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  Pref ace    

 Head and neck region is a challenging region of the body, containing critical parts 
associated with basic physiological functions including respiration, nutrition, and 
expression. Debilitating consequences may occur as a result of head and neck can-
cers depending on location, size, and spread pattern of the tumors. Structural disfi gu-
ration and functional impairments may considerably compromise social integration 
and quality of life. Therefore, optimal management of head and neck cancer patients 
requires a multidisciplinary team approach with the endpoint of functional survival. 

 The intent of writing “Radiation Therapy for Head and Neck Cancers – A Case- 
Based Review” was to provide a structured, comprehensive Head & Neck book to 
furnish the practicing healthcare providers with a contemporary evidence-based man-
agement guide to fulfi ll the goal of having “cured” but functionally unimpaired patients. 

 Each clinical chapter includes several head and neck cancer cases for the demon-
stration of target volume delineation and intensity-modulated radiotherapy treat-
ment planning. Several cross-sectional slices of both contouring and planning 
images are included in order to give a more complete picture for each clinical case. 
Three chapters cover the general management issues, systemic therapies, and com-
plications of head & neck radiotherapy. Furthermore, important clinical trials are 
also provided for evidence-based management in each head & neck subsite. In sum-
mary, readers can fi nd every practical and theoretical aspect of modern radiotherapy 
approach from consultation phase to treatment delivery stage in “Radiation Therapy 
for Head and Neck Cancers – A Case-Based Review”. 

 We extend our most sincere gratitude to our patients teaching us invaluable les-
sons more than we can learn from books while they are suffering from physical and 
mental pain in their combat with cancer.  

    Ankara ,  Turkey, 2014      Murat     Beyzadeoglu  ,   MD   
   Ankara ,  Turkey, 2014      Gokhan     Ozyigit  ,   MD   
   Istanbul ,  Turkey, 2014      Ugur     Selek  ,   MD         
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  1      General Concepts in Head and Neck 
Radiotherapy    

             Murat     Beyzadeoglu      ,     Omer     Sager     , and     Ferrat     Dincoglan    

 Overview 
 Although accounting for approximately 4 % of all carcinomas, an important 
group of tumors both numerically and epidemiologically arise in the head and 
neck region with diverging disease courses that may pose formidable chal-
lenges in therapeutic management. This relatively small region of the body 
contains critical parts associated with basic physiologic functions including 
respiration, nutrition, and expression. Debilitating consequences may occur 
as a result of head and neck cancers depending on location, size, and  spread 
pattern   of the tumors. Structural disfi guration and functional impairments 
may considerably compromise social integration and quality of life. Moreover, 
treatment of the disease may induce additional mutilations and dysfunctions 
with the potential to further aggravate quality-of-life impairment. 

 A multidisciplinary team approach is needed for optimal management of 
patients with head and neck cancers, and mortality should not simply be 
regarded as the sole measure for survival with the understanding that these 
cancers may induce substantial morbidity. Maintaining functionality and 
decreasing the structural deformities are critical aspects of management. In 
this context, decisions to achieve maximal cure and functionality with mini-
mal morbidity, and maintaining the capability to salvage recurrent disease 
should be addressed at the very outset. Initial assessment and designation of 
individualized treatment algorithm should involve active participation from 
the multidisciplinary team of experts. Likewise, prevention and management 
of treatment-related sequelae warrant the involvement of specialists with 
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1             Natural History 

 Head and neck cancers mostly follow an orderly and predictable  spread pattern  . 
Approximately two thirds of the patients have locally advanced disease at presen-
tation. A tendency towards local or regional spread is common in head and neck 
cancers. Regional involvement is frequently concerned with the primary tumor’s 
anatomic location and extent. Despite the increased risk of hematogenous spread 
in the presence of enlargement and  extracapsular extension   of the involved neck 
nodes, distant metastasis constitutes an infrequent pattern of failure, which allows 
potential cure by optimal management strategies. Nevertheless, head and neck 
tumor sites of the nasopharynx and hypopharynx have a relatively higher likeli-
hood for  distant spread  . The most common site of distant failure is the lungs 

expertise in their fi eld. Treatment of patients within this wide spectrum of the 
disease may be satisfactory but also disappointing since treatment-induced 
morbidity may be hazardous even when substantial regression of large tumors 
is achieved. Patients with acute treatment-related morbidity are usually hardly 
manageable in the course of their treatment due to poor nutrition and perfor-
mance status. With the recent technological advances in radiation oncology 
discipline, factors of maintaining the quality of life, preservation of structure, 
functionality, and cosmesis have become indispensable management goals to 
be considered. Improved imaging capabilities may allow earlier diagnosis 
which may translate into preserved voice and swallowing functions. Optimal 
selection of treatment modality based on meticulous staging workup is neces-
sary. In this aspect, detailed knowledge of fundamental oncological principles 
along with thorough patient evaluation is mandatory. Interdisciplinary col-
laboration of radiation oncologists, surgical oncologists, and medical oncolo-
gists is crucial with the inevitable support of dental oncologists, maxillofacial 
prosthodontists, pathologists, radiologists, nutritionists, reconstructive sur-
geons, neurosurgeons, oncology nurses, psychiatrists, social workers, physi-
cal medicine and rehabilitation physicians, speech and swallowing therapists, 
neurology service, and other health care personnel involved in management 
and rehabilitation of head and neck cancer patients. Coordination among the 
disciplines may offer the best chance of cure with optimal functional and 
cosmetic outcomes. Nevertheless, the patient’s active involvement is another 
important aspect of successful management. Whichever individualized treat-
ment algorithm is recommended, the patient may prefer a therapeutic approach 
that offers better functional or cosmetic outcomes at the cost of a lower prob-
ability of tumor control. That is why active participation of the patients in 
decision making process is important. 

M. Beyzadeoglu et al.
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followed by the bones, mediastinal lymphatics, liver, and brain secondaries. 
However, atypical distant involvement of cutaneous and subcutaneous tissues 
may occur in patients with radical neck dissection or previous radiotherapy. Due 
to the risk of nerve invasion for some head and neck tumors, particularly for 
parotid cancers, nerve traces should meticulously be considered in the treatment 
planning process. 

 Head and neck tumors accounting for approximately 4 % of cancers may present 
with diverse natural histories that make their management more complex. They are 
named according to their locations and subsites in the head and neck region [ 1 ]. 
Head and neck cancers are usually seen in patients over 40 years of age, while sali-
vary gland and nasopharyngeal cancers may occur at earlier ages. Women are more 
frequently affected compared to men. Certain types are more commonly observed 
in certain geographic locations (e.g., nasopharyngeal cancer in Far East Asia). 
Smoking, tobacco, and alcohol are considered as major risk factors for head and 
neck cancers. Chewing tobacco and tobacco-like substances have been associated 
with increased risk of oral cavity cancers [ 2 ]. 

 Other risk factors for head and neck cancers include genetic predisposition, 
previous head or neck cancer, history of cancer in the immediate family mem-
bers, exposure to ionizing radiation as well as to sun (ultraviolet radiation), nutri-
tional disorders and habits, vitamin defi ciencies, iron-defi ciency anemia, poor 
oral hygiene, use of inappropriate prostheses, chronic infections, gastroesopha-
geal refl ux, and specifi c  viral infections   (EBV, HPV) [ 3 ,  4 ]. Head and neck can-
cers may occur simultaneously or metachronously in multiple locations in the 
same individual [ 5 ]. Exposure to radiation may occur through several ways, such 
as prior radiotherapy directed at the head and neck area or radioactive contami-
nation from nuclear reactor accidents (e.g., Chernobyl) or nuclear weapons (e.g., 
Hiroshima and Nagasaki).  Human papillomavirus infection   (HPV) has been 
shown to have a role in the development of particularly oropharyngeal cancers 
[ 6 ,  7 ]. 

 There is a rich lymphatic network in the head and neck area (Table  1.1 ). Level I 
lymphatics include the submental and submandibular area. Levels II, III, and IV 
include upper internal jugular, middle internal jugular, and lower internal jugular 
lymph nodes, respectively. Level V includes posterior triangle, and level VI includes 
prelaryngeal, pretracheal, and paratracheal lymph nodes.

  Table 1.1    Head and neck 
lymphatics  

 Level  Lymphatics 

 Ia  Submental lymphatics 

 Ib  Submandibular lymphatics 

 II  Upper jugular lymph nodes 

 III  Middle jugular lymph nodes 

 IV  Lower jugular lymph nodes (transverse cervical) 

 V  Spinal accessory chain lymph nodes (posterior triangle) 

 VI  Prelaryngeal, pretracheal, paratracheal lymph nodes 

1 General Concepts in Head and Neck Radiotherapy
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   This lymphatic network is divided into sublevels for purposes of neck dissection 
or radiotherapy (Fig.  1.1 ). 

  Fig. 1.1    Lymphatic levels 
of the neck for head and neck 
cancers       

Over 30 % of all head–neck cancer cases show clinical lymph node 
 positivity (Table  1.2 ) [ 1 ,  9 ]:
    Pharyngeal wall cancer: 50 %  
  Pyriform sinus cancer: 49 %  
  Supraglottic laryngeal cancer: 39 %  
  Head–neck cancers with clinical neck lymph node (−) but pathological lymph 

node (+) (Table  1.2 ) [ 9 ]:  
  Pyriform sinus cancer: 59 %  
  Pharyngeal wall cancer: 37 %  
  Tongue cancer: 33 %  
  Supraglottic laryngeal cancer: 26 %  
  Floor of mouth cancer: 21 %  
  Glottic laryngeal cancer: 15 %    

 

M. Beyzadeoglu et al.
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2       Pathology 

 Most cancers arising from the upper aerodigestive mucosa are  squamous cell 
 carcinomas   (SCC) or one of its variants including lymphoepithelioma, spindle cell 
carcinoma, verrucous carcinoma, and undifferentiated carcinoma. Adenocarcinoma, 
mucoepidermoid carcinoma, and adenoid cystic carcinoma are seen in the major 
salivary glands including the parotid, submandibular and sublingual glands, as well 
as the minor salivary glands. Merkel cell carcinoma most frequently arises on the 
head and neck skin and is among the cutaneous neuroendocrine neoplasms. Merkel 
cell tumors follow an aggressive disease course with common locoregional and dis-
tant failure. Lymphomas, solitary plasmocytomas, soft tissue sarcomas, melanomas, 
and other malignant and benign neoplasms represent the remaining cases.  

3     Workup 

 A meticulous physical examination including the palpation of the head and neck 
lymph node regions, direct or indirect visualization of the primary site by mirror, 
or fi beroptiscopic examination is an important part of initial patient assessment. 
Imaging studies include computed tomography (CT) and/or magnetic resonance 
imaging (MRI) of the head and neck region and X-ray examinations of the skull, 
sinuses, and soft tissue. Barium swallow may be suggested for symptomatic 
patients, along with chest radiograph and bone scan to exclude metastatic disease. 
Integrated positron emission tomography (PET)/CT imaging may assist in precise 
defi nition of locoregional disease and distant metastases. It may also aid in locat-
ing occult tumors in the setting of an unknown primary and may be benefi cial for 

    Table 1.2    Lymphatic involvement ratios in various head–neck cancers (%) [ 1 ,  8 ]   

 Region  Level I  Level II  Level III  Level IV  Level V  RPLN 

 N−  N+  N−  N+  N−  N+  N−  N+  N−  N+  N−  N+ 

 Nasopharynx  40  86 

 Tongue  14  39  19  73  16  27  3  11  0  0  –  – 

 Base of tongue  4  19  30  89  22  22  7  10  0  18  0  6 

 Retromolar trigone  25  38  19  84  6  25  5  10  1  4  –  – 

 Tonsil  0  8  19  74  14  31  9  14  5  12  4  12 

 Pharyngeal wall  0  11  9  84  18  72  0  40  0  20  16  21 

 Pyriform sinus  0  2  15  77  8  57  0  23  0  22  0  9 

 Supraglottic larynx  6  2  18  70  18  48  9  17  2  16  0  4 

 Glottic larynx  0  9  21  42  29  71  7  24  7  2  – 

   RPLN  retropharyngeal lymph nodes  

1 General Concepts in Head and Neck Radiotherapy
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detecting recurrent disease after treatment. Viral titers may be elevated in some 
patients, anti-Epstein–Barr virus antibody titers may be used to assist in the diag-
nosis of nasopharyngeal cancers in some cases. Laryngoscopy, bronchoscopy, and 
 esophagoscopy may be considered in the setting of suspected synchronous 
 aerodigestive primary. 

 Staging of head and neck cancers is mostly based on clinical diagnostic infor-
mation about the tumor size, extension, and presence of involved lymph nodes. 
Decision making for adjuvant treatment warrants accurate surgical–pathological 
classifi cation.  

4     Radiation Therapy Planning and Treatment Procedure 

  Radiation therapy process   for head and neck cancers generally include the 
following steps:

•    Positioning for treatment, immobilization, and imaging for treatment planning  
•   Contouring of treatment volumes and organs at risk (OARs)  
•   Dose prescription  
•   Forward planning (3-dimensional conformal radiation therapy, 3DCRT) or 

inverse planning (intensity-modulated radiation therapy,  IMRT  )  
•   Plan assessment and improvement  
•   Implementation of plan and treatment verifi cation     

5     Patient Preparation and Immobilization 

  Positioning of the patient   for treatment may depend on the specifi c cancer type 
being treated and the objectives of the treating physician concerning the tumor vol-
ume and normal tissue sparing. Patient lies supine in the majority of cases with the 
neck extended and the head on headrest. Surgical scars and palpable nodes may be 
wired. The patient should be immobile during therapy. Movements may cause 
changes in the treatment area and increase side effects, thus affecting treatment suc-
cess. The patient should be positioned in the most comfortable, easily  reproducible 
way suitable for the irradiated region of interest. 

 Optimum immobilization is a major component of radiotherapy management in 
head and neck cancers. The importance of setup reproducibility is becoming more 
important with the need for tighter margins and steep dose gradients in the modern 
radiotherapy era. 

  Thermoplastic face mask   is frequently used for immobilization of patients with 
head and neck cancers (Fig.  1.2 ).

   Such a mask should not only be tight but also there should be no space between 
the patient’s skin and the mask. The mask should be checked during every setup 

M. Beyzadeoglu et al.
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procedure for tightness or looseness (due to edema or weight loss) and should be 
remade adaptively if necessary. 

  Immobilization   of patients for irradiation of the head and neck region is usually 
provided by means of a support under the head with aquaplast cast for facial fi xation 
(with or without shoulder inclusion), both attached to a baseplate on top of the treat-
ment couch. Shoulder retractors may be used to remove shoulders from the treat-
ment fi eld to allow appropriate low-neck irradiation (Fig.  1.3 ).

   Bite-block is frequently used in oral tongue radiation treatments. A small hole 
can be made in the mask if a bite-block or nasogastric tube is being used. An effec-
tive tongue blade with a cork attached to one end may displace the tongue out of the 
treatment volume, and mucosal sparing of the hard palate may also be achieved by 
displacing the palate. 

 Inadequate immobilization may result in inaccuracies. Erroneous alignment of 
treatment fi elds causes  interfraction errors  .  Intrafraction errors   may occur if the 

  Fig. 1.2    Thermoplastic mask       

  Fig. 1.3    Immobilization mask and shoulder retractor (Courtesy of Gulhane Military Medical 
Academy)       
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patients and/or tumor volumes move during treatment delivery as a consequence of 
incorrect immobilization or physiologic activity. Accounting for these uncertainties 
in the treatment planning and delivery processes poses a formidable challenge and 
is an area of active investigation.  

6     Simulation 

  Simulation   is defi ned as radiotherapy fi eld determination using a diagnostic X-ray 
machine (conventional or CT based) with similar physical and geometrical features 
to the actual teletherapy machine. The patient is immobilized before simulation, and 
then the tumor is localized either in a direct scopy X-ray machine or in serial CT 
slices. The simulation can be done by CT, MRI, or rarely by PET/CT. 

 Determination of the patient’s treatment position and construction of the immo-
bilization device are typically performed in a dedicated radiation therapy 
CT-simulator room including a diagnostic quality CT scanner, laser patient posi-
tioning/marking system, virtual simulation 3D treatment planning software, and 
various digital display systems for viewing the digitally reconstructed radiographs 
(DRRs) [ 10 – 12 ]. 

 The mask and other required equipment are made on the day of  CT simulation   
by the radiotherapist, under the supervision of the radiation oncologist, for the 
patient who is to receive radiotherapy (Fig.  1.4 ).

   The patient is sent to the nurse for an IV route before CT simulation if an IV 
contrast material is to be used. Then, the patient is positioned on the CT couch, and 
the mask, knee support, alpha cradle, or any other similar device is fi tted on the CT 
couch if required. The lasers are turned on, and they are positioned at the midline 
according to the region of interest. Reference points are determined by radiopaque 
markers located at the cross sections of the lasers (Fig.  1.5 ).

   Reference points are predetermined locations for each region of the body. There 
are three reference points: one is craniocaudal, and the others are on the right and 
left lateral sides. 

 Contrast material is given intravenously by the nurse, if required. Adequate mea-
sures should be taken for any possible anaphylactic reactions. Any required adjust-
ments are performed by the CT technician in the CT command room (Fig.  1.6 ).

   The region of interest (that for which serial CT slices are to be taken) is deter-
mined by the radiation oncologist. The slice thickness is also determined. All of 
these data are transferred to the CT computer. After the region of interest has been 
verifi ed on screen, serial slices are taken. 

 Initially, CT topograms are generated and reviewed before the acquisition of the 
planning scan to verify patient alignment, and relevant adjustments are performed if 
required. Radiopaque markers may be placed both on the aquaplast and at three 
levels on the patient’s skin. These serve as the fi ducial marks which aid in relevant 
coordinate transformation. Treatment planning CT is acquired using a slice thick-
ness of 2–5 mm and should typically include the entire supraclavicular region with 
an approximate number of 50–200 slices totally. In some circumstances, however, 
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  Fig. 1.4    Immobilization and simulation procedures (Courtesy of Gulhane Military Medical 
Academy)       

  Fig. 1.5    Fiducial marks and patient simulation       
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slice thicknesses of 1 mm may be required for contouring of fairly small volumes 
like the optic nerves and chiasm. Treatment volumes and relevant critical structures 
are outlined on consecutive slices to generate the structure set. Planning CT data 
allows for the generation of a three-dimensional anatomic model of the patient and 
provides electron density information to be used in the calculation of three- 
dimensional dose distribution. Administration of intravenous contrast may improve 
the visualization of the parotids and may assist in contouring of primary tumor and 
nodal disease.  

7     Treatment Planning 

  IMRT   warrants precise defi nition of treatment volumes and  OAR  s. Uncertainties in 
the defi nition of tumor extensions and target volumes may directly affect treatment 
outcomes. The treatment planning process typically starts with contouring of treat-
ment volumes and OARs. The recent report  ICRU 83   has updated the defi nitions of 
volumes [ 13 ] with the consideration that volumes are more relevant in IMRT. Three 
types of tissue is included in the volumes which are (a) malignant lesion, (b) other-
wise normal tissue close to the tumor which is already or likely to be infi ltrated by 
microscopic disease, and (c) more distant normal tissue and organs [ 13 ]. 

 Contouring of  CTV   requires clinical experience. An important difference in 
 IMRT   applications includes the quantitative defi nition of treatment volumes and 
critical structures. The use of complementary information from multimodality 
imaging may facilitate this process by providing additional data about disease 
extent. Also,  contouring atlases   may assist in delineation (Fig.  1.7 ).

   Normal structures typically included in the structure set are the spinal cord, 
brainstem, parotid glands, skin, mandible, oral cavity, submandibular glands, lacri-
mal glands, glottis, brachial plexus, optic pathway, retina, lenses, lips, and inner and 
middle ears. 

  Fig. 1.6    A command room 
for computerized tomography 
simulator       
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 Physical and imaging fi ndings are used in the delineation of gross primary tumor, 
nodal disease, and high-risk subclinical disease. Contouring of treatment volumes 
and OARs on the volumetric planning CT images is typically done by the radiation 
oncologist and the medical dosimetrist working as a team. OARs with distinct 
boundaries such as the skin and lungs may be autocontoured and slightly edited if 
needed. However, delineation of some critical structures such as the brachial plexus 
requires active participation of the radiation oncologist in the contouring process. 
The planning CT data set is typically transferred to treatment planning system 
(TPS) via the computer network. 

Retropharyngeal nodes

Level II

Level III Level VI

Level V

Level IV

Level VI

Level Ib

Level Ia
Level V

  Fig. 1.7    Consensus guidelines for the delineation of N0 (elective) neck nodes [ 1 ,  14 ]       
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 Contemporary anatomic imaging modalities including CT and MRI allow for 
constructing three-dimensional patient anatomy. Structure sets including target vol-
umes and organs at risk (OAR) are defi ned in consecutive image slices frequently 
by using additional information from complementary functional imaging such as 
positron emission tomography (PET). Improved imaging technologies aid in the 
precise identifi cation of target volumes and their relationship with critical normal 
tissues. With the availability of computer-controlled multileaf collimator (MLC) 
systems and development of linear accelerators integrated with advanced volumet-
ric imaging systems, accurate modifi cation and positioning of dose distributions 
have been possible (Fig.  1.8 ).

   Intensity-modulated radiation therapy ( IMRT  ) has emerged as a major technical 
innovation in the modern era. As a highly developed form of 3DCRT, IMRT pro-
vides a highly conformal dose distribution around the target through the use of 
nonuniform beam intensities. This is achieved through using either static or dynamic 
segments. The  isodose distribution   can then be matched closely to the target by 
modulating the intensity of each subsegment [ 1 ,  8 ]. IMRT may optimize the thera-
peutic ratio with improved control of dose distributions by manipulation of beam 
intensities and the incorporation of image-guided techniques for precise target con-
touring and treatment delivery. 

 This most sophisticated form of three-dimensional conformal radiation therapy 
(3DCRT) has been shown to be useful for decreasing long-term morbidity in naso-
pharyngeal, oropharyngeal, and paranasal sinus cancers through reducing doses to 
critical organs including the salivary glands, temporal lobes, and auditory and optic 
structures without compromising locoregional control [ 15 – 21 ]. Superior dose dis-
tributions and reduced critical organ doses in  IMRT   are achieved by using beamlets 

  Fig. 1.8    Image-guided radiotherapy unit (Courtesy of Gulhane Military Medical Academy)       
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of nonuniform intensities delivering nonuniform dose to the target to achieve the 
desired dose conformality. Thus, an important advantage of IMRT is its capability 
to achieve higher conformality of dose distributions than those provided by 3DCRT 
with uniform intensity of beams. Head and neck cancers frequently need concave- 
shaped treatment volumes to improve sparing of critical structures (the spinal cord, 
brainstem, etc.) in close vicinity. Even 3DCRT may fail to achieve these fl uence 
dose distributions, but IMRT using inverse planning algorithm in which the desired 
clinical and dosimetric objectives are stated mathematically may provide excellent 
dose distributions closely following the shapes and boundaries of target and relevant 
OARs in 3 dimensions. Another advantage of IMRT is that it allows easier produc-
tion of nonuniform absorbed dose distributions if needed for treatment of a volume 
within another defi ned volume which is also called concomitant boost or simultane-
ous integrated boost [ 22 – 24 ]. Clearly, this precise treatment technique is more 
unforgiving for positioning and motion uncertainties, which warrants its use in con-
junction with image-guided radiation  therapy   (IGRT). IGRT may be defi ned as the 
integration of various radiological and functional imaging techniques in order to 
perform high-precision RT. The main aims are to reduce setup and internal margins 
and to account for target volume changes during RT, such as tumor volume decrease 
or weight loss (adaptive RT). IGRT is not an IMRT technique; however, it enables 
various RT techniques, including IMRT, to be delivered more accurately. 

 Radiation treatment is indicated for most head and neck cancers since tumors in 
this region are frequently not amenable to optimal surgery. Nevertheless, optimal 
management may only be achieved through an interdisciplinary approach including 
experts. Patient preferences, age, performance status, comorbidities, daily habits 
and lifestyle, and occupation should be taken into consideration. 

 Preoperative radiation therapy is favored if optimal surgical resection is not fea-
sible initially. With the use of preoperative RT, some unresectable tumors may con-
vert to a resectable status. Also, oxygenation is better in the preoperative setting 
compared to postoperative setting which makes the application of preoperative RT 
more favorable when the tumor is more radiosensitive. Preoperative RT may also 
reduce the extent of normal tissue resection. 

 Indications    of postoperative  RT   include close or positive surgical margins, tumor 
extension into soft tissues of the neck or skin, bone or cartilage invasion, perineural 
and/or vascular space invasion, the presence of neck nodes ≥ 3 cm, involvement in 
multiple lymph node levels, or nodal  extracapsular extension  . 

 Treatment is quite complex for head and neck cancers. Treatment decisions should 
be based on specifi c disease site, stage, and pathologic fi ndings. Surgery and radia-
tion therapy (RT) are the major curative treatment modalities for head and neck can-
cers. Chemotherapy only may not be curative and however is included in combined 
modality management to exploit the advantages of synergistic effect, particularly for 
stages III or IV disease. Stage I–II disease may be managed with surgery or RT only. 
Choice of treatment is dependent on several factors including the location and exten-
sion of the primary tumor, differentiation of cancer and cell type, morphologic tumor 
characteristics, status of nodal disease, the presence or absence of distant metastasis, 
probability of speech or swallowing function preservation, and patient preference. 

1 General Concepts in Head and Neck Radiotherapy



14

 Stage at the time of diagnosis is a predictor of survival and aids in decision 
 making for management of head and neck cancers. While stages I or II disease 
 usually defi ne a relatively smaller primary tumor without lymphatic spread, stages 
III and IV disease include larger tumors with regional nodal involvement and/or 
invasion of underlying structures. Distant metastasis at presentation is infrequent. 
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     Abbreviations 

   CF    Cisplatin-fl uorouracil   
  EORTC    European Organization for Research and Treatment Cancer   
  GETTEC    French Groupe d’Etude des Tumeurs de la Tête et du Cou trial   
  GORTEC    French Head and Neck Oncology Radiotherapy Group   
  OS    Overall survival   
  PFS    Progression-free survival   
  TCF    Docetaxel-cisplatin-fl uorouracil   
  VALCSG    The Department of Veterans Affairs Laryngeal Cancer Study Group   

 Overview 
 Head and neck cancers comprise a heterogeneous group of malignancies 
which have an unsatisfactory prognosis despite intensive local treatment. 
Recurrences of these heterogeneous tumors can be observed both inside and 
outside the treated area, and metastases can occur at more distal locations. 
Therefore, treatment of head and neck cancers requires effective systemic 
treatment in addition to the standard surgical and radiation treatments. The 
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1            Introduction 

 Head and neck cancers refer to heterogeneous group of tumors extending from the 
lips to the lower esophagus. Squamous cell cancer is the most common histologic 
variant, accounting approximately 90–95 % of head and neck cancers. The inci-
dence of head and neck cancer still continues to increase worldwide with approxi-
mately half million cases per year [ 1 ]. In the United States, it is estimated about 
55,070    new head and neck cancers will occur in 2014 which account for up to 3 % 
of cancer cases [ 2 ]. In 2014, it is estimated that 12,000 deaths will occur from head 
and neck cancer in the United States. In Europe, it is estimated about 139,000 new 
cases of head and neck cancer per year [ 3 ]. In Europe, the 1-year survival rate was 
72 %, whereas 5-year survival rate was only 42 % for head and neck cancers in 
adults [ 3 ]. 

  Multidisciplinary approach   should be used in all head and neck cancers. The 
choice of treatment of head and neck cancers depends on the site of the primary 
tumor, extension of the disease, or the aim of organ preservation. The use of anti-
neoplastic chemotherapy for patients with potentially curable, advanced, and 
locoregional disease is generally distinguished from the treatment of recurrent or 

main aim of multimodal treatment approach is to improve locoregional  control 
and improve survival as well as to achieve preservation of the organ. The use 
of antineoplastic chemotherapy for patients with potentially curable, 
advanced, and locoregional disease is generally distinguished from the 
 treatment of recurrent or metastatic stages of disease. Neoadjuvant treatment 
strategies for tumor reduction before surgery have yet to gain acceptance 
in locoregionally advanced head and neck squamous cell cancers. But the 
optimal sequencing of chemotherapy, radiotherapy   , and surgery has still 
remained a subject of controversy for several decades. Concomitant chemora-
diotherapy has been shown to improve survival and is considered a standard 
treatment for locoregionally advanced head and neck squamous cell cancers. 
Induction chemotherapy protocols before radiotherapy have been used in 
patients with high risk of distant metastases or for extensive laryngeal can-
cers, prior to defi nitive treatment. Despite the improvement of therapeutic 
management of head and neck cancers, mortality rates of this patients remains 
high. Thus, molecular targeted therapies have been developed to help increase 
specifi city and reduce toxicity. Targeting epidermal growth factor receptor 
(EGFR) with specifi c antibodies has shown clinical activity in palliative and 
curative settings of head and neck cancers. But the benefi t of EGFR antibod-
ies was small; thus, other EGFR inhibitors and novel biologicals of molecular 
pathways of head and neck cancer are currently being evaluated either as 
single agents or in combination with other treatment modalities in patients 
with advanced or metastatic head and neck cancers. 
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metastatic stages of disease. Approximately 30–40 % of the American Joint 
Committee on Cancer (AJCC) early-stage I/II head and neck cancers are usually 
treated with single modality such as radiotherapy or surgery with similar outcomes. 
Despite single-modality treatment is recommended for early-stage patients, multi-
modality treatment approaches are recommended for approximately 60 % of AJCC 
stages III and IV patients [ 4 ]. The aim of using chemotherapy with multimodality 
treatment is to increase cure rates in patients with inoperable or advanced head and 
neck cancer patients.  Neoadjuvant treatment   strategies for tumor reduction before 
surgery have yet to gain acceptance in locoregionally advanced head and neck squa-
mous cell cancers. But the optimal sequencing of chemotherapy, radiotherapy, and 
surgery has still remained a subject of controversy for several decades [ 4 ,  5 ]. 

 Many chemotherapeutic agents have shown activity as single agents in the meta-
static setting squamous cell carcinoma of the head and neck (SCCHN) cancer, but 
platinum-based chemotherapy consisting of either  cisplatin   or carboplatin is the 
recommended fi rst-line treatment for inoperable recurrent or metastatic SCCHN [ 4 , 
 6 ]. Targeting  epidermal growth factor receptor   (EGFR) with specifi c antibodies 
have shown clinical activity in palliative and curative settings of head and neck 
cancers [ 7 – 9 ]. But the benefi t of  EGFR antibodies   was small; thus, other EGFR 
inhibitors and novel biologicals of molecular pathways of head and neck cancer are 
currently being evaluated either as single agents or in combination with other treat-
ment modalities in patients with advanced or metastatic head and neck cancers [ 5 ].  

2      Concurrent Chemotherapy   and Radiotherapy 

 The treatment alternatives continue to improve in patients with locally advanced 
HNSCC. In early 1990s, 157 previously untreated patients with advanced squamous 
HNSCC randomly treated with alternating chemotherapy and radiotherapy or radio-
therapy alone [ 10 ]. In this study, complete response rate was 43 and 22 % ( P  = 0.03) 
in combined therapy and radiotherapy arms, respectively. The median survival was 
16.5 months in the combined therapy group and 11.7 months in the radiotherapy 
group ( P  < 0.05). In the 5-year update of this study, the estimated 5-year overall 
survival (OS) was 24 and 10 % in combined therapy and radiotherapy arms, respec-
tively ( P  = 0.01) [ 11 ]. Five-year progression-free survival (PFS) was also signifi -
cantly better in combination treatment arm (21 % vs. 9 %,  P  = 0.008). 

 In another phase III trial, 295 unresectable HNSCC patients randomly assigned 
to single daily fractionated radiotherapy or identical radiotherapy with concurrent 
three cycles bolus cisplatin, given on days 1, 22, and 43 or a split course of single 
daily fractionated radiotherapy and three cycles of concurrent infusional fl uoro-
uracil and  bolus cisplatin   chemotherapy, 30 Gy given with the fi rst cycle and 
30–40 Gy given with the third cycle [ 12 ]. The 3-year OS rate was signifi cantly 
increased with  concurrent cisplatin   and radiotherapy arms (37 % vs. %23, 
 P  = 0.014) compared to radiotherapy alone arm, whereas no signifi cant survival 
advantage was observed with split course concurrent arm compared to  radiotherapy 
arm (3-year OS; 27 % vs. 23 %). 
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 A meta-analysis of 63 randomized trials (10,741 patients) between 1965 and 
1993 showed absolute 4 % survival benefi t at 2 and 5 years with adding chemo-
therapy in the locoregional treatment of HNSCC [ 13 ]. In this meta-analysis, no 
signifi cant benefi t with adjuvant or  neoadjuvant treatment   was observed. Despite 
the signifi cant benefi t was shown with concomitant  chemoradiotherapy  , the hetero-
geneity of the results prohibits clear conclusions. In the updated meta-analysis of 93 
randomized trials (17,346 patients) between 1965 and 2000, the hazard ratio of 
death was 0.88 ( P  < 0.0001) with    an absolute benefi t for chemotherapy of 4.5 % at 
5 years [ 14 ]. 

 In the chemotherapy database ( Meta-Analysis of Chemotherapy in Head, Neck 
Cancer and Nasopharynx Carcinoma  ) of 120 randomized trials and about 25,000 
patients, concomitant cisplatin-based chemoradiotherapy provided the most signifi -
cant benefi t on locoregional control and survival both in HNSCC and nasopharyn-
geal carcinomas [ 15 ]. 

  Concurrent chemoradiotherapy   leads to improve disease control not only in 
unresectable HNSCC but also in resectable stages III and IV HNSCC compared to 
radiotherapy alone. In a phase III randomized study, effi cacy of radiotherapy versus 
combination chemotherapy and radiotherapy in resectable stages III and IV HNSCC 
was compared [ 16 ]. In this randomized study, 100 resectable stages III and IV 
HNSCC patients were randomized to either radiotherapy alone, 68–72 Gy at 
1.8–2.0 Gy per day, or to radiotherapy with concurrent chemotherapy, 5-fl uoroura-
cil, 1,000 mg/m 2 /day and cisplatin 20 mg/m 2 /day, both given as continuous intrave-
nous infusions over 4 days beginning on day 1 and day 22 of the radiotherapy. With 
a median 3-year follow-up, relapse-free survival (RFS) was signifi cantly higher in 
the combination treatment arm compared to radiotherapy arm alone (67 % vs. 52 %, 
 P  = 0.03). Primary site preservation was achieved in 57 % and 35 % of patients with 
concurrent chemoradiotherapy and radiotherapy arms, respectively ( P  = 0.02). Also 
hematogenous metastases were signifi cantly lower in concurrent chemoradiother-
apy compared to radiotherapy arm alone (10 % vs. 21 %,  P  = 0.04). After a median 
5-year follow-up, OS was not signifi cant between treatment arms, but 5-year OS 
was signifi cantly higher in patients with successful primary site preservation in the 
chemoradiotherapy arm [ 17 ]. In summary, the addition of concurrent chemotherapy 
to defi nitive radiotherapy in patients with resectable stages III and IV HNSCC 
improved recurrence-free interval and primary site preservation. 

 Concurrent chemoradiotherapy also has a benefi cial role in the organ- preservation 
treatment of the larynx and for advanced nasopharyngeal cancer. In a randomized 
phase III Intergroup R91-11 trial, 547 locally advanced larynx cancer patients were 
randomly assigned to induction cisplatin plus fl uorouracil followed by radiotherapy, 
radiotherapy with concurrent administration of cisplatin, or radiotherapy alone [ 18 ]. 
Two-year results showed that larynx preservation was achieved in 88 and 75 % in 
radiotherapy with concurrent cisplatin and induction chemotherapy followed by 
radiotherapy arms, respectively ( P  = 0.005), and 70 % in radiotherapy arm alone 
( P  < 0.0001). In this study, locoregional control was also signifi cantly better with 
radiotherapy and concurrent cisplatin (78 % vs. 61 % in induction cisplatin plus 
fl uorouracil followed by radiotherapy and 56 % in radiotherapy alone). In the 
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long- term results with a median 10.8-year follow-up, both chemotherapy arms 
 signifi cantly improved laryngectomy-free survival compared to radiotherapy alone 
[ 19 ]. In summary, in Intergroup R91-11 trial locoregional control and larynx 
 preservation were signifi cantly improved with concomitant chemoradiotherapy 
compared with the induction arm or radiotherapy alone in advanced larynx cancer. 

 A randomized phase III trial was designed to compare concurrent chemoradio-
therapy with radiotherapy alone in 350 patients with locoregionally advanced naso-
pharyngeal carcinoma [ 20 ]. Two-year PFS was 76 % in the concurrent 
chemoradiotherapy arm and 69 % in the radiotherapy alone arm ( P  = 0.10). The 
primary end point was not met in this trial, but PFS was signifi cantly prolonged in 
patients with advanced tumor and node stages. After median 5.5-year follow-up, OS 
was statistically signifi cant in concurrent chemoradiotherapy arm compared to 
radiotherapy arm alone (70.3 % vs. 58.6 %,  P  = 0.49) [ 21 ]. Another phase III ran-
domized study concurrent chemoradiotherapy versus radiotherapy alone for 284 
patients with advanced nasopharyngeal carcinoma showed that 5-year OS and PFS 
were signifi cantly improved with concurrent arm compared to radiotherapy arm 
alone [ 22 ]. A meta-analysis of 1,528 patients with locally advanced nasopharyngeal 
cancer from 6 randomized trials showed that the addition of chemotherapy to radio-
therapy increased both PFS and OS by 34 and 20 % at 4 years after treatment [ 23 ]. 
Another meta-analysis of 1,753 patients with locally advanced nasopharyngeal can-
cer from eight randomized trials showed 6 % absolute survival benefi t at 5 years 
with the addition of chemotherapy to standard radiotherapy with a median 6-year 
follow-up [ 24 ].  

3      Induction Chemotherapy   

 Concurrent chemoradiotherapy is considered as the standard treatment for locally 
advanced head and neck cancer of the hypopharynx, oropharynx, and larynx. 
Multiple phase III trials and meta-analyses showed a signifi cant OS and locore-
gional control benefi t of concurrent chemotherapy with radiotherapy. Although 
chemoradiotherapy has become the standard treatment approach for patients with 
locally advanced unresectable HNSCC, induction chemotherapy trials with cispla-
tin plus fl uorouracil or taxane with cisplatin plus fl uorouracil regimen followed with 
radiotherapy or chemoradiotherapy aimed to increase survival, organ preservation, 
and disease control rate. 

 A randomized study in patients with a squamous cell carcinoma of the orophar-
ynx for whom curative radiotherapy or surgery was considered feasible and was 
assigned to neoadjuvant chemotherapy followed by locoregional treatment to the 
same locoregional treatment without chemotherapy [ 25 ]. In chemotherapy arm, 
three cycles of chemotherapy consisting of cisplatin plus fl uorouracil (CF) were 
delivered every 3 weeks. The median survival was 5.1 years in neoadjuvant treat-
ment group, whereas the median survival was 3.3 years in locoregional treatment 
arm ( P  = 0.03). A meta-analysis of 63 randomized trials showed that the addition of 
CF regimen to locoregional treatment signifi cantly improved the 5-year survival 
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(6.5 % absolute survival benefi t), whereas no signifi cant benefi t of locoregional 
control was shown with the addition of induction chemotherapy regimens [ 13 ]. 

 The results of fi ve randomized controlled trials comparing induction docetaxel 
plus CF have been published. In phase III,  TAX 323 trial  , 358 patients with locore-
gionally advanced or unresectable disease of HNSCC were randomly assigned to 
docetaxel plus CF (TCF) or CF regimen for four cycles every 3 weeks [ 26 ]. 
Radiotherapy was performed within 4–7 weeks after completing chemotherapy if 
progression was not developed. The primary end point was PFS. With a median 
32.5-month follow-up, the median PFS was 11.0 and 8.2 months in the TCF and CF 
induction arms, respectively ( P  = 0.007). The response rate of induction with TCF 
was also signifi cantly higher in TCF arm compared to CF arm (68 % vs. 54 %, 
 P  = 0.006). Median OS was 18.8 and 14.5 months with TCF and CF induction arms, 
respectively ( P  = 0.02). A randomized phase III TAX 324 trial, randomly assigned 
501 patients with locoregionally advanced or unresectable disease of HNSCC either 
TCF or CF induction chemotherapy, followed by chemoradiotherapy with weekly 
carboplatin therapy and radiotherapy for 5 days per week [ 27 ]. In TAX 324 trial 
primary end point was OS. The estimated 3-year survival was 62 and 48 % in TCF 
and CF induction arms, respectively ( P  = 0.006). The median OS was 71 months in 
TCF arm and 30 months in CF arm ( P  = 0.006). In the long-term results of TAX 324 
trial, 5-year OS was 52.0 and 42 % in TCF and CF arms, respectively, with a median 
72.2-month follow-up [ 28 ]. Median OS was 70.6 months in TCF arm and 
34.8 months in CF arm ( P  = 0.014). Median PFS was also signifi cantly improved 
with TCF regimen compared to CF regimen (38.1 and 13.2 months,  P  = 0.011). 

  GORTEC trial   was conducted as a phase III trial for organ preservation of hypo-
pharynx and larynx [ 29 ]. In this trial, patients who had larynx and hypopharynx 
cancer that required total laryngectomy were randomly assigned to receive three 
cycles of TCF or CF. Patients who responded to chemotherapy received radiother-
apy with or without additional chemotherapy. Patients who did not respond to che-
motherapy underwent total laryngectomy followed by radiotherapy with or without 
additional chemotherapy. The primary end point was 3-year larynx-preservation 
rate. In TCF arm, 3-year larynx-preservation rate was signifi cantly improved com-
pared to CF arm (70.3 % vs. 57.5 %,  P  = 0.03). 

 An individual patient data meta-analysis of 1,772 patients in fi ve randomized 
trial demonstrated that TCF regimen was signifi cantly associated with improved 
survival (absolute 7.4 % benefi t at 5 years) compared to CF regimen as induction 
chemotherapy in locally advanced head and neck cancer [ 30 ]. Also, TCF arm was 
associated with signifi cant improved PFS, locoregional control with reduced distant 
failure. 

 In another phase III  PARADIGM trial  , effi cacy of TCF induction chemotherapy 
followed by concurrent chemoradiotherapy with cisplatin-based concurrent chemo-
radiotherapy alone in patients with locally advanced head and neck cancer was 
compared [ 31 ]. The primary end point was OS. In TCF arm, 3-year OS was 73 %, 
whereas 78 % in chemoradiotherapy arm alone ( P  = 0.77). A phase III randomized 
 DeCIDE trial   was randomly assigned two cycles of TCF induction chemotherapy 
followed with chemoradiotherapy or chemoradiotherapy alone in patients with N2/
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N3 locally advanced HNSCC [ 32 ]. The primary end point was OS. In DeCIDE trial, 
3-year OS was 75.0 and 73.0 % in induction arm and chemoradiotherapy arms, 
respectively ( P  = 0.7). 

 Induction chemotherapy with defi nitive radiotherapy regimens also can be used 
as an aim for organ preservation of the larynx and hypopharynx. A phase III 
VALCSG (the Department of  Veterans Affairs Laryngeal Cancer Study Group  ) 
study randomly assigned 332 patients with previously untreated advanced (stages 
III or IV) laryngeal squamous carcinoma to receive either three cycles of CF regi-
men and radiation therapy or surgery and radiation therapy [ 33 ]. The estimated 
2-year survival was 68 % in both arms with a median of 33-month follow-up 
( P  = 0.98). Total laryngectomy was avoided in 64 % of patients, and on multivariate 
analyses, T4 and N2 disease were both signifi cant predictors of local treatment fail-
ure. Recurrence pattern was also signifi cantly differed between two treatment arms; 
local failure signifi cantly higher ( P  = 0.0005) and distant metastases signifi cantly 
lower ( P  = 0.016) in the chemotherapy arm compared to the surgery arm. A phase III 
EORTC (the European Organization for Research and Treatment Cancer) trial 
aimed to compare a larynx-preservation rate with induction chemotherapy plus 
defi nitive radiation therapy in patients previously untreated and operable squamous 
cell carcinomas of the hypopharynx [ 34 ]. In the induction chemotherapy arm, com-
plete response of local disease was reported in 54 % of patients and in 51 % of 
patients with regional disease. The median survival was 44 and 25 months in induc-
tion arm and surgery arms, respectively ( P  = 0.006), which was less than superiority 
margin; thus, two treatment arms were accepted as equal. Larynx preservation was 
achieved in 42 and 35 % of patients in the 3rd and the 5th year with the induction 
treatment. 

 In summary, the individual patient data meta-analysis demonstrated that TCF 
regimen as induction chemotherapy signifi cantly improved OS, PFS, and and 
locoregional and distant failure compared to CF for locally advanced HNSCC. But 
the trials presented in this meta-analysis were heterogeneous studies in terms of 
study design, used doses of chemotherapy drugs, and use of chemoradiotherapy. 
The TCF induction followed with concomitant chemoradiotherapy with up-front 
concomitant chemoradiotherapy trials, DeCIDE and PARADIGM, did not demon-
strate a signifi cant difference between treatment arms. The main limitations in 
PARADIGM trial were the use of different chemoradiotherapy regimens and non-
standard split course bifractionated docetaxel plus hydroxyurea-based chemoradio-
therapy regimen between two treatment arms. Patients with only N2/N3 disease 
inclusion was the main limitation of DeCIDE trial. In conclusion, concomitant 
chemoradiotherapy is still the standard treatment in locoregionally advanced 
HNSCC. There is no evidence from randomized trials suggesting that TCF followed 
by chemoradiotherapy is superior to chemoradiotherapy alone. Thus, there is no 
consensus of optimal sequencing of induction chemotherapy and/or chemoradio-
therapy [ 4 ]. But, induction chemotherapy with defi nitive radiotherapy regimens can 
be used as an aim for organ preservation of the larynx and hypopharynx as in 
EORTC and  VALCSG trials   [ 3 ]. Phase III trials of induction chemotherapy proto-
cols in locally advanced stages III and IV head cancer are summarized in Table  2.1 .

2 Current Systemic Therapy Options for Head and Neck Cancers
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4         Adjuvant Chemotherapy  /Radiotherapy 

 Many factors can infl uence survival and locoregional control after primary treat-
ment of head and neck cancers. In two randomized trials, the role of adjuvant 
chemoradiation was clarifi ed. In randomized EORTC 22931 trial, 334 patients with 
resected locally advanced head and neck cancer were randomly assigned to radio-
therapy alone or with concomitant cisplatin (100 mg/m 2 , on days 1, 22, and 43 of 
radiotherapy) [ 35 ]. High-risk disease was defi ned as T3 or T4 primary with any 
nodal stage (except T3N0 laryngeal cancer), positive surgical margins, positive 
extracapsular extension, positive perineural invasion, or vascular invasion. In 
EORTC trial, 5-year PFS, OS, and locoregional control were signifi cantly improved 
in postoperative concurrent chemoradiotherapy arm compared to postoperative 
radiotherapy alone arm (47 % vs. 36 %;  P  = 0.04, 53 % 40 %;  P  = 0.02 and 82 % vs. 
69;  P  = 0.007, respectively) with a median 60-month follow-up. 

 In RTOG (the Radiation Therapy Oncology Group) 9501  trial  , 459 patients with 
resected high-risk HNSCC randomly assigned to radiotherapy alone or the same 
doses of RT with concomitant cisplatin (100 mg/m 2 , on days 1, 22, and 43 of radio-
therapy) as EORTC trial [ 36 ]. In RTOG 9501 trial, high-risk factors were defi ned as 
positive surgical margins, positive two or more lymph nodes, or extracapsular nodal 
extension. In concurrent chemoradiotherapy arm, 2-year locoregional control and 
DFS were signifi cantly improved compared to radiotherapy arm alone but OS did 
not differ signifi cantly between treatment groups with a median of 45.9-month fol-
low- up. In the updated results of  RTOG 9501 trial   at 10 years, locoregional control 
and DFS were signifi cantly improved only in patients with extracapsular nodal 
spread or positive margins [ 37 ]. 

 In the combined analysis of  EORTC 22931   and RTOG 9501 trials for defi ning risk 
levels in operated locally advanced HNSCC, extracapsular nodal extension and/or 
positive surgical margins were found the only risk factors associated with the benefi t 
of concomitant adjuvant chemotherapy and radiotherapy [ 38 ]. Thus, the presence of 
 extracapsular nodal extension   and/or  positive surgical margins   is considered a defi ni-
tive indication of adjuvant treatment according to the current guidelines [ 3 ,  4 ].  

5     Systemic Chemotherapy for  Metastatic 
Head and Neck Cancer   

 The median OS was generally less than 1 year for incurable recurrent or metastatic 
HNSCC despite intensive chemotherapy and targeted agents [ 6 ]. Cisplatin, carbo-
platin, docetaxel, paclitaxel, methotrexate, fl uorouracil, capecitabine, and peme-
trexed are commonly used single agents for palliative treatment of incurable 
recurrent or metastatic HNSCC patients [ 4 ]. Despite platinum doublets studies in 
phase III trials signifi cantly improved response rate, no signifi cant effect on OS was 
observed [ 39 ,  40 ]. Also no specifi c platin-based regimen superior to another platin- 
based regimen despite adding different schedules of taxanes [ 6 ,  41 ]. In symptomatic 
patients, to increase response rate, platinum-based, multi-agent combination 
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regimens can be given, and single-agent chemotherapy regimens can be given to 
asymptomatic patients with low tumor burden.  

6      EGFR Inhibitors   for HNSCC 

  Overexpression of EGFR   was observed approximately in 90 % of HNSCC patients 
and is associated with poor prognosis [ 5 ,  42 ]. EGFR gene amplifi cation was also 
associated with poor survival and locoregional recurrence in head and neck cancer. 
 Cetuximab   is a chimeric IgG1 monoclonal antibody that specifi cally binds to 
EGFR. Cetuximab inhibits DNA double-strand break repair that demonstrates 
synergistic activity with chemotherapy and radiotherapy [ 43 ]. 

 In a randomized phase III trial, 424 patients with locoregionally advanced head 
and neck cancer were randomly assigned to treatment with high-dose radiotherapy 
alone or high-dose radiotherapy plus weekly cetuximab [ 8 ]. Cetuximab was initi-
ated as loading dose 400 mg/m 2  1 week before radiotherapy followed by a weekly 
dose of 250 mg/m 2  during radiotherapy. The primary end point of this study was the 
duration of control of locoregional disease. Locoregional control was signifi cantly 
improved in patients treated with cetuximab plus radiotherapy compared to radio-
therapy alone arm (24.4 months vs. 14.9 months,  P  = 0.005). The median OS also 
signifi cantly improved in cetuximab plus radiotherapy compared to radiotherapy 
alone arm with a median 54-month follow-up (49.0 months vs. 29.3 months, 
 P  = 0.03). In the subgroup analysis, the benefi cial effect was prominent especially 
oropharyngeal cancers. In the long-term evaluation of this trial, 5-year OS was 45.6 
and 36.4 % in cetuximab plus radiotherapy and radiotherapy alone arms, respec-
tively ( P  = 0.018) [ 9 ]. Additionally, OS benefi t was limited to only patients who 
developed an acneiform rash of at least grade 2 severity. 

 In phase III  EXTREME trial  , 442 patients with incurable    or metastatic HNSCC 
randomly assigned to receive platinum-based therapy alone or in combination with 
cetuximab as a fi rst-line palliative regimen [ 7 ]. In cetuximab plus chemotherapy 
arm, cetuximab monotherapy was given until disease progression or unacceptable 
toxicity if at least stable disease was achieved after a maximum of six cycles of 
chemotherapy. The primary end point was OS. EXTREME trial demonstrated a 
signifi cant OS benefi t with the addition of cetuximab to platinum-based therapy; 
median OS improved from 7.4 to 10.1 months ( P  = 0.04). 

 The OS benefi t of cetuximab was shown either as curative treatment or palliative 
treatment. Cetuximab is the only targeted therapy to be routinely used in clinical 
practice in the treatment of recurrent or metastatic HNSCC. Other EGFR agents and 
various biologic agents are under study. Several phase III trials of both cetuximab 
and novel targeting agents are still ongoing.  

    Conclusion 
 Multidisciplinary approach should be used in all head and neck cancers. The 
choice of treatment of head and neck cancers depends on the site of the primary 
tumor, the extension of the disease, or the aim of organ preservation. The use of 
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antineoplastic chemotherapy for patients with potentially curable, advanced, and 
locoregional disease is generally distinguished from the treatment of recurrent or 
metastatic stages of disease. The aim of using chemotherapy with multimodality 
treatment is to increase cure rates in patients with inoperable or advanced head 
and neck cancer patients. Molecular targeted therapies have been developed to 
help increase specifi city and reduce toxicity. Anti-EGFR antibodies have shown 
clinical activity in palliative and curative settings of head and neck cancers, and 
other EGFR inhibitors and novel biologicals of molecular pathways of head and 
neck cancer are currently being evaluated either as single agents or in combina-
tion with other treatment modalities in patients with advanced or metastatic head 
and neck cancers.     
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  3      Management of the Neck 

             Gokhan     Ozyigit      ,     Sezin     Yuce     Sari     ,     Melis     Gultekin     , 
    Gozde     Yazici     ,     Pervin     Hurmuz     , and     Mustafa     Cengiz    

 Overview 
 The head and neck region has a rich lymphatic network which is divided into 
sublevels in order to defi ne the regions for surgical neck dissection and radio-
therapy. Head and neck cancers have specifi c routes for lymphatic spread 
according to their locations. More than 30 % of head and neck tumors are 
clinically lymph node positive at the time of diagnosis [ 1 ], and more than 
30 % of patients who are clinically negative have pathologically involved 
lymph nodes. 

 Tumors of certain locations do not require elective nodal treatment, as the 
risk for lymphatic metastasis is less than 5 % (i.e., small tumors of the lip, 
T1–T2 tumors of the glottic larynx). For the salivary gland, tonsil, paranasal 
sinus, and middle ear tumors, small tumors of the buccal mucosa and retromo-
lar trigone, and oral tongue tumors not exceeding midline, ipsilateral neck 
treatment is adequate, whereas for tumors such as the nasopharynx, supraglot-
tic and infraglottic larynx, hypopharynx, soft palate, and base of tongue, bilat-
eral neck treatment is indicated. In case of ipsilateral positive lymph nodes, 
contralateral neck is also at risk as the metastatic nodes obstruct the lymphatic 
trunks. 

 The risk of lateral retropharyngeal lymph node involvement is related to 
the primary site and neck stage [ 2 ]; the medial retropharyngeal nodes are 
almost never the site of metastatic disease. 
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1             Introduction 

 Once the tumor spreads into a lymph node, it expands the node, and the spherical 
node becomes rounded. Then, the capsule is invaded, leading to extension to 
adjacent tissues which is called “extracapsular extension”.  Extracapsular exten-
sion      impacts prognosis and survival of patients with head and neck cancers 
signifi cantly. 

  Nodal areas in the neck   are divided into superfi cial and deep chains. 
 Retropharyngeal   and  parapharyngeal nodes   constitute the latter. The  sternocleido-
mastoid   (SCM) muscle divides the neck into two large triangles. The external jugu-
lar vein and the platysma muscle are located superfi cially, where the internal jugular 
vein, the carotid artery, and some of the cranial nerves are located deeply to the 
SCM muscle. There are seven  lymph node levels   proposed by the  American Joint 
Committee on Cancer   (AJCC) for head and neck cancers and are shown by Roman 
numerals (levels I–VII) [ 3 ]. These levels are not recommended to be used for lym-
phomas. Beside these lymph nodes, supraclavicular, retrostyloid space, retropha-
ryngeal, preauricular, intraparotid, buccal, retroauricular, suboccipital, facial, and 
mastoid lymph nodes, which are not routinely dissected, may also be involved in 
head and neck cancers.  Retropharyngeal nodes   are divided into two as medial and 
lateral. They extend through the internal carotid arteries medially and fi nally drain 
into level II lymph nodes. Certain lymphatics have special names: Virchow’s node 
is used for supraclavicular,  Delphian’s node   is used for the precricoid node, and 
 Rouviere’s node   is the most superior node in the retropharyngeal region (alongside 
the jugular foramen, and clinically inaccessible). 

 Different types of neck dissection are performed for particular sites. In  radical 
neck dissection  , levels I–V lymph nodes along with superfi cial and deep cervical 
fascia they are located in are removed together with the SCM muscle, omohyoid 
muscle, submandibular gland, internal and external jugular veins, and cranial nerve 
(CN) XI (spinal accessory nerve). In  modifi ed radical dissection  , same levels are 
removed with both fascia, but internal jugular vein, CN XI, or one or more leaves of 
SCM muscle are not removed. These two techniques require at least ten nodes to be 
removed. If other lymphatic groups (such as retropharyngeal, levels VI and VII) or 
non-lymphatic structures (such as the carotid artery, the skin, or the parotid gland) 
are also removed, it is called an “ extended radical dissection  ”.  Selective neck dis-
section   is the technique where one or more levels of lymph nodes are not removed, 
but at least six nodes should be sent for pathologic evaluation. In     supraomohyoid 
dissection   (for small oral cavity tumors) levels I–III, in  lateral neck dissection   (for 
larynx, oropharynx, and hypopharynx cancers) levels II–IV, in  posterolateral neck 
dissection   levels II–V, and in anterior compartment neck dissection level VI are 
removed. In  superselective neck dissection  , only the lymph nodes with the highest 
potential for spread are removed. Following neck dissection, shunts of lymphatic 
fl ow develop towards the opposite neck. Also, a previously irradiated neck may 
have atypical lymphatic drainage [ 1 ]. 

 Risks of clinical and pathological  bilateral lymph node metastasis   of certain head 
and neck tumors are shown in Table  3.1  [ 1 ,  4 – 9 ].
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2        Evidence-Based Treatment Approaches 

 Neck irradiation may be performed in negative necks electively (adjuvant or 
 defi nitive), and in positive necks either preoperatively or postoperatively [ 10 ,  11 ]. 
 Elective neck radiotherapy   (RT) has local control (LC) rates similar to elective neck 
dissection, and neither has an effect on survival [ 12 ,  13 ]. However, Piedbois et al. 
showed a survival advantage of elective neck dissection over RT in 233 patients 
with early- stage oral cavity cancers [ 14 ]. The decision between RT and dissection is 
given according to the treatment method for the primary disease. Indications for an 
elective neck treatment depend on the stage and the grade of the primary lesion. 
Radiotherapy (RT) (45–50 Gy) is justifi ed in patients with a 20 % or higher risk of 
occult lymphatic metastatis. Thus, early lesions of the paranasal sinuses, nasal 
 vestibule and nasal cavity, lip, and glottic larynx do not require elective neck RT 
[ 15 ,  16 ]. The University of Florida published their results for elective neck RT [ 17 , 
 18 ]. They observed neck failure in 5 and 21 % of patients who did and did not 
receive elective neck RT, respectively. 

 Neck dissection is indicated following RT in patients with multiple, large, 
and fi xated lymph nodes. If positive lymph nodes regress completely after RT, 
subsequent neck dissection is not necessary [ 19 – 22 ]. The University of Florida 
recommends following the patients with CT performed after 4 weeks of the last 
day of RT, and withholding neck dissection if the risk of residual disease is 
under 5 % [ 23 ]. 

 There are two trials showing the effi cacy of neck irradiation with a concomitant 
boost scheme. Peters et al. treated 100 patients with oropharyngeal cancer who had 
cervical lymph node metastases [ 24 ]. Among 62 patients who had complete 
response to RT, 7 recurred in the neck. Neck control rate was 86 % at 2 years. 
Subcutaneous fi brosis rate was not different from a group of patients who received 
RT and neck dissection. Johnson et al. reported complete response in 72 % of 81 
patients with lymph node metastases [ 25 ]. Among these, 5 % had recurrence in the 
neck. 3-year neck control was 94 %, and 86 % for <3-cm and >3-cm lymph nodes, 

   Table 3.1    Risks of clinical and pathological  bilateral lymph node metastasis   of certain head and 
tumors   

 Location  Clinically N+ (%)  Clinically N−, pathologically N+ (%) 

 Glottic larynx  –  15 

 Supraglottic larynx  39  26 

 Piriform sinus  49  59 

 Pharyngeal wall  50  37 

 Oral tongue  12  33 

 Floor of the mouth  27  21 

 Base of tongue  37  55 

 Tonsil  16  – 

   N  lymph node  
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respectively. In Mayo Clinic’s study, 5-year neck recurrence-free survivals in 
patients treated with neck dissection only were 76 % for N1, 60 % for N2, and 69 % 
overall [ 26 ]. 

 If neck dissection is “planned” after RT, doses of 50–70 Gy are delivered accord-
ing to the size and the mobility of the lymph nodes [ 27 ]. If the nodes are fi xed and/
or the primary disease is treated with RT, the neck should be treated with RT fol-
lowed by neck dissection. With a planned dissection following a decreased dose of 
RT, LC is increased, and complications such as fi brosis and cranial nerve palsy are 
decreased compared to high-dose RT alone. 

 If RT is to follow surgery, it is generally performed within 4–6 weeks; however, 
waiting for 10 weeks at most did not affect LC of the neck negatively [ 27 ,  28 ]. In 
dissected necks with negative margins, 60–65 Gy are prescribed, whereas higher 
doses are needed for positive margins or residual disease [ 28 – 30 ]. 

 Chao et al. reported the results of 126 patients with head and neck cancer who 
were treated with IMRT [ 31 ]. They observed that most of neck failures were seen 
within the high-risk region, which was described as CTV1. 

 As different doses are prescribed for the primary region and the neck according 
to the presence of residual disease, lymph node metastatis, or  extracapsular exten-
sion   (ECE), Mohan et al. developed “simultaneous integrated boost” in order to be 
able to prescribe different doses to different regions without decreasing fraction size 
[ 32 ]. Butler et al. defi ned “ simultaneous modulated accelerated radiation therapy  ” 
(SMART) where they prescribed 2.4 Gy to high-risk disease in order to minimize 
the overall treatment time [ 33 ]. In RTOG 00–22 study, patients with early-stage 
oropharyngeal cancer, who had no chemotherapy, received 66 Gy with daily frac-
tion sizes of 2.2 Gy to primary tumor and metastatic nodes, where subclinical dis-
ease received 54–60 Gy with daily fraction sizes of 1.8–2 Gy [ 34 ]. They found 
2-year local failure (LF) rate of 9 % with grade 2 or higher xerostomia rates of 16 % 
and other toxicities even less. In the study of Ozyigit et al., 2 and 1.2 Gy daily were 
prescribed to high-risk and low-risk diseases, respectively [ 35 ]. The patients were 
also receiving chemotherapy. They reported no increase in LF in areas receiving 
1.2 Gy daily. However, 2-year disease-free survival (DFS) was lower compared to 
high-dose areas (78 % vs. 94 %). 

 The decision for prophylactic neck treatment depends on the probability of 
 occult metastasis  . This limit is 20 % or higher for many American centers, whereas 
in Europe, neck treatment is performed if the risk is 5–10 % or higher [ 36 ]. In N0 
necks, retropharyngeal (RP) lymph nodes should be included in tumors infi ltrating 
the posterior pharynx wall (e.g., nasopharyngeal, hypopharyngeal, oropharyngeal). 
In tumors of the subglottic or transglottic larynx, and hypopharynx with extension 
to the esophagus, level VI nodes should be delineated. In nasopharynx cancer, bilat-
eral levels I–V together with RP lymph nodes should be irradiated. According to 
Byers, this is also the case for N1 necks without  ECE   [ 37 ]. 

 In the majority of patients with N2b disease, levels I–V should be treated [ 1 ]. 
However, in larynx and oral cavity tumors, one may omit level I and level V lymph 
nodes, respectively (in case they are not metastatic). This is also the case in postop-
erative patients. In tumors located in the midline or have bilateral lymph node 
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drainage, contralateral neck should be treated. In patients with neck dissection who 
have indication for neck irradiation, levels I–V should be treated with previously 
described exceptions [ 1 ]. 

  Lymph node positivity rates of specifi c regions   are shown in Table  3.2  [ 1 ,  2 ,  4 – 6 , 
 38 ,  39 ].

3        Levels of Drainage for Certain Locations of Tumors 

 Each head and neck subsite have  particular pattern of lymphatic drainage   [ 40 ]:

•      Level Ia   : This level drains the mid-lower lip, anterior oral tongue, anterior fl oor 
of the mouth, anterior alveolar mandibular ridge, and skin of the chin.  

•     Level Ib   : These nodes are sentinel to maxillary sinus and oral cavity tumors. 
They drain submandibular gland, anterior and lower nasal cavity, upper and 
lower lips, hard and soft palates, nasopharynx, anterior of oral tongue, cheeks, 
maxillary and mandibular alveolar ridges, medial canthus, and soft tissues of the 
midface.  

•     Level II   : This region contains the sentinel lymph nodes for oropharyngeal, oral 
cavity, supraglottic laryngeal, hypopharyngeal, and thyroid gland cancers. It also 
drains lymphatics from the nasopharynx, nasal cavity, glottic and subglottic lar-
ynx, salivary glands, paranasal sinuses, face, middle ear, and external auditory 
canal. Oropharyngeal and nasopharyngeal tumors drain to level IIb lymph nodes.  

•     Level III   : These lymph nodes are sentinel for subglottic laryngeal and thyroid 
gland tumors. They also drain nasopharynx, hypopharynx, oropharynx (tonsils, 
base of the tongue), supraglottic and glottic larynx, paranasal sinuses, and oral 
cavity tumors.  

   Table 3.2    Lymph node positivity rates of specifi c regions (%)   

 Region  Level I  Level II  Level III  Level IV  Level V  RP 

 Nasopharynx  17  94  85  19  61  86 

 Glottic larynx  6  61  54  30  6 

 Supraglottic larynx  6  61  54  30  6  4 

 Piriform sinus  2  77  57  23  22  9 

 Pharyngeal wall  11  84  72  40  20  21 

 Oral tongue  39  73  27  11  0 

 Floor of mouth  72  51  29  11  5 

 Alveolar ridge and retromolar trigone  38  84  25  10  4 

 Base of tongue  19  89  22  10  18  6 

 Tonsil  8  74  31  14  12  12 

 Thyroid  0  87  100  100  10 

   RP  retropharyngeal  

3 Management of the Neck



38

•    Level       IV   : It drains the larynx, hypopharynx, nasopharynx, and cervical 
esophagus.  

•     Level V   : It drains the nasopharynx, oropharynx (tonsils, base of the tongue), apex 
of piriform sinus, subglottic larynx, cervical esophagus, thyroid gland, occipital 
and parietal scalp, postauricular and nuchal regions, and skin of the lateral and 
posterior neck and shoulder.  

•     Level VI   : Prelaryngeal lymph nodes are sentinel for glottic and subglottic laryn-
geal and thyroid gland tumors. They also drain the hypopharynx, cervical esoph-
agus, and apex of the piriform sinus tumors.  

•     Retropharyngeal Nodes   : They are sentinel for ethmoid sinus, nasal cavity, and 
nasopharynx cancers, but also drain the oropharynx, hypopharynx, supraglottic 
larynx, maxillary sinus, and soft palate.     

4     Radiologic Boundaries for Lymph Node Levels 
of the Neck 

     Radiologic boundaries   for level I lymph nodes are described in Table  3.3  
(Fig.  3.1 ) [ 40 ].

      Radiologic boundaries for level II lymph nodes are described in Table  3.4  (Fig.  3.2 ).
      Radiologic boundaries for level III lymph nodes are described in Table  3.5  (Fig.  3.3 ).
      Radiologic boundaries for level IV lymph nodes are described in Table  3.6  (Fig.  3.4 ).
      Radiologic boundaries for level V lymph nodes are described in Table  3.7  (Fig.  3.5 ).
      Radiologic boundaries for level VI lymph nodes are described in Table  3.8  (Fig.  3.6 ).
      Radiologic boundaries for  retrostyloid space   are described in Table  3.9 .
     Radiologic boundaries for  supraclavicular fossa lymph nodes   are described in 

Table  3.10 .
     Radiologic boundaries for  retropharyngeal lymph nodes   are described in Table  3.11  

(Fig.  3.7 ).

   Table 3.3    Radiologic boundaries for level I lymph nodes   

 Levels  Terminology  Borders 

 Cranial  Caudal  Anterior  Posterior  Medial  Lateral 

 Ia  Submental  Cranial border 
of mandible 

 Body of 
hyoid 

 Platysma 
muscle 

 Body of hyoid  Anterior 
belly of 
digastric 
muscle 

 Ib  Submandibular  Cranial
border of 
submandibular 
gland, 
mylohyoid 
muscle 

 Central 
hyoid 
bone 

 Platysma 
muscle 

 Posterior 
border of 
submandibular 
gland 

 Anterior 
belly of 
digastric 
muscle 

 Mandible, 
skin, 
platysma 
muscle 

G. Ozyigit et al.



39

  Fig. 3.1    Delineation of level I lymph nodes. Tip: fi nd C1 transverse process to begin level II in 
case of N(−); otherwise, fi nd jugular foramen (JF) in N(+) neck (see Fig.  3.6  to see JF) ( H  hyoid 
bone,  IB  level IB,  IA  Level 1A,  SG  submandibular gland,  P  parotid gland,  SC  spinal cord,  IJV  
internal jugular vein,  IC  internal carotid artery,  EC  external carotid artery,  CA  common carotid 
artery,  E  epiglottis,  V  vallecula,  M  mandible,  SCM  sternocleidomastoid muscle)       
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5             Target Volume Determination and Delineation 
Guidelines   

•      Gross Tumor Volume for Lymph Nodes  ( GTVn ): It should include the grossly 
involved lymph nodes detected by clinical examination, CT, MRI, PET/CT, and 
intraoperative fi ndings, if operated. In postoperative cases, GTVn is not stated as 
it is assumed to be grossly resected.  

•    Clinical Target Volume for Lymph Nodes  ( CTVn ): CTV1 for defi nitive IMRT is 
defi ned as GTV of the primary tumor and GTVn with specifi c margins. CTV2 is 
formed by adding high-risk regions for tumor involvement of the primary tumor 
and metastatic lymph nodes with a 1-cm margin to CTV1. CTV3 includes the 
uninvolved lymph nodes, and these nodal stations are also called “elective” or 
“prophylactically treated” nodal regions.  

•   For postoperative cases, preoperative GTV with 1–2-cm margin including the 
whole surgical bed and metastatic lymph nodes with ECE is defi ned as CTV1. 
CTV2 includes the uninvolved lymph nodes, which are the elective nodal regions 
in this case. In regions adjacent to parotid glands, deep lobes of the glands are not 
delineated as critical organs to prevent a decrease in LC in the parapharyngeal 
space.  

•   The  presence of ECE   has a signifi cant importance in terms of LC and survival. 
Huang et al. reported that patients with ECE required RT in order to improve LC 
as they have higher risk of recurrence in the neck [ 41 ]. In patients with neck dis-
section and no ECE, CTVn should include wider margins than negative necks, 
and a 2–3 mm of skin sparing is necessary to decrease skin toxicity [ 1 ]. In 
patients with neck dissection who have ECE, CTVn should have wider margins 
(including sternocleidomastoid (SCM) and/or paraspinal muscles), and in the 
regions where there is ECE, the skin is more generously included in CTV. If the 
muscular fascia is invaded, the entire muscle should be delineated as CTV [ 40 ].  

•   In patients with positive neck, borders of levels differ from the borders in negative 
necks. If level II lymph nodes are positive, the cranial border starts from the skull 
base in order to include the jugular fossa. If level IV nodes are positive, the caudal 
border ends at the clavicular head, to include the supraclavicular region [ 31 ].  

•   In patients with no neck dissection, studies showed that the size of the lymph 
node is important on estimating the risk of ECE [ 42 – 46 ]. If the lymph node is 
smaller than 1 cm, the risk of ECE is 17–43 %. However, when it exceeds 3 cm, 
the risk may rise up to 95 %. As we do not have pathologic evaluation in patients 
without neck dissection, the size of the nodes should be taken into account, and 
generous margins should be added for larger ones. A study from MD Anderson 
Cancer Center reported that margins of 5 and 10 mm are adequate for covering 
90 and 100 % of microscopic ECE, respectively [ 47 ].  

•   In 2014, radiation oncologists from the Danish Head and Neck Cancer Group 
(DAHANCA), the European Organization for Research and Treatment of Cancer 
(EORTC), the Hong Kong Nasopharyngeal Cancer Study Group (HKNPCSG), 
the National Cancer Institute of Canada Clinical Trials Group (NCIC CTG), the 
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Radiation Therapy Oncology Group (RTOG), and the Trans Tasman Radiation 
Oncology Group (TROG) published a new recommendation guideline for the 
delineation of neck node levels with the cooperation of an anatomist and a head 
and neck surgeon [ 48 ]. 
 This recent guidelines divided the neck node levels into ten subsites. There is no 
signifi cant difference in the description and delineation of levels I, II, and 
III. However, levels IV, VI, and VII were subdivided into two, whereas level V 
was subdivided into three subgroups, and levels VIII, IX, and X were recently 
proposed. 
 They described level IVa lymph nodes as the previous level IV (e.g., lower 
 jugular lymph nodes) and level IVb as the medial supraclavicular lymph nodes 
which lie between the anterior border of the scalenus muscle and the apex of the 
lung. The previously described level V was subdivided into level Va and Vb 
lymph nodes separated by the caudal edge of the cricoid cartilage. Level Vc was 
recently proposed for the lateral supraclavicular lymph nodes which lie lateral to 
the scalenus muscle and lateral border of level IVa. Level VI was also divided 
into VIa and VIb lymph nodes as anterior jugular, and prelaryngeal, pretracheal, 
and paratracheal lymph nodes, respectively. The previously defi ned retropharyn-
geal and retrostyloid lymph nodes were named as levels VIIa and VIIb, respec-
tively. In level VIIb lymph nodes, lateral retropharyngeal nodes were solely 
included, excluding the medial nodes. The parotid lymph nodes (e.g., preauricu-
lar, intraparotid, and subparotid nodes) were defi ned as level VIII, whereas the 
malar and buccofacial nodes were defi ned as level IX lymph nodes. Level X was 
subdivided into levels Xa and Xb which contain retro- and subauricular and 
occipital lymph nodes, respectively.  

•    Planning Target Volume  ( PTV ): A margin of 3 mm is added in all directions; 
however, it may be minimized to 1 mm in areas adjacent to critical structures.   

•     Guidelines for Clinical Target Volumes of the Neck  
  Guidelines for clinical target volumes of the neck   are shown in Table  3.12 .

•       Recommendations for Target Volume Dose Prescriptions  
  Recommendations for target volume dose prescriptions   are summarized in 
Table  3.13 .

   Table 3.4    Radiologic boundaries for level II lymph nodes   

 Levels  Terminology  Borders 

 Cranial  Caudal  Anterior  Posterior  Medial  Lateral 

 IIa  Upper jugular 
(jugulodigastric) 

 Superior border 
of transverse 
process of C1 
vertebra 

 inferior 
border 
of hyoid 
bone 

 Posterior to 
submandibular 
gland 

 Posterior 
to 
jugular 
vein 

 Medial 
border 
of ICA 

 Medial 
border of 
SCM 
muscle 

 IIb  Superior border 
of transverse 
process of C1 
vertebra 

 Inferior 
border 
of hyoid 
bone 

 Posterior to 
jugular vein 

 Posterior 
border 
of SCM 
muscle 

 Deep 
cervical 
muscles 

 Medial 
border of 
SCM 
muscle 

   ICA  internal carotid artery,  SCM  sternocleidomastoid  
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  Fig. 3.2    Delineation of level II lymph nodes. Tip:  yellow line  just at the posterior edge of IJV 
divides level II into A and B. ( SG  submandibular gland,  P  parotid gland,  SC  spinal cord,  IJV  inter-
nal jugular vein,  IC  internal carotid artery,  EC  external carotid artery,  CA  common carotid artery, 
 E  epiglottis,  V  vallecula,  M  mandible,  SCM  sternocleido mastoid muscle,  H  hyoid bone,  D  dens of 
axis,  C1  C1 cervical vertebrae)       
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   Table 3.5    Radiologic boundaries for level III lymph nodes   

 Level  Terminology  Borders 

 Cranial  Caudal  Anterior  Posterior  Medial  Lateral 

 III  Mid-jugular 
(jugulo- 
omohyoid) 

 Inferior 
to body 
of hyoid 

 Inferior 
to cricoid 

 Anterior 
border 
of SCM 
muscle 

 Posterior 
border 
of SCM 
muscle 

 Medial border 
of ICA, deep 
cervical muscles 

 Lateral 
border 
of SCM 
muscle 

   ICA  internal carotid artery,  SCM  sternocleidomastoid  

  Fig. 3.3    Delineation    of level III lymph nodes ( SC  spinal cord,  IJV  internal jugular vein,  CA  com-
mon carotid artery,  SCM  sternocleido mastoid muscle,  H  Hyoid bone,  TC  Thyroid cartilage,  Cr  
Cricoid cartilage,  TG  Thyroid gland,  SA  Scalenus anterior muscle,  JV  Jugular vein)       
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   Table 3.6    Radiologic boundaries for level IV lymph nodes   

 Level  Terminology  Borders 

 Cranial  Caudal  Anterior  Posterior  Medial  Lateral 

 IV  Lower 
jugular 
(transverse 
cervical) 

 Inferior 
to cricoid 

 2 cm superior to 
sternoclavicular 
joint 

 Anteromedial 
border of 
SCM muscle 

 posterior 
border 
of SCM 
muscle 

 Medial border of 
ICA, paraspinal 
muscles 

 Medial 
border 
of SCM 
muscle 

   ICA  internal carotid artery,  SCM  sternocleidomastoid  

a b

  Fig. 3.4    ( a ,  b ) Delineation of level IV lymph nodes ( SC  spinal cord,  SCM  sternocleido mastoid 
muscle,  H  hyoid bone,  TC  thyroid cartilage,  Cr  cricoid cartilage,  TG  thyroid gland,  SA  scalenus 
anterior muscle,  SP  scalenus posterior muscle,  Tr  trachea, T1  T1 vertebrae,  E  esophagus,  Cl  clavi-
cle,  RL  right lung,  LL  left lung)       

   Table 3.7    Radiologic boundaries for level V lymph nodes   

 Levels  Terminology  Borders 

 Cranial  Caudal  Anterior  Posterior  Medial  Lateral 

 Va  Superior 
to hyoid 

 Inferior 
border of 
cricoid 

 Posterior 
border of 
SCM 
muscle 

 Anterolateral 
border of 
trapezius 
muscle 

 Deep 
paraspinal 
muscles 

 Skin, 
platysma 

 Vb  Spinal 
accessory 
chain 
(posterior 
triangle) 

 Inferior 
border of 
cricoid 

 Transverse 
cervical 
arteries 

 Posterior 
border of 
SCM 
muscle 

 Anterolateral 
border of 
trapezius 
muscle 

 Deep 
paraspinal 
muscles 

 Skin, 
platysma 

   SCM  sternocleidomastoid  
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  Fig. 3.5    Delineation of level V lymph nodes ( SG  submandibular gland,  SC  spinal cord,  IJV  internal 
jugular vein,  CA  common carotid artery,  SCM  sternocleido mastoid muscle,  PS  pyriform sinus,  T  trape-
zius muscle,  tc  transverse cervical vessels,  TG  thyroid gland,  TC  thyroid cartilage,  Cr  cricoid cartilage)       
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   Table 3.8    Radiologic boundaries for level VI lymph nodes   

 Level  Terminology  Borders 

 Cranial  Caudal  Anterior  Posterior  Medial  Lateral 

 VI  Anterior 
compartment 
(prelaryngeal, 
pretracheal, 
precricoid, and 
tracheoesophageal) 

 Superior to 
thyroid/caudal 
edge of cricoid 
cartilage (for 
paratracheal 
nodes) 

 Manubrium 
of sterni 

 Skin/
cricoid 
cartilage 
(for 
pretracheal 
nodes) 

 Esophagus/
trachea 

 Trachea  Medial 
border of 
SCM 
muscle, 
thyroid 
gland 

   SCM  sternocleidomastoid muscle  

  Fig. 3.6    Delineation    of level VI lymph nodes (Level VIa  red , Level IVb  aqua ). ( EJV  external 
jugular vein,  IJV  internal jugular vein,  CA  common carotid artery,  SCM  sternocleido mastoid mus-
cle,  Sc  scalenius muscle,  E  esophagus,  TG  thyroid gland,  LCo  longus colli muscle,  LCa  longus 
capitis muscle)       

a b
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   Table 3.9    Radiologic boundaries for retrostyloid space   

 Level  Terminology  Borders 

 Cranial  Caudal  Anterior  Posterior  Medial  Lateral 

 RSS  Retrostyloid 
space 

 Base of 
skull 
(jugular 
foramen) 

 Upper 
limit 
level II 

 Parapharyngeal 
space 

 Vertebra, 
base of 
skull 

 Retropharygeal 
nodes 

 Parotid space 

   Table 3.10    Radiologic boundaries for supraclavicular fossa lymph nodes   

 Level  Terminology  Borders 

 Cranial  Caudal  Anterior  Posterior  Medial  Lateral 

 SCF  Supraclavicular  Lower 
border 
of IV/
Vb 

 Sternoclavicular 
joint 

 SCM 
muscle, 
skin, 
clavicle 

 Anterior 
border of 
posterior 
scalenus 
muscle 

 Trachea/
thyroid 

 Lateral border of 
posterior scalenus 
muscle 

   Table 3.11    Radiologic boundaries for retropharyngeal lymph nodes   

 Level  Terminology  Borders 

 Cranial  Caudal  Anterior  Posterior  Medial  Lateral 

 RP  Retropharyngeal  Base of 
skull 

 Superior 
border of 
hyoid bone 
(level of C3 
vertebra) 

 Fascia, 
pharynx 
mucosa 

 Longus colli/
capitus 
muscles 

 Midline  Medial 
border 
of ICA 

   ICA  internal carotid artery  
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  Fig. 3.7    Delineation    of retropharyngeal lymph nodes. ( SG  submandibular gland,  P  parotid gland, 
 SC  spinal cord,  IJV  internal jugular vein,  IC  internal carotid artery,  CA  common carotid artery, 
 H  hyoid bone,  V  vallecula,  M  mandible,  SCM  sternocleido mastoid muscle,  BS  brain stem,  JF  
jugular foramen,  D  Dens of axis, St Styloid process)       
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 Eisbruch et al. (RTOG 
H-0022) [ 34 ] 

 −  66/2.2 Gy  60/2 Gy  54/1.8 Gy 

   CTV  clinical target volume  
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 Overview 
  Epidemiology  
 Tumors of the  nasal cavity   and  paranasal sinuses   are relatively uncommon, 
with an incidence of 0.75/100.000 in the USA [ 1 ]. They are usually diagnosed 
after the age of 40. The nasal cavity consists of four subsites; the nasal vesti-
bule, the lateral walls, the fl oor, and the septum. Paranasal sinuses are named 
after their locations as maxillary, ethmoid, sphenoid, and frontal. Tumors 
originating from the maxillary sinus are the most common among all, having 
an incidence approximately twice as the nasal cavity tumors. Ethmoid sinus 
lesions are the second most common tumors, and tumors of other locations 
are extremely rare. The etiologic factors are comprised of occupational expo-
sure such as wood dust, glues, nickel, chromium, mustard gas, isopropyl alco-
hol, and radium [ 2 – 6 ].  Thorotrast  , an agent historically used in radiographic 
studies for maxillary sinus imaging, also was associated with maxillary sinus 
carcinomas. Tobacco and alcohol consumption are shown to increase the risk 
of nasal cancer. 

  Pathological and Biological Features  
 Majority of these tumors are squamous cell carcinomas (SCC). Basal cell 
carcinoma, adnexal carcinoma, minor salivary gland neoplasms (i.e., adeno-
carcinoma (the second most common), adenoid cystic carcinoma (the third 
most common), and mucoepidermoid carcinoma), melanoma, neuroendo-
crine carcinoma (i.e., small cell carcinoma, esthesioneuroblastoma, and 
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1             Case Presentation 

 A    27-year old male admitted to the hospital with swelling and redness in the left 
eye. He was also suffering from headache in the frontal region periodically. There 
was no vision loss or diplopia. He had no signifi cant medical history other than an 
adenoidectomy 20 years ago. 

 His physical and endoscopic examination revealed a mass in the left middle 
meatus. The nasal septum was slightly deviated to the right. Nasal passages were 
narrowed. The nasopharynx, oropharynx, oral cavity, and larynx were intact. There 
were no pathologic lymph nodes in his neck. 

 The MRI detected a giant mass completely obliterating the superior 2/3 portion 
of the left nasal cavity and eroding the superior nasal conchae (Fig.  4.1 ). It also 
invaded the medial wall of the left maxillary sinus and extended through the sinus. 
The left orbit was invaded via erosion of its medial wall, and medial extraocular 
muscles were displaced. Lamina papyracea, ethmoid cells, bony structure at the 
base of frontal lobe, crista galli, cribriform plate, left ethmoid foveae, left half of 
sphenoid, and frontal sinuses were also invaded with intracranial extension. Multiple 
conglomerated lymphadenopathies in the left cervical chain and submandibular 
region were present.

   Biopsy from the nasal mucosa revealed undifferentiated carcinoma. Endoscopic 
resection was performed. The pathology revealed the same histology. 

 He was diagnosed with T4bN2bM0  maxillary sinus carcinoma  .  

sinonasal undifferentiated carcinoma), lymphoma, sarcoma, and plasmacy-
toma are less common histopathologic entities. 

  Defi nitive Therapy  
 Radiotherapy is the preferred treatment modality over surgery for tumors of 
nasal vestibule in order to obtain better cosmesis with equal local control 
rates. For large tumors with deep invasion, surgery, in combination with neo-
adjuvant or adjuvant radiotherapy, is the treatment of choice. For small tumors 
of ethmoid sinuses and other sites of nasal cavity, results of radiotherapy and 
surgery are equivalent. Small tumors of maxillary sinuses may be treated with 
surgery alone. Chemoradiotherapy is an option for patients who refuse 
surgery. 

  Adjuvant Therapy  
 Surgery and adjuvant radiotherapy is the standard treatment for locally 
advanced maxillary sinus tumors. Postoperative radiotherapy is also indicated 
for positive surgical margins, lymphatic invasion, or perineural invasion. 
Chemotherapy has a limited role for the tumors of this region. 
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2     Evidence-Based Treatment Approaches 

     Nasal Vestibule Tumors   

 Primary radiotherapy (RT) is preferred for small superfi cial tumors because of 
 cosmetic concerns. However, surgery may also lead to high local control (LC) rates 
with excellent cosmetic results in selected cases. The size and location of the tumor 

  Fig. 4.1    A    giant mass completely obliterating the superior 2/3 portion of the left nasal cavity and 
eroding superior nasal conchae seen on MRI       
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guide us to choose the appropriate technique of RT. Brachytherapy (BRT) and exter-
nal beam radiotherapy (EBRT) have similar cure rates reaching to 90 % for tumors 
up to 2 cm. For tumors larger than 2 cm, higher doses are needed to reach 80 % LC 
rates [ 7 – 11 ]. 

 Large tumors with deep extensions require surgery in combination with neoadju-
vant or adjuvant RT. Mazeron et al. evaluated 1,676 patients with nasal vestibule 
and skin of the nose cancers who were treated with BRT or EBRT. They reported 
93 % overall LC rate. Tumors smaller than 2 cm and located externally (skin of the 
nose) have better LC rates (96 % for <2 cm vs. 81 % for >4 cm, and 94 % for skin 
of the nose vs. 75 % for the vestibule). However, LC rate with surgery only was no 
more than 90 % [ 12 ].  

     Nasal Cavity Tumors   

 Surgery and RT have similar results for small tumors in terms of cure. Daly et al. 
reported 91 % 5-year overall survival (OS) rates with either treatment modality 
[ 13 ]. Surgery may be preferred for posterior nasal septum tumors, whereas BRT is 
the treatment of choice for anterior and inferior septum tumors not larger than 
1.5 cm. For lateral wall tumors, EBRT rather than BRT is preferred because of cos-
metic concerns. In a study of 45 patients who were treated with solely RT, or RT 
combined with surgery, 5-year OS rate was 75 % [ 14 ]. In this study, Ang et al. 
reported that lateral wall and fl oor tumors had inferior prognosis compared to sep-
tum tumors (LC rates, 68 % vs. 86 %). For stages II–IVa, surgery should be per-
formed with or without adjuvant RT.  

     Paranasal Sinus Tumors   

 Surgery and adjuvant RT are the treatment of choice for ethmoid sinus tumors. If 
cosmetic or functional result is an issue, RT alone or concurrent chemoradiotherapy 
(CRT) may be an option [ 15 ]. Choussy et al. reported tumor extension, lymph node 
involvement, and the presence of brain invasion as prognostic factors for ethmoid 
tumors. They found nearly half of the patients who received adjuvant RT after sur-
gery had recurrences, 75 % of which were local [ 16 ]. Blanco et al. reported 5-year 
LC, DFS, and OS rates as 61, 35, and 29 %, respectively, in 106 patients with para-
nasal sinus cancers who received RT [ 17 ]. 

 Surgery alone is effi cient for early-stage maxillary sinus tumors. Adjuvant RT 
is indicated in patients with locally advanced disease. Combination therapy has 
better 5-year LC and OS rates than single treatment modalities, both ranging 
from 44 to 80 %. 5-year LC and OS rates with RT alone were reported as 39 and 
40 %, respectively. Parsons et al. reported survival rates of 60, 70, 30, and 40 % 
for T1, T2, T3, and T4 lesions treated with surgery and RT, respectively [ 18 ]. In 
locally advanced tumors, solely RT results are dismal with 5-year survival rates 
of 10–15. 
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 Intensity-modulated radiation    therapy (IMRT) is accepted as the standard RT 
modality. A previous study from UCSF observed no difference in LC rates between 
IMRT and conventional RT [ 13 ]. 2- and 5-year LC rates were 62 and 58 %, respec-
tively. However, the complication rate was signifi cantly different with fewer com-
plications in IMRT arm. In 2010, Dirix et al. reported 2-year LC and OS 76 and 
89 %, respectively, with postoperative IMRT [ 19 ]. Madani et al. found 5-year LC 
and OS rates of 70.7 and 58.5 %, respectively, in 105 patients more than half of 
whom had ethmoid sinus tumors [ 20 ]. Also in 2012, Duprez et al. showed 5-year 
LC and OS as 59 and 52 %, respectively [ 21 ]. Claus et al. reported their IMRT 
experience in 62 patients with sinonasal cancers following R0 resection [ 22 ]. With 
PTV doses of 60–70 Gy, they found that none of the patients with cribriform plate 
invasion were locally controlled. However, 5-year actuarial LC rate was 84 % in 
patients without cribriform plate invasion. 

 Stereotactic body radiotherapy (SBRT) may also be an alternative option particu-
larly to spare optic pathway structures. Ozyigit et al. published their experience on 
27 patients with paranasal sinus or nasal cavity tumors whom they treated with 
CyberKnife ®  (Accuray, Sunnyvale, CA, USA) [ 23 ]. Six patients received RT for 
recurrence. Median dose was 31 Gy in median 5 fractions. They reported local 
relapse-free rates of 76 % for 21.4 months in median. Overall survival rates in 1 and 
2 years were 95.2 and 77.1 %, respectively, with acceptable complication rates.  

    Chemotherapy 

 The role of  chemotherapy (CT) in nasal cavity and paranasal cancers   is limited. 
Neoadjuvant CT may be used for reducing the tumor size in order to assist surgery 
in terms of removal of the tumor with less morbidity and also to lend a hand to 
radiation oncologists in terms of decreasing normal tissue toxicity. In locally 
advanced tumors, the LC rates are better with concurrent CRT compared to neaod-
juvant CT. For unresectable tumors, and medically inoperable patients, CRT is an 
option.   

3     Target Volume Determination and Delineation 
Guidelines 

    Gross Tumor Volume (GTV) 

 GTV should include the gross tumor and involved lymph nodes detected by clinical 
and endoscopic examination, CT, MRI, PET/CT, and intraoperative fi ndings, if 
operated. GTV is divided into two: GTVp defi nes the primary tumor, and GTVn 
defi nes the involved lymph nodes. In postoperative cases, GTV is not stated as it is 
assumed that the primary lesion or grossly involved lymph nodes are removed. 

 Following structures should be evaluated carefully whether they are involved in 
case of specifi c tumors:
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•     Maxillary Sinus  :
 –    Anteriorly:

   Is subcutaneous tissue involved?  
  Is there extension to the skin of cheek (leading to destruction in zygomatic arch)?     

 –   Laterally:
   Is the pterygoid fossa involved?  
  Is there tumor extension to the sphenoid sinuses?     

 –   Medially:
   Are the middle meatus and the nasal septum intact?     

 –   Posteriorly:
   Is the posterior wall intact?  
  Are the pterygoid plates, pterygopalatine fossa and muscles involved?  
  Is there extension into the infratemporal fossa (through the cribriform plate)?  
  Are the clivus and C1 vertebra involved?  
  Does the tumor extend to the nasopharynx?     

 –   Superiorly:
   Are the fl oor and medial wall of the orbit intact?  
  Is the ethmoid sinus involved?  
  Is the cribriform plate intact?     

 –   Inferiorly:
   Is the hard palate involved?  
  Is there loosening of the fi rst and second molar teeth (which points out inva-

sion of maxilla)?        
•    Ethmoid Sinus  :

 –    Anteriorly:
   Is frontal sinus involved?  
  Is there extension to the anterior orbit?  
  Is the anterior cranial fossa intact?  
  Does the tumor extend to the maxillary sinus?  
  Is the palate involved?     

 –   Laterally:
   Are the orbital medial wall and fl oor involved?  
  Does the tumor extend to the nasal cavity or the orbital rectus muscle?     

 –   Medially:
   Is contralateral ethmoid sinus intact?     

 –   Posteriorly:
   Is the sphenoid sinus involved?  
  Are the pterygoid plates intact?  
  Is there extension into the orbital apex, brain, middle cranial fossa, or 

clivus?  
  Is the cranial nerve (CN) I (olfactory) involved?  
  Is the dura involved?  
  Does the tumor extend to the nasopharynx?     

 –   Superiorly:
   Is the cribriform plate intact?     

G. Yazici et al.



59

 –   Inferiorly:
   Is the maxillary sinus involved?  
  Is there extension to the nasal cavity?  
  Does the tumor extend to the hard palate?           

    Clinical Target Volume (CTV) 

 Three CTVs are defi ned based on risk defi nitions. CTV1 covers the primary tumor 
bed with a 1–1.5 cm margin given circumferentially around the GTV.

•     CTV1  for the lymph nodes is the high-risk regions with a gross lymph node, or 
levels with positive lymph nodes and extracapsular extension (ECE) following 
lymph node dissection.  

•    CTV2  covers the entire operative bed as it is the region of high risk for subclini-
cal disease and potential routes of spread. If the ethmoid sinus or olfactory region 
is involved, the cribriform plate is also included. For paranasal sinus tumors, 
CTV2 includes all other sinuses, if explored during surgery. If orbital exentera-
tion was performed because of orbital invasion, the bony orbit is also delineated. 
In case of craniofacial resection, the frontal graft should also be included. CTV2 
for the lymph nodes should include ipsilateral submandibular and subdigastric 
lymph nodes for squamous cell and poorly or undifferentiated carcinomas. The 
lower neck should be contoured in case of invasion of the palate, nasopharynx, 
skin of the cheek or the anterior nose, or gingiva.  

•    CTV3  is the low-risk regions for subclinical disease. In case of perineural inva-
sion (PNI), a CTV3 is delineated in order to encompass the whole tract of the 
submandibular nerve to the skull base. In all adenoid cystic histologies, local 
nerve pathway to the skull base should be delineated, as these tumors are highly 
neurotrophic.    

 In patients who received neoadjuvant CT, CTV is defi ned depending on the pre-
chemotherapy volumes.  

    Planning Target Volume (PTV) 

 A margin of 3–5 mm is added in all directions. However, it may be minimized to 
1 mm or may even be omitted in areas adjacent to critical structures such as the optic 
nerves.  

    Case Contouring 

  Delineation of target volumes of T4bN2bM0 maxillary sinus carcinoma      is shown in 
Figs.  4.2  and  4.3a–c .
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4          Treatment Planning 

•      Guidelines for Target Volume Doses : Guidelines for target volume doses are 
summarized in Table  4.1 .

•       Guidelines for Normal Tissue Constraints :  Guidelines for normal tissue con-
straints   are summarized in Table  4.2 .

•        Treatment Planning Assessment    (Figs.  4.4  and  4.5 )
 –       Step 1 : Check whether the targets are adequately covered: All plans should be 

normalized to at least 95 % of the volume of PTV70 which is covered by the 

  Fig. 4.2    Fused MR simulation CT images of GTV for T4bN2bM0 maxillary sinus cancer       

a b c

  Fig. 4.3    ( a – c ) Delineation of target and normal volumes for T4bN2bM0 maxillary sinus cancer. 
(Surgical bed: CTVp 60Gy   red line ; bilateral levels I, II, and RPLN: CTVn 60Gy   blue line ; bