of 22 and 60 nucleotides only. To suffice, lin‐4 mRNA 
transcripts were found to be negatively regulating the lin‐14 expression, as it possesses anti‐
sense complementarity to a number of sites in 3′untranslated region (UTR) to lin‐14 gene [23]. 
Therefore, these discoveries lead to a novel class of small noncoding RNA molecules, which 
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via antisense‐like interaction regulate a number of pathways [31–33]. After 7 years following 
lin‐4 cloning and characterization, a second gene was discovered with similar characters [34]. 
The study resulted in the isolation of let‐7 (21‐nt RNA molecule) that was characterized by 
acting as a heterochronic switch in C. elegans development. It was fascinating that the expres‐
sion of this miRNA was reported in a wide range of animals other than C. elegans, including 
arthropods, mollusks, and mammals [35]. Further studies reported more than 100 different 
noncoding RNAs (ncRNAs) in a variety of species across the animal phyla [36–38]. A number 
of important observations were made from these key studies. First, specific small temporal 
RNAs (stRNAs) express only in few stages of development and are about 22 nt long [38]. 
Second, cell‐type specificity of different stRNAs was determined [38]. For example, miR‐1 (a 
small RNA) exclusively expressed only in cardiac tissues [37]. Presence of homologs of these 
molecules across a wide range of species is an indication of evolutionary conservation [38]. 
Abundance and wide existence of these unique molecules represents a novel sequence‐specific  
posttranscriptional gene regulation. So, based on above given account, the small RNAs with 
similar functions were named as microRNAs (miRNAs) [36–38]. miRNA gene family is 
increasing day by day since its discovery [39]. Therefore, a number of databases have been 
generated to cope with the ever‐growing list of miRNA genes. The first ever miRNA database 
is known as “miRBase (http://microrna.sanger.ac.uk/sequences/)” and it has access to clone 
and register miRNA sequences [40]. The total number of miRNAs is exceeding ten thousands 
in number up to date.

3. MicroRNAs biology

miRNAs are small ncRNAs of about 19–25 nucleotides and have been discovered recently 
in all metazoans tested so far [41, 42]. They comprised of a small fraction of expressed 
genome; however, genes encoding them are present in either introns or exons of coding 
as well as noncoding genes throughout the genome. miRNAs are involved in regulating 
number of processes including differentiation, maintenance of homeostasis, migration, pro‐
grammed cell death, and morphogenesis [42–45]. miRNAs are transcribed with the aid of 
RNA polymerase II enzyme from the miRNAs genes, which in turn transcribed into pri‐
mary microRNA transcripts following transformation into pre‐miRNAs which are then 
ultimately results in miRNAs [32, 46–50]. In recent years, a novel class of molecules naming 
miRNAs has showed a boom. With advancements in genomic technologies and methodolo‐
gies, miRNAs gene family is rising as new members discovered day by day. In 2005, it was 
speculated that there are about 1000 miRNAs genes in human genome [51]. However, 2042 
mature miRNAs have been reported in miRBase up to date (version 19). miRNAs are char‐
acterized by having 21–23 nucleotides in length and are exclusively found in eukaryotes.  
They show partial complementarity to specific regions in targeted mRNA and hence are 
involved in gene regulation of 50% of human genome at posttranscriptional level [52]. Each 
of these noncoding RNAs can have sequence complementary to a large number of tran‐
scripts and regulate expression of an enormous number of genes. This can be achieved 
by multiple mechanisms including an increased mRNA degradation, site‐specific cleavage, 
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and translational inhibition [53]. miRNAs dysregulation has been associated with a num‐
ber of different types of cancer, their initiation, and proliferation, since the first ever study 
claiming the association between chronic lymphoid leukemia and miR‐15a and miR‐16‐1 in 
the year 2002 [54–56]. Therefore, they may prove as potent therapeutic targets for cancers 
including HNSCC as well as biomarkers for timely diagnosis, prognosis, and recurrence of 
cancers as well. Two different pathways have been reported for the biogenesis of miRNAs. 
Usually, a canonical pathway is used for their biogenesis as most of the miRNA genes are 
intergenic (Figure 1). These miRNAs when transcribed possess a local hairpin structure and 
are named as primary transcripts (pri‐miRNA) and have characteristics to that of mRNA, 
as there is a 5′cap and a 3′poly‐A tail. Drosha (a protein complex having nuclease activ‐
ity) and Pasha (an RNA‐binding protein) process these pri‐miRNAs to pre‐miRNAs hav‐
ing 70‐nucleotide stem‐loop structure. pre‐miRNAs are converted into a double‐stranded 
miRNA/miRNA* duplex by an RNase III endonuclease (Dicer) followed by transportation 
in cytoplasm by Exportin‐5. Further, a helicase destabilizes the duplex miRNA/miRNA* 
to a mature miRNA and miRNA*. Finally, the mature miRNA then integrates into RNA‐
induced silencing complex (RISC) also called miRNA ribonucleoprotein complex (miRNP).

The resultant miRNP is involved in RNA interference which is initiated by both siRNA and 
miRNA. In case of intronic stem‐loops‐derived miRNA, no Drosha activity is involved for the 
maturation of miRNAs [32, 57] (Figure 2).

Figure 1. Canonical pathway of miRNAs biogenesis. miRNAs are transcribed into a primary transcript (pri‐miRNA) 
which is processed into pre‐miRNAs by Drosha/Pasha complex. After transportation to cytoplasm, these pre‐miRNAs 
are converted into a double‐stranded miRNA/miRNA* duplex by Dicer. Further, a helicase destabilizes the duplex 
miRNA/miRNA* to a mature miRNA and miRNA*. Finally, the mature miRNA then integrates into RISC.
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4. MicroRNAs deregulation in head and neck cancer

The first ever study involving miRNAs in HNC was published in 2005 [58]. miRNAs showed 
greater cancer‐related potential than expected. miRNAs have been associated with all processes 
of physiological and pathological nature. Expression profiles of miRNAs have reported to be 
more specific to cancer tissue origin and have greater potential for early diagnosis and provided 
more information than mRNAs [59, 60]. Association between dysregulation of miRNAs and 
tumorigenesis in head and neck has been documented previously [61–63]. Many biological and 
molecular mechanisms cause resistance to the tumors radiotherapy. The principle mechanisms 
include changes in intracellular pathways that are required in damaging DNA as well as its 
repair, apoptosis, proliferation, and angiogenesis. The regulation of these perplexing proce‐
dures is regularly controlled by microRNAs. miRNAs are short endogenous RNA molecules 
that posttranscriptionally modulate gene expression. Their impaired expression has been seen 
in numerous tumors including head and neck cancer. Particular expression patterns of miRNAs 
have additionally been appeared to anticipate prognosis and therapeutic response in head and 
neck cancer [64]. Development and progression of different sorts of malignancies in human 
is attributed to the deregulation of miRNAs. Oncogenic part of miR‐214 is proposed in NPC. 
Bax inhibition initiated by siRNA weakens the advancing impact of miR‐214 deregulation on 
NPC cell apoptosis, recommending that Bax is a downstream effector in miR‐214 that is inter‐
vened NPC cell proliferation and death. Bax expression level is deregulated in NPC tissues 
[65]. miR‐145 expression in LSCC is downregulated, and its overexpression creates hindrance 

Figure 2. Noncanonical pathway of miRNAs biogenesis. In noncanonical pathway of miRNAs biogenesis, no 
Drosha activity is involved. Pre‐miRNAs are directly produced from the debranching of the introns; and after their 
transportation, they are processed similar to that produced by canonical pathway.
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in multiplication and relocation of Hep‐2 cells through cell cycle arrest and apoptotic induction. 
SOX‐2 is overexpressed in tumor samples and exhibit restricted expression in miR‐145 overex‐
pressed Hep‐2 cells [14]. miRNAs deregulation plays a key role in HNSCC progression [66]. 
miR‐93‐5p (HN2092) and miR‐425‐5p (HN1957) are top candidates of downregulated miRNAs 
in primary HNSCC cell cultures and blood plasma of patients [67]. miRNAs deregulation plays 
a noteworthy part in head and neck/oral cancer [68]. miR‐10b and miR‐196a, not formerly linked 
with HNSCC, may show a role in oncogenesis through the deregulation of cell proliferation [69]. 
Deregulation of miRNA genes (such as miR‐138) plays a critical part in HNSCC. While down‐
regulation of miR‐138 has been observed in HNSCC and other cancer types often; however, 
the exact role of miR‐138 in tumorigenesis is unknown. Current bioinformatics analyses and in 
vitro and in vivo researches have recognized a number of functional targets for miR‐138. These 
include genes that take part in necessary biological processes that are exceptionally pertinent 
to the onset and proliferation of HNSCC, including cell migration, epithelial to mesenchymal 
transition, cell cycle progression, DNA damage and repair, senescence, and differentiation [70]. 
Mechanistic target of rapamycin (mTOR) and Insuline like growth factor 1 receptor (IGF1R) 
signaling pathways depict that the downregulation of miR‐99 family adds to HNSCC tumori‐
genesis [71]. Meta‐analysis of various Gene expression omnibus (GEO) datasets revealed 
that Uracil DNA glycosylation (UNG), Fucosidase alpha‐L‐2 plasma (FUCA2), Differentially 
expressed regulation analysis (DERA), Glia maturation factor beta (GMFB), Transferrin (TF) 
and Sorting nexin 2 (SNX2) were usually downregulated in HNSCC [72]. miRNAs including 
miR‐21 and miR‐31 are progressively deregulated in tongue epithelium [73]. Underexpression 
of miR‐375 might play oncogenic roles in HNSCC [74]. miR‐29c is considerably deregulated in 

Downregulated 
miRNAs

Sample used Assay Type of cancer Reference

miR‐214 Tissue Luciferase assay NPC [66]

qRT‐PCR

Western blot

miR‐145 Tissue qRT‐PCR and 
Western blot analysis

Laryngeal SCC [14]

miR‐425‐5p (HN1957) Blood plasma qRT‐PCR HNSCC patients [68]

miR‐93‐5p (HN2092) Blood plasma qRT‐PCR HNSCC patients [68]

miR‐196a Tissue Microarray, RT‐PCR HNSCC [70]

miR‐10b Tissue Microarray, RT‐PCR HNSCC [70]

miR‐138 Cell lines RT‐PCR HNSCC [71]

miR‐99 family Meta analyses RT‐PCR, microarray HNSCC [72]

UNG, FUCA2, 
DERA, GMFB, TF, 
and SNX2

Cell lines RT‐PCR Head and neck 
squamous cell 
carcinoma

[73]

miR‐21 and miR‐31 Saliva, Plasma q‐PCR Tongue epithelium [74]

miR‐375 Tissue RT‐PCR HNSCC [75]
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NPC. However, there is dearth of knowledge regarding outcome and molecular mechanisms of 
action of miR‐29c downregulation in development and progression of NPC [75]. Some recent 
studies indicating miRNAs deregulation in HNC are given in Table 1.

5. miRNAs as oncogenes in oral squamous cell carcinoma (OSCC)

A number of miRNAs have been reported to act as oncogenes and were found to be upregu‐
lated in OSCC. miR‐21 was found to be highly expressed and to regulate several biological 

Downregulated 
miRNAs

Sample used Assay Type of cancer Reference

miR‐29c Cell lines, clinical 
specimens

Microarray, qRT‐PCR NPC [76]

miR‐9 Cell lines, tissues qRT‐PCR NPC [76]

miR‐378 Cell lines, tissues qRT‐PCR NPC [77]

miR‐200 family Cell lines Microarray NPC [78]

miR‐451 Tissue qRT‐PCR NPC [79]

MiR‐99a Tissue, cell lines Luciferase assay Oral cancer [80]

qRT‐PCR

Western blot

miR‐24 Tissue, cell lines RT‐PCR Oral cancer [81]

miR‐133a, miR‐133b, 
miR‐100, miR‐138

Tissues qRT‐PCR TSCC [82]

miR‐16, miR‐125b Tissues Microarray OSCC [83]

miR‐133b, miR‐138, 
miR‐137, miR‐184

Cell lines qRT‐PCR OSCC [84]

miR‐138, miR‐222 Cell lines Microarray TSCC [85, 86]

miR‐342, miR‐21 Cell line Microarray TSCC [87]

miR‐342, miR‐346, 
miR‐373

Cell lines Microarray HNSCC [88]

miR‐494 Tissue Microarray HNSCC [62]

miR‐375 Tissue Microarray HNSCC [89]

miR‐125a, miR‐125b Tissue Microarray HNSCC [90]

miR‐133a, miR‐205 Tissue Microarray HNSCC [91]

miR‐125b, miR‐375 Tissue qRT‐PCR HNSCC [75]

Table 1. Recently identified miRNAs that undergo deregulation in HNC.
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activities in OSCC [68, 92–94]. Presence of an upregulated level of miR‐21 in oral premalig‐
nant lesions was an indication that variations in miR‐21 level may be prior event in OSCC 
development [95]. miR‐21 plays an oncogenic role in the progression of OSCC by promoting 
cell proliferation [96], antiapoptotic activity [92], invasion [93, 97], and chemoresistance [98] 
in both in vitro and in vivo studies.

Oral squamous cell carcinoma (OSCC) is a typical cause of cancer‐related death. A number 
of efforts have been made in investigating new medications and impressive progress in 
multimodality treatment; however, remedial tolls have not yet been achieved. The trouble 
of timely detection and more pervasiveness of metastasis associated with OSCC results in 
poor prognosis. In recent couple of decades, growing information from tumor biology and 
clinical trials prompted development of ncRNAs prognostic biomarkers that are believed 
to be promising biomarkers in this regard. miRNAs are one of the most studied ncRNAs in 
terms of their biogenesis, function, and significance in carcinogenesis [99]. An association 
between severity of pathogenesis and increment of miR‐31 and miR‐21 has been reported 
through staining in 4NQO‐induced injury in tongue epithelium. A dynamic rise in the level 
of miR‐21, miR‐31, and miR‐146a in saliva and plasma samples was noted. miR‐31 was the 
earliest miRNA to be released in the saliva. A rise in plasma level of miR‐146a, miR‐372, 
and miR‐184 was found and it was prominent at the most progressive lesion state [73]. 
miRNA deregulation assists in pathogenesis of various disorders, including human tongue 
squamous cell carcinoma (TSCC), where they act as powerful oncogenes or tumor suppres‐
sors. Widespread miRNA profiling in TSCC samples and further in vitro and in vivo func‐
tional studies unveiled their involvement to hidden molecular mechanisms in initiation, 
development, progression, metastasis, chemoradioresistance, and relapse of TSCC [100]. 
An upregulated expression of miR‐483‐5p in OSCC patient sera might be a novel indica‐
tive and prognostic biomarker for this ailment [101]. The upregulation of miR‐9 was also 
detected in primary esophageal squamous cell carcinoma (ESCC) tumor tissue. miR‐9 pro‐
motes cell migration and tumor metastasis, as these processes effectively retarded when 
expression of miR‐9 was deregulated. Furthermore, it was established that miR‐9 inter‐
acts with the 3′untranslated region of E‐cadherin and downregulates its expression, which 
leads to β‐catenin nuclear translocation and consequently upregulates c‐myc and CD‐44 
expression. Moreover, an ESCC miR‐9 results in epithelial‐mesenchymal transition (EMT) 
in ESCC, a key occasion in tumor metastasis [102]. Significantly, low level of miR‐29b  
has been reported. However, overexpression of miR‐29b repressed the proliferation, 
migration, invasion, and progression of TSCC cells, and slowed down the cell death. In 
addition, miR‐29b brings about deregulation of Sp1 by targeting the 3′untranslated part that 
causes upregulation of phosphatase and tensin homolog (PTEN), and subsequently inhibit 
phosphorylation of Protein kinase B (AKT). Sp1 knockdown in TSCC cell lines reflected the 
effects of miR‐29b overexpression. miR‐29b expression is inversely related to Sp1 expres‐
sion and positively correlated with PTEN. Thus, miR‐29b works as a tumor suppressor, 
and miR‐29b/Sp1/PTEN/AKT alliance may speak of a possible therapeutic target for TSCC 
prevention [91]. MiR‐99a deregulation was confirmed in oral cancer cell lines and clinical 
specimen as well. Ectopic miR‐99a expression resulted in repression of oral cancer cell 
migration and invasion. Myotubularin‐related protein 3 (MTMR3) with one evolutionarily 
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preserved seed locale in the 3′untranslated region was a novel miR‐99a target. Draining 
MTMR3 expression fundamentally diminishes cell proliferation, migration, and invasion. 
An inverse relation was found among miR‐99a and MTMR3 protein in oral cancer lines and 
clinical patients. miR‐99a has been found to suppress oral cancer cell migration and inva‐
sion partially through inhibiting MTMR3 expression [103]. Keratinization of tumors and 
overexpression of miR‐21 are major factors responsible for poor prognosis. Interestingly, 
most of the keratinized tumors were reported to express an elevated miR‐21 level [104]. 
Moreover, an upregulated level of miR‐127 and a reduced level of miR‐357 have been 
reported in OSCC [105]. In CD‐44 (high) oral CSCs, miR‐200s/miR‐205s were epigeneti‐
cally triggered in tumors and their expression was found to be suppressed in the absence of 
DNA hypermethylation [105]. miRNAs expressions and DNA methylation variations are 
typical occasion in OSCC, and miR‐375, miR‐127, miR‐137, miR‐205, and miR‐200 family are 
promising candidates for future investigations. miR‐200/miR‐205 downregulation in oral 
CSCs specify that cell‐specific silencing of these miRNAs may enhance tumor expansion 
and progression [105]. Deregulation of miR‐24 was found to be associated with high‐grade  
late stage tumor [92].

6. MicroRNAs in human nasopharyngeal carcinoma (NPC)

Paul Ahlquist’s group working at National Cancer Institute (NCI) published the first ever 
study of global profiling of miRNAs involved in NPC in 2008 [88]. They discovered a num‐
ber of deregulated miRNAs, using a micro‐array‐based approach, in laser‐capture micro 
dissected (LCM) 31 NPCs and 10 epithelial samples as control [88]. miRNA downregulation 
and change in pathways have been involved in NPC which is profoundly invasive and met‐
astatic widespread in Southern China. miR‐9 is commonly downregulated in NPC with sig‐
nificant functional consequences. Diminished expression of miR‐9 is contrary to clinical 
stages and denotes the movement from locoregional to metastatic tumors. CpG island 
hypermethylation adds to inhibition of miR‐9 in NPC cell lines and tissues. Ectopic miR‐9 
expression significantly hinders proliferative, transient, and obtrusive limits of NPC cells, 
both in vitro and in vivo. miR‐9 strongly reduces expression of CXCR4 in NPC cells. miR‐9 
works as a tumor‐suppressor in NPC, and is interfered by combating CXCR4 expression 
[106]. NPC is exceptional worldwide, yet profoundly intrusive in later stages. It cannot be 
identified in normal medical examination at initial stages. Advancement of particular bio‐
markers ought to spare lives against this sort of ailment. Among them, increased levels of 
miR‐16, miR‐21, miR‐24, and miR‐155 and decreased level of miR‐378 have been observed in 
NPC patients. Plasma miRNA expression and cancer progression are negatively correlated. 
Blend of miR‐16, miR‐21, miR‐24, miR‐378, and miR‐155 gives affectability of 87.7% and 
specificity of 82.0% for marking NPC. Except miR‐16, mixture of the rest of four miRNAs 
gives a similar affectability, however, a somewhat diminished specificity. After treatment, 
levels of the five miRNAs were reverted to normal levels [88]. Regardless of the fact that 
enormous miRNAs have been discovered in the previous decade, with the progressions in 
DNA sequencing, the discovery of some more NPC‐related miRNAs is expected. Circulating 
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miRNAs related with NPC are quite compelling, as they present an exploitable instrumenta‐
tion for early detection, diagnosis, and staging. A few worldwide profiling depicted the 
altered miRNA expression in a range of head and neck malignancies. In NPC, downregula‐
tion of the tumor silencer miRNAs (miR‐29c, miR‐9, let‐7 family, miR‐200 family), and over‐
expression of oncogenic miRNAs, (miR‐18a/b, miR‐141, miR‐155, miR‐214) have been 
observed [107]. miR‐9 is the most concerned miRNA in NPC pathogenesis [108], which 
works in the direction of various crucial cellular processes, facilitating proliferation, apop‐
tosis, incursion, metastasis, angiogenesis, and EMT [109–111]. Restricted expression of miR‐
9in NPC is related with phenotypes that are more destructive and lesser survival. miR‐9 has 
been appeared to work as a tumor silencer in NPC by focusing on chemokine (CXC theme) 
receptor 4 (CXCR4) to repress cell multiplication, relocation, and invasion [87]. Similarly, 
miR‐9 directs innate response in NPC through control of various genes that are activated by 
interferon, and in addition major histocompatibility complex (MHC) class I members [112]. 
Imperatively, the capacity of miR‐9 to work as an individual prognostic biomarker for NPC 
metastasis has additionally been illustrated, whereas miR‐9 expression is related with 
decreased expansion, movement, and intrusion in NPC cells, and low‐levels of miR‐9 
expression are associated with last stage [106]. Correspondingly, miR‐200 family is deregu‐
lated in NPC, bringing about expanded cell development, relocation, and intrusion of NPC 
cells according to suppression of the putative miR‐200 targets zinc finger E‐box restricting 
homeobox 2 (ZEB2), beta 1 (CTNNB1), and catenin (cadherin‐related protein) bringing 
about expanded NPC cell development, movement, and invasion. Moreover, diminished 
miR‐200a expression is related with initiating epithelial‐mesenchymal transition [89]. 
Various miRNAs have been reported as tumor silencers/suppressors in NPC, including 
miR‐34c, miR‐451, miR‐98, miR‐216b, miR‐375, and miR‐26a. miR‐375 has been accounted 
for a potential tumor silencer in NPC, working through restraint of the oncogenic protein 
metadherin (MTDH). Strangely, NPC cases with MTDH overexpression showed an 
expanded danger of recurrence of disease [113]. Low miR‐451 expression was related with 
diminished survival in NPC patients, and has been appeared to work by expanding cell 
development and invasion by focusing on macrophage migration inhibitory factor (MIF) in 
NPC cells [114]. miR‐26a, miR‐98, and miR‐101 also have been accounted to work as tumor 
suppressors in NPC [98]. Underexpression of these miRNAs in NPC gives clues about dere‐
pression of Enhancer of zeste homolog 2 (EZH2), instigating loss of suppression of targets of 
EZH2 regulation, comprising cyclins D3, c‐Myc, and E2, and cyclin‐dependent kinase 6 
(CDK6) and CDK4 [115, 116]. Finally, miR‐216b has been appeared to increase NPC growth 
and incursion by pursuing Kirstan rat sarcoma (K‐RAS) [117]; on the other hand, miR‐34c 
has been revealed to stifle growth and metastasis by focusing on the proto‐oncogene MET 
[118], both of which are ominously downregulated in primary NPC tissues. In NPC, miR‐
18a is profoundly overexpressed [119], which results in direct hang‐up of the miRNA bio‐
genesis regulatory protein Dicer1, leading to the downregulation of miRNA in NPC [119]. 
Likewise, miR‐18b is overexpressed in NPC, accompanying malady advancement and poor 
outcome. miR‐18b functions to inhibit connective tissue growth factor (CTGF) and thereby 
augmenting cellular proliferation [120]. Over‐articulation of miR‐141 in NPC has been con‐
nected with more cell growth, relocation, and invasion, and also with loss of cell cycle 
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 control and decreased apoptosis. This regulation is thought to happen through downregula‐
tion of the supposed target gene phosphatase and tensin homolog (PTEN), bromo‐domain 3 
(BRD3), and ubiquitin‐associated protein 1 (UBAP1) in NPC. Moreover, expression of 
miR‐141 is structured by the oncogenes short palate, lung, nasal epithelium clone 1 
(SPLUNC1), and c‐Myc [120]. Expression of miR‐155 fortifies proliferation, migration, and 
incursion by regulation of target genes Jumonji Domain 1A (JMJD1A) and BTB and CNC 
homology 1 (BACH1), and its expression has been strongly related with tumor stage and 
patient endurance. Interestingly, regulation of miR‐155 occurs through the Epstein–Barr 
virus (EBV)‐encoded Latent membrane protein (LMP1) and LMP2A proteins [121]. Further‐
more, miR‐144 is overexpressed in NPC and inhibits PTEN expression, and brings about 
expanded cell proliferation, invasion, and metastasis [122]. miR‐214 has been firmly con‐
nected with augmented metastasis in NPC, both in cell lines and primary human samples, 
functioning at least in part via inhibition of the tumor suppressor lactotransferrin (LTF) 
[123]. Besides, miR‐214 has been appeared to upgrade proliferation and promote an anti‐
apoptotic phenotype in NPC cells [124]. In addition to miR‐144, miR‐155, and miR‐214, vari‐
ous other miRNAs that are overexpressed in NPC also contribute considerably to enhance 
the metastatic phenotype of NPC. miR‐30a has been demonstrated both in vitro and in vivo 
to build metastasis and intrusion by hindering E‐cadherin activity [125]. Moreover, expres‐
sion of miR‐149 was lifted profoundly in metastatic NPC cells, adding increased migration, 
invasion, and epithelial‐mesenchymal phenotypes over E‐cadherin inhibition [126]. miR‐93 
has been accounted to inhibit transforming growth factor‐β receptor II (TGFβRII) [127] and 
disabled homolog‐2 (DAB2) [128], in this way directing tumor cell growth incursion and 
metastasis. Finally, miR‐504 is found to be involved as an oncogenic miRNA in NPC, work‐
ing to specifically target nuclear respiratory factor 1 (NRF1), whereas expanded expression 
connected with poor reaction to radiation treatment [129].

7. miRNAs as prognostic indicators

Despite significant improvement in multimodal treatment, the prognosis of advanced 
HNC is quite poor. Recent studies are promising regarding the potential role of miRNAs  
as prognostic indicators. Downregulation of Let‐7 (a family of tumor suppressing miR‐
NAs) has been reported in HNSCCs by many researchers [74, 92, 95, 103, 130–138]. 
Similarly, underexpression of miR‐146a, miR‐155, and Let‐7 has been correlated with the 
progression of cancer [138]. Moreover, a decreased level of Let‐7 miRNA in nasopharyn‐
geal carcinoma cells was also suggestive of regulating the proliferation of carcinoma cells 
via c‐MYC downregulation [139]. Furthermore, role of Let‐7 in the Kirsten rat sarcoma 
(KRAS) regulation has been demonstrated recently by some studies on nonsmall cell lung 
cancer [140]. A variant allele in the V‐Ki‐ras2 Kirsten rat sarcoma viral oncogene homolog 
(KRAS) 3′untranslated region (KRAS‐LCS6) has been demonstrated to be involved in high 
expression of KRAS and decreased levels of Let‐7. Presence of KRAS‐LCS6 variant has 
been reported in Squamous cell head and neck cancer (SCHNC) and was correlated with 
poor prognosis [130]. TP53, a tumor suppressor gene, encodes a protein product that is 
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involved in cell cycle regulation. It is a major change involved in cancer induction with a 
remarkable frequency of 53% as reported by Poeta et al. in a hefty cohort of SCHNC. The 
ratio of TP53 mutations were 75 and 56.7% in patients suffering from hypopharynx and 
larynx tumor, respectively. Furthermore, a strong association was described between TP53 
mutations in SCHNC and high risk of recurrence and poor survival [141]. Ganci et al. has 
previously reported a strong link among 49 miRNAs and TP53 status. Among them, a 
more specific correlation of a subset of 12 miRNAs was correlated with a brief recurrence 
free‐survival while four of these were correlated with comparatively lower cancer‐specific 
survival [142]. Expression of some particular miRNAs, such as miR‐375 and miR‐210, has 
been correlated with the outcome of SCHNC patients. A low expression of miR‐375 results 
in poor survival and distant metastases while high expression of miR‐210 results in locore‐
gional recurrence [143, 144].

8. miRNAs as biomarkers

Diagnosis of HNSCC more frequently occurs in advanced stage when it metastases to regional 
lymph nodes. Moreover, there is a high risk of recurrence even in patients with a combination 
of different therapeutic approaches. Therefore, for an early diagnosis, the most important 
goal would be the detection of biomarkers. Recently, some miRNAs have been discovered to 
fulfill the goal of diagnosis. In fact, miRNAs are found circulated stably in different body flu‐
ids, i.e., urine, blood, saliva, as well as in breath. Hence, these miRNAs can be assessed easily 
with noninvasive methods.

miRNAs can be utilized as biomarkers or novel therapeutic targets. Further investigation 
is needed to test its utilization [66]. Circulating miRNAs (miR‐425‐5p, miR‐93‐5p) are eas‐
ily approachable and have turned out to be valuable prognostic markers in cancer patients. 
The prognostic worth of this exciting perception requires affirmation using an independent 
patient cohort that includes clinical follow‐up data. Changes of miRNAs succeeding radio‐
chemotherapy in the blood plasma are related with the tumor response to therapy, and they 
might signify novel biomarkers for therapy monitoring [67]. The investigations of microRNA 
modifications in HNSCC are a fundamental stride to the mechanistic comprehension of 
tumorigenesis and could prompt the disclosure of clinically pertinent biomarkers [69]. For 
NPC diagnosis, plasma miRNAs expression proves to be a helpful biomarker [88]. Pathway 
improvement analysis of these four miRNAs (miR‐34c, miR‐140, miR‐154, and miR‐449b) sign 
posted a role in cell cycle regulation, highlighting a possibly important role for markers of cell 
cycle enactment as prognostic indicators in NPC [145]. miR‐200b expression is mostly con‐
nected with distant metastasis, while miR‐155 associated with local recurrence. miR‐155 and 
miR‐146a were recognized as surrogate markers for tumor‐invading lymphocytes in HNSCC 
[146]. miR‐21 expression could be an imperative tool for treatment planning and prognostic 
predictor for HNSCC patients [147]. Genetic variants of miR‐146a and miR‐1269b are biomark‐
ers for improvement of oral premalignant lesions (OPLs) and oral squamous cell carcinoma 
(OPSCC) [148]. hsa‐miR‐375‐3p appears to be a comparatively promising diagnostic marker 
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in HNSCC but is not appropriate for prognosis of patients [149]. Overexpression of TP53 
mutation‐associated miR‐182 may contribute to proliferation and migration of tumour cell in 
HNSCC, hence suggest a possible biomarker for prognosis of tumour recurrence [150]. miR‐30a  
is a possible biomarker for metastasis in NPC patients [151]. miR‐148a and miR‐375 are sig‐
nificantly upregulated during LSCC and are conceivable biomarkers for early diagnosis of 
LSCC [152]. A list of miRNAs is given below which has been identified as potential biomarker 
by a number of researchers in HNC (Table 2).

9. Novel therapeutic targets

miRNAs are key therapeutic agents (depends upon the type of mRNA affected by them) in 
addition to their prognostic and diagnostic value [21]. miRNAs are efficient molecules to 
be targeted as they regulate a number of biological activities by interacting with numerous 
other molecules [53]. Use of synthetically designed “miRNAs sponges” [153], miR mimics 
(agomiRs) [154], miR antagonists (“antagomiRs”) [155, 156], and miR inhibitors (antimiRNAs  
oligonucleotides) [92] is an innovative strategy to modulate oncogenic and tumor‐suppres‐
sive pathways. MicroRNAs regulate each step of cell cycle and unraveling their altered 
expression may prove fruitful in designing new drugs and can open treatment regimes. One 
piece of evidence is a previous study abduction of miR‐122, which has been observed in a 
novel therapy for HCV patients by Miravirsen (first microRNA targeted drug) in clinical 
phase2a. This therapy resulted in diminution of HCV RNA levels in a dose‐dependent man‐
ner [157]. This research has raised a lot of hope for employing miRNAs therapies in num‐
ber of malignancies despite the disparity of the diseases from cancer. Some other miRNAs 

miRNA biomarker Type of cancer References

miR‐34c, miR‐140, miR‐154, and 
miR‐449b

NPC [166]

miR‐155 and miR‐146a HNSCC [167]

miR‐155

miR‐21 HNSCC [168]

miR‐146a and miR‐1269b Oral premalignant lesions (OPLs) 
and oral squamous cell carcinoma 
(OPSCC)

[169]

hsa‐miR‐375‐3p HNSCC [170]

miR‐182 HNSCC [171]

miR‐30a NPC [172]

miR‐148a and miR‐375 LSCC [173]

Table 2. A list of miRNAs identified as potent biomarker of HNC.
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therapies are in preclinical and clinical phase 1. These approaches are anxiously awaited to 
be reported beyond the mere documentations. Few miRNAs, though not verified clinically, 
are very good applicants for being named for these therapies. Apoptotic pathway is one of the 
most significant candidates for novel anticancer therapies, as the neoplastic cells usually lose 
the ability to undergo programmed cell death. Therefore, any powerful proapoptotic agent 
may directly or indirectly reduce cancer progression by enhancing the apoptosis. miR‐99a  
mimics have been shown to decrease cell proliferation by inducing apoptosis in tongue 
SCC cell line [158]. Moreover, miR‐31‐3p inhibitor in oral leukoplakia cell lines resulted in 
decreased cell death [159]. Furthermore, restoration of miR‐100 resulted in inhibition of cell 
migration and proliferation by increasing the apoptosis in HNSCC cell lines [71]. Similarly, 
cancer cells showed a pronounced cell cycle arrest and enhanced cell death upon transfec‐
tion with miR‐1e [160]. On the other hand, a repression of apoptosis was observed in classi‐
cal oncogenic miR‐21 [161]. These are only a few well‐known examples. A large number of 
other functionally investigated miRNAs in HNSCCs are directly or indirectly associated with 
apoptotic pathways promise an era of new and more potent therapeutic factors. miRNAs 
are utilized in another way in treating the HNSCC patients, as they are capable of highlight‐
ing the resistance to either chemotherapy or radiotherapy in patients of HNSCC patients. In 
addition to it, recently, miRNAs have also been reported to modulate the radiosensitivity 
and chemoresistance. For instance, let‐7 results in inhibition of cancer progression by reduc‐
tion in cancer‐proneness cells and repressing chemoresistance [162]. Similarly, miR‐21 in HA/
CD44‐activated head and neck cancer cells may prove a significant drug target to overcome 
chemoresistance and apoptosis as it is involved in regulation of Nanog/Stat‐3 signaling path‐
way [111]. Furthermore, transfection of pre‐miR‐98 in HNSCC cell lines led to an enhanced 
resistance to doxorubicin and cisplatin by downregulating the HMGA2 expression [163].

Nevertheless, for an efficient and target specific miRNAs‐based drug delivery system, there 
lies enormous challenges [22, 53]. To access the targeted sites, therapeutic RNA must travel 
across the plasma membrane to enter in cytoplasm by leaving the circulatory system and 
avoiding endosomal vesicles to entering in the cell [53]. Moreover, nonconjugated therapeutic 
RNA molecules are either cleared by the kidney (<50kDa) or by the immune cells (7‐20kDa) 
[53]. Levels of mature miRNAs may be modulated or reduced by delivery of synthetic  
double‐stranded hairpin exogenously by complexing with lipids or proteins. Delivery of 
miR‐34a may prove effective in HNSCC cells as suppression of cellular proliferation and apop‐
tosis was observed in two cancer cell lines (colon) and experimental lung metastasis of murine 
melanoma upon miR‐34a delivery [164, 165]. Use of unmodified dsRNAs in environments, 
where local administration is possible, is of limited value in vivo as they are likely to be degraded 
by nucleases [166]. A high expression of these miRNAs from well‐defined transcription start 
and termination sites can be achieved using a viral vector with Pol III promoters for stable miR 
reintroduction; however, they are not cell‐specific [53, 165, 167]. In contrast, for a tissue‐specific 
approach or for ectopic expression of miRNAs, RNA Pol II promoters may be used for pri‐miR‐
NAs expression [168]. For an effective reintroduction of dysregulated miRNAs, later techniques 
may be utilized in HNSCC, e.g., miR‐375 [132]. However, use of a viral system for reintroduc‐
tion of miRNAs possesses a number of risks [53]. One of the major risks is that the delivered 
molecules integrate to an unpredictable site of host DNA and may activate proto‐oncogene and 
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results in insertional mutagenesis [53]. These methods also have certain limitations as inser‐
tion of retroviral vectors is limited only to actively dividing cells and use of other units, like 
adenoviral vectors, may activate a severe immune response in host body [53, 169]. AntagomiRs 
(recently identified chemically engineered oligonucleotides) are commonly utilized today for 
silencing of host miRNAs [53, 156]. These AntagomiRs reverted the effects of upregulation of 
miRNAs in HNSCC, i.e., decreased cell viability and enhanced programmed cell death was 
observed in KB cells overexpressing miRNA‐155 upon introduction of antagomir‐155 in nude 
mice [155]. Moreover, to boost the efficient delivery of these antagomiR, they are delivered 
intravenously by complexing with a recently identified molecule the interfering nanoparticle 
(iNOP) [170]. Systemic delivery of iNop complexed with antimir‐122 in mice did not initi‐
ate any immune response and successfully silenced the miRNA‐122 with long lasting effects 
[170]. Chemically modified antimiRNAs oligonucleotides (AMOs) that are highly specific and 
efficient in binding to targeted RNA are another choice for miRNAs silencing but they do not 
have any specific delivery system [92, 164]. An enhanced apoptosis, limited survival, and pro‐
liferation were observed in tongue SCC cell lines upon inhibition of miRNA‐21 with AMO [92]. 
Moreover, a pronounced apoptosis and decreased cell proliferation was observed in nude mice 
upon repeated injections of miR‐21‐AMO which ultimately resulting in tumor suppression 
[92]. In HNSCC, miRNAs sponges or miRNAs masks can also be used to inhibit oncomiRNAs. 
miRNAs sponges block specific miRNAs attachment to their targets by expressing an mRNA 
having a number of tandem‐binding sites for entire family of targeted miRNAs, thus blocking 
their effects [53, 153]. On the other hand, miRNAs‐masking antisense oligonucleotides tech‐
nology shows its effect by destabilizing the association between specific miR‐mRNA pairs, as 
it comprised of complementary antisense oligonucleotides to miRNAs interacting site in the 
3’UTR of a targeted mRNA [53, 167]. This methodology has advantage over others as there 
are few off‐target/undesirable effects and may be helpful in cancer therapy as multiple path‐
ways are targeted there simultaneously [53]. Furthermore, miRNAs may enhance sensitivity 
to radiotherapy [168]. In addition to it, some epigenetic drugs may also revert irregular meth‐
ylation or acetylation of a tumoral phenotype by restoration of tumor‐suppressive miRNAs 
expression [53]. Most of above‐mentioned techniques are in experimental phases. Our future 
approach should aim to aberrant miRNAs networks, as multiple miRNAs along with multiple 
miRNAs‐transcriptome interactions are involved in cancer pathogenesis. To achieve this aim, 
miRNAs biogenesis machinery or regulatorypathways must be targeted [53, 169]. However, 
exploration of the full potential ofthese drugs is highly recommended.

10. Future challenges

For last 3 decades, dysregulation of tumor suppressor genes and protein‐coding oncogenes 
were thought to be involved in cancer. However, discovery of noncoding genes, i.e., miRNAs 
raised a question on the notion that this mechanism is solely responsible for cancer. To unveil 
the involvement of miRNAs in cancer, massive efforts have been made but still enormous 
challenges lie ahead. Detection of the exact pathways and genes regulated by these miRNAs  
will be of prime importance. A better understanding of the wide‐ranging effects of these 

Diagnosis and Management of Head and Neck Cancer20



results in insertional mutagenesis [53]. These methods also have certain limitations as inser‐
tion of retroviral vectors is limited only to actively dividing cells and use of other units, like 
adenoviral vectors, may activate a severe immune response in host body [53, 169]. AntagomiRs 
(recently identified chemically engineered oligonucleotides) are commonly utilized today for 
silencing of host miRNAs [53, 156]. These AntagomiRs reverted the effects of upregulation of 
miRNAs in HNSCC, i.e., decreased cell viability and enhanced programmed cell death was 
observed in KB cells overexpressing miRNA‐155 upon introduction of antagomir‐155 in nude 
mice [155]. Moreover, to boost the efficient delivery of these antagomiR, they are delivered 
intravenously by complexing with a recently identified molecule the interfering nanoparticle 
(iNOP) [170]. Systemic delivery of iNop complexed with antimir‐122 in mice did not initi‐
ate any immune response and successfully silenced the miRNA‐122 with long lasting effects 
[170]. Chemically modified antimiRNAs oligonucleotides (AMOs) that are highly specific and 
efficient in binding to targeted RNA are another choice for miRNAs silencing but they do not 
have any specific delivery system [92, 164]. An enhanced apoptosis, limited survival, and pro‐
liferation were observed in tongue SCC cell lines upon inhibition of miRNA‐21 with AMO [92]. 
Moreover, a pronounced apoptosis and decreased cell proliferation was observed in nude mice 
upon repeated injections of miR‐21‐AMO which ultimately resulting in tumor suppression 
[92]. In HNSCC, miRNAs sponges or miRNAs masks can also be used to inhibit oncomiRNAs. 
miRNAs sponges block specific miRNAs attachment to their targets by expressing an mRNA 
having a number of tandem‐binding sites for entire family of targeted miRNAs, thus blocking 
their effects [53, 153]. On the other hand, miRNAs‐masking antisense oligonucleotides tech‐
nology shows its effect by destabilizing the association between specific miR‐mRNA pairs, as 
it comprised of complementary antisense oligonucleotides to miRNAs interacting site in the 
3’UTR of a targeted mRNA [53, 167]. This methodology has advantage over others as there 
are few off‐target/undesirable effects and may be helpful in cancer therapy as multiple path‐
ways are targeted there simultaneously [53]. Furthermore, miRNAs may enhance sensitivity 
to radiotherapy [168]. In addition to it, some epigenetic drugs may also revert irregular meth‐
ylation or acetylation of a tumoral phenotype by restoration of tumor‐suppressive miRNAs 
expression [53]. Most of above‐mentioned techniques are in experimental phases. Our future 
approach should aim to aberrant miRNAs networks, as multiple miRNAs along with multiple 
miRNAs‐transcriptome interactions are involved in cancer pathogenesis. To achieve this aim, 
miRNAs biogenesis machinery or regulatorypathways must be targeted [53, 169]. However, 
exploration of the full potential ofthese drugs is highly recommended.

10. Future challenges

For last 3 decades, dysregulation of tumor suppressor genes and protein‐coding oncogenes 
were thought to be involved in cancer. However, discovery of noncoding genes, i.e., miRNAs 
raised a question on the notion that this mechanism is solely responsible for cancer. To unveil 
the involvement of miRNAs in cancer, massive efforts have been made but still enormous 
challenges lie ahead. Detection of the exact pathways and genes regulated by these miRNAs  
will be of prime importance. A better understanding of the wide‐ranging effects of these 
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novel molecules will equip the researchers in the selection of specific pathways for treat‐
ment of cancers. Our understanding of miRNAs involvement in HNC is in its infancy. 
However, studies have been confirmed the dysregulation of a number of miRNAs in both 
benign and malignant HNC. There are real prospects that miRNAs in near future may be 
used as prognostic and diagnostics of HNC to improve its treatment strategies. Growing 
evidences make these miRNAs viable targets for the development of new and better anti‐
cancer therapies. However, before translation to be carried out in clinical settings, a more 
clear insight of efficacy and “off‐target” effects of miRNAs is necessarily suggested. It is 
quite fascinating that recently a number of miRNAs including miR‐21, miR‐155, and let‐
7b have been nominated as key players of human carcinogenesis including head and neck 
tumors. The discovery of miRNAs heralds a complete new paradigm in the understanding 
of exact molecular pathways involved in HNC development. More detailed studies are 
required for better understanding and therapeutic targets to treat HNC.

However, a number of efforts have been made but truly comprehensive profiling of miRNAs is 
still needed in HNSCC. Even, technology utilized for profiling also needs to be improved. Use 
of Polymerase chain reaction (PCR) and microarrays is a common practice for profiling but 
for a better picture and more deep insight next‐generation sequencing (NGS), cross‐platform 
analysis and new approaches like NanoString nCounter system must be applied. Functional 
studies are growing, highlighting the potentially targetable miRNAs and some related path‐
ways. Tumor cells survival and their development have been reported to be affected by the 
forced expression or even the inhibition of a number of miRNAs in vitro, representing a new 
class of novel therapeutic targets [158, 171, 172]. To deliver therapeutic miRNAs, delivery of 
pre‐miR‐107 and siRNA nanoparticles proves to be an effective strategy [173, 174]. Therefore, 
the future of tumor biology seems quite bright.
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Abstract

In this chapter, we are going to discuss about salivary glands cancers, their clinical man-
ifestations and categories, pathogenesis, diagnosis and treatment. We will go through 
details in each part in both clinical and surgical aspects based on recently prominent 
published studies and research in prestigious journals. After a short review on clinical 
features, epidemiology, pathogenesis, diagnosis and treatment, we will show staging 
and tumor node metastasis (TNM) classification of major salivary gland tumors and also 
basic principles of approach to salivary gland cancers. A little will be explained about 
basic surgical procedures for removal of cancers and benign tumors.

Keywords: cancer, salivary gland, classification, benign tumors

1. Embryology, anatomy and structure of salivary glands

There are three pairs of salivary glands in human: parotid (PG), submandibular (SMG) and 
sublingual gland (SLG). They all have the same architecture; an arborized duct which opens 
into the oral cavity with secretary end pieces called acini which produce the saliva [1]. A 
mixed structure of extracellular matrix, myoepithelial cells, myofibroblasts, immune cells, 
endothelial cells, stromal cells, and nerve fibers surround the acinar cells. The main excre-
tory duct of PG is Stensen’s duct which opens in buccal mucosa near the second maxillary 
molar after crossing the masseter muscle and penetrating buccinators muscle. Submandibular 
glands secrete the saliva through their main excretory duct, called Wharton’s, which opens 
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into the oral cavity under the tongue by the lingual frenum at a structure called the sublingual 
caruncule. In contrast, sublingual gland has small ducts called ducts of Rivinus and a common 
duct, Bartholin’s duct, which connects with Wharton’s duct at the sublingual caruncle [1].

Blood supply of parotid gland is mainly provided by the transverse facial artery and SMG 
by the facial artery. Postganglionic nerves from the otic and submandibular ganglia provide 
parasympathetic innervation. Superior cervical ganglion makes sympathetic postganglionic 
nerves which innervate the glands along blood vessels [1, 2]. Facial nerve is closely associated 
with PG capsule and facial nerve injury resulting in hemifacial paralysis is a major complica-
tion of parotid gland surgery. Lingual nerve accompanies Wharton’s duct and then lingual 
nerve injury may be a complication of surgical exploration of floor of mouth for salivary 
stones removal.

Major salivary glands produce over 90% of saliva in a healthy adult. Saliva excretion is stim-
ulated by both parasympathetic and sympathetic autonomic nervous system necessary for 
lubricating the oral cavity to enable eating, talking, swallowing, dental health and maintain-
ing oral homeostasis, tasting, while also providing protective functions and aiding in diges-
tion. Different types of saliva are produced by two types of acinar cells. Parotid gland secretes 
watery serous saliva produced by serous acini. SMGs and SLGs contain both serous and 
mucous acinar cells. Most of the acinar cells in SMGs are serous, while the majority of SLG 
is composed by mucous acinar cells. In addition to major salivary glands, there are several 
minor glands which are widely distributed across the oral mucosa [3].

Major salivary glands start to develop at 6–8 weeks of gestation. Oral ectoderm starts thicken-
ing to produce placodes of major glands. Growth factors and other necessary molecular cues 
for epithelial branching morphogenesis are provided by neural crest-derived mesenchyme. 
SMGs seem well differentiated with desmosomes and microvilli projected from cells along 
lumens by 13–16 weeks of gestation. At 16 weeks, the striated and intercalated ducts can be 
recognized and acinar cells begin to predominate tissue by 20–24 weeks [4]. Salivary glands 
continue to develop up to 28 weeks and glands can secret saliva at birth.

2. Salivary gland neoplasms

Salivary gland tumors are a diverse group of neoplasms in terms of both morphology and 
clinical manifestations. These tumors have an incidence of approximately 2.5 cases to 3.0 cases 
per 100,000 per year [5]. Salivary gland malignancies consist more than 0.5% of all malignan-
cies and approximately 3–5% of all head and neck cancers [6]. Salivary gland tumors usually 
involve people in their sixth or seventh decade of life [7, 8]. Recent studies have indicated that 
incidence of major salivary glands are increasing [9].

The exact etiology of salivary gland malignancies has not been determined; however ionizing 
radiation is indicated as a cause of salivary gland cancer [6, 7, 10, 11].

Tumors of salivary gland are related to both major and minor salivary glands. Minor salivary 
gland lesions are more frequently seen in palate; however, they can be found throughout 
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oral cavity as oral mucosa, posterior tongue, larynx, pharynx, paranasal sinuses, retromolar 
and peritonsillar areas, uvula and floor of mouth [6, 12]. More than 50% of salivary gland 
tumors are benign and about 70–80% of all salivary gland neoplasms originate from parotid 
gland [13]. Different sites have different rate of malignancy so that 20–25% of parotid, 
35–40% of submandibular, 50% of palate and more than 90% of sublingual gland tumors 
are malignant [14].

Comprising about 50% of all salivary gland tumors and 65% of parotid gland tumors, pleo-
morphic adenoma is the most common benign minor and major salivary gland tumor. On 
the other hand, mucoepidermoid carcinoma is the most prevalent major and minor salivary 
gland tumor comprising 10% of all salivary gland and about 35% of malignant salivary neo-
plasms [15]. This neoplasm mostly occurs in parotid gland [15, 16].

Most benign major and minor salivary gland tumors present with painless swelling of the 
parotid, submandibular or sublingual glands. Numbness or weakness which are signs of 
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Based on 1973–2009 Surveillance, Epidemiology, and End Results (SEER) analysis AcCC com-
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per 100,000 patients per year. Also approved by other studies, SEER program indicated that 
AcCC has a higher average incidence for females than males (0.15 cases vs. 0.11 cases per 
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Malignant epithelial (n = 24)

Acinic cell carcinoma

Oncocytic carcinoma

Mucoepidermoid carcinoma

Salivary duct carcinoma

Adenoid cystic carcinoma

Adenocarcinoma (NOS)

Polymorphous (LG)

Adenocarcinoma

Myoepithelial carcinoma

Epithelial-myoepithelial carcinoma

Carcinoma ex pleomorphic adenoma

Clear cell carcinoma (NOS)

Carcinosarcoma

Basal cell adenocarcinoma

Metastasising pleomorphic adenoma

Sebaceous carcinoma

Squamous cell carcinoma

Sebaceous lymphadenocarcinoma

Small-cell carcinoma

Cystadenocarcinoma

Large cell carcinoma

LG cribriform cystadenocarcinoma

Lymphoepithelial carcinoma

Mucinous adenocarcinoma

Sialoblastoma

Benign epithelial (n = 10)

Pleomorphic adenoma

Lymphadenoma

 Sebaceous

 Nonsebaceous

Ductal papilloma

 Inverted ductal papilloma

 Intraductal papilloma

 Sialadenoma papilliferum
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100,000 patients) [25, 26]. Patients with AcCC have a median age of 52 years at the time of 
diagnosis and it occurs more in younger ages than other salivary gland tumors [27]. One-third 
of patients are under 40, one-third between 40 and 59 and one-third above 60 years of age [24]. 
AcCC more frequently occurs in whites (85%) than in blacks (7%) or other races (8%) [24, 28]. 
There are no known risk factors for AcCC; however, family history and radiation exposure 
have been proposed as potential risk factors [29].

The most common clinical feature of AcCC is a slow-growing swelling and its association 
with pain or fixation to neighboring structures is an indicator of poor prognosis [25]. Nodal 
metastasis is really uncommon at the time of diagnosis [26]. AcCC is less common in minor 
salivary glands and comprises only 9% according to SEER database [30]. AcCC of minor sali-
vary glands mostly occur in buccal mucosa and upper lip in contrast to other types of minor 
salivary glands which mostly occur in palate [31, 32].

3.1.1. Diagnosis and preoperative assessment

Since AcCC often presents symptomless, preoperative assessment seems necessary to deter-
mine location of tumor, extent and malignancy indicators as in parotid surgery these factors 
show the risk of facial nerve injury [33]. Imaging is highly suggested when a glandular swell-
ing is accompanied by impaired mobility or when involvement of deeper structures or nerves 
is suspected [34–37].

Imaging modalities include ultrasound (US), computed tomography (CT), magnetic resonance 
imaging (MRI) and positron emission tomography (PET) [33]. AcCC is appeared defined, lob-
ular, hypoechoic, heterogeneous and poorly vascularized; while on CT, it is appeared regular 
and variably defined with heterogeneous enhancement [38].

MRI is preferred to CT for assessment of parotid, stylomastoid foramen and neural or peri-
neural invasion [35, 37, 39, 40]. However, it is a rare condition; PET scan is indicated only 
when there is a high suspicion of distant metastatic disease. Also it is indicated postopera-
tively in case of AcCC with high-grade transformation [33, 41–43]. Ultrasound-guided fine 
needle aspiration cytology (FNAC) and ultrasound-guided core biopsy (USCB) are needling 
procedures for diagnosing AcCC [22, 44].

Myoepithelioma

Basal cell adenoma

Warthin tumor

Oncocytoma

Canalicular adenoma

Sebaceous adenoma

Cystadenoma

Table 1. WHO (2005) histological classification of epithelial tumors of the salivary glands, squamous cell carcinoma 
(SCC) and tumors like “carcinoma in pleomorphic adenoma”.
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3.1.2. Management

The main treatment for AcCC is surgical resection, as AcCC do not show distant metastasis at 
the time of diagnosis and is usually an accessible tumor [25, 33]. For low-grade AcCC, surgery 
alone may be curative; while for known high-grade tumors in risk of positive margins, bone 
or nerve invasion and nodal metastasis a more aggressive approach is needed. A preopera-
tively paralyzed or involved facial nerve should be resected and repaired by interposition 
graft from greater auricular or sural nerve [22]. Elective neck dissection is not recommended; 
nevertheless patients with large or high-grade tumors may benefit from level II, III and IV 
neck dissections [26].

Radiotherapy is not necessary for low grade, low stage and adequately resected AcCCs [45]. 
As like other salivary gland cancers, criteria for radiotherapy include recurrent disease, 
advanced T-classification (T3/T4), positive margins, pathologically positive cervical lymph 
nodes, perineural invasion, high-grade and high proliferative tumors [24, 26, 28].

Role of chemotherapy is not exactly known in treatment of AcCCs; however, mTOR inhibitors 
may be beneficial [22].

3.2. Mucoepidermoid carcinoma

Defined as “a malignant glandular epithelial neoplasm characterised by mucous, intermedi-
ate and epidermoid cells, with columnar, clear cell and oncocytoid features” by World Health 
Organization (WHO), mucoepidermoid carcinoma (MEC) was first described by Masson and 
Berger [46–48]. MEC is considered as the most common primary salivary gland malignancy 
and patients have a mean age of 45 years old at the time of diagnosis [49, 50]. Children are 
rarely involved and gender differences are not marked [51, 52].

Parotid is the most commonly involved major salivary gland and MEC of minor salivary 
glands is usually found on the palate followed by buccal mucosa, tongue, lips and floor of 
mouth [51]. Another important location is retromolar area in which 18% of intra-oral MECs 
can be detected [53]. MEC may also be rose from salivary-type glands in sinonasal and laryn-
geal mucosa lachrymal and ceruminous glands, and even nodal glandular inclusions [54–57].

The most common clinical manifestation of MEC is a painless, variously fixed, rubbery or soft 
mass. Intra-oral tumors may appear as a blue-red tinged swelling which mimics a mucocele 
or vascular tumor because of their superficial location [51, 53]. The interval between initial 
symptoms and diagnosis differs depending on the site of origin [16]. Sublingual MEC is pain-
ful and patients are usually diagnosed earlier than parotid or submandibular tumors [16].

3.2.1. Preoperative assessment

Imaging is less necessary for diagnosing MECs unless they are located on the palate or ret-
romolar area of mandible or involvement of deeper structures or cranial nerves is suspected 
[46]. CT scan is beneficiary for assessment of bone invasion by the tumor; while MRI is bet-
ter for soft tissue. Ultrasound (US) may be satisfactory if small tumors are located in major 
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salivary glands; for larger tumors or tumors outside these glands, a combination of CT and 
MRI is suggested. According to recent studies, positron emission tomography (PET) has been 
beneficial in loco-regionally advanced tumors [58]. Fine needle aspiration biopsy (FNAB) is 
another preoperative diagnostic modality which is dependent on expertise of pathologist and 
number of patients treated in the institute [59].

3.2.2. Management

Complete surgical removal of tumor is the treatment of choice in case of anatomically acces-
sible MECs [32]. More treatment planning is needed when MECs are locally advanced, incom-
pletely resected or with positive margins, invaded to bone or nerves, metastasized to lymph 
nodes or high grade [18, 60].

For low-grade tumors, surgery alone is curative; however, site and size of tumor influence the 
extent of surgery. For parotid, superficial parotidectomy is enough unless the tumor involves 
deep lobe [61]. Resection of facial nerve is recommended if there is preoperative facial nerve 
paralysis or weakness or there is evidence of perineural invasion in frozen section [46]. If 
submandibular or sublingual glands are involved, resection of the anterior mandible or mylo-
hyoid muscle should be considered. Wide local excision is usually curative if minor salivary 
glands are involved with low-grade small MECs. Mandibulectomy, maxillectomy, mastoid-
ectomy, infratemporal fossa, anterior craniofacial resection, soft or hard palate resection or 
resection of cranial nerves may be required in more extensive disease [62]. For tumors in 
tonsillar area, radical tonsillectomy and ipsilateral neck dissection is applied [32, 63]. Elective 
neck dissection should be done in high-grade MEC and avoided in low- or intermediate-
grade tumors [32].

Radiotherapy is recommended for high-grade MECs and patients with perineural invasion, 
positive margins and T3–4 classification [64, 65]. For patients with increased risk of nodal 
metastasis, elective neck irradiation may be applicable [32, 66]. The role of chemotherapy is 
not approved in the treatment of MECs and some clinical trials are being conducted regard-
ing this issue.

3.3. Adenoid cystic carcinoma (cylindroma)

Accounting for about 1% of all head and neck cancers and 10% of all salivary gland tumors, 
adenoid cystic carcinoma (AdCC) is a rare tumor with a yearly incidence of about 3–4.5 cases 
per million [67–70]. On the other hand, it is the most common malignancy of minor salivary 
gland tumors with a proportion ranging from 32 to 71% [67]. AdCC may involve other sites 
and glands such as lacrimal and ceruminous glands as well as nasal and paranasal sinuses, 
larynx and trachea [32, 67, 71–74]. AdCC is mostly found in the parotid, submandibular and 
minor salivary glands. Based on previous studies, AdCC was the most frequent histology of 
parotid carcinoma [23]. In the submandibular gland, the likelihood of AdCC is even greater 
as it accounts for 40% of salivary gland cancers [75, 76]. AdCC of minor salivary glands is 
most frequently found in the palate followed by paranasal sinuses and other parts of salivary 
glands [32, 77].
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Although more prevalent in middle-aged and older patients in fifth and sixth decades of life, 
AdCC occurs in all age groups [12, 78–81]. Until now, there are no known risk factors for 
AdCC and smoking has not been proven to affect incidence [82].

The characteristic cribriform arrangement of tumor cells on microscopy and invasion to sur-
rounding structures and nerves were first described in 1853 and 1854 by Robin, Lorain and 
Laboulbene [83].

AdCC is a really invasive tumor which is recognized by perineural invasion and multiple 
local recurrences. Although considered rarely, but regional lymph node metastasis may be 
hidden according to its occult and clinically undetectable nature and lack of pathological 
assessment of lymph nodes. Hematogenous metastasis is also common especially to lung, 
bone and liver [83, 84].

As one of the most biologically destructive and unpredictable tumors of the head and neck, the 
most common clinical manifestation of AdCC is a slowly growing mass followed by pain. AdCC 
symptoms vary according to the site of disease. The tumor usually presents with a mass in major 
salivary glands and may lead to facial nerve paralysis when located in parotid [69, 85]. When 
located in the palate, a mass is common; however, ulcer or even oroantral fistula may be detected. 
Dyspnea is the first symptom in larynx and nasal obstruction, epistaxis, eye symptoms and deep 
facial pain are presenting symptoms of nose and paranasal sinuses involvement [32, 86, 87].

3.3.1. Preoperative assessment

As other salivary gland malignancies, preoperative imaging of AdCC includes computed 
tomography (CT) and magnetic resonance imaging (MRI) which help with estimation of dis-
ease extent. CT scan is preferred for bone invasion assessment and MRI is more appropri-
ate for evaluation of soft tissue extension or suspected neural invasion presenting as pain or 
facial nerve analysis [88]. Positron emission tomography (PET) scan in combination with CT 
is applied for excluding distant metastasis [89].

3.3.2. Management

Decision-making for treatment of AdCC depends on tumor location, stage at diagnosis and 
biologic behavior of tumor reflected in histologic grading [90]. Radical surgical resection of 
tumor, ensuring free margins, followed by postoperative radiotherapy is the gold-standard 
treatment for AdCC. Since AdCC has a high potential for infiltrating to neighboring tissue, 
mainly by perineural invasion, the free margin may not be reached. In anatomical sites with 
difficult access, incomplete resection has remained as a problem.

In case of parotid involvement, facial nerve should be preserved if it is not paralyzed preop-
eratively and not involved by tumor at the time of surgery. Radiotherapy after surgery is con-
sidered as an appropriate adjuvant therapy for possible residual tumors on nerve branches 
[45, 91, 92].

Neck dissection is only performed in patients with clinically positive lymph nodes; however, 
it is not common in AdCC especially for parotid malignancies [93]. The number of involved 
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lymph nodes is higher in minor salivary glands AdCC. Lymph nodes could also be involved 
by direct extension of primary tumor when AdCC is located in parotid, submandibular 
gland and larynx [94, 95]. Despite combination therapy with surgery and radiotherapy, local 
recurrence happens [69]. Chemoradiotherapy may be considered using various agents in 
patients with adverse prognostic factors [96]. To the best of scientists’ knowledge, patients 
with locally recurrent or metastatic AdCC may not experience cure by systemic treatment 
using cytotoxic chemotherapy or targeted molecular therapies [69]. So chemotherapy may be 
considered as a palliative treatment for patients with poorly-controlled disease or symptom-
atic metastasis [97].

3.4. Basal cell adenocarcinoma

Basal cell adenocarcinoma (BCAC) occurs equally in both genders and usually involves 
patients in fifth or sixth decades of their lives [98]. In the setting of syndromic disease, it 
may have multifocal lesions of multiple cylindromatosis and trichoepitheliomas (Brooke-
Spiegler syndrome) [99]. Basal cell adenocarcinoma usually has an indolent behavior but may 
be locally aggressive and one-third of cases experience recurrence. It has been reported that 
BCACs have a regional and distant metastatic rates ranging from 8 to 12% and 2 to 4%, respec-
tively [100, 101]. The main treatment strategy for basal cell adenocarcinoma is surgery with 
lymph node dissection, if required. High-stage tumors are treated with radiotherapy which 
may improve outcome [101].

3.5. Epithelial-myoepithelial carcinoma

As a biphasic salivary gland malignancy, epithelial-myoepithelial carcinoma (EMCA) may 
occur at any sites containing salivary or seromucinous glands [98]. It is mostly (60–80%) 
prevalent in parotid glands and involves people in sixth decade of life. Female-male ratio 
is 3:2 [102]. RAS mutation is detected in 20 to 25% of cases with predominancy of HRAS 
codon 61 mutations [103]. EMCA is typically a low-grade tumor and has an estimated 5-year 
disease-specific survival (DSS) of 90–95% and 10-year DSS of 80–90% [102, 104]. Often late, but 
about one-third of patients experience recurrence with a median disease-free survival (DFS) 
of 11 years. Regional and distant metastases are uncommon [104]. Factors like margin status, 
vascular invasion, necrosis, and high-grade features are among important prognostic factors 
[102]. EMCA is surgically treated with no sensible effect of radiotherapy [102, 104].

3.6. Mammary analogue secretory carcinoma, a new entity

Mammary analogue secretory carcinoma (MASC) is a newly defined salivary gland malig-
nancy based on morphologic and molecular features [44, 105]. Previously, most of MASC 
were marked as acinic cell carcinoma or adenocarcinoma not otherwise specified [98]. Both 
genders are equally involved and MASC typically occurs in fifth to sixth decades of life.

There are limited data on management of MASC; it may have a higher rate of lymph node 
metastasis (up to 25%) than acinic cell carcinoma [106]. Nonetheless, surgery is the main treat-
ment for MASC.
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4. TNM classification and staging of major salivary gland tumors

The most common system for cancers in the major salivary glands is the TNM system of the 
American Joint Committee on Cancer (AJCC), available at (https://www.cancer.org/cancer/
salivary-gland-cancer/detection-diagnosis-staging/staging.html).

T groups for major salivary gland cancers:

TX: The main (primary) tumor cannot be assessed; information not known.

T0: No evidence of a primary tumor. (For example, the cancer was first found in the lymph 
nodes, but the main tumor itself can’t be found.)

T1: Tumor is 2 cm (about ¾ inch) across or smaller. It’s not growing into nearby tissues.

T2: Tumor is larger than 2 cm but no larger than 4 cm (about 1½ inch) across. It is not growing 
into nearby tissues.

T3: Tumor is larger than 4 cm across and/or is growing into nearby soft tissues.

T4a: Tumor is any size and is growing into nearby structures such as the jaw bone, skin, ear 
canal, and/or facial nerve. This is known as moderately advanced disease.

T4b: Tumor is any size and is growing into nearby structures such as the base of the skull or 
other bones nearby, or it surrounds the carotid artery. This is known as very advanced disease.

N groups for major salivary gland cancers:

NX: Nearby (regional) lymph nodes cannot be assessed; information not known.

N0: No spread to regional lymph nodes.

N1: The cancer has spread to one lymph node on the same side of the head or neck as the 
primary tumor. The lymph node is no larger than 3 cm (about 1¼ inch) across.

N2: This group includes 3 subgroups:

• N2a: The cancer has spread to one lymph node on the same side as the primary tumor. 
The lymph node is larger than 3 cm but not larger than 6 cm (about 2½ inches) across.

• N2b: The cancer has spread to more than one lymph node on the same side as the 
primary tumor, but none of the lymph nodes are larger than 6 cm across.

• N2c: The cancer has spread to one or more lymph nodes, none larger than 6 cm across, 
either on the side opposite the primary tumor or on both sides of the neck.

N3: The cancer has spread to a lymph node that is larger than 6 cm across.

M groups for major salivary gland cancers:

M0: The cancer has not spread to tissues or organs far away from the salivary glands.

M1: The cancer has spread to tissues or organs far away from the salivary glands.
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Stage grouping:

Stage I: T1, N0, M0: The tumor is no more than 2 cm across and is not growing into nearby 
tissues (T1). It has not spread to nearby lymph nodes (N0) or distant sites (M0).

Stage II: T2, N0, M0: The tumor is larger than 2 cm but is no larger than 4 cm across and is 
not growing into nearby tissues (T2). It has not spread to nearby lymph nodes (N0) or distant 
sites (M0).

Stage III: Either of the following:

T3, N0, M0: The tumor is larger than 4 cm across and/or is growing into nearby soft tissues 
(T3). It has not spread to nearby lymph nodes (N0) or to distant sites (M0).

or

T1 to T3, N1, M0: The tumor is any size and may have grown into nearby soft tissues (T1 to 
T3). The cancer has spread to one lymph node on the same side of the head or neck as the 
primary tumor, but the lymph node is no larger than 3 cm across (N1). The cancer has not 
spread to distant sites (M0).

Stage IVA: Either of the following:

T4a, N0 or N1, M0: The tumor is any size but has grown into nearby structures such as the jaw 
bone, skin, ear canal, and/or facial nerve (T4a). It may or may not have spread to one lymph 
node (no larger than 3 cm across) on the same side of the head or neck as the primary tumor 
(N0 or N1). The cancer has not spread to distant sites (M0).

or

T1 to T4a, N2, M0: The tumor is any size and may or may not have grown into nearby soft 
tissues or structures such as the jaw bone, skin, ear canal, and/or facial nerve (T1 to T4a). The 
cancer has spread to more than one lymph node, to a lymph node larger than 3 cm across, or 
to lymph nodes on the other or both sides of the neck. None of the lymph nodes are larger 
than 6 cm across (N2). The cancer has not spread to distant sites (M0).

Stage IVB: Either of the following:

T4b, Any N, M0: The tumor is any size and has grown into nearby structures such as the base 
of the skull or other bones nearby, or it surrounds the carotid artery (T4b). The cancer may or 
may not have spread to nearby lymph nodes (any N). It has not spread to distant sites (M0).

or

Any T, N3, M0: The tumor is any size and may or may not have grown into nearby soft tissues 
or other structures (any T). The cancer has spread to at least one lymph node that’s larger than 
6 cm across (N3). It has not spread to distant sites (M0).

Stage IVC: Any T, Any N, M1: The tumor is any size and may or may not have grown into 
nearby soft tissues or other structures (any T). The cancer may or may not have spread to 
nearby lymph nodes (any N). It has spread to distant sites (M1).
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Abstract

Rapidly increasing trend of thyroid cancer incidence has turned this disease into a global 
concern. An estimated number of 64,300 new cases of thyroid cancer occurred in men 
and women in 2016, which represents 3.8% of all new cancer cases of USA (https://seer.
cancer.gov/statfacts/html/thyro.html). Thus,  there  is a high possibility  for every physi-
cian  to encounter a  case of  thyroid cancer during his/her professional  lifetime.  In  this 
chapter, we  clarified  epidemiology,  different  categories,  and  new  approaches  toward 
diagnosis and management of thyroid cancer.

Keywords: thyroid cancer, epidemiology, differentiated thyroid cancer, undifferentiated 
thyroid cancer, thyroid nodule

1. Detailed epidemiology of thyroid cancer

As the most common endocrine cancer and fifth most common cancer in women, thyroid can-
cer includes approximately 1–1.5% of all new cases of cancer diagnosed annually in the USA 
based on previous data [1–3]. Thyroid  cancer  is more prevalent  among women and  those 
with positive family history of thyroid disease. Some prior studies have reported a world-
wide increasing trend for thyroid cancer incidence in recent decades [4]. Annual percent 
change (APC) is a commonly used indicator for the assessment of changes in incidence. Based 
on US National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) pro-
gram, it has been reported 2.4% from 1980 to 1997 and 6.6% from 1997 to 2009 in both genders 
for thyroid cancer (data available at http://seer.cancer.gov/statfacts/html/thyro.html).

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



According to 2009–2013 data, the rate of new cases of thyroid cancer was 13.9 per 100,000 men 
and women per year (Figure 1). Table 1 summarizes number of new cases per 100,000 persons 
by race/ethnicity and sex. A recently published study on adolescent cancer incidence during 
1975–2012 has reported a 2.12% increase for females and 1.59% for males between 15 and 19 
years of age [5]. However, there is a study indicating that thyroid cancer incidence trend has 
slowed following release of American Thyroid Association (ATA) guideline in 2009 [6, 7]. It 
has been reported that overall thyroid cancer incidence had an increasing trend about 8% per 
year from 2000 to 2009. But APC showed a deceleration about 3% in men and 2.8% in women, 
which was confined to tumors less than 2.9 cm of size for women [7].

Also, thyroid cancer-related mortality was estimated to consist 0.3% of all cancer-related 
deaths in 2016. A 5-year survival rate of 98.1% has been reported for thyroid cancer. Despite 
increasing trend of incidence, thyroid cancer mortality has a relatively stable rate about 0.5 
cases per 100,000 persons both from 1973 to 2002 and 2009 to 2013 [8, 9].

In conclusion, it seems that thyroid cancer has been following an increasing trend in the past 
decades; although the reason has been remained controversial. Some scientists believe 
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Figure 1. Thyroid cancer incidence in time (http://seer.cancer.gov/statfacts/html/thyro.html).

Races Male Female

All races 6.9 20.6

White 7.4 21.9

Black 3.6 12.4

Asian/Pacific Islander 6.5 19.9

American Indian/Alaska Native 3.6 13.6

Hispanic 5.0 18.6

Nonhispanic 7.4 21.3

Table 1. Number of new cases of thyroid cancer per 100,000 persons by race/ethnicity and sex.
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that modern diagnostic techniques and strategies or in the other words “overdiagnosis” is 
in charge for this increasing trend [8, 10]. Others believe that environmental factors such 
as various irradiations and changes in lifestyle can be considered as the reasons for this true 
increase [11–14]. Regardless of the nature, this increase has turned thyroid cancer to a world-
wide health problem, which involves more attention and efforts toward diagnosis and proper 
management.

2. Categories of thyroid malignancies

Three are some different classifications for thyroid cancers. Previously and more commonly, 
thyroid gland malignancies were used  to be categorized  to  three  types: differentiated  thy-
roid cancers (such as papillary and follicular thyroid cancers), anaplastic carcinomas, and rare 
types of thyroid cancer (like medullary thyroid cancer). A newly released classification cat-
egorizes thyroid malignancies to two main follicular-derived and neuroendocrine C-cell–
derived types [1], which will be discussed in detail in following lines. Figure 2 illustrates this 
classification in order for better clarification.

Thyroid Cancers 

Follicular-derived Neuroendocrine C-cell-derived 

Di�erentiated Anaplastic 
Medullary Thyroid cancer 

Well-Di�erentiated Poorly-Di�erentiated 

1. Papillary Thyroid cancer 
2. Follicular Thyroid cancer 

3. Hurthle cell thyroid cancer 

Figure 2. Classification of thyroid malignancies.
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2.1. Follicular-derived thyroid cancers

Follicular-derived  thyroid  cancers  have  two main  subtypes:  differentiated  and  anaplastic 
cancers.

2.1.1. Differentiated thyroid cancers

Consisting approximately 95% of all thyroid cancers, differentiated thyroid cancer is the most 
prevalent type of these cancers [15], which is raised from thyroid follicular epithelial cells. 
There are two main subtypes for differentiated thyroid cancers: well-differentiated and poorly 
differentiated thyroid cancers. Papillary thyroid cancer, follicular thyroid cancer, and Hurthle 
cell carcinoma (HCC) are under category of well-differentiated thyroid cancers (WDTC).

2.1.1.1. Papillary thyroid cancer

Accounting for 70–90% of well-differentiated thyroid cancers and 80–85% of follicular cell-
derived thyroid cancers [16], papillary  thyroid cancers  (PTCs) are  the most prevalent  type 
of thyroid cancers [17]. Incidence of papillary thyroid cancer has increased along with recent 
increase in incidence of thyroid cancers. Experts believe that this increase is related to higher 
detection  and  diagnosis  rates;  because  PTCs  are  more  easily  diagnosed  with  ultrasound 
and diagnostic tests such as fine needle aspiration (FNA) cytology in comparison with fol-
licular carcinomas [18].

PTC is mostly diagnosed at the mean age of 45 years old; however the incidence increases 
with increase in age [19]. Papillary thyroid cancer can also occur in children [19, 20].

There  are  several  known  risk  and  etiologic  factors  for  papillary  thyroid  carcinoma  such 
as radiation exposure, nitrate, unknown environmental pollutants, and endogenous factors 
like obesity, high levels of thyroid stimulating hormone (TSH), and presence of Hashimoto’s 
thyroiditis [4]. Based on a meta-analysis, each 5-unit increase in body mass index (BMI), 5 kg 
increase in weight, 5 cm increase in waist or hip circumference, and 0.1 unit increase in waist-
to-hip ratio were associated with 30, 5, 5, and 14% greater risks of thyroid cancer, respectively 
[21]. Estrogen is also another potential risk factor for papillary thyroid carcinoma, which justi-
fies the sex difference for thyroid nodules and carcinoma [22]. Hepatitis C infection has been 
mentioned as a potential  risk  factor  for  thyroid cancer; however, more studies are needed 
to  confirm  this  association  [23].  It  is  not  exactly  clear  that  which  factor(s)  are  important 
and mainly contributed to the recent increase in thyroid cancer incidence.

Papillary thyroid cancer has the best overall prognosis [1]; however, there are some static 
and dynamic prognostic  factors, which  influence  this prognosis  [24]. Static prognostic fac-
tors help with decision-making on therapeutic strategies and are usually based on patient’s 
background or findings of preoperative imaging studies, intra-operative, and post-operative 
pathological findings.

Static prognostic factors are subdivided into three classification regarding the time of evalua-
tion; pre-, intra-, and post-operative.
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1. Pre- or intra-operative prognostic factors:

• Age: although  the age has been considered by approved classification systems  like age, 
metastases, extent and size (AMES); metastasis, age, invasion, completeness, and size (MA-
CIS); and Union for International Cancer Control (UICC) tumor, nodes, metastasis (TNM) 
classification, its exact role as a prognostic factor has remained controversial [25–27]. Most 
of the previous studies have indicated that recurrence and mortality are higher in elderly 
patients [27–33]. On the other hand, it has been reported that younger PTC patients have 
lower disease-free survival (DFS) than middle-aged patients.

• Gender: prognostic value of male gender has been questioned in recently published studies 
[24]; however, approved in some previous ones [18]. It has been concluded that male gen-
der has a moderate prognostic value in PTC patients; however, there are studies with con-
trast findings [34].

• Size of  tumor:  the fact  that  larger tumors are associated with higher mortality and poor 
prognosis has been long determined. AMES has marked tumor size more than 5 cm as high 
risk and UICC set two cut off at 2 and 4 cm [25, 27]. Most of the recent studies have set 
the cut off at 3–4 cm according to prognosis of PTC patients [25, 27–30, 35].

• Extrathyroid  extension:  it  is  one  of  the most  important prognostic  factors  for PTC  [36]. 
Grossly  significant  extrathyroid  extension  based  on  intra-operative  evidences  is  one 
of the most reliable prognostic factors.

• Clinical lymph node metastasis: not only the presence of lymph node metastasis is impor-
tant, but the number and size of metastasis are also among determining prognostic factors 
[36].

2. Distant metastasis at diagnosis: it is considered as the strongest predicting factor for carci-
noma-related death of PTC patients [18, 24].

Post-operative prognostic factors:

• Ki-67 labeling index: Ki-67 is a molecular marker indicating high level of proliferative ac-
tivity  in  carcinoma. Ki-67  labeling  index  (LI)  is generally  low  in PTC patients; however 
patients with high Ki-67 labeling index are more likely to show recurrence or persistent 
disease and to die from carcinoma [24, 37]. High Ki-67 LI is considered as an independent 
prognostic factor for DFS and cause-specific survival (CSS) [37, 38].

• BRAF V600E mutation: many previous studies have mentioned that PTC with BRAF mu-
tation is more aggressive, associated with more recurrence, and has poorer prognosis [18, 
39–42]. It has been shown that PTCs with BRAF V600E mutation and negative for X-linked 
inhibitor of apoptosis protein (XIAP) have higher chance of recurrence [18]. So, simulta-
neous evaluation of BRAF V600E mutation and XIAP expression is suggested as a better 
predictor of cancer recurrence [43].

• Poor differentiation and aggressive variants: patients with poorly differentiated PTC are 
known for their poor prognosis [24]. Poorly differentiated papillary thyroid carcinoma has 
been discussed as a separate section.
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Dynamic prognostic  factors  are based on  changes  in  serum  thyroglobulin  (Tg)  and  thyro-
globulin antibody (TgAb) after total thyroidectomy, which help with estimation of recurrence 
and cause-specific survival (CSS) of PTC patients.

• Tg-doubling  time  (Tg-DT):  for  the  first  time  in  2011,  Tg-doubling  time  was  proposed 
as a dynamic prognostic factor [44]. Tg-DT was recognized as an independent prognostic 
factor for both DFS and CSS of patients, whereas a short Tg-DT time (less than 1 year) is 
an indicator of poor prognosis. It was mentioned that Tg-DT is inversely linked to Ki-67 LI 
and so measurement of Ki-67 may give us information upon post-operative Tg status, Tg-
DT, and prognosis of patients [37].

Post-operative Tg status  is also  related  to patients’  age;  so  that a  shorter Tg-DT  (less  than 
2 years)  is observed in old patients [45].  In conclusion, Tg-DT is a very convenient marker 
for the prediction of patients’ prognosis in real-time and decision-making on use of molecular 
target agents.

• Pre- and post-operative values of TgAb: Tg-DT is not useful in TgAb positive patients, be-
cause serum Tg levels are not reliable in the presence of TgAb. Patients whose TgAb levels 
decrease less than 50% or increase in post-operative (total thyroidectomy) period are more 
likely to develop a recurrence of disease [46, 47].

2.1.1.1.1. Staging

American Joint Committee on Cancer (AJCC, https://cancerstaging.org) has divided staging 
of differentiated thyroid cancers as two groups; in patients under 45 years old and in those 
45 years and older. As described previously, younger patients are less likely to die from dif-
ferentiated thyroid cancers; so all patients younger than 45 years are stage I if they have no 
distant metastasis and stage II if they have distant metastasis.

Papillary thyroid cancer in patients younger than 45:

• Stage I (Any T, Any N, M0): the tumor can be of any size (any T) and may or may not have 
spread to nearby lymph nodes (any N). It has not spread to distant sites (M0).

• Stage II (Any T, Any N, M1): the tumor can be of any size (any T) and may or may not have 
spread to nearby lymph nodes (any N). It has spread to distant sites (M1).

Papillary thyroid cancer in patients 45 years and older:

Stage I (T1, N0, M0): the tumor is 2 cm or less across and has not grown outside the thyroid 
(T1). It has not spread to nearby lymph nodes (N0) or distant sites (M0).

Stage II (T2, N0, M0): the tumor is more than 2 cm but not larger than 4 cm across and has 
not grown outside the thyroid (T2). It has not spread to nearby lymph nodes (N0) or distant 
sites (M0).

Stage III: one of the following applies:

T3, N0, M0: the tumor is larger than 4 cm across or has grown slightly outside the thyroid 
(T3), but it has not spread to nearby lymph nodes (N0) or distant sites (M0).
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T1–T3, N1a, M0: the tumor is of any size and may have grown slightly outside the thy-
roid (T1–T3). It has spread to lymph nodes around the thyroid in the neck (N1a) but not 
to other lymph nodes or to distant sites (M0).

Stage IVA: one of the following applies:

T4a, any N, M0: the tumor is any size and has grown beyond the thyroid gland and into 
nearby tissues of the neck (T4a). It might or might not have spread to nearby lymph nodes 
(any N). It has not spread to distant sites (M0).

T1 to T3, N1b, M0: the tumor is any size and might have grown slightly outside the thyroid 
gland (T1–T3). It has spread to certain lymph nodes in the neck (cervical nodes) or to lymph 
nodes in the upper chest (superior mediastinal nodes) or behind the throat (retropharyngeal 
nodes) (N1b), but it has not spread to distant sites (M0).

Stage IVB (T4b, Any N, M0):  the  tumor  is of any size and has grown either back  toward 
the spine or into nearby large blood vessels (T4b). It might or might not have spread to nearby 
lymph nodes (any N), but it has not spread to distant sites (M0).

Stage IVC (Any T, Any N, M1): the tumor is of any size and might or might not have grown 
outside the thyroid (any T). It might or might not have spread to nearby lymph nodes (any 
N). It has spread to distant sites (M1).

2.1.1.1.2. Management

The optimal management of papillary thyroid cancer has remained controversial as the avail-
able data on the best approach for management are related to retrospective evaluations, large 
national registry studies, and meta-analysis but not randomized clinical trials (RCTs) [48–50]. 
Only RCTs are able to exactly determine the optimal treatment, such as extent of surgery, in PTC 
patients.  It  has been  estimated  that  a  large number  about  3000  to  5000 patients  are needed 
to be randomized for evaluation of cause-specific mortality, which is not actually possible.

Decision-making  for  primary  treatment  are  depended  on  preoperative  assessments  such 
as  clinical,  imaging  and  histological  evaluations.  Treatment  choices  are  based  on  location 
and extent of disease.

Figure 3  illustrates algorithm for primary treatment of patients with differentiated thyroid 
carcinomas. Recommendations of 2015 American Thyroid Association (ATA) guidelines are 
excellent reference as they are more conservative than before [51].

According to this guideline, unifocal tumors which are smaller than 4cm with no evidence 
of extrathyroidal extension or lymph node metastasis are resolvable by lobectomy. Previous stud-
ies have shown that bilateral or unilateral resections are associated with similar long-term sur-
vival [48, 52–54]. For patients with papillary microcarcinoma (less than 1 cm) without evidence 
of cervical lymph node metastasis, nonsurgical management is considered as an option [55, 56].

Surgical  and  pathological  findings  are  applied  shortly  after  surgery  for  deciscion-making 
on the possible need for thyroid hormone replacement therapy or radioiodine ablation or 
both. This assessment is based on well-known TNM staging which determines mortality but 
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not the risk of recurrence. Recurrence assessment system proposed by 2015 ATA guideline 
(Tables 2 and 3)  is  a  reliable  predictor  for  the  course  of  differentiated  thyroid  carcinoma 
treated with thyroidectomy alone or radioiodine remnant ablation [57–60].

Radioiodine therapy (RAI Tx): Previously application of radioactive iodine was  justified by 
the need for elimination thyroid normal tissue remnants. It is also considered as adjuvant 
treatment for destroying occult neoplastic cells within the thyroid remnant or throughout 
the body. This issue has been challenged recently because of short-term morbidity and pos-
sible increased risk of second cancers [6, 61]. Recent recommendations believe in individu-
alized use of RAI Tx (Figure 3). It can also be used in detection of distant metastasis as well 
as a treatment. Unfortunately this strategy is not effective in radioiodine refractory patients.

Figure 3. Primary treatment of patients with differentiated thyroid carcinoma.
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TSH suppression: TSH stimulates proliferation of normal thyrocytes and some malignant cells; 
so TSH suppression has been used as a treatment after surgery [62]. This approach significantly  
decreases mortality and  recurrence  in DTC  [63]. The exact amount of needed suppression 
is not clear but studies show that reducing TSH level to less than 0.1mU/L improves clinical 
outcome; however moderate reductions are beneficial [64, 65]. This treatment may have some 
complications  like osteoporosis  in postmenopausal women or angina and atrial fibrillation 
in elderly patients; so the risk of complications should be weighed against the risk of prolif-
eration of malignant cells [66].

2.1.1.2. Follicular thyroid cancer

Including approximately 10–15% of well-differentiated thyroid carcinomas, follicular thyroid 
cancer (FTC) is defined as ‘A malignant epithelial tumor showing follicular cell differentiation 
and lacking the diagnostic nuclear features of papillary thyroid carcinoma’ (PTC) [67].

At the time of primary treatment

(1) ATA low risk (≤5% recurrence)

Papillary thyroid cancer

• Intrathyroid tumor

• Clinical N0 or five or fewer lymph node micrometastases (<0.2 cm in largest diameter)

• V600EBRAF-mutated microcarcinoma

Follicular thyroid cancer

• Intrathyroid tumor

• Capsular invasion and no or minimal (<4 foci) vascular invasion

(2) ATA intermediate risk (5–20% recurrence)

Papillary thyroid cancer

• Minimal extrathyroid extension

• Aggressive histology

• Vascular invasion

• Clinical N1 or more than five lymph node metastases (<3 cm in largest diameter)

• V600EBRAF-mutated, intrathyroid, 1–4 cm, primary tumor

• V600EBRAF-mutated microcarcinoma, multifocal with extrathyroid extension

(3) ATA high risk (>20% recurrence)

Papillary thyroid cancer

• Gross extrathyroid extension

• Distant metastases

• Lymph node metastasis at least 3 cm in largest diameter

Follicular thyroid cancer

• >4 foci of vascular invasion

Table 2. Recurrence risk stratification at the time of primary treatment as a function of the response to treatment.
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Patients’ age, size and staging of the tumor, responsiveness to radioiodine therapy and com-
pleteness of  surgery are  among prognostic  factors of FTC. Minimally  invasive  carcinomas 
have better prognosis than widely invasive carcinomas [68, 69].

2.1.1.2.1. Staging

As a differentiated thyroid cancer, staging of follicular thyroid cancer is the same with papil-
lary thyroid carcinoma based on American Joint Committee on Cancer (AJCC).

2.1.1.2.2. Management

As a differentiated thyroid cancer, management of follicular thyroid carcinoma is compatible 
with those of papillary thyroid carcinoma.

2.1.1.3. Hurthle cell carcinoma

Oncocytic follicular cells of thyroid, known as Hurthle cells, which were first described by Karl 
Hürthle are the origin of Hurthle cell carcinoma (HCC) [70, 71]. They can be found in both 
benign  and  malignant  conditions  of  thyroid.  Histologic  differentiation  between  Hurthle 
cell  adenoma and  carcinoma can be definitely made only after  the  evaluation of  resection 
specimen by the presence or absence of vascular or capsular invasion, which is the hallmark 
of HCC [72]. HCC represents 3% of all thyroid cancers [73].

There  are  two  types  of  Hurthle  cell  carcinoma;  minimally  invasive  carcinomas  are  fully 
encapsulated tumors with microscopically identifiable foci of capsular or vascular invasion  

During follow-up

(1) Excellent response (1–4% recurrence)

• Imaging negative for disease recurrence

• Serum thyroglobulin concentration lower than 0.2 ng/mL basal or higher than 1 ng/mL TSH stimulated

(2) Indeterminate response (15–20% recurrence)

• Nonspecific findings on imaging studies

• Serum thyroglobulin 0.2–1 ng/mL basal or 1–10 ng/mL TSH stimulated, or thyroglobulin antibodies stable or 
decreasing

(3) Biochemical incomplete response (20% recurrence)

• Imaging negative for disease recurrence

• Serum thyroglobulin concentration higher than 1 ng/mL basal or higher than 10 ng/mL TSH stimulated, or 
increasing thyroglobulin antibody concentrations

(4) Structural incomplete response (50–85% recurrence)

• Structural (neck ultrasound, CT, or MRI) or functional (whole-body scan or 18F-fluorodeoxyglucose PET) evi-
dence of disease in imaging studies

Table 3. Recurrence risk stratification over time as a function of the response to treatment.
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(<4  foci)  and  widely  invasive  tumors,  which  have  extensive  vascular  invasion  (>4  foci) 
and extrathyroidal invasion. Patients with minimally invasive carcinomas usually experience 
a better prognosis  [73]. Overall, older patients and those with larger tumor size, extrathy-
roidal extension, and not undergoing surgery have reduced survival [74]. A previous study 
indicated that in patients with widely invasive HCC, stages III–IV are independent risk fac-
tors for recurrence or death. Five-year risk of recurrence or death was reported 0% in women 
with stages I–II compared to 17% in men. However, it was 91% among men with stages III–IV 
disease comparing to 74% of women in the same stage of disease [75].

Stratification of risk of recurrence for HCC based on ATA (American Thyroid Association) 
guideline [51]:

• Low risk: intrathyroidal encapsulated tumors with minor capsular or vascular invasion (<4 
foci) or ≤5 metastatic lymph nodes where the foci of metastases are <0.2 cm.

• Intermediate  risk:  vascular  invasion, minimal  extrathyroidal  extension,  or  >5 metastatic 
lymph nodes (0.2–3 cm).

• High risk: macroscopic extrathyroidal extension, incomplete tumor resection, distant  
metastases, or metastatic lymph nodes >3 cm.

2.1.1.3.1. Staging

As a differentiated thyroid cancer, staging of follicular thyroid cancer is the same with papil-
lary thyroid carcinoma based on American Joint Committee on Cancer (AJCC).

2.1.1.3.2. Management

As  other  differentiated  thyroid  cancers,  the  main  treatment  for  HCC  is  surgery.  Since 
the preoperative diagnosis of HCC is impossible by cytology, determining the initial extent 
of surgery and whether further surgical resection (completion thyroidectomy) involves post-
operative histological evaluation [70]. So, the first step is a thyroid lobectomy in the primary 
surgery unless the pathological features guide us to total thyroidectomy. Presence of domi-
nant contralateral nodule, nodule size greater than 4 cm or preexisting diminished thyroid 
hormone production requiring thyroid hormone therapy are another indication for total thy-
roidectomy [51].

TSH suppression: Goal  of  TSH  suppression depends  on  the  risk  of  recurrence. Completely 
resected minimally invasive HCC is categorized as low risk and then does not require TSH 
suppression therapy. Patients with incomplete response to therapy should have TSH levels 
less than 0.1 mU/L unless there is a contraindication. Patients with incomplete biochemical 
response to therapy or high-risk HCC and an excellent or indeterminate response to therapy 
should have TSH levels between 0.1 and 0.5 mU/L considering the risk of TSH suppression 
and trend of thyroglobulin levels over time.

Radioiodine therapy (RAI Tx): Benefit of RAI Tx for HCC patients has remained as a question 
because a small number of studies have evaluated this treatment. Generally, RAI Tx is not 
routinely recommended for patients at low risk of recurrence.
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External beam radiation therapy (EBRT): In patients with clinically evident gross extrathyroidal 
extension that is incompletely resected, external beam radiation therapy (EBRT) can be con-
sidered  as  a  treatment  option. However,  potential  benefit  of  radiation  should be weighed 
against potential complications, such as dental decay, tracheal stenosis, esophageal stricture, 
osteonecrosis, fibrosis, and xerostomia [76].

2.1.1.4. Poorly differentiated thyroid cancer

Introduced by Sakamoto et al., this group of thyroid cancers fall between well-differentiated 
thyroid cancers (WDTC) and anaplastic thyroid cancer (ATC) in terms of both morphologic 
appearance and biologic behavior [77, 78]. They account for up to 10% of all thyroid cancers 
and have a higher incidence in Europe than in the United States with a male-to-female ratio 
of 1:2 [77, 79, 80]. Poorly differentiated thyroid carcinoma (PDTC) may represent intermedi-
ate entities of the progression of WDTC to ATC [78, 81–83]. PDTCs have a high recurrence 
rate despite appropriate treatment. These types of cancers have more aggressive pattern than 
typical papillary thyroid cancer.

The most challenging issue in diagnosis of PDTC is lack of a precise definition. So, in 2006 
a group of experts set diagnostic criteria for PDTC in Turin, Italy [84]. As the most acceptable 
criteria, the 2006 Turin criteria are as following:

(1)  A solid/trabecular/insular pattern of growth

(2)  Absence of conventional nuclear features of papillary carcinoma

(3)  Presence  of  at  least  one  of  the  following  features:  convoluted  nuclei,  mitotic  activity 
(≥3×10 HPF), necrosis

PDTCs  are  usually  at  an  advanced  stage,  usually  extrathyroidal  extension  and  extensive 
local invasion, at the time of diagnosis [85]. They can be metastasized  to  regional  lymph 
nodes (50–85%), and distantly (36–85%), most commonly to the lung (14–54%), and bones 
(18–33%) [86, 87]. Survival rates are remarkably lower than in patients with WDTC [85, 87, 
88]. Patients more than 45 years of age and those with cervical lymph node invasion, tumor 
necrosis, local recurrence, mitotic index greater than 3 per 10 high-power fields, tumor size 
greater than 4 cm, and distant metastasis at the time of diagnosis have poorer prognosis 
[89–92][13, 31–34].

2.1.1.4.1. Management

Since  PDTC  is  rare,  the  best  treatment  option  for  treatment  remains  inconclusive.  Most 
previous studies are agreed with total thyroidectomy with lymph node dissection because 
of aggressive nature of these tumors. More than 50% of PDTCs have regional nodal metastasis; 
so central compartment with modified radical neck dissection is considered [93]. Application 
of radioiodine therapy (RAI), external beam radiation therapy (EBRT), or chemotherapy has 
remained controversial [77].
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2.1.2. Anaplastic thyroid cancer (undifferentiated thyroid cancer)

Anaplastic thyroid cancer (ATC) is a rare and lethal form of thyroid cancer, which is respon-
sible  for  1.7–2% of  all  thyroid  cancers.  It usually  involves patients  in  their  sixth or  seventh 
decade of life and has a median survival of 5 months and less than 20% of patients are alive 1 
year after diagnosis. Geographical prevalence of ATC has a wide range from 1.3 to 9.8% [94–96].

ATC is considered to be originally derived from follicular cells resulted from dedifferentia-
tion. About  80% of ATC presents  in  patients with  long-standing  goiter, which  is  possibly 
in the setting of an undiagnosed well-differentiated thyroid cancer [95]. In most of the cases, 
ATC usually presents with a rapidly enlarging neck mass and local symptoms such as neck 
pain, dysphagia, dyspnea, and hoarseness [97]. Symptoms can be related to invasion of tumor 
to neighboring structures  such as  recurrent  laryngeal nerve  (RLN), parasympathetic  chain 
(causing Horner’s syndrome), or even carotid arteries (causing stroke). About 40% of patients 
usually present with lymphadenopathy and up to 43% have distant metastasis, most com-
monly to the lung followed by bone and brain at the time of diagnosis [98].

A variety of previous studies have evaluated prognostic factors of ATC [99–102]. These prog-
nostic factors include patients’ age, tumor size, and clinical stage. Ages more than 70, acute 
onset of symptoms, white blood cell count (WBC) more than 10000, tumor size more than 5 cm, 
T4b and distant metastasis are associated with increased mortality and poor prognosis [102].

A majority of patients will finally die  from ATC and should be aware of  the prognosis by 
a thorough discussion in order to have information on the impact of disease on their quality 
of life and also the potential benefit of participating in clinical trials [97]. The physician should 
also hold discussions around “do not  resuscitate”  (DNR) or “allow natural death”  (AND) 
with patients to decrease ambiguity in emergency situations, which require life-supporting 
procedures such as intubation.

2.1.2.1. Staging

American Joint Committee on Cancer (AJCC) considers all anaplastic thyroid cancers as T4 
and Stage IV at the time of diagnosis reflecting the poor prognosis of this cancer.

Stage IVA (T4a, Any N, M0): the tumor is still within the thyroid (T4a). It might or might not 
have spread to nearby lymph nodes (any N), but it has not spread to distant sites (M0).

Stage IVB (T4b, Any N, M0): the tumor has grown outside the thyroid (T4b). It might or might 
not have spread to nearby lymph nodes (any N), but it has not spread to distant sites (M0).

Stage IVC (Any T, Any N, M1): the tumor might or might not have grown outside of the thy-
roid (any T). It might or might not have spread to nearby lymph nodes (any N). It has spread 
to distant sites (M1).

2.1.2.2. Management

ATC raises both diagnostic and therapeutic challenges. This is because of rarity of the dis-
ease and also lack of expression of thyroid and epithelial cell markers in anaplastic cancer  
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cells [103]. In addition, ATC cells present in a variety of histology and morphology abnor-
malities which causes delay in diagnosis and consequently in treatment. As the diagnosis 
is  established,  staging  should  be  done  as well  as  the  assessment  of  airway  by  fiberoptic 
laryngoscopy.

Referring the patient to a center with experience with anaplastic thyroid cancer is highly 
recommended. An expert head and neck surgeon should assess the patient to determine if 
the primary  tumor  is  resectable. Early after  resection,  external beam radiation with  radio-
sensitizing  drugs,  like  taxanes  with  or  without  platin  or  anthracycline  (chemoradiation). 
Palliative chemoradiation is suggested for patients with unresectable primary tumors but 
without distant metastases.

Patients with advanced disease (stage IVC) are the most challenging ones. Treating physician 
should balance local control of primary tumor and treatment of distant metastases. If the air-
way is at risk, the chemoradiation should be started. Patients in whom the airway is not at risk 
or is stabilized by tracheostomy should preferably be enrolled in a clinical trial or undergo 
systemic chemotherapy by cytotoxic drugs [1].

Recently, targeted treatment has been suggested; for example prescription of BRAF inhibi-
tors in patients with BRAFV600E-mutated anaplastic thyroid cancer [103]. Dabrafenib, which is 
a selective BRAF inhibitor, trametinib, lenvatinib, rapamycin, and microtubule inhibitors are 
among the drugs being evaluated in ATC patients.

Patients and their family members should be informed of poor prognosis of the disease. Some 
patients should be transferred to a sanatorium if they do not wish to be treated or their per-
formance is poor.

2.2. Neuroendocrine C-cell–derived thyroid cancer

Accounting for 1–2% of all thyroid cancers, medullary thyroid cancer is relatively uncom-
mon [15]. Medullary  thyroid cancer  (MTC)  is originated  from parafollicular neuroendocrine 
cells, in contrast with differentiated thyroid cancer. It occurs either sporadic (in 75% of cases) 
or in a hereditary form (multiple endocrine neoplasia type 2, MEN2), due to germline muta-
tions in the RET proto-oncogene [104]. As most of the thyroid cancers, MTC usually presents 
as a solitary thyroid nodule in patients in fourth or sixth decade of life [105]. Since it metastasizes 
frequently, neck lymphadenopathy is usually the first manifestation. Most (70%) of the patients 
with palpable MTC have evidence of cervical node involvement at the time of surgery [106]. 
A classic thyroid nodule associated with flushing and diarrhea is suggestive of widespread met-
astatic disease. About 25% of MTC cases occur in patients with an inherited multiple endocrine 
neoplasia syndrome [105].

2.2.1. Staging

Stage I (T1, N0, M0): the tumor is 2 cm or less across and has not grown outside the thyroid 
(T1). It has not spread to nearby lymph nodes (N0) or distant sites (M0).
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Stage II: one of the following applies:

T2, N0, M0: the tumor is more than 2 cm but is not larger than 4 cm across and has not grown 
outside the thyroid (T2). It has not spread to nearby lymph nodes (N0) or distant sites (M0).

T3, N0, M0: the tumor is larger than 4 cm or has grown slightly outside the thyroid (T3), but 
it has not spread to nearby lymph nodes (N0) or distant sites (M0).

Stage III (T1–T3, N1a, M0): the tumor is of any size and might have grown slightly outside 
the thyroid (T1–T3). It has spread to lymph nodes around the thyroid in the neck (N1a) but 
not to other lymph nodes or to distant sites (M0).

Stage IVA: one of the following applies:

T4a, any N, M0: the tumor is any size and has grown beyond the thyroid gland and into 
nearby tissues of the neck (T4a). It might or might not have spread to nearby lymph nodes 
(any N). It has not spread to distant sites (M0).

T1–T3, N1b, M0: the tumor is of any size and might have grown slightly outside the thyroid 
gland (T1–T3). It has spread to certain lymph nodes in the neck (cervical nodes) or to lymph 
nodes in the upper chest (superior mediastinal nodes) or behind the throat (retropharyngeal 
nodes) (N1b), but it has not spread to distant sites (M0).

Stage IVB (T4b, Any N, M0):  the  tumor  is of any size and has grown either back  toward 
the spine or into nearby large blood vessels (T4b). It might or might not have spread to nearby 
lymph nodes (any N), but it has not spread to distant sites (M0).

Stage IVC (Any T, Any N, M1): the tumor is of any size and might or might not have grown 
outside the thyroid (any T). It might or might not have spread to nearby lymph nodes (any 
N). It has spread to distant sites (M1).

2.2.2. Management

As  other  thyroid  cancers,  surgery  is  the mainstay  for MTC management;  however,  imag-
ing and diagnosis before surgery are necessary for determining the best surgical interven-
tion [1]. As the diagnosis of MTC is made, the patient should undergo neck ultrasonography 
and tumor markers (calcitonin and carcinoembryonic antigen) evaluation.

In  addition,  it  should  be  determined  if  the  disease  is  sporadic  or  associated with MEN  2 
syndrome, because patients with MEN 2 may have pheochromocytoma or primary hyper-
parathyroidism or both. So, biochemical testing should be considered for ruling out pheo-
chromocytoma  or  primary  hyperparathyroidism  in  MTC  patients  with  unknown  status 
of germline RET mutation. If the patient has primary hyperparathyroidism, a total thyroid-
ectomy should be done including parathyroidectomy. For patients with pheochromocytoma, 
adrenalectomy should be prioritized to thyroidectomy. Patients with hereditary MTC should 
be referred to a genetic counselor so that only necessary family members undergo testing 
for lowering related costs [1]. Family members with germline RET mutation benefit from pro-
phylactic thyroidectomy [105].
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If preoperative calcitonin levels are higher than 146 pmol/L, work up should be done for dis-
tant metastatic disease [105]. This work up includes neck and chest CT and three-phase MRI 
of liver with contrast. Axial skeleton MRI is suggested for bone metastasis. Total thyroidec-
tomy with bilateral central neck dissection is preferred for patients with no distant metastasis. 
Lateral neck dissection is recommended only if metastatic disease is suspected by neck ultra-
sound and confirmed by FNA cytology.

After surgery, patients need thyroid hormone replacement therapy but not TSH suppression 
as in high risk differentiated thyroid cancers. Calcitonin and carcinoembryonic antigen (CEA) 
should be checked not earlier than 3 months after surgery for determining if the patient has 
persistent disease.

External Beam radiation therapy (EBRT) should be limited in MTC patients, because it can 
limit  further  surgical  interventions  due  to  fibrosis  as  well  as  affecting  the  quality  of  life 
of patients.

Patients should be managed with active surveillance by both ultrasonography and serial 
evaluation of tumor markers to guide further surgical treatment. Patients with normal lev-
els of tumor markers and imaging after surgery should be followed up annually and those 
with  persistent  tumor markers  should  be  observed more  closely.  Patients with  calcitonin 
and CEA doubling time within 6 months have a shorter overall survival time [107].

3. Assessment and treatment of thyroid nodules

Thyroid nodules are usually  the first presenting  feature of a  thyroid cancer. So evaluation 
of thyroid nodules is of a great importance.

Size  plays  a  notable  role  in  determining  the  need  of  fine  needle  aspiration  (FNA) 
for a thyroid nodule; however, ultrasound features can provide valuable clues regarding 
malignancy of nodules [108]. These are hypoechogenicity, a solid internal structure, irreg-
ular margins, microcalcifications, taller-than-wide shape, and evidence of extrathyroidal 
extension or cervical lymphadenopathy for papillary thyroid cancers. Nodules which do 
not have these characteristics can be followed up without FNA until the nodule remains 
small [1].

Follicular thyroid cancer and follicular variant of papillary thyroid cancers are more often 
round and isoechoic with regular margins. A larger size and increased intranodular vascular-
ity on color or power Doppler imaging are also predictive of malignancy [109–112].

The  2015 ATA  guideline  has  bolded  the  role  of  ultrasound  in  diagnosis  and  approach 
to thyroid nodules (Figure 4)  [51].  Concurrent  risk  factors  of  thyroid  cancer  including 
cough,  neck  pain,  change  in  voice,  presence  of  a  firm mass,  history  of  childhood  neck 
radiation, or familial thyroid cancer should be considered and in these cases FNA is rec-
ommended regardless of ultrasound characteristics. ATA recommends biopsy for nodules 
larger than 1 cm.
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Abstract

Medullary thyroid carcinoma is a hormone-producing malignant tumor that synthesizes 
calcitonin. MTC can be sporadic or familial. It has a malignant behavior. Our chapter has 
3 parts: 1.Updates on the diagnosis of MTC -in this part we review the clinical findings in 
MTC: isolated thyroid nodule, palpable cervical lymph nodes and systemic manifesta-
tions. Fine needle aspiration, serum calcitonin, computed tomography (CT) and fludeox-
yglucose - positron emission tomograpyh (FDG-PET) are summarized.  Biomarkers with 
prognostic value are be described in detail: plasma calcitonin, carcino-embryonic antigen, 
germ-line RET mutation and matrix metalloproteinase. 2. Updates on the management and 
treatment of MTC -we discuss the surgical treatment, radiation therapy, systemic therapy 
with angiogenesis inhibitors and transcatheter arterial embolization to prevent extension 
of the tumor. Based on the characteristics of MTC a new approach using gene therapy has 
been developed to obtain complete remission of the carcinoma. 3. We describe a typical case 
of MTC from the oncology department, with cervical lymph nodes and a thyroid nodule. 
Immunohistochemistry staining showed calcitonin in the tumor cells. Thyroid ultrasound 
with fine needle aspiration biopsy confirmed the MTC. CT images of the cervical lymph 
nodes and thyroid nodule as well as microscopy images are presented. Chemotherapy 
with Dacarbazine was initiated with favorable outcome.

Keywords: thyroid, carcinoma, neck, calcitonin, lymph nodes, medullary, chemotherapy

1. Introduction

Medullary thyroid carcinoma (MTC) is a tumor that is derived from the calcitonin-pro-
ducing cells, which can be either sporadic or hereditary like in MEN2 neoplasia [1]. MTC 
is suspected after physical examination by measuring plasma calcitonin. For a positive 
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diagnosis, histological confirmation is needed. The tumor extent and presence of metas-
tases are determined using ultrasonography, computed tomography, and magnetic reso-
nance imaging (MRI).

2. Updates on the diagnosis of medullary thyroid carcinoma

2.1. Clinical findings: when should we suspect MTC?

2.1.1. Isolated thyroid nodule

At presentation, most of the time, patients have an isolated thyroid nodule [2], and the diag-
nosis needs fine needle biopsy with elevated serum calcitonin. An isolated thyroid nodule 
can be incidentally detected during a carotid ultrasound or a chest CT scan with neck images 
[3]. Sometimes malignant thyroid nodules might appear in the context of a multinodular 
goiter.

2.1.2. Palpable cervical lymph nodes

Usually patients with MTC present with a painless thyroid nodule with cervical adenopa-
thies. They are fast growing and fixed to the adjacent structures [4]. Sometimes, the lymph 
node can be incidentally detected during a carotid ultrasound or a chest or neck computed 
tomography. Cervical lymph nodes appear early in the course of a MTC and can be found in 
more than three-fourths of patients. Most of the time, the involvement is ipsilateral and also 
of the central lymph nodes [5].

2.1.3. Systemic manifestations

A minority of patients present with diarrhea, painful bone metastasis, flushing, or symp-
toms related to hypercorticism when the adrenocorticotropic hormone (ACTH) production 
is increased. Typically, MTC metastases occur in the liver, lung bones, lymph nodes, and 
mediastinum [6].

2.2. Paraclinical examinations: what test should we perform to confirm diagnosis?

2.2.1. Fine needle aspiration (FNA)

It is one of the most important tools for the diagnosis of MTC. The cytological characteristics 
include isolated cells or cells arranged in isolated groups with two or more round nuclei 
with eccentric position [7] and presence of fusiform cells and comet-like projections [8]. The 
sensitivity of FNA is between 46 and 63% with the most frequent negative results given by 
inadequate function in case of a multinodular goiter or a too small sample for analysis. The 
washout fluid can be used for calcitonin sampling which increases the sensitivity of the diag-
nosis. In the doubtful cases, immunohistochemical staining for calcitonin helps the correct 
diagnosis [9].
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2.2.2. Ultrasonography

It is the most commonly used method for lesion assessment and is followed by fine needle 
biopsy in case of abnormal results. Ultrasonography permits an accurate assessment of the 
size and characteristics of the nodule, as well as identification of additional abnormal nodules 
inside the thyroid gland. The most common sonographic features of MTCs are solid compo-
sition, hypoechogenicity, and the absence of halo [10]. Calcifications are frequent in MTCs 
either in the form of macro or microcalcifications. When a lesion with the above characteristics 
is found, calcitonin should be measured and FNA is performed [11].

2.2.3. Computed tomography (CT) and magnetic resonance imaging (RMI)

These are important for both preoperative and postoperative assessment of MTC. In one of 
six CTs of the neck, an incidentaloma of the thyroid can be found. But in routine CT and MRI, 
there is no specific sign to differentiate between malignant and benign thyroid tumor [12]. In 
patients presenting with cervical lymph nodes, a primary thyroid origin is suggested by the 
presence of cystic components, calcifications, or hemorrhage appearing as hyperdensity in 
CT or hyperintensity in MRI. CT and MRI cannot distinguish between different histological 
types of thyroid cancer and also cannot diagnose multifocal tumors. MRI and CT have a good 
accuracy for predicting invasion of the trachea [13], larynx, or esophagus [14].

2.2.4. FDG-PET

It is used in the imaging of carcinoids and MTCs. It has a high sensitivity and specificity for 
MTC and can be used after a successful surgery to detect occult tumor fragments [15]. It has 
the disadvantage of being positive also in case of infection, inflammation, or other types of 
thyroid cancers. FDG-PET sensitivity increases with high levels of plasma calcitonin [16] or in 
case of a short doubling time. It can also be a marker of prognosis of MTC [17].

2.3. Biomarkers with prognostic value

Biomarkers are used in the clinical management of patients with MTC. Some of them are already 
implemented in the daily management of the disease: plasma calcitonin and CEA are easy to 
determine but further studies are needed to establish the prognostic of high values. Germline 
RET mutations are used for the timing of MTC treatment matrix metalloproteinase (MMP)-2 
may have a prognostic value.

2.3.1. Plasma calcitonin

Calcitonin is secreted by the thyroid C-cells and is a highly specific marker for MTC. 
Sometimes, for an unknown reason, MTCs do not secrete calcitonin. The secretion of calci-
tonin from the C-cells can be increased by pentagastrin or calcium. This  test can differenti-
ate between elevated calcitonin from MTC and elevated calcitonin of other causes (smoking, 
nonC-cell thyroid carcinoma). The doubling time of plasma calcitonin is a good marker 
for MTC recurrence and survival of patients [18]. A more specific and sensitive method to 
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 measure calcitonin is selective venous catheterization of the neck veins and taking a blood 
sample from near the thyroid nodule. It can exclude other sources of calcitonin rising outside 
the neck. After surgery, calcitonin is deferred for 6 weeks to allow the postsurgery nadir. A 
good marker of complete remission is a negative calcitonin after pentagastrin stimulation at 
6 weeks after surgery.

2.3.2. Carcinoembryonic antigen (CEA)

It is not specific for MTC but used for prognostic purposes. An elevated CEA levels before 
surgery are associated with tumor size and recurrences [19]. MTCs that do not secrete calcito-
nin can be followed by measuring CEA [20].

2.3.3. Germline RET mutation

Germline RET mutation is a well-known MTC biomarker, present in 98% of MEN 2. The pres-
ence of RET mutation indicated a familial MTC and the risk of developing MTC is close to 
100%. It is used for the follow-up of metastatic and recurrent MTC [21].

2.3.4. Matrix metalloproteinase-2

It participates in angiogenesis and carcinogenesis. In the study of Calvalheiro et al., it was 
demonstrated a correlation between MMP-2 and the persistence of MTC after a successful 
treatment [22].

3. Updates on the management and treatment of medullary thyroid 
carcinoma

3.1. Surgical treatment

MTC has a malignant behavior. There is a general agreement that operation for MTC should obtain 
complete removal of the neck tumor because adjuvant therapy in MTC has not been proved to 
be effective. Cervical lymph nodes metastases are often present in initial stages [23]. The appro-
priate initial treatment is total thyroidectomy with lymph node dissection. Lymphadenectomy 
comprises central compartment with ipsilateral node dissection, but some centers also perform 
contralateral lymph node dissection [24]. Where there is a suspicion of mediastinal disease, 
median sternotomy may be required with mediastinal dissection. Distant metastases can also be 
treated with surgery such as bone excision and lung resection for metastases.

The parathyroid glands should be preserved during thyroid surgery. In case they are normal, 
they can be left in place or transplanted in a sternocleidomastoidian muscle [25].

After surgery, plasma calcitonin levels can detect the presence of occult tumor fragments. 
Elevated calcitonin levels are a sign of persistent MTC after surgery, which can be the case 
in almost 50% of patients. Furthermore, in a small percentage of patients, several years 
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after  thyroidectomy, the plasma calcitonin can increase indicating a recurrent MTC [26]. 
Measurements should be performed after surgery at 6, 12, 18, 24, 30, 34, and 40 months due to 
the risk of relapse [27].

3.2. Radiation therapy

In contrast to other forms of thyroid carcinoma, MTC is not sensitive to radioactive iodine 
or levothyroxine suppressive therapy. External beam radiotherapy is used in an adjuvant 
therapy in patients with a high risk of local recurrence after surgery. It is also used in pallia-
tive therapy in case of bone metastasis [28]. The most important application of radiotherapy 
is used for painful bone metastases [29].

3.3. Systemic therapy angiogenesis inhibitors

Axitinib, which is a tyrosine kinases inhibitor targeting Vascular endothelial growth factor 
(VEGF) receptor, was used for MTC treatment. It is associated with a partial response rate of 
nearly 20% with moderate side effects such as fatigue, proteinuria, and high blood pressure 
[30]. A second angiogenesis inhibitor AMG-706 was also used in MTC patients, which is an 
inhibitor of VEGFR [31].

3.4. Transcatheter arterial embolization

Transcatheter arterial embolization can prevent extension of the tumor outside the thyroid 
gland. However, the method is restricted to visualized primary or metastatic tumors [32]. The 
small, unvisualized tumors cannot be cured by transcatheter arterial embolization. Another 
indication of Transcatheter arterial embolization (TAE) is liver metastases with or without 
adjunction of ethanol injection.

3.5. Percutaneous ethanol injection

It is also able to prevent the extracapsular extension of MTC. The small metastatic tumors 
that cannot be visualized with recent techniques and have the potential of tissue invasion are 
not prone to ethanol injection. A combination between transcatheter arterial embolization 
with ethanol injection and gene therapy could be used in the near future to obtain complete 
remission [33].

3.6. Gene therapy

Trials of genetic cytokine emerged for treating MTC. Gene therapy using calcitonin gene and 
adenovirus vector is available; however, the technique is not fully accessible in humans [34]. 
There are four approaches for gene therapy in MTC: (1) corrective gene therapy to inhibit 
the RET oncogene; (2) cytoreductive gene therapy using toxin genes to permit 131I uptake; (3) 
immunomodulatory gene therapy using cytokines; and (4) combined approach [35]. With 
some improvements for the vector design in terms of efficacy and safety, gene therapy for 
MTC may soon help to overcome obstacles in the treatment of this type of cancer [36].
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3.7. Treatment for MTC metastases

In the case of isolated metastases of the brain, surgical resection should be proposed. If sur-
gery is not possible, radiotherapy should be considered [3].

The liver is the most frequent site of metastases. The liver lesions are multiple and dissemi-
nated. Treatment is indicated in the case of large hepatic tumor or rapidly progressive lesions, 
as well as intense pain or intractable diarrhea [37].

Bone metastasis leads to pain, hypercalcemia, spinal cord compression, and pathological 
fractures. They associate low survival. Spinal cord compression is treated with emergency 
surgery and systemic corticoids. Radiotherapy can be used in case of painful metastases or 
when complete resection cannot be achieved. Intravenous bisphosphonates can be effective to 
prevent bone fractures, spinal cord compression, and hypercalcemia [38].

Lung metastases that associate hemoptysis or obstruction of the airwaves should be treated 
with radiotherapy.

4. A case of medullary thyroid carcinoma

We present a case of metastasis to the lung, adrenal glands, and cervical lymphnodes of a 
medullary thyroid carcinoma. Informed consent was obtained from the patient before the 
case report submission. A 54-year-old male presented with cervical adenopathies. Computed 
tomography of the neck and chest showed enlarged laterocervical lymph nodes (Figure 1), a 
left inferior lobe thyroid nodule (Figure 2), a tumor of the right pulmonary hilum (Figure 3), 
and bilateral nodules of malignant appearance of adrenal glands (Figure 4). Biopsy from the 
laterocervical lymph nodes was done at first presentation (Figure 5).

Figure 1. Computer tomography at the level of the neck reveals enlarged laterocervical lymph nodes on the left side.
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Chemotherapy with taxol + carboplatin-AUC5 (TC) was initiated concomitantly with other 
diagnostic tools evaluating other sites of the disease. Biopsy of the lung nodule showed 
neuroendocrine differentiation cancer with negative CK7 staining. Aspiration biopsy of the 
thyroid nodule showed MTC. All the three biopsies were reassessed and further immunohis-
tochemical staining showed calcitonin in the tumor cells [39], in favor of lung metastases from 
MTC [40, 41].

Figure 2. Computer tomography at the level of thyroid gland. On the left side in the inferior lobe, 8, 6/4, 8/7, and 6 mm 
nodule can be distinguished.

Figure 3. Computer tomography of the chest. On the right lung, a hilar tumor of 4.85 cm can be identified.
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Figure 5. Microscopic examination from adenopathies reveals: lymph nodes occupied by a proliferation of malignant 
cells, with round/oval nuclei with atypia. The cells are arranged in nests, with fine beads or individual, separated by a 
fine stroma rich in capillaries. There are areas in which the stroma is rich, loose, myxoid, fibrous, or dense. In some areas, 
the cells are arranged in palisades with fibrous septa at the interface; the surface looks detached from the basal layer, 
giving impression of glandular structures.

Figure 4. Computer tomography of the abdomen. The scan reveals on the right side an adrenal tumor of 2.8 cm.
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4.1. Histological examination

The histological examination showed the following:

Lung tumor: Microscopic examination reveals fragments of respiratory mucosa with massive 
infiltration of poorly differentiated tumor cells. Immunohistochemistry: Positive; TTF1, CEA, 
CD56, and calcitonin.

Laterocervical adenopathies: Microscopic examination reveals highly malignant tumor cell 
proliferation, predominantly solid (80% from surface). Immunohistochemistry: TTF1 and CEA-
positive; S100 and p63 negative; CD30 negative; and Ki-67 present up to 50% in solid areas.

Thyroid nodule: Groups of cells of medium size with immunpositivity for calcitonin in all 
tumor cells.

4.2. Differential diagnosis

A tongue tumor affecting the salivary glands was excluded through a biopsy from the base of 
the tongue that found no sign of malignancy. S100, si, and p63 were also negative.

CD30 negative in the laterocervical adenopathy excludes an embryonic carcinoma.

Lung adenocarcinoma with secondary thyroid metastasis is the most important differential 
diagnosis. Serum calcitonin levels were normal: 3.6/pg/ml (N = 1–11.8/pg/ml), but the thyroid 
biopsy confirms MTC. Some MTCs may remain within normal ranges of calcitonin. Lung biopsy 
and immunohistochemistry are in favor of MTC metastases and not adenocarcinoma [42].

4.3. Treatment

Therapy with taxol 175 mg/m2 + carboplatine-AUC5 (TC) was administered after initial 
assessment of the biopsies with favorable response (stable disease at thyroid site and par-
tial response at the lung and adrenal glands) after the first three cycles. Three more cycles 
were delivered, and at relapse, a second-line chemotherapy with dacarbazine 1 g/m2 was 
initiated.

Five cycles of paclitaxel and carboplatin (TC) were administrated with a consecutive computer 
tomography follow-up. The pulmonary tumor showed partial regression and the suprarenal 
nodule’s dimensions decreased.

Chemotherapy had favorable results but showed relapse after sixth cycle of TC.

After dacarbazine three cycles, the dimensions of the thyroid nodule further decreased.

5. Conclusion

The clinical picture of medullary thyroid carcinoma (MTC) is variable and distant metastases 
are often present at diagnosis. It is essential to know if such is the case as different therapies 
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apply. High calcitonin serum levels provide valuable diagnostic data in MTC with distant 
metastases but may remain within normal ranges in some cases raising diagnosis difficulties.

Histology with immunohistochemistry can distinguish between primary carcinoma and 
metastasis.
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Abstract

One of the most feared consequences of cancer is the possibility of severe and uncon-
trolled pain in patients with advanced cancer. Patients with head and neck cancer (HNC) 
have the highest prevalence of pain among patients with cancer, and it is often one of 
the major reasons for seeking care. A subspecialty approach that incorporates anatomi-
cal and technical knowledge to alleviate pain through minimally invasive procedures is 
relatively recent. The purpose of this chapter is to present different interventional tech-
niques which are used for the treatment of pain in HNC patients when drug treatment 
is unsuccessful.

Keywords: head, neck, cancer pain, neuropathic pain, interventional pain, pain management

1. Introduction 

Interventional procedures in the treatment of head and neck cancer (HNC) pain have been 
proposed in the past 25 years due to the greater knowledge of the mechanisms of action of pain 
and its physiological and anatomical basis. There has been development of new techniques to 
treat refractory pain and treatment strategies with an integral view of the problem. In addi-
tion to the progress of knowledge and development of techniques and technologies, educa-
tion and pain medicine certification programs have been developed around the world [1].

Pain and symptoms associated with HNC is a challenge due to the rich innervation and loss 
of function caused by tumor invasion or by the treatment of cancer [2].

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Pain is the first symptom in 20–50% of patients with cancer; however, in patients with HNC, it 
can become as high as 85%. Of this, 93% are mixed (nociceptive and neuropathic) and 30% are 
neuropathic pain due to tumor involving tissues or metastatic disease. In up to 85% of patients, 
pain is the main cause of medical attention [3]. Compared to other types of cancer, the highest 
incidence of pain in patients with HNC is due to the intense innervation of anatomical structures.

Common neuropathic syndromes associated with cancer are chemotherapy-induced neu-
ropathy, tumor invasion (leptomeningeal metastases), neuralgias (trigeminal neuralgia or 
postherpetic neuropathy, glossopharyngeal neuralgia), radiculopathies and plexopathies, 
paraneoplastic sensory neuropathies, Horner’s syndrome, postsurgery neuropathies, and 
postradiotherapy neuropathies [4, 5].

HNC is generally a disfiguring disease. In addition, it impairs the quality of life (QOL) of 
patients because it interferes with speech, swallowing, and chewing, the key factors in the 
patient’s autonomy [6].

Not all HNC patients who have pain are due to cancer. Sometimes, it occurs due to medi-
cal or surgical treatment. Some studies report cancer-related pain in 52% of the hospitalized 
patients, of which 50% was due to surgery and 29% directly related to the tumor [7].

One of the adverse effects associated with HNC treatment is orofacial pain. Oral mucositis is 
the most frequent complaint impairing the QOL of the patient. This is mediated by elevated 
inflammatory factors, which play a central role in the activation of cytokines, such as TNF-α, 
that is known to be involved in mediation of neuropathic pain and hyperalgesia. Combined 
chemotherapy and radiation therapy results in increased frequency, severity and duration of 
mucositis. The treatment given to patients with HNC represents an important impact on the 
development of pain and the magnitude of it [7, 2].

Radiotherapy is another important cause of pain in HNC, because it creates a hypoxic envi-
ronment, and hypoxic nerves are more vulnerable to neuropathic pain. In long term, chronic 
hypoxia leads to fibrosis in perineural tissues and causes late onset neuropathic pain, even in 
cancer-free survivors [7, 2].

Approximately 50% of HNC patients report orofacial pain before radiation therapy, 81% during, 
and 70% at the completion of treatment. Thirty-six percent of HNC patients report pain after 
6 months of treatment, and 30% experience pain beyond 6 months. The severity of pain varies 
among different disease sites and over the treatment course [8]. Pain intensity usually stays the 
highest during disease treatment (surgery, chemotherapy, radiotherapy) and may take 6 months 
or more to reach initial levels (pre-treatment).

2. Factors associated with head and neck cancer pain

2.1. Age and gender

Age is an important factor in pain perception, according to studies comparing age groups. 
The group of patients who reported pain was younger than 65 years. A higher pain scale 
among females were reported compared to males, however, significantly higher levels of pain 
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among males compared to female was reported also. There are some other factors associated 
with pain such as improper oral hygiene, depression, and anxiety. The presence of metallic 
taste was seen as a predictor of spontaneous pain.

2.2. Cancer-related factors

Patients with tumors in the oral cavity have a lower QOL, as well as worse pain, compared to 
other sites. Patients with end-stage tumors report greater pain compared to stages I and II, as 
well as an increase in spontaneous pain in patients with nodal disease [8].

3. Interventional management for HNC patients

Trigeminal (CNV) and facial (CNVII) nerves are by far the most frequently affected cranial 
nerves, alone or in combination. The predilection for these two specific nerves is explained 
by their wide anatomic distribution in the craniofacial territory and their rich anastomotic 
connections.

The supply of opioid drugs is insufficient in some countries, or not all the population has 
access to it; for this reason, it is necessary to have an interventional tool to manage cancer 
pain. There is a good evidence for the “early integration” of interventional pain treatments 
for carefully selected head and neck cancer patients, at the same time or even before starting 
strong opioids.

4. Sphenopalatine ganglion (SPG) block

SPG is located within a triangular structure with a superior base called pterygopalatine fossa, 
which has a close relationship with the maxillary nerve and very close to the sphenopalatine 
foramen [9]. It is a complex neural center with multiple connections to trigeminal, facial, and 
sympathetic systems and consists of somatosensory, sympathetic, and parasympathetic fibers.

The ganglion is located just below the maxillary nerve and receives three nerve roots: The 
sensory root of the sphenopalatine branches from the maxillary nerve, the motor root from 
the intermediate nerve (part of the facial nerve) through the major petrosal nerve, and the 
sympathetic root from the internal carotid plexus.

In 1908, Sluder proposed an inflammatory reaction in the territory of pterygopalatine fossa 
that may be involved in certain cases of unilateral facial pain associated with rhinorrhea, 
lacrimation and mucosal congestion. Ruskin later described the blocking technique with local 
anesthetic to treat a variety of conditions associated with headache [10].

4.1. Indications for SPG block

Some of the indications for the SPG block are trigeminal neuralgia, persistent idiopathic facial 
pain (previously referred to as atypical facial pain), acute migraine, acute and chronic cluster 
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headache, SP neuralgia, herpes zoster involving the head, and a variety of other facial neural-
gias, including tumor invasion.

Sphenopalatine ganglion neuralgia consists mainly of neuropathic symptoms, but is accom-
panied by sensory, motor, and gustatory manifestations. It is common for the symptoms to be 
episodes of vasomotor hyperactivity such as lacrimation, discharge and inflammation of the 
nasal mucosa, and alteration of gustatory sensation of the palate and oropharynx.

The procedure consists of accessing the pterygopalatine fossa by placing local anesthetic 
with or without steroids, radiofrequency ablation, or pulsed radiofrequency. It may be 
used for diagnosis or treatment of the conditions described above. It is mandatory that 
these procedures are performed under radiographic imaging. It is essential that the ptery-
gopalatine fossa is clearly visualized and confirmed before starting the procedure [11]. 
(See Figure 1).

Figure 1. Sphenopalatine ganglion block.
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5. Trigeminal ganglion block (Gasserian ganglion)

The trigeminal nerve is the most developed and extensive cranial nerve with a large territory 
of distribution. This nerve consists of sensitive fibers (touch, pain, temperature) and motor of 
the face (chewing). It originates in the posterior fossa and lies in the Meckel’s cavity (medial 
cranial fossa), from which originate their three terminal branches: ophthalmic nerve (V1), 
maxillary (V2), and mandibular nerve (V3).

There are several causes of secondary trigeminal neuralgia, which are tumors compressing 
the trigeminal nerve, vascular compressions in close relation with the nerve, or tumors in 
cerebellopontine angle.

The typical clinical presentation of trigeminal neuralgia is sudden, unilateral electrical shock-
like pain dispersed among pain-free intervals along the side of the face. Paroxysmal attacks 
are frequently triggered by chewing, brushing teeth, laughing, talking, and even smiling. It 
is often referred to as the most excruciating pain syndrome known today affecting quality 
of life. In contrast, clinical criteria of atypical facial pain consist of persistent facial pain that 
does not have the characteristics of cranial neuralgias and cannot be attributed to a different 
disorder [12].

Figure 2. Gasserian ganglion block.
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An approach is with fluoroscopy in oblique submental view. In this technique, foramen ovale 
is visualized; usually medially to the mandibular process, and then the needle is advanced 
toward the foramen, first in submental view and then in the lateral view to control depth.

One technique used to selectively injure the branches of the trigeminal nerve is continuous 
radiofrequency. This method allows identifying the affected branch by sensory and motor 
stimulation with conscious sedation. It is a percutaneous technique using the approach 
described by Hartel through the foramen ovale. An electrode is introduced through the nee-
dle (with an active tip of 2–5 mm) to make the lesion (ranges from 60–90°C). The deliberately 
damaged nerve is then no longer able to transmit nociceptive signals.

The potential risks of trigeminal rhizotomy include, but are not limited to, facial numbness 
spreading beyond the required area [causing corneal anesthesia (6%) with its risk of ulceration], 
weakness of chewing (4%), and a rare chance of neuropathic pain (1%, anesthesia dolorosa) [13].

There is extensive evidence of the use of continuous radiofrequency for the treatment of tri-
geminal neuralgia, indicated acute pain relief in 97.6% of patients and continued complete 
pain relief at 5-year follow-up in 57.7% of patients. The effectiveness of pulsed radiofrequency 
(PRF) for trigeminal neuralgia is still under debate [13]. (See Figure 2)

6. Glossopharyngeal nerve block

The glossopharyngeal nerve (GPN) is an important consideration as a pain generator or mod-
ulator in cases of pain of the face and neck. Although uncommon as an etiology of head and 
neck pain (0.57–1.3% of cases of facial pain), tumor invasion can lead to glossopharyngeal 
neuralgia, like cerebellopontine angle tumors [14].

Glossopharyngeal neuralgia is characterized by unilateral paroxysmal pain in the oropharynx, 
nasopharynx, larynx, base of the tongue, tonsillar region, and lower jaw and can also radiate 
to the ipsilateral ear. These attacks are excruciatingly painful and typically described as sharp, 
stabbing, “shocks of electricity” the attacks usually last for seconds to 2 minutes. It is charac-
teristic that there are triggers such as chewing, yawning, or stimulation in the oral mucosa [15].

6.1. Indications for GPN block

GPN block is beneficial in alleviating pain due to orofacial cancer. It is used for the treatment 
of glossopharyngeal neuralgia refractory to medical management and for those who are not 
surgical candidates. Diagnostic GPN block should be considered first to predict the response 
to radiofrequency or neurolysis in intractable glossopharyngeal neuralgia and cancer-related 
pain syndromes.

6.1.1. Technique

The patient is placed supine with the head rotated slightly opposite from the affected side. 
The styloid process is used to identify the course of the GPN, just equidistant to mastoid 
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process and angle of the mandible. Once the styloid apophysis is visualized, the needle is 
contacted and carefully redirected posteriorly and the contrast medium is injected under con-
tinuous “live” fluoroscopy.

Complications are secondary to the close proximity to the internal carotid artery (ICA) and inter-
nal jugular vein (IJV) as well as the vagus, accessory, and hypoglossal nerves at the styloid process.

Accidental puncture of the ICA or the IJV can lead to vessel trauma and hematoma forma-
tion. Dysphagia can result from blockade of the glossopharyngeal nerve that provides motor 
innervations to the stylopharyngeus muscle. Blockade of the spinal accessory and hypoglos-
sal nerves can result in temporary weakness of the trapezius muscle and the tongue, respec-
tively. Inadvertent intravascular injection may lead to seizures or cardiovascular collapse. 
Blockade of the vagus nerve can lead to bradycardia, asystole, reflex tachycardia, and syncope 
as well as dysphonia secondary to vocal cord paralysis [15].

7. Stellate ganglion block

There are three cervical sympathetic chains: upper cervical ganglion, middle cervical gan-
glion, and lower cervical ganglion. These ganglions are all connected together. The stellate 
ganglion is composed of the fusion of the inferior cervical chain and the first thoracic gan-
glion, this happens in the 80% of the people; in the rest, the first thoracic ganglion is called 
stellate ganglion [16]. It is located above the muscle longus colli, and this in turn is in the 
anterolateral aspect of the C6 vertebra.

7.1. Indications for stallate ganglion block

Complex regional pain syndrome (CRPS) I and II, vascular insufficiency—Raynaud’s syn-
drome, vasospasm, vascular disease, postherpetic neuralgia and acute herpes zoster, phan-
tom pain, postmastectomy pain, quinine poisoning, hyperhidrosis of upper extremity, cardiac 
arrhythmias, angina, vascular headaches, neuropathic pain syndromes, including central 
pain, cancer pain (neuropathic pain syndromes in cancer pain), atypical facial pain, and tri-
geminal neuralgia.

7.2. Ultrasound technique

There are many techniques described for stellate ganglion block. We will describe the ultra-
sound guided block, because this technique allows us to directly visualize the vascular struc-
tures, thyroid tissue, vertebral artery, pleura, esophagus, and nerve structures, which are 
important for the success of the procedure and avoiding catastrophic complications.

Ultrasound-guided C6 stellate ganglion block (C6-SGB) was first described by Kapral et al. 
[17]. There is a significant variation in the anatomy of stellate ganglion at the level of C6 and 
C7. Ultrasound-guided lateral approach increases the efficacy of SGB by deposition of drug 
subfascially with real-time imaging.
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A high-frequency linear ultrasound transducer is placed over the medial border of the ster-
nocleidomastoid muscle in the transverse position at the level of the cricoid notch (approxi-
mately the C6 level). The tip of the needle is placed in the facial plane where the sympathetic 
chain runs, deep to the prevertebral fascia contributing the posterior fascial layer of the carotid 
sheath, and superficial to the fascia investing the longus colli muscle. Using ultrasound guid-
ance, the needle can be placed closer to the target in the correct fascial plane, which will mini-
mize the amount of local anesthetic needed and thus improve patient safety [16].

The ultrasound images at this level should reveal the C6 vertebral body with the Chassaignac 
or the carotid tubercle, the C6 nerve root, the carotid artery, the longus colli muscle, and the 
short posterior tubercle. If the carotid artery blocks access to the cervical sympathetic chain, 
the ultrasound transducer can be slowly moved laterally to help delineate a more lateral nee-
dle trajectory to avoid the carotid artery.

Complications: Bleeding/hematoma, pneumothorax, hemothorax, vertebral artery injury or 
inadvertent injection, inadvertent injection into neuraxis, esophageal trauma, tracheal trauma, 
phrenic nerve injury, brachial plexus injury, recurrent laryngeal nerve injury, and postsympa-
thectomy syndrome.

8. Vertebroplasty for cancer-related cervical vertebral compression 
fractures

Percutaneous vertebroplasty (PVP) was initially described by Galibert et al. [18] as a treat-
ment for vertebral hemagioma. Later, it was gaining popularity for the treatment of pain of 
vertebral origin as metastasis or fractures by compression.

The most common targets of spinal metastasis are thoracic vertebrae (60–80%), followed by lum-
bar (20%) and cervical spine (10%). Although cervical metastases are less prevalent than thoracic 
and lumbar spine, PVP procedure in cervical vertebrae remains technical challenging, because 
of the anatomical structures of the neck. The approach can result in serious complications [19].

PVP was recently suggested as an alternative treatment for spinal metastatic patients who 
were intolerable to surgery and radiotherapy. It is now a well-established procedure com-
prising a percutaneous injection of a biomaterial, usually polymethyl methacrylate (PMMA), 
into vertebral body. In most cases, this procedure significantly relieves pain and stabilizes the 
vertebral body. A significant decrease in visual analogue scale (VAS) and QOL was reported 
in late-stage cancer patients with multiple cervical spinal metastases, with PVP. The grade of 
evidence for the treatment of vertebral fractures associated with metastatic disease is 2B + [3].

9. Intrathecal drug delivery systems (IDDS)

The use of intrathecal therapy [IT] to treat patients with cancer pain has increased since its 
inception in the 1980s. By positioning a catheter in the cerebral spinal fluid, IT therapy may be 
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advantageous over traditional routes because it reduces systemic exposure to the drug and its 
metabolites as the medication is administered directly to the central nervous system.

To reduce the risk of infection in a long-term intrathecal therapy, it is necessary to implant the 
device subcutaneously. Occasionally, an intrathecal drug delivery test may be performed by 
an external catheter. In this way, the infusion of the permanent device is simulated and the 
dose of the opioid is titrated [20]. This treatment is effective to treat both neuropathic and 
nociceptive pain of oncological and non-oncological origin.

Related to HNC pain, the ideal opioid for intrathecal infusion should be hydrosoluble, with 
the intention of having a greater rostral migration.

There are studies that report improvement in pain, mood, function, as well as, an improve-
ment in depression and anxiety in cancer patients at a follow-up of 36 months among patients 
undergoing intrathecal opioid therapy.

The potential complications of IDDS include opioid-induced hyperalgesia, hypotension, 
sedation, respiratory depression, inflammatory mass “granuloma at the tip of the catheter,” 

Figure 3. Intrathecal therapy.
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hypogonadotropic hypogonadism, and immunologic compromise. The potential for these 
consequences can be diminished with careful dosing and titration. The patient should be 
monitored 24 hours after increasing the dose to decrease the risk of respiratory depression 
and mortality (See Figure 3).

10. Peripheral nerve blocks, cervical epidural, and medial branch block

Occipital neuralgia is a debilitating disorder first described in 1821 as recurrent headaches 
localized in the occipital region. Other symptoms that have been associated with this condi-
tion include paroxysmal burning and aching pain in the distribution of the greater, lesser, or 
third occipital nerves.

10.1. The greater occipital nerve

The HNC-associated headache may be due to entrapment of great occipital nerve (GON), 
third occipital nerve (TON), or irritation of either of them due to tumor invasion [21, 22]. 
There are different structures in the cervical region that can cause head and neck pain, due to 
tumor invasion. The cervicogenic headache is a secondary headache associated with the first 
cervical segments.

Occipital nerve block is an effective therapeutic tool in treating a variety of headache dis-
orders including occipital neuralgia, migraine, cluster headaches and tumor invasion. The 
mechanism of action is a result of blockade of nociceptive afferent fibers supplying the poste-
rior head and upper cervical region (C1–C3) which join trigeminal fibers at the trigeminocer-
vical complex [21, 22].

Occipital nerve block and C2–C3 medial branch can be used to treat cervicogenic headache 
and cancer-related cervical pain, using corticosteroids or radiofrequency. They can be per-
formed percutaneously with an insulated cannula, applying local heat to the sensitive branch 
with the intention of diminishing the sensitivity. Both nerve blocks are easy to perform and 
well tolerated with a few side effects.

11. Botulinum neurotoxin (BoNT)

Botulinum neurotoxin derived from Clostridium botulinum, not only has been used for cos-
metic purposes but also therapeutically for focal dystonia, spasticity, and chronic migraine. 
There is some evidence that it inhibits the release of peripheral neurotransmitters and 
inflammatory mediators from sensory nerves; so, its spectrum as a potential treatment for 
neuropathic pain has grown.

The main mechanism of BoNT is the inhibition of acetylcholine (Ach) release at presynaptic nerve 
terminals, resulting in a reduction of muscle fiber activity, and the innervated structure becomes 
paralyzed [23]. It has also been suggested that BoNT acts by inhibiting neurogenic inflammation 
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by interfering with local release of neurotransmitters, such as calcitonin gene-related peptide, sub-
stance P and glutamate, as well as expression of transient receptor potencial v member 1 (TRPV1).

BoNT is injected into painful areas of the body. Injection techniques primarily include either 
intradermal or subcutaneous injections. It is important to mention that there are different 
reports of BoNT administration in patients with trigeminal neuralgia and other neuralgias in 
the head and face with significant improvement in VAS and QOL.

12. Conclusions

The increasing need for adequate pain control has led us to enter into interventional pain 
management. There is good evidence of early integration of interventional treatments in can-
cer pain [24]. The field of interventional pain management grows very fast throughout the 
world and is a tool that every physician involved in treatment of cancer must value and offer 
to patients for a more comprehensive management of the disease.
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Abstract

Head and neck irradiation is the standard treatment of advanced oral/oropharyngeal can-
cer. The treatment has severe side effects such as mucositis, xerostomia, irradiation caries, 
trismus, and osteoradionecrosis. Side effects can lead to treatment discontinuation, infec-
tion, increased drug consumption, and increased duration of hospital admission and can 
have negative impact on the quality of life and overall survival. Furthermore, some of them 
(mucositis and xerostomia) affect almost every (>90%) patient. Since nearly two‐thirds of 
oral/oropharyngeal cancers are diagnosed in advanced stage, one might conclude that the 
great majority of patients will be affected. However, these side effects can be prevented 
or at least reduced by proper oral/dental care. Therefore, every patient planned for head 
and neck irradiation should undergo dental evaluation before beginning of the treatment.

Keywords: oral cancer, radiotherapy, mucositis, xerostomia, osteoradionecrosis, 
radiation caries

1. Introduction

Head and neck irradiation is the standard treatment of advanced oral/oropharyngeal cancer. 
Most often, radiotherapy (RT) is delivered after surgery, alone or in combination with chemo-
therapy to assure better locoregional control. Indication for postoperative radio‐/chemoradio-
therapy includes: T3 or T4 tumor, close (<5 mm) or positive surgical margin, positive cervical 
lymph nodes with or without extracapsular spread, lymphovascular and/or perineural inva-
sion. RT can be delivered as a primary treatment in cases of unresectable disease, compro-
mised patient's health, unfavorable cosmetic, or functional outcome of anticipated surgery 
and recurrent disease with multiple previous surgeries [1].

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Head and neck cancer patients usually receive the total dose of 60–70 Gy divided into 2 Gy 
daily fractions (5 days a week) over 6–7 weeks. Along with therapeutic action on tumor cells, 
ionizing radiation causes damage to surrounding healthy tissues located in the radiation 
field. Radiation induced damage to surrounding healthy tissues is responsible for complica-
tions that arise during and after radiotherapy. There are several reasons why these complica-
tions are very frequent in the oral cavity:

• fast turnover rate of oral mucosal cells

• rich and complex oral microflora

• mucosal microtrauma during mastication [2]

Most orofacial complications are dose‐dependent and side effects occur when doses greater 
than 45 Gy are delivered. Apart from the total dose, intensity of oral side effects depends 
on the fraction size and scheduling, field size/affected tissue volume, and concomitant use 
of chemotherapy. In order to minimize the irradiation damage to surrounding tissue, novel 
techniques such as 3D (three‐dimensional) conformal radiotherapy and intensity‐modulated 
radiotherapy (IMRT) are introduced. These techniques allow more precise design of radiation 
field enabling delivery of high doses to the target tissue while reducing doses to surrounding 
structures [3].

Radiation‐related oral side effects can be acute or chronic. Acute side effects begin during the 
RT and last several weeks after the therapy cessation. Acute side effects include

• oral mucositis

• taste disorder

• xerostomia

Chronic oral side effects begin several weeks, months, or even years after the RT. Chronic side 
effects are as follows:

• trismus

• radiation‐induced dental caries

• osteoradionecrosis [4]

Patients undergoing RT demand a multidisciplinary approach in order to reduce the intensity 
of radiation‐induced oral side effects and understand the role of dentist and themselves in 
their prevention and therapy.

2. Acute side effects of head and neck irradiation

2.1. Oral mucositis

Oral mucositis (OM) is the most common complication of head and neck irradiation affecting 
80–90% of the patients. Oral mucositis is defined as reactive inflammation of oral mucosa due 
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to radiation‐induced damage of cellular DNA and subsequent cellular death of basal kerati-
nocytes. Mucositis manifests as ulcerative inflammation of the oral mucosa (Figure 1) which 
can cause severe pain, deteriorated oral function, increased drug consumption, and can lead 
to temporary treatment interruption with consequent reduction in therapeutic effect [4].

Pathogenesis of oral mucositis can be divided into five stages: initiation, upregulation/activa-
tion, signal amplification, ulceration, and healing. First step, initiation is characterized by 
radiation‐induced DNA damage and generation of reactive oxygen species (ROS). In the next 
step, ROS activate nuclear factor‐κB (NF‐κB) transcription factor, which further upregulates 
genes responsible for the synthesis of pro‐inflammatory cytokines like interleukin 6 (IL‐6) 
and tumor necrosis factor alpha (TNF‐α). As the RT continues, generated pro‐inflammatory 
cytokines further amplify inflammatory mucosal damage by providing positive feedback on 
NF‐κB activation. In the next stage, patients develop ulcerations which are colonized by oral 
microorganisms that further promote epithelial damage. Last stage characterized by healing 
of the ulcers occurs when radiation‐induced DNA damage stops [5].

First clinical sign of oral mucositis is whitish appearance of oral mucosa which begins at the 
end of the first week of irradiation. In the third week, patients usually develop ulcerations 
covered with fibrinous pseudomembranes that are prone to secondary infection. Mucositis 
persists throughout the radiotherapy with a peak at the end of irradiation and lasts for 2–4 
weeks after treatment cessation. Intensity of mucositis is strongly dependent on the total dose, 
fraction size, field size, number and frequency of fraction delivery, and type of ionizing irra-
diation [4, 5].

Even though there are numerous scales for the assessment/classification of mucositis available, 
most commonly used scoring system is the one established by the World Health Organization 
[6–9]. The scoring system is very simple to apply and based on patient's ability to eat solid 
food. According to WHO, oral mucositis can be divided into four stages as follows [9]:

Figure 1. Oral mucositis.
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• stage 0 = no pain

• stage 1 = erythema and mild edema

• stage 2 = erythema and ulcers, patient is able to eat solid food

• stage 3 = erythema and ulcers, patient is unable to eat solid food

• stage 4 = peroral alimentation is not possible

There is still no effective agent that could prevent the development of oral mucositis in patients 
undergoing head and neck irradiation [10]. The treatment of oral mucositis therefore remains 
symptomatic, aimed at relieving pain, preventing infection of oral lesions, and maintaining 
normal functioning of oral cavity.

2.2. Xerostomia

Xerostomia is one of the most frequent and debilitating side effects of head and neck RT. It 
develops acutely (early in the course of irradiation), but frequently remains chronic (perma-
nent) complication (Figure 2). Lack of saliva affects the health of the entire oral cavity and 
favors the occurrence of other oral complications, which impair patient's quality of life, such 
as development of dental caries, oral infections, dysgeusia, dysphagia, oral discomfort, and 
pain [11]. Major salivary glands produce 70–80% of the total salivary flow. Parotid gland pre-
dominantly produces stimulated, watery saliva, and its serous acinar cells are more radiosen-
sitive than mucous cells of submandibular and sublingual glands [12]. It seems that the extent 
of parotid irradiation is a major contributing factor for the development of xerostomia, as well 
as a total dose of received irradiation [3]. Xerostomia often remains permanent if radiation 
dose is greater than 40 Gy. Head and neck tumors are usually treated with a total dose greater 
than 60 Gy, during 6 weeks, which can lead to decrease in salivary production by 80% [2]. 

Figure 2. Xerostomia.
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Together with quantitative effect on salivary flow, RT also changes the composition of saliva. 
Concentration of different ions and proteins in saliva rises, while the bicarbonate concentra-
tion decreases, causing a low salivary pH and a low buffering capacity [13, 14]. Quantitative 
and qualitative changes in saliva seriously impair patient's quality of life. Sparing salivary 
glands during irradiation, if possible, can reduce the long‐term reduction in salivary flow [11].

2.3. Taste disorder

During the RT, majority of patients experience complete or partial taste loss. According to a 
recent literature review, taste disorder affects 66.5% of patients undergoing RT alone and 76% 
of patients undergoing combined chemoradiotherapy [15].

Taste disorder is a result of two factors: (i) a direct radiation effect on the taste buds and (ii) 
changes in salivary flow and composition. Taste buds are very sensitive to irradiation and 
demonstrate signs of degeneration and atrophy at doses of 10 Gy [4]. Decreased salivary flow 
disrupts transport of flavor molecules to taste buds while changed ionic composition of saliva 
further impairs taste perception. Most patients report their taste disorder as mild. Impact of 
taste disorder on the quality of life is difficult to assess because patients often report taste dis-
order along with other, more severe side effects of head and neck irradiation like xerostomia, 
sticky saliva, and difficulty swallowing [15].

In majority of cases, taste gradually returns to normal or near‐normal levels within 1 year 
after RT. Because of this transitory aspect, there is usually no need for treatment. However, 
in around 15% of patients, taste disorder can last longer. There have been cases of patients 
whose taste disorder lasted 5–7 years after RT. To date, no universally recommended preven-
tive or management strategies are available [15].

3. Chronic side effects of head and neck irradiation

3.1. Radiation‐induced dental caries

The primary cause of radiation‐induced dental caries is change in quality and quantity of saliva, 
due to radiation‐induced salivary gland damage. After RT, salivary viscosity is increased and 
its buffering capacity and pH are reduced. Salivary pH becomes cariogenic, decreasing from 
7.0 to 5.0 and making minerals of enamel and dentin dissolve easily [16]. A defensive role of 
saliva is impaired, which leads to changes in oral flora of these patients. Within 3 months of 
completing RT, oral flora becomes more acidogenic and cariogenic because of increased con-
centration of Streptococcus mutans, Lactobacillus, and Candida species [17, 18]. If the teeth are 
located in the irradiation field, irradiation also has a direct destructive effect on dental hard 
tissue, causing decreased circulation through pulp, secondary fibrosis, and degeneration of 
the odontoblast processes. As shown from the literature, the effect of irradiation on tooth 
structure is dose‐dependent. Doses lower than 30 Gy cause minimal tooth damage, doses 
30–60 Gy increase risk of tooth breakdown two to three times while doses greater than 60 Gy 
increase risk of tooth damage 10 times [19]. Radiation‐induced caries characteristically has a 
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quick progress and affects smooth tooth surfaces where caries in nonradiated patients seldom 
occurs. The affected teeth become discolored and demineralized, with erosions in the cervical 
region, which makes them fracture easily (Figure 3). Despite advanced clinical presentation, 
the lesions are painless [16]. The risk of occurrence of radiation caries is lifelong so patients 
should be instructed to maintain adequate oral hygiene and to come to regular dental check-
ups every 1–3 months.

3.2. Osteoradionecrosis

Osteoradionecrosis (ORN) is the most serious complication of head and neck RT, which affects the 
bone in irradiated area. RT alters collagen synthesis and induces inflammation and obliteration  
of the blood vessels that provide blood supply to the bone. Irradiated bone becomes hypovas-
cularized and hypoxic, with impaired healing capacity [20]. The process is irreversible and 
progressive, and the risk of osteonecrosis is lifelong. The most commonly used definition of 
ORN implies exposed bone without healing for 3 months, without recurrence of the tumor 
[2], although there is no universally accepted definition in the literature. Due to the disagree-
ment about the definition, there are no accurate data about the prevalence and incidence of 
ORN in the jaws. The reported relative frequency of ORN is between 0 and 7.1%, but patients 
with tumors localized in the oral cavity have higher relative frequency of ORN, up to 13.6% 
[21]. Results from one literature review report a weighed ORN prevalence of 7.4% for conven-
tional radiotherapy, 5.1% for IMRT, 6.8% for chemoradiotherapy, and 5.3% for brachytherapy 
[22]. The literature shows that two‐thirds of ORN in the orofacial region appear after a trau-
matic event, such as tooth extractions, ill‐fitting dentures, biopsies, or periodontal dental pro-
cedures, while one‐third can appear spontaneously. The most frequently affected bone in the 
head and neck region is the mandible [21, 22].

Figure 3. Radiation caries.
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Risk factors for the development of ORN include therapeutic dose and mode of irradiation 
or combined chemotherapy and radiotherapy. Doses greater than 60 Gy, use of brachyther-
apy, or combined chemo‐ and radiotherapy increases the risk of development of ORN, while 
hyperfractioned RT or moderately accelerated fractioned RT, even in greater doses, decrease 
the risk of its occurrence [23]. Other risk factors include poor oral hygiene, malnutrition, 
chronic trauma from ill‐fitting dentures, or acute trauma from surgical procedures in the jaw, 
especially in posterior mandible [24].

ORN manifests as an area of exposed bone in the oral cavity (Figure 4). Symptoms of ORN 
include pain, dysgeusia, dysesthesia, halitosis, or food impaction in the area of exposed bone, 
although in early stages it can be asymptomatic. Untreated, it can lead to fistulas and patho-
logical fractures of the bone (Figure 5) [20–24]. Still, there is no universally accepted classifica-
tion system for ORN, which makes comparison of different studies difficult [25].

3.3. Trismus

Trismus can occur if temporomandibular joint and masticatory muscles are located in irradi-
ated area during head and neck cancer therapy. Irradiation causes spasm and fibrosis of mas-
ticatory muscles, which limits mouth opening [26, 27]. Trismus is often defined as reduced 
mouth opening with interincisal space less than 35 mm, but there is no universally accepted 
definition in the literature which is the reason for a wide range of reported prevalence of 
trismus after head and neck RT, ranging from 5 to 38% of patients [28, 29]. Trismus is often 
underreported as RT side effect, although it seriously impairs quality of life, resulting with 
difficulties in patient's social life, affecting speech, food intake, and oral hygiene maintaining 
and even leading to depression [30]. Risk factors for the occurrence of the trismus are similar 
as for other late oral side effects of RT and include the total dose of radiation, fractionation 

Figure 4. Osteoradionecrosis.
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regimen (mode of irradiation), treatment modality (conventional RT vs. intensity‐modulated 
radiotherapy (IMRT)), overall duration of RT, tumor location, and poor physical condition 
[26, 27, 31, 32]. Some results show that a total dose of RT greater than 55 Gy increases the 
incidence of trismus up to 47%, while treatment modality as conventional RT compared to 
IMRT decreases the mean incidence of trismus from 25.4 to 5% [27, 33]. Patients receiving RT 
to head and neck area should be instructed in rehabilitative exercises during and after RT to 
prevent the trismus development.

4. Dentist's role in head and neck cancer team

As early as 1995, experts of the health system of the United Kingdom concluded that health 
policy in addition to acting on the length of survival of patients with head and neck tumors 
(PwHNTs) must take all measures to increase their quality of life [34].

Over decades, modern treatment modalities have increased the survival rate of these patients, 
owing to the great efforts invested. However, it is obvious that the quality of life to which 
PwHNTs are destined is far below the level of being comfortable and functional [35]. The 
function of the upper aerodigestive tract is impaired following the treatment in PwHNT, espe-
cially of structures related to the oral tissues. The function of the mouth is a very important 
aspect of the quality of life of cancer patients in general [36]. While significant developments 
occur in the field of treatment, especially in terms of procurement of modern equipment for 
RT, as well as in education of radiation oncologists and medical physicists, which improves 
the survival rate of patients, we have to ask ourselves: what about the quality of life of our 
PwHNT following RT?

Oral toxicities related to RT are discussed in detail elsewhere in the text. Although oral muco-
sitis does not last longer than a few weeks after completion of RT, its most serious consequence 
is interruption of RT [37]. The practice in which oncologists would temporarily interrupt radi-
ation in case of severe form of mucositis “until the PwHNT gets his oral  situation improved” 

Figure 5. Osteoradionecrosis progressing to pathological fracture of the mandible (Courtesy of Prof. Alajbeg).
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might still exist. This practice reduces the cure rate by 1–2% per each day of interruption [38]. 
Therefore, the dentists must take all measures to help PwHNT withstand the uninterrupted 
treatment, no matter how uncomfortable it gets.

Although it might require a lot of effort in continuous communication with oncology sur-
geons and oncologists, our profession must strive to provide arguments against interruption 
of radiation. Dentists need to convince oncologists that good preparation of PwHNT and 
close monitoring during RT at 2‐week intervals can effectively prevent the need for interrup-
tion of RT, and this practice should be ever so rarer. Centers that include collaborative dentist 
would not normally interrupt radiation in cases of severe mucositis.

As discussed elsewhere in the chapter, there are also lifelong complications of head and neck 
RT, which ultimately can cause pathological fractures of the jaw and, indirectly, death. It is 
a cascade process with connected temporal occurrences. Briefly described, it begins with the 
destruction of acini of the salivary glands by radiation. The teeth, as there is no saliva, cannot 
defend demineralization, which leads to the inevitable radiation caries. The destruction of 
tooth leads toward the need for extraction, which is a high‐risk procedure in the irradiated 
bone, because of RT‐induced hypovascularity, ultimately leading toward ORN [39]. ORN 
can be so extensive that it may cause pathological fracture of the mandible (Figure 5). This 
“domino effect” could be prevented if dental profession is included into multidisciplinary 
approach.

Good protocols for an interdisciplinary approach to PwHNT clearly emphasize that the den-
tist is a part of the oncology team [40]. Unfortunately, is not usually so. There are exceptions in 
most developed countries, but it really is not a part of standard of care, especially in develop-
ing countries such as Croatia. The causes of such inappropriate practices lay on both sides of 
the bridge: medical doctor (head and neck surgeon) generally is not aware of the true signifi-
cance and is not easily bothered to spend his limited energy on oral complications. A dentist, 
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people of low socioeconomic status, who seem hopelessly ill. It could be due to personal 
ignorance on the subject, and due to a fear to treat PwHNT. And so, our task is twofold: as 
representatives of the profession called “oral medicine” to build a bridge between our fellow 
dentists and fellow medical doctors, and to strive to persuade them how important it is to 
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tists to foster their engagement in this important activity. What we still do not know is how 
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together 26 of the top cancer centers in the United States and publishes guidelines for good 
clinical practice of treating head and neck tumors [41]. According to their guidelines, it is clearly 
stated that patients should be referred to dental evaluation before the treatment of any head 
and neck cancer site: lip cancer, oral cavity, oropharynx, hypopharynx, nasopharynx, glottic, 
and supraglottic larynx, paranasal sinuses (pp. 11–59). With the obligatory oral and dental 
evaluation and treatment before cancer treatment, NCCN guidelines emphasize the necessary 
oral evaluation and care during and after radiotherapy, stating that dental evaluation is rec-
ommended for oral cavity and all sites exposed to significant radiotherapy (p. 83) [41]. As a 
mandatory postulate, the NCCN approach describes the integration of treatment, stating that 
it is critically important that a multidisciplinary evaluation and treatment are prospectively 
coordinated and integrated by all disciplines involved in the care before starting any treatment 
(p. 84) [41].

Timing of RT as the part of multimodal treatment is important. It is well established that time 
elapsed between surgery and RT inversely affects the prognosis [42]. There are, however, 
papers questioning this concept, but today it is considered the best to start RT 6 weeks fol-
lowing the surgery [43]. This leaves enough time for dental treatment to be completed before 
the RT.

However, it is not unusual that dentists sees PwHNT scheduled for RT, who comes at their 
first dental appointment only several days before the actual start of RT. If a dentist extracts 
their teeth, he would be causing further postponing of RT, which may be disastrous for the 
patient. Today, thanks to better planning in health care, waiting for RT is not so long anymore 
(at least in the institutions we work with), but the PwHNTs also come to point of oral care 
soon after discharge after surgery, which is early enough so that all dental procedures can be 
performed at a normal pace prior to the RT. This minimizes the risk of toxicities, eliminating 
the need for extractions after radiation. During and after RT, specific procedures are followed, 
as discussed elsewhere in the chapter.

Guidelines of the British Society for Disability and Oral Health, by Kumar et al., offer an 
elaborate approach to pathways of oral care in PwHNT [44]. Their basic postulate, without 
which we will certainly fail, is that clear pathway of care is necessary if we want to prevent 
or minimize oral complications. Regardless of how simple this may look, the lack of “clear 
pathway of care” was what caused the previous absence of this specific care. It requires strong 
dedication, exceptional effort, time, and preparedness for countless disappointments along 
the journey our profession takes in order to foster this type of oral care.

One should be aware that most of PwHNTs are not easy to motivate for compliance to oral 
care. It is very difficult to explain PwHNT how important the preventative effect of fluorida-
tion is, when combined with good oral hygiene. A typical PwHNT has a history of consum-
ing large amounts of alcohol and tobacco products, and is not easily motivated to suddenly 
start adhering to very strict oral hygiene measures. However, the efforts lead to success in a 
considerable number of patients.

Dentists should be aware of obstacles inherent in most health systems. One of them is was 
that primary care dentists usually are unprepared and uninterested to participate in oral care. 
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The probable reason is the lack of specific knowledge and skills. These patients should be 
continuously motivated, closely followed up, and helped to obtain good adherence to our 
recommendations. If their primary care dentist is not collaborating with specialists, PwHNT 
most certainly will not comply.

Specialists should write very extensive medical histories, explaining the primary care 
dentist what and why certain dental procedures must be done in their offices and the 
therapeutic rationale behind these procedures. These are written dental recommendations 
with an educational component. Secondary and tertiary care professionals who coordinate 
oral care should always clearly emphasize that they would be available for telephone or 
other types of consultation. Furthermore, it has been noted that the advice on oral and 
dental complications of head and neck RT treatment communicated by head and neck 
surgeon had much more impact on patients than if that same advice was communicated 
by the responsible dentist. It is therefore of utmost importance that head and neck surgeon 
possesses basic knowledge of the subject matter and that is willing to firmly insist that 
PwHNT complies with oral health measures. Regardless of how disappointing this might 
be for oral care professionals, this discovery is very important and should help guiding 
efforts to change oral behavior in our PwHNT. Head and neck surgeons who assume a role 
of “oral health advocates” can help dentists to significantly increase patients’ compliance. 
We have observed that if surgeons also motivate patients for good oral care, a significant 
increase in compliance with the recommendations will be achieved [45]. The ideal would 
be that the oral assessment is introduced as a legal requirement before the radiation of the 
head and neck. Listed experiences should be of practical help to readers who plan to start 
this service [46].

5. Dental management prior radiation therapy for head and neck cancers

Prior to the head and neck RT, all patients without exception should be referred for oral/dental 
care. There are no generally accepted evidence‐based clinical guidelines for dentists how to 
prepare patients for RT; however, it is rational to follow effective strategies from the relevant 
literature [47].

The main purposes of pretreatment dental evaluation are as follows:

• to prevent or minimize acute and chronic oral side effects associated with RT

• to facilitate submission of RT and radiation‐induced sequelae

(1) The task of the dentist, as a member of the oncology team preparing the patients for head 
and neck RT, is to perform the following procedures:

(a) treatment of oral and dental diseases

(b) implementation of preventive procedures

(c) education of the patients
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5.1. Treatment of oral and dental diseases

Since treating diseased oral tissues prior to RT prevents or minimizes the development of 
many radiation‐induced complications, a thorough oral examination before RT is essential. 
The fact that some patients are edentulous does not mean that for them dental management 
before, during, and after radiotherapy is not or is less important.

In order to reveal the presence of periapical lesions, impacted teeth, general bone conditions, 
and tumor rarefications, a panoramic radiograph is performed [48]. Dental caries with or 
without root canal infection, necrotic pulps, periodontitis, periodontal abscesses, diseases of 
oral mucosa are additionally assessed trough clinical dental evaluation. Oral status is eval-
uated and recorded: present teeth, clinical and radiographic findings (carious lesions, oral 
mucosa status, periodontal status, salivary gland functional assessment, interincisal opening), 
presence of orthodontic devices, and denture use.

Prophylactic dental clearance includes restorative treatments, periodontal scaling, fluoride 
therapy, and dental extractions. The following teeth need to be extracted [49]:

• Teeth with advanced caries lesions with questionable pulpal status or pulpal involvement

• Teeth with extensive periapical lesions

• Teeth with signs of severe periodontal disease (advanced bone loss and mobility or furca-
tion involvement)

• Residual root tips not fully covered with bone or showing radiolucency

• Impacted or incompletely erupted teeth, particularly third molars that are not fully cov-
ered by alveolar bone or that are in contact with the oral environment

Three weeks before radiation therapy begins, all dental treatments should be completed. In 
the case there is less than 10 days to the beginning of the RT, teeth extractions are delayed for 
the “window” period after radiation (within 5–6 months after completion of RT) [50].

5.2. Implementation of preventive procedures

The elimination of all potential causes of local trauma is mandatory. It is known that ORN can 
develop also in edentulous patients [45] and therefore the adjustment of ill‐fitting dentures is 
necessary. It is important to remove sharp edges and protruding teeth fillings. Orthodontic 
braces should be removed before the beginning of the RT.

5.3. Education of the patients

Besides teeth preservation and elimination of potential trauma, it is necessary that dentist edu-
cates the patient prior to RT. The dentist should explain the expected and possible RT‐induced 
complications. Patients must be aware that the salivary glands may be affected by irradiation, 
which can result in severe decrease of salivary function [51]. Radiation‐induced xerostomia is 
an important chronic side effect of RT that can lead to many oral diseases and patients should 
be warned on the rapid occurrence of dental caries [52]. Untreated on time, it results in the 
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extraction of teeth and the possible development of ORN. During preirradiation, dental man-
agement dentist should strongly emphasize to the patients that postirradiation caries and fol-
lowing oral diseases are avoidable through the regular and meticulous dental hygiene, daily 
fluoridation, and regular dental checkups.

Regrettably, in addition to poor oral health, before RT in many head and neck squamous cell 
carcinoma patients, even from developed countries and regardless of their dental status, poor 
oral hygiene is common [45]. Patients should therefore receive optimal mouth care before RT 
begins. During the preirradiation treatment, it is important that the dentist provides patients 
with instructions for oral hygiene during and after radiation therapy.

It is useful to provide the patient with the Fact Sheets created by the Oral Care Study Group 
of the Multinational Association of Supportive Care in Cancer (MASCC) and the International 
Society of Oral Oncology (ISOO) [53]. These are available online, multilingual, and written in 
plain language and the notable parts of the Fact Sheets are provided below along with their 
original section numbers.

1.3.1. Oral care advices that dentist should give to the patient before RT include instructions 
about [53]

1.3.1.1. proper toothbrushing: “Use a soft toothbrush. Brush before bed. Gently brush tongue. 
Brush within 30 minutes of eating.”

1.3.1.2. dental floss use: “Floss at least once daily with waxed floss.”

1.3.1.3. rinsing: “Rinse, swish and spit rinse several times after brushing or flossing. Ensure 
medicated rinses are done 20 minutes apart.

HOW TO MAKE YOUR MOUTH RINSE 1. Mix 1 teaspoon of baking soda and 1 teaspoon of 
salt with 4 cups of water. 2. Put the mouthwash in a container with a lid. 3. The mouthwash 
should be kept at room temperature. 4. Discard at the end of each day and make a new batch.

HOW TO USE YOUR MOUTH RINSE Shake well before using. • Rinse and gargle with one 
tablespoon (15 mL) and then spit out. • Repeat 2 or 3 times at each use. • Use mouthwash 
every 2 hours during the day.”

1.3.1.4. oral moisturizing: “Moisturize nasal passages through the night with a steam vapor-
izer in your room. Moisturize with mouth rinse and water based lubricants often. Avoid 
petroleum jelly and glycerin products.”

1.3.1.5. lip care: “Use water‐soluble, wax‐based, or oil‐based lubricants. • Apply after clean-
ing, at bedtime and as needed. Do not apply petroleum Jelly.”

1.3.3.6. fluoridation

“INSTRUCTIONS FOR USE OF FLUORIDE TRAYS 1. Brush and floss before wear-
ing trays. 2. Fill the grooves of the trays 1/3 full with gel. 3. Insert tray and spit out 
any excess gel. 4. Leave the tray in for 5 minutes. • Use at bedtime for longer lasting 
results. • Brush trays and air dry after each use. • Do not use hot water to clean trays 
(hot water will distort the tray). • Do not eat, drink or rinse for 30 minutes after tray 
use.”
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Besides explaining how to perform fluoridation, dentist should emphasize the impor-
tance of fluoridation in preventing post‐radiation dental caries.

1.3.1.7. Denture care instructions

“• Keep your dentures out as much as possible. • Remove dentures, plates and pros-
theses before brushing. • Brush and rinse dentures after meals and before bed. • Soak 
dentures in cleansing solution for at least 8 hours. • If you are on antifungal therapy, 
soak in anti‐fungal solution.” [53]

Edentulous patient should also be instructed to remove dentures during RT. [48]

As a member of oncology team, the dentist should also explain to the patients:

1.3.2. The necessity of avoiding the consumption of cigarettes and alcohol

1.3.3. The necessity of regular dental visits during and after RT.

Dental consultation should always be in order prior to RT. During the first pre irradiation 
dental visit, patient should become aware that the dentist plays very important role in the 
management of head and neck cancer. They should realize that dental treatment before, dur-
ing, and after head and neck RT is mandatory part of the more successful oncological therapy, 
which reduces the morbidity and mortality associated with RT.

6. Oral care during head and neck radiotherapy

Oral care during head and neck RT is directed to the treatment of acute complications—oral 
mucositis, xerostomia and taste alterations.

6.1. Oral mucositis

Most pronounced symptom of oral mucositis is pain associated with dysphagia, odynopha-
gia, and difficulty speaking. Symptoms usually begin in the third week of RT. Sometimes 
pain can be so intense that it can prevent oral food intake resulting in the need for parenteral 
nutrition, and in some cases discontinuation of RT. During this period, regular checkups at 
dental office every 7–10 days are recommended [54]. Up to now, a lot of treatment modalities 
for OM have been tested, but most of them with varying success.

The treatment of OM is symptomatic, and it mainly consists of pain management and infec-
tion control. For the pain management, mouthwash containing topical anesthetic agent such 
as lidocaine is usually prescribed. Tetracaine, amethocaine, dyclonine, and benzocaine are also 
used for pain relief. The use of topical anesthetics allows patients to do regular daily activi-
ties such as eating and tooth brushing. Most of the studies, aimed at pain relief, reported less 
frequent interruption of RT, when topical anesthetic is used [55–57]. Administration of sys-
temic analgesics, including opioids, is used in most patients with moderate or severe OM [58]. 
Except topical anesthetic, mouthwash can contain ant‐inflammatory and antimicrobial agents. 
A nonsteroidal anti‐inflammatory drug, benzydamine hydrochloride, is effective in reducing 
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the intensity and duration of mucosal damage [10, 59]. Plaque control and oral hygiene is very 
important in controlling OM. Even though chlorhexidine (CHX) is not recommended in the 
prevention or management of oral mucositis, its administration may provide indirect benefits 
like plaque control and gingivitis prevention, as well as oral candidosis prevention [10]. In 
the case of oral candidosis, local antifungal drugs such as miconazole or nystatin are pre-
scribed [54]. Cytoprotective drug amifostine and biological response  modifiers (interleukin 1, 
interleukin 11, and transforming growth factor β) have also been introduced for management 
of OM, but with varying success and are not recommended [10]. From all of the above men-
tioned, it can be concluded that there is still no effective therapy for the prevention and treat-
ment of OM. However, it is important to emphasize that dentist can significantly contribute to 
the implementation of RT in its entirety, without interrupting it.

6.2. Taste disorder

The prevalence of taste alterations in patients receiving RT is 66.5%, and approximately 15% 
of them continue to experience this problem after cessation of the treatment [15]. Taste dis-
order has a negative impact on quality of life and may cause malnutrition, weight loss, and 
in severe cases, significant morbidity. However, it is important to note that this problem is 
reversible, and in most of the patients spontaneous return of taste occurs within a year and 
therefore no specific treatment is necessary [15]. Additionally, up to now no efficient agent 
for treating or preventing RT related taste disorder exists [15]. Zinc gluconate, amifostine, 
and dietary counseling have been studied for that purpose. Studies that tested administra-
tion of zinc gluconate reported variable results [60, 61]. Zinc gluconate is therefore not recom-
mended for taste disorder prevention in head and neck cancer patients, even though it was 
found to be beneficial in a noncancer idiopathic dysgeusia [15]. It has been shown that use of 
amifostine only modestly helps in reducing the severity of taste disorder, without affecting 
the incidence [62, 63]. Because of conflicting results of the studies which examined the use of 
amifostine in the prevention and/or management of taste disorder, recommendation is not 
to use it in head and neck cancer patients [15]. Use of dietary and educational counseling 
on the incidence and severity of dysgeusia in cancer patients has shown a minor impact on 
early‐onset taste disorder (30% vs. 40%), but with a greater effect on long‐term taste disorder 
(5% vs. 25%) [64].

6.3. Xerostomia

It is well known that salivary gland hypofunction and xerostomia are significant morbid-
ities during and following head and neck RT, resulting in decrease of salivary flow rates. 
Treatment goals for salivary gland hypofunction are stimulation of residual salivary gland tis-
sue, relief of oral dryness, prevention of tooth demineralization, caries, and oral infection [11]. 
Pilocarpine, cevimeline, bethanechol HCl, and amifostine have been tested for the prevention 
of salivary gland hypofunction in cancer patient undergoing RT. Due to conflicting results 
their use is not recommended [11]. On the other hand, recent systematic review suggested 
that both pilocarpine and cevimeline can reduce xerostomia symptoms and increase salivary 
flow compared to placebo after RT but “some aspects of the relevant effect size, duration of the 
benefit, and clinical meaningfulness remain unclear” [65].
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Intensity‐modulated radiation therapy (IMRT) can reduce the radiation dose to salivary glands, 
thus helping in decrease of salivary gland hypofunction and symptoms of xerostomia [66, 67]. 
Surgical transfer of submandibular gland to the submental space can contribute to preserva-
tion of salivary gland function and reducing xerostomia symptoms. However, this method 
applies only to patients with clinically negative cervical lymph nodes [11]. Despite their short‐
term effect, it has been shown that use of saliva substitutes is more effective in the treatment of 
dry mouth than placebo. The saliva substitutes are mainly based on carboxymethylcellulose, 

hydroxypropylmethylcellulose, hydroxyethylcellulose, and plyglycerylmethacrylate. Some of 
them contain electrolytes and fluoride for preventing teeth demineralization. Artificial saliva 
substitutes come in the form of gel, spray, and solution. Because its lubricating effect lasts 
longer, saliva substitute gel is recommended, especially during the night or other periods of 
severe oral dryness [11].

Points to remember for the oral care during head and neck RT are presented in Table 1 [68–70].

7. Oral care after head and neck radiotherapy

After completion of RT, frequent follow‐up appointments at dental office and good oral 
hygiene are of utmost importance. Initially, follow‐up appointments are carried out once a 
month, and subsequently their dynamics is determined individually. Xerostomia and sali-
vary gland dysfunction as acute complication of RT continues in the posttreatment period, 
thereby becoming chronic, which greatly increases the risk of dental caries and its sequelae. 
Radiation caries is extremely progressive and highly destructive type of caries, which cer-
tainly increases the risk of ORN by increasing risk for tooth extraction. Therefore, every effort 

Oral care during head and neck radiotherapy

• regular checkups every 7–10 days during RT

• for the pain management prescribe topical anesthetics and/or analgesics

• use a soft toothbrush with a fluoride toothpaste for brushing after meals and before bed. Floss at least once a day 
(use xylocaine anesthetic rinse prior to brushing and flossing)

• if brushing is too painful, use a clean moist gauze or foam swab soaked in baking soda mouth rinse

• rinse the mouth with a baking soda and salt solution (mix 1 teaspoon of baking soda and 1 teaspoon of sat with 
four cups of water) several times a day. Avoid salt during mucositis

• management of dry mouth (sip water frequently, use saliva substitutes, use sugar‐free candies, and gums)

• keep dentures out of the mouth as much as possible; soak it in cleansing solution for at least 8 hours

• exercises for the jaw muscles at least three times a day to avoid trismus

• avoid spicy or acidic foods, tobacco, and alcohol

Table 1. Oral care during head and neck radiotherapy (modified from Refs. [68–70]).
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Points to remember for the oral care during head and neck RT are presented in Table 1 [68–70].

7. Oral care after head and neck radiotherapy

After completion of RT, frequent follow‐up appointments at dental office and good oral 
hygiene are of utmost importance. Initially, follow‐up appointments are carried out once a 
month, and subsequently their dynamics is determined individually. Xerostomia and sali-
vary gland dysfunction as acute complication of RT continues in the posttreatment period, 
thereby becoming chronic, which greatly increases the risk of dental caries and its sequelae. 
Radiation caries is extremely progressive and highly destructive type of caries, which cer-
tainly increases the risk of ORN by increasing risk for tooth extraction. Therefore, every effort 

Oral care during head and neck radiotherapy

• regular checkups every 7–10 days during RT

• for the pain management prescribe topical anesthetics and/or analgesics

• use a soft toothbrush with a fluoride toothpaste for brushing after meals and before bed. Floss at least once a day 
(use xylocaine anesthetic rinse prior to brushing and flossing)

• if brushing is too painful, use a clean moist gauze or foam swab soaked in baking soda mouth rinse

• rinse the mouth with a baking soda and salt solution (mix 1 teaspoon of baking soda and 1 teaspoon of sat with 
four cups of water) several times a day. Avoid salt during mucositis

• management of dry mouth (sip water frequently, use saliva substitutes, use sugar‐free candies, and gums)

• keep dentures out of the mouth as much as possible; soak it in cleansing solution for at least 8 hours

• exercises for the jaw muscles at least three times a day to avoid trismus

• avoid spicy or acidic foods, tobacco, and alcohol

Table 1. Oral care during head and neck radiotherapy (modified from Refs. [68–70]).
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should be focused on caries prevention. In order to avoid difficulties in maintaining oral 
hygiene and the implementation of necessary dental procedure, early signs of trismus should 
be recognized.

7.1. Radiation caries

Radiation caries is primarily a consequence of salivary hypofunction, saliva composition 
changes, and increase in acidogenic bacteria number. Furthermore, direct damage on the 
hard dental tissues frequently occurs from RT. For caries prevention good preoperative 
 dental treatment, frequent dental evaluation and treatment after RT, consistent home care 
that includes brushing after meals and before bed, daily flossing, plaque control, self‐applied 
fluoride products, and restricted intake of cariogenic foods are required [54].

It is considered that the fluoride therapy is the best option for the prevention and treatment 
of radiation caries. The use of fluoride products significantly reduces caries activity in postRT 
patients. High concentrated fluorides (≥5000 ppm) directly applied on tooth surfaces or with 
custom‐made carriers should be maintained every day. Literature data have demonstrated no 
significant difference on caries activity related to the type of fluoride gel or fluoride delivery 
system [71].

Chlorhexidine (CHX) as a bisguanide with bactericidal activity reduces plaque accumulation 
and helps in reducing mainly Gram‐positive and bit less Gram‐negative bacteria. It is interest-
ing that use of CHX has shown decrease in oral Streptococcus mutans, with no influence on oral 
lactobacillus counts [72, 73]. Generally, CHX is recommended for maintaining oral health, 
although potential side effects such as tooth staining, taste changes, and increased calculus 
deposits should be taken into account. CHX mouthwashes should be administered daily after 
tooth brushing [71].

In cases where radiation caries is not possible to prevent, restoration with a proper dental 
material is required. Lack of salivary buffering, reduction of normal plaque pH, and forma-
tion of the hydrofluoric acid in patients with xerostomia lead to erosion of glass ionomer 
restorations [74]. Hence, conventional glass ionomer restorations are not recommended in 
patients who have been treated with RT. For the dental restoration in patients who have been 
treated with RT, the use of resin‐modified glass ionomer, composite resin, and amalgam res-
torations are recommended [71].

7.2. Trismus

Reduced mouth opening is a result of the damaging effects of RT on the masticatory muscles. 
It is very important to identify early signs of trismus considering the fact that early treatment 
can significantly affect its prevention. For the prevention as well as for the treatment of reduced 
mouth opening, passive and active physiotherapy from the commencement of RT can be per-
formed. Active physiotherapy is carried out with the muscles placed around the joint, while 
passive motion includes use of various devices [33]. Passive physiotherapy implies the use of 
tongue depressors, a hand operated device “Therabite Jaw Motion Rehabilitation System,“, and 
forced mouth opening with finger pressure several times a day [75]. Except of the aforemen-
tioned therapeutic options, pentoxifylline and botulinum toxins have shown efficacy in reducing 
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radiation‐induced trismus [76, 77]. However, the latter needs to be confirmed by randomized 
controlled studies. Whenever possible, sophisticated multiple‐field techniques should be used to 
reduce the dose of radiation to the mastication muscles and temporomandibular joint [2].

7.3. Osteoradionecrosis

Head and neck cancer patients undergoing RT are at lifelong risk of developing ORN. Therefore, 
dental extractions after RT should be avoided if possible. Furthermore, every local trauma must 
be avoided, and endodontic therapy, instead of extractions, should be the treatment of choice. 
Otherwise, if there is a need for extractions in postradiation period, they should be performed 
during first 5–6 months after RT with minimal trauma and primary closure [25]. Obliteration 
of the blood vessels and hypovascularity of the bone that occurs after RT is not an overnight 
process and it takes 5–6 months to develop [20, 50]. This “window” period should therefore be 
used for necessary extractions if possible. Literature results on the incidence of ORN after tooth 
extraction support this as significantly lower incidence of ORN was reported when extractions 
were performed within 1 year postRT compared to extractions performed 2–5 years postRT 
(7.5% vs. 22.6%) [78]. Use of antibiotic prophylaxis for the prevention of ORN is widespread in 
the literature, but there is no consensus on the type and dose of application. Their administra-
tion is empirical [23]. Hyperbaric oxygen therapy (HBO) is not strongly recommended for the 
prevention of ORN prior dental extractions, due to unclear clinical efficacy and cost‐effective-
ness. No specific and universally accepted guideline for the administration of HBO therapy 
exists [22]. Most of the protocols propose 20–30 dives before and 10 dives after dental extrac-
tion at 2.0–2.5 atmosphere pressure [22, 23]. Despite that, recent Cochrane systematic review 
concluded that HBO therapy “appears to reduce the chance of ORN following tooth extraction 
in an irradiated field” and that “the application of HBOT to selected participants and tissues 
may be justified” [79].

Management of ORN includes conservative treatment, surgical debridement with the use 
of adjunctive antibiotics and reconstructive surgery. Conservative treatment should be the 
first line therapy for ORN because surgical procedure may enhance the necrotic process [23]. 
Treatment consists of local wound care and good oral hygiene using 0.2% chlorhexidine 
mouthwashes and course of systemic antibiotics in acute episodes [80, 81]. If a conservative 

Oral care after head and neck radiotherapy

• regular checkups every 4–8 weeks for the first 6 months (afterwards based on the patient's needs)

• avoid invasive surgical procedures including dental extractions (if necessary, the use of antibiotics and HBO 
therapy before and after surgery should be considered)

• daily fluoride application (using a tray or brush‐on method), flossing and meticulous oral hygiene (use a soft 
toothbrush and 0.02% CHX mouthwash) must be performed

• management of dry mouth (sip water frequently, use saliva substitutes, sugar‐free candies, and gums)

• exercises for the jaw muscles at least three times a day (minimum first 6 months postRT)

• a new removable denture can be made 3–6 months postRT (avoid any tissue irritation/trauma)

Table 2. Oral care after head and neck radiotherapy (modified from Refs. [68–70]).
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(7.5% vs. 22.6%) [78]. Use of antibiotic prophylaxis for the prevention of ORN is widespread in 
the literature, but there is no consensus on the type and dose of application. Their administra-
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prevention of ORN prior dental extractions, due to unclear clinical efficacy and cost‐effective-
ness. No specific and universally accepted guideline for the administration of HBO therapy 
exists [22]. Most of the protocols propose 20–30 dives before and 10 dives after dental extrac-
tion at 2.0–2.5 atmosphere pressure [22, 23]. Despite that, recent Cochrane systematic review 
concluded that HBO therapy “appears to reduce the chance of ORN following tooth extraction 
in an irradiated field” and that “the application of HBOT to selected participants and tissues 
may be justified” [79].

Management of ORN includes conservative treatment, surgical debridement with the use 
of adjunctive antibiotics and reconstructive surgery. Conservative treatment should be the 
first line therapy for ORN because surgical procedure may enhance the necrotic process [23]. 
Treatment consists of local wound care and good oral hygiene using 0.2% chlorhexidine 
mouthwashes and course of systemic antibiotics in acute episodes [80, 81]. If a conservative 

Oral care after head and neck radiotherapy

• regular checkups every 4–8 weeks for the first 6 months (afterwards based on the patient's needs)

• avoid invasive surgical procedures including dental extractions (if necessary, the use of antibiotics and HBO 
therapy before and after surgery should be considered)

• daily fluoride application (using a tray or brush‐on method), flossing and meticulous oral hygiene (use a soft 
toothbrush and 0.02% CHX mouthwash) must be performed

• management of dry mouth (sip water frequently, use saliva substitutes, sugar‐free candies, and gums)

• exercises for the jaw muscles at least three times a day (minimum first 6 months postRT)

• a new removable denture can be made 3–6 months postRT (avoid any tissue irritation/trauma)

Table 2. Oral care after head and neck radiotherapy (modified from Refs. [68–70]).
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approach does not achieve wound healing, surgical removal of necrotic bone is indicated. 
Indications for reconstructive surgery include advanced cases with oral and/or cutaneous 
fistula, radiographically visible osteolysis, and pathologic fracture [81, 82]. The use of anti-
oxidant agent pentoxifylline and tocopherol (vitamin E) for the treatment of ORN has shown 
promising results but more clinical trials are needed to confirm their efficacy [82].

Points to remember for the oral care after head and neck RT are presented in Table 2 [68–70].

8. Conclusion

Efforts of dental professionals will have a significant clinical and financial impact on the 
treatment of PwHNT. The dentist must be a member of the oncology team and must have 
knowledge on the specific complications of head and neck RT. Dentist should make a plan of 
treatment and prevention before the start of RT. Surgeons, radiation oncologists, and medical 
oncologists can find valuable partners in dental profession, with the aim of improving patients’ 
overall quality of life. Such care can greatly prevent and reduce side effects of treatment, 
resulting in a significant reduction in the cost of treatment, and some of those aspects facili-
tate implementation of radiation therapy without interruption, which increases the chances  
of cure.
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Abstract

The prosthetic rehabilitation of the maxillectomy defect is important to restore oral func-
tions and facial contours as well as to improve patients’ health-related quality of life 
(HRQOL). This literature review aims to assess the HRQOL of maxillectomy patients 
rehabilitated with obturator prostheses and their determinants as well as to identify the 
most commonly used HRQOL measures. A literature search has been performed using 
PubMed, EMBASE, and Google Scholar to identify studies published before October 
10, 2016. Twenty-three studies were identified. Most studies are cross-sectional. The 
most frequently used HRQOL measures were the Obturator Functioning Scale and the 
University of Washington Quality of Life scale version 4. Studies showed that postopera-
tive radiation therapy, residual dentition, obturator functioning, impairment of inges-
tion, speech, appearance, the extent of therapy, and pain were important factors affecting 
patients’ HRQOL. This review provides valuable information for clinicians and research-
ers in determining patients’ needs, selecting HRQOL measure, planning future studies, 
as well as planning and developing comprehensive prosthetic rehabilitation programs. 
Well-designed clinical, multicenter, longitudinal studies with a larger sample are needed 
to evaluate the impacts of different reconstruction and retention methods as well as sev-
eral determinants including sociodemographic, clinical, and psychological on patients’ 
HRQOL.

Keywords: maxillectomy patients, health-related quality of life, obturator prosthesis, 
obturator functioning
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1. Introduction

As a patient reported outcome, the assessment and monitoring of the health-related quality 
of life (HRQOL) in patients with head and neck cancer play a critical role in the treatment of 
decision-making process and developing treatment protocols as well as providing supportive 
care [1, 2].

Globally, cancer burden are increased due to population growth, aging, and an increasing 
prevalence of risk factors such as smoking, obesity, and dietary patterns [3].

Oral cavity cancer is the most common type of head and neck cancer [4]. Despite significant 
advances in its treatments, oral cancer has a poor prognosis and a low survival rate [5].

The Global Burden of Disease Study [6] reported that the global burden of periodontal dis-
ease, oral cancer, and dental caries increased markedly by an average of 45.6% from 1990 to 
2010. Oral cancer is the eighth most common cancer worldwide. When compared with high-
income countries, oral cancer is common in low-income countries [7]. In 2012, lip, oral cav-
ity, and pharyngeal cancers were responsible for 529,500 incident cases and 292,300 deaths, 
accounting for approximately 3.8% of all cases and 3.6% of cancer deaths. Maxillary cancer 
is a rare tumor with increased mortality and 10% of all oral cancers occur in the oral cavity 
subsites of the upper gingiva and hard palate [8].

Oral cancer and its treatment have a direct impact on patients’ physical, psychological, and 
social well-being. After resection of maxillofacial tumor, these patients experience orofacial 
functional changes and social and emotional issues that can have significant negative effects 
on their HRQOL and obturator functioning. The prosthetic rehabilitation of the maxillectomy 
defect is important to restore oral functions and facial contours as well as to improve HRQOL 
of patients. Following maxillectomy, patients experience severe problems in oral functioning, 
including speech, swallowing, mastication, and orofacial esthetics, all of which consequently 
affect their HRQOL and well-being. Therefore, prosthetic rehabilitation by the multidisci-
plinary team is a critical element to restore both oral function and facial form [9].

Maxillary defects after tumor resection can be reconstructed by using an obturator prosthesis 
or by a surgical reconstruction according to the extent of the maxillectomy defect and the 
need for radiation therapy [9, 10]. Although there is no consensus regarding the more effec-
tive treatment option, obturator prosthesis is the most widely used noninvasive approach 
and the recommended treatment modality to restore the patient’s oral functions, aesthet-
ics, and resocialization in the management of maxillary defects [10–15] because it provides 
a quick and adequate prosthetic rehabilitation in older patients, patients with a high mor-
bidity rate, and patients with an unfavorable life expectancy [11]. Obturator rehabilitation 
is an equivalent reconstructive option for improving HRQOL and reducing complications 
in patients undergoing total or extended maxillectomy for advanced malignancy [16]. The 
comprehensive oral rehabilitation management is crucial for improving survival and oral 
functions in patients with advanced-stage disease and large defect which are treated by com-
bination therapy, including preoperative irradiation, chemotherapy, surgery, and immediate 
reconstruction.
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Besides clinical parameters, the subjective assessment by patients gives more information about 
patients’ needs, expectations, and treatment effectiveness. To assess the HRQOL, many HRQOL 
instruments have been used by researchers, which are categorized into five groups: patient 
performance questionnaires, generic quality of life questionnaires, generic cancer question-
naires, head and neck cancer questionnaires, and head and neck functional questionnaires [17]. 
However, most studies used different questionnaires and study design to measure patients’ 
HRQOL which hinders the ability to make direct comparison among studies. In addition, the 
existing studies reported several factors affecting patients’ HRQOL and obturator functioning. 
Recent systematic review on the HRQOL of patients with maxillary defects who had undergone 
restoration with obturator prostheses and/or free tissue reported that prospective, blinded, ran-
domized, multicenter studies with standardized methods are needed to reach definitive con-
clusions about the best method and the related factors with these treatment options [18].

This review provides an outline of existing literature on HRQOL of maxillectomy patients 
rehabilitated with obturator prostheses. Additionally, it provides valuable information for 
clinicians and researchers in determining patients ‘needs, selecting an existing validated mea-
sure, planning future studies, as well as planning and developing comprehensive prosthetic 
rehabilitation programs.

The aim of this literature review was to assess the HRQOL in maxillectomy patients rehabili-
tated with obturator prostheses and its determinants as well as to identify the most commonly 
used HRQOL measures.

2. Methods

A literature search has been performed in PubMed, EMBASE, and Google Scholar to identify 
studies published in the period July 1996–October 10, 2016. The following keywords such as 
maxillectomy patients, palatal obturators, patient satisfaction, HRQOL, and obturator func-
tion in diverse combinations with MeSH search were used to identify all relevant studies. In 
addition, the reference lists of these manuscripts and all included chapters were checked for 
eligible articles.

3. Selection criteria

3.1. Inclusion criteria

Titles and abstracts were screened by the author, according to the following inclusion crite-
rion: studies published in English; quantitative studies; study sample consisted of maxillec-
tomy patients who had undergone restoration with obturator prostheses; studies published 
in the period July 1996–October 10, 2016; studies used at least one validated HRQOL measure; 
studies reported determinants related to HRQOL and patient satisfaction; and studies com-
pared HRQOL outcomes of patients who had undergone maxillectomy followed by different 
prosthetic modalities.
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3.2. Exclusion criteria

Case reports or case series, qualitative studies, studies used self-reported HRQOL factors, 
validation studies, systematic reviews, unpublished theses, and dissertations were excluded.

3.3. Data extraction

Data were extracted on study design, characteristics of participants, outcome measure(s), and 
findings.

4. Findings

Screening of the titles and abstracts resulted in a selection of 23 articles. Of the 23 selected 
studies, 13 were retrospective cross-sectional studies, 1 was case-control study, 4 were experi-
mental studies, and 5 were cohort studies.

4.1. Study characteristics

Of the 23 studies included in this review were conducted in the United States (n = 4), China 
(n = 4), Pakistan (n = 3), UK (n = 2), the Netherlands (n = 2), Denmark (n = 1), Germany (n = 2), 
Egypt (n = 1), Brazil (n = 1), India (n = 1), and Canada (n = 2).

Sample sizes of the studies varied widely, between 8 and 73 participants. Selected character-
istics of the 23 studies are presented in Table 1.

4.2. Measurement of HRQOL

The most frequently used HRQOL measures were the Obturator Functioning Scale (OFS) (n 
= 14) and the University of Washington Quality of Life scale version 4 (UW-QoLv4) (n = 6). 
Twelve studies used more than one instrument to measure HRQOL and only three studies 
used an oral health-related quality of life measure. Five studies used only one measure, namely, 
OFS. Five studies used a head and neck cancer-specific measure besides a generic measure.

The most frequently used head and neck cancer-specific instruments were: the European 
Organization for Research and Treatment of Cancer general form (EORTC C-30), head-neck 
specific version (EORTC HN35), the UW-QoLv4, the Performance Status Scale for Head and 
Neck Cancer Patients (PSS-HN), the OFS, the Swallowing Quality Of Life (SWAL-QOL), and 
the Eastern Cooperative Oncology Group performance score (ECOG).

Only two region-specific HRQOL measures [The Disabilities of the Arm, Shoulder and 
Hand (DASH) and the American Academy of Orthopedic Surgeons (AOSS) Hip and Knee 
Questionnaire] were used in combination with a head and neck cancer function-specific 
HRQOL measure [19]. Only one study used a questionnaire which is originally developed for 
DOESAK (a German, Austrian, and Swiss cooperative group on tumors of the maxillofacial 
region) in combination with head and neck cancer specific measures [14].
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DOESAK (a German, Austrian, and Swiss cooperative group on tumors of the maxillofacial 
region) in combination with head and neck cancer specific measures [14].
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The used general quality of life measures were: Mental Health Inventory (MHI; n = 4), 
Impact of Events Scale (IES; n = 2), Illness Intrusiveness Ratings Scale (IIRS; n = 1), Centre for 
Epidemiologic Studies Depression Scale (CES-D; n = 1), the Psychosocial Adjustment to Illness 
Scale (PAIS; n = 1), the Family Function Scale (n = 1), the Perceived Negative Socioeconomic 
Impact Index (n = 1), and the Hospital Anxiety and Depression Scale (HAD; n = 1).

There are only three studies using an oral health-related quality of life [20–22]. Of the three 
studies identified, one used the forty-nine items of the Oral Health Impact Profile (OHIP-49), 
and two used the short version OHIP-14.

Two studies evaluated the effects of different technologies used in manufacturing individual-
ized obturators on patients’ HRQOL [11, 23], three compared the HRQOL after maxillectomy 
between obturators and flaps [12, 16, 24], and three compared patients’ HRQOL who used 
obturator prosthesis with different retention mechanism [20, 21, 25], one compared the HRQOL 
between patients with an upper denture obturator and upper partial obturator [26], and one 
evaluated the differences in obturator functioning and HRQOL between patients with implant-
supported obturators and implant-supported fixed prostheses in free vascularized flaps [27].

4.3. Studies on the effects of different technologies used for manufacturing individualized 
obturators

Studies about comparing different technologies used for manufacturing individualized obtu-
rators showed that the computer-aided design with rapid prototyping technology is an alter-
native and feasible method for manufacturing individualized obturators for patients after 
maxillary resection [23]. In other study, the treatment protocol which incorporates the use 
of standard dental implants in combination with a computer-aided design/computer-aided 
manufacturing showed good functional and social outcomes [11].

4.4. Studies on the effects of different retention mechanism

Studies on the effects of different retention mechanism on patients’ HRQOL reported that the 
retention of the obturator prosthesis enhanced by the addition of attachments showed some 
improvements in oral function such as speech, swallowing, and chewing. Patients treated 
with an enhanced retentive obturator prosthesis with stud attachment reported higher scores 
in the domains of speech and swallowing than patients treated with conventional and mag-
netic retentive prosthesis. Patients who were treated with an enhanced retentive obturator 
prosthesis with stud attachment and with an enhanced retentive obturator prosthesis with 
magnetic attachment had better scores in ‘‘swallowing-leakage with solid’’ and ‘‘chewing/eat-
ing’’ domains of HRQOL than patients with a conventional retained obturator prosthesis. The 
large one-side defect and gender were found to be important factor for enhancing retention 
and improving patient’s confidence and esthetics [25].

Study on the evaluation of zygomatic implant retained obturator in rehabilitation of par-
tial palato-maxillectomy patients showed that rehabilitation of maxillectomy patients with 
conventional or implant retained obturator had significant improvement in the functional 
impairment, psychological disability, and social disability domains of the oral health-related 
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quality of life in comparison to patients without obturator. Significant improvements were 
found in patients’ oral health-related quality of life as well as their masticatory function after 
converting the conventional obturator to implant retained obturator. For the abutment teeth, 
there was no statistically significant difference in some clinical parameters such as gingival 
index, tooth mobility, and bone level between conventional obturator and implant retained 
obturator [20].

Another study [21] conducted on patients treated with radiation therapy and/or ablative 
surgery reported a significant improvement in appearance and chewing function after oral 
rehabilitation with fixed and removable dental prosthesis. In this study, no significant effect 
between fixed versus removable prostheses and no significant effect of implant on the oral 
health-related quality of life of patients were found. Seignemartin et al. [26] reported that 
patients wearing partial removable prostheses had higher HRQOL than those with total 
removable prostheses.

4.5. Studies comparing the obturator replacement with free flap

There are a small number of studies comparing the HRQOL of patients wearing obturator 
prostheses with those who underwent free flap reconstruction. The cross-sectional study 
by Rogers et al. [24] found no statistically significant difference in HRQOL between these 
groups, but obturator patients were more concerned about their appearance, more aware of 
their upper teeth, more self-conscious, less satisfied with their upper dentures, less satisfied 
with function, and they reported more pain and soreness in their mouths. Similarly, Wang et 
al. [27] found no differences in HRQOL and oral functioning between patients with implant-
supported obturators and implant-supported fixed prostheses in free vascularized flaps after 
a maxillectomy but obturator patients had worse mental health than those with fixed pros-
theses. Consistent with these findings, Breeze et al. [12] found no significant difference in the 
effects of these treatments on patients’ HRQOL.

In contrast, another cross-sectional study reported that palatomaxillary reconstruction with 
vascularized bone-containing free flaps may improve the functional and HRQOL outcomes 
relative to defect-matched patients rehabilitated with a prosthetic obturator although this 
method requires a second operative site [19].

In a 5-year retrospective cohort study [16], obturator placement was found to be an equivalent 
reconstructive option with respect to the HRQOL factors and complications, because inevi-
table morbidity caused by the disfiguring effects of maxillectomy (total or extended) could be 
deemed acceptable by these patients. In another longitudinal study conducted by Breeze et al. 
[12] reported similar findings. They found no significant difference in the effects of these treat-
ment options on patients’ HRQOL.

4.6. Studies assessing obturator functioning among patients wearing an obturator 
prosthesis

There were 11 cross-sectional studies that examined the HRQOL among patients wearing an 
obturator prosthesis. Existing studies showed that obturator functioning is associated with 
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the size of defect [26, 28, 29], the extent of resection in the soft palate and hard palate [30], the 
grade of impairment of speech [14, 29], ingestion [14], eating in public, and understandability 
of speech [26]. Some studies reported conflicting results with regards to the impact of defect 
size [14, 31]. Depprich et al. [14] reported that the prosthesis form, the former wearing of 
dentures, and the existence of maxillary teeth or dental implants had no significant effects on 
the obturator functioning. Kreeft et al. [31] reported that obturator functioning is not related 
to the history of adjuvant radiotherapy and the presence of residual dentition. Rieger et al. 
[29] reported that background patient characteristics such as gender, type of prosthesis reten-
tion, history of orbital exenteration, history of radiation therapy, and the wearing time of 
the definitive obturator are important predictors of obturator functioning and satisfaction. 
Seignemartin et al. [26] found no statistical associations of age, salivary flow, tooth in the 
maxilla, and tumor stage with obturator function.

4.7. Studies assessing HRQOL among patients wearing an obturator prosthesis

Studies of maxillectomy patients rehabilitated with obturator prostheses reported that post-
operative radiotherapy [26, 28, 31, 32], the size of defect [26], the degree of hyposalivation 
[15, 26], understandability of speech [26], functioning of the obturator prosthesis [14, 15, 30, 
33], impairment of ingestion, speech, and appearance [14, 15], the extent of therapy [14, 15], 
the existence of pain [14, 15, 24, 34], the type of surgery [33], and residual dentition [31] had 
significant impacts on patients’ HRQOL. Some studies have reported conflicting results. 
Depprich et al. [14] found that the classification of maxillary defects and the type of surgery 
(transoral vs. transfacial) had no significant influence on HRQOL. Seignemartin et al. [26] 
found no statistical associations of salivary flow, tooth in the maxilla, and tumor stage with 
the HRQOL. Breeze et al. [12] reported that there are no adverse effects of both the size of the 
vertical defect and postoperative radiotherapy on HRQOL.

There are conflicting findings concerning demographic characteristics. Some researchers 
reported that gender [15] and the level of education [14] were associated with HRQOL, while 
others did not find any relationships between these variables and patients’ HRQOL [14, 15, 26, 
33]. No significant association was found between HRQOL and age [14, 15, 26].

4.8. The self-reported problems among patients wearing an obturator prosthesis

In general, the most common problems reported by patients wearing an obturator prosthesis 
include: leakage when swallowing foods, impairment of speech, chewing, swallowing, and 
pain [14, 30, 33, 35]. Difficulties in pronouncing words, chewing and swallowing food, and 
voice changes after surgery were found to be related with worse adjustment [30].

The longitudinal study conducted by Kumar et al. [13] reported that there was a significant 
increase in some items scores of the EORTC QLQ-H&N35 after treatment compared with 
before (e.g., problems in swallowing solid food, opening mouth, eating, enjoying food, con-
versation with people, talking over the telephone, making social and physical contacts with 
friends and others). These findings are consistent with previous cross-sectional studies con-
ducted by Depprich et al. [14], Irish et al. [33], and Kornblith et al. [30].
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Another longitudinal study using the OHIP-14 showed that there was significant improve-
ment in speech, mastication, and self-confidence domains of oral health-related quality of life 
in maxillectomy patients after prosthodontic rehabilitation [22].

5. Discussion

In recent years, there has been a growing interest in evaluating HRQOL and patient satisfac-
tion as patient-reported outcome measures among maxillectomy patients rehabilitated with 
obturator prostheses.

Patients who underwent radiotherapy due to oral cavity cancer showed worse oral health-
related quality of life than patients with other tumor sites and the population average. In head 
and cancer patients, tumor site is a more important factor affecting HRQOL than the number 
of remaining teeth or type of prosthesis [36].

Only, one study compared the HRQOL in maxillectomy patients with that of the general 
population. Compared to nontumor patients, tumor patients showed a significant decrease in 
oral functions such as speech, mouth opening, dry mouth, pain, and swallowing. Comparison 
with the reference data of the German population, tumor patients experienced some prob-
lems regarding role functioning, dyspnea, and financial difficulties [34].

Due to additional radiotherapy and chemotherapy, maxillectomy patients with advanced 
malignancy and large defect size tend to have more fear of the future and to be depressed 
because they are at a higher risk of relapse and survival [15]. It is known that patients’ HRQOL 
depends on the extent and location of the resection, the types of cancer treatment, patients’ 
coping strategies besides the functionality of dentures, and the type of rehabilitation [37].

In general, the most common problems reported by patients wearing an obturator pros-
thesis were leakage when swallowing foods, impairment of speech, chewing, swallowing, 
and pain [14, 30, 33, 35]. Prosthodontic rehabilitation using maxillary obturator improves 
speech, mastication, esthetics, swallowing, and self-confidence [22, 30, 35]. In these patients, 
difficulties with speech, eating, and swallowing may lead to avoid social life [13–15, 26, 
29, 33]. Obturator functioning are associated with better psychosocial adjustment and 
improvement in pronouncing words, chewing and swallowing food, and voice quality 
after surgery [30].

Even after prosthodontic treatment, these patients suffered from psychological, functional, or 
behavioral problems [26, 27, 30, 33, 34]. After assessing the information about patient-related 
clinical factors, needs, and personality, comprehensive oral health rehabilitation including 
psychological care, speech therapy, and pain management should be given by the multidisci-
plinary team for improving patients’ HRQOL [14, 15, 19, 21, 26, 29–31, 33, 34].

Obturator prosthesis improves oral function of patients after surgery. The retention of the 
obturator prosthesis enhanced by the addition of attachments may provide more benefits 
in oral function [25]. Implant retained obturator showed significant improvement over 
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conventional obturator in the social and psychological aspects of HRQOL of these patients 
because additional retention provides the opportunity to prevent obturator movement 
during speech [20].

To date, there are few studies comparing obturators to free flap reconstructions of maxil-
lectomy defects [12, 16, 19, 21, 24, 27]. Some studies reported that there was no significant 
difference in HRQOL after treatment between flaps and obturators [12, 21, 24], whereas oth-
ers reported a significant difference in the functional and HRQOL outcomes between these 
patients [19, 27]. In the future, large multicenter studies are needed to compare the effects of 
different types of flaps and alternative reconstruction methods (i.e., stem cells) on patients’ 
HRQOL [12, 14, 15, 19]. Large prospective and longitudinal studies are needed to compare the 
HRQOL of patients wearing obturator prostheses with those who underwent free flap recon-
struction and to understand the effects of functional factors and patient-perceived symptoms 
on the selection of appropriate treatment [24, 29]. In addition, large and multicenter trials are 
required to identify the factors affecting HRQOL after maxillectomy which might influence 
the choice of reconstruction [26, 32].

Only two studies examined the effects of different technologies used in manufacturing indi-
vidualized obturators on patients’ HRQOL. These studies suggest the integration of the combi-
nation of three-dimensional (3-D) technology, implant insertion, and resection into treatment 
protocol for improving patients’ HRQOL and obturator functioning, especially in developing 
countries, because obturator prosthesis fabricated with CAD/CAM techniques or rapid pro-
totyping improves oral function and social acceptance as well as reduce the treatment cost, 
time, and effort [11, 23]. Future studies using additional assessment for the classification of 
maxillary defect and soft palate junction are needed to evaluate the validity of these methods.

There were 11 cross-sectional studies that examined the HRQOL among patients using an 
obturator prosthesis. Studies using multivariate analysis method reported that the most 
important factors affecting HRQOL in patients using obturator prosthesis were the postop-
erative radiotherapy [28, 32], understandability of speech [26], obturator functioning, impair-
ment of ingestion, appearance, the extent of therapy, the existence of pain [15], and residual 
dentition [31]. The most frequently reported factors regarding obturator functioning were 
defect size [28], surgical approach [33], postoperative radiotherapy, and premorbid denti-
tion [25]. More longitudinal studies are needed to evaluate temporal changes in HRQOL and 
obturator functioning because most studies used cross-sectional design. These studies may 
provide valuable information about the likely effects of the various phases of illness, treat-
ment, and rehabilitation on patients’ HRQOL.

The most frequently used head and neck-specific HRQOL measures were the OFS [11, 14, 15, 
20, 23, 25–27, 29, 30–33, 35] and the UW-QoLv4 [12, 15, 24, 26, 28, 32]. The OFS subsite-specific 
questionnaire has been most frequently used in studies of maxillectomy patients wearing obtu-
rator prosthesis. Although this measure may be used by clinicians to identify the patients who 
are likely to have a poor HRQOL for improving the outcomes of prosthodontic rehabilitation 
[33], more studies are needed to assess the clinical utility of the OFS as a screening measure.

There are only three studies using oral health-related quality of life [20–22]. Although oral 
health-related quality of life measures has been used mainly in studies evaluating different 

Diagnosis and Management of Head and Neck Cancer152



conventional obturator in the social and psychological aspects of HRQOL of these patients 
because additional retention provides the opportunity to prevent obturator movement 
during speech [20].

To date, there are few studies comparing obturators to free flap reconstructions of maxil-
lectomy defects [12, 16, 19, 21, 24, 27]. Some studies reported that there was no significant 
difference in HRQOL after treatment between flaps and obturators [12, 21, 24], whereas oth-
ers reported a significant difference in the functional and HRQOL outcomes between these 
patients [19, 27]. In the future, large multicenter studies are needed to compare the effects of 
different types of flaps and alternative reconstruction methods (i.e., stem cells) on patients’ 
HRQOL [12, 14, 15, 19]. Large prospective and longitudinal studies are needed to compare the 
HRQOL of patients wearing obturator prostheses with those who underwent free flap recon-
struction and to understand the effects of functional factors and patient-perceived symptoms 
on the selection of appropriate treatment [24, 29]. In addition, large and multicenter trials are 
required to identify the factors affecting HRQOL after maxillectomy which might influence 
the choice of reconstruction [26, 32].

Only two studies examined the effects of different technologies used in manufacturing indi-
vidualized obturators on patients’ HRQOL. These studies suggest the integration of the combi-
nation of three-dimensional (3-D) technology, implant insertion, and resection into treatment 
protocol for improving patients’ HRQOL and obturator functioning, especially in developing 
countries, because obturator prosthesis fabricated with CAD/CAM techniques or rapid pro-
totyping improves oral function and social acceptance as well as reduce the treatment cost, 
time, and effort [11, 23]. Future studies using additional assessment for the classification of 
maxillary defect and soft palate junction are needed to evaluate the validity of these methods.

There were 11 cross-sectional studies that examined the HRQOL among patients using an 
obturator prosthesis. Studies using multivariate analysis method reported that the most 
important factors affecting HRQOL in patients using obturator prosthesis were the postop-
erative radiotherapy [28, 32], understandability of speech [26], obturator functioning, impair-
ment of ingestion, appearance, the extent of therapy, the existence of pain [15], and residual 
dentition [31]. The most frequently reported factors regarding obturator functioning were 
defect size [28], surgical approach [33], postoperative radiotherapy, and premorbid denti-
tion [25]. More longitudinal studies are needed to evaluate temporal changes in HRQOL and 
obturator functioning because most studies used cross-sectional design. These studies may 
provide valuable information about the likely effects of the various phases of illness, treat-
ment, and rehabilitation on patients’ HRQOL.

The most frequently used head and neck-specific HRQOL measures were the OFS [11, 14, 15, 
20, 23, 25–27, 29, 30–33, 35] and the UW-QoLv4 [12, 15, 24, 26, 28, 32]. The OFS subsite-specific 
questionnaire has been most frequently used in studies of maxillectomy patients wearing obtu-
rator prosthesis. Although this measure may be used by clinicians to identify the patients who 
are likely to have a poor HRQOL for improving the outcomes of prosthodontic rehabilitation 
[33], more studies are needed to assess the clinical utility of the OFS as a screening measure.

There are only three studies using oral health-related quality of life [20–22]. Although oral 
health-related quality of life measures has been used mainly in studies evaluating different 

Diagnosis and Management of Head and Neck Cancer152

oral rehabilitation treatment modalities, the validity of these measure may be questioned in 
head and neck patients with a compromised functional status for assessing the effect of oral 
rehabilitation on HRQOL [21]. Comparison studies showed that the OHIP-49 was a better 
method for measuring the impact of treatment, whereas the individual systematic interview 
method was more appropriate for gaining detailed information for decision making than the 
OHIP-49 [38]. Most HRQOL instruments do not capture all relevant determinants [39]. Thus, 
combined HRQOL measures (head and neck cancer specific and general) were used in five 
studies [24, 27, 30, 32, 33]. Some studies reported that patients adjusted favorably after maxil-
lectomy and rehabilitation with obturator prostheses [15, 30].

The life contexts and psychosocial factors are most important determinants of HRQOL [21, 
24, 27, 30, 32, 33]. Thus, future studies should examine the impacts of the personal resources 
and life context-related factors such as having a loving family, socioeconomic advantages, 
absence of psychologically independent stressful life events, and social support on these 
patients’ HRQOL.

It is known that many generic, cancer-specific, and head and neck cancer-specific measures 
have overlapping content. Researchers and clinicians should consider the factors such as 
study objectives, research question, study sample, instrument properties, content/HRQOL 
domains, disease subsite, treatment, the pitfalls, and benefits of combining measures, and the 
time frame of the questions when selecting HRQOL instrument [17, 39].

There are conflicting findings concerning demographic characteristics [14, 15, 26, 32, 33]. 
Considering the findings and suggestions of these previous studies, future studies should 
be planned to assess the impacts of patients’ sociodemographic and clinical factors on 
HRQOL and obturator functioning.

There were a relatively small number of studies that used the additional clinical test such as 
nasometry, salivary flow test, chewing performance, and mixing ability test [19, 20, 26, 29, 
31]. Using both clinical and patients’ subjective evaluation may provide a better judgment for 
prosthodontic management of these patients [31]. More attention should be paid by clinicians 
for integrated use of clinical tests together with HRQOL instruments in clinical practice. More 
studies are needed to assess the associations between functional status and HRQOL outcomes 
for successful prosthodontic management in these patients.

The most commonly used classification system for maxillary defects is the Brown classifica-
tion in these studies [12, 14, 15, 25, 26, 28, 31, 32]. Further comparative studies are needed 
to evaluate the effects of different classification systems of defect size (such as Armany and 
Okay) on patients’ HRQOL.

Studies on HRQOL in maxillectomy patients rehabilitated with obturator prostheses had 
small sample size because maxillary cancer is a rare tumor with increased mortality. In these 
studies, different study design and HRQOL measures were used. Because of these reasons, 
comparisons across studies were difficult. To date, there is no gold standard method for mea-
suring head and neck cancer patients’ HRQOL. By reviewing existing HRQOL measures, 
HRQOL studies, and its results, I hope this review provides an opportunity to improve 
future HRQOL studies in maxillectomy patients rehabilitated with obturator prostheses 
maxillectomy.
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6. Conclusion

The main findings of this review revealed that the obturator prosthesis had a significant 
influence on patients’ HRQOL and functioning. Studies showed that postoperative radiation 
therapy, residual dentition, functioning of the obturator prosthesis, impairment of ingestion, 
speech, appearance, the extent of therapy, and the existence of pain were important factors 
affecting patients’ HRQOL. This review provides valuable information for clinicians and 
researchers in determining patients’ needs, selecting an existing validated measure, planning 
future studies, as well as in planning and developing comprehensive prosthetic rehabilitation 
programs. Well-designed clinical, multicenter, longitudinal studies are necessary to evaluate 
the impacts of different reconstruction and retention methods on patients’ HRQOL. There 
is further need for multicenter and comprehensive studies with a larger sample to identify 
several determinants including sociodemographic, clinical, and psychological that may affect 
patients’ HRQOL and satisfaction.
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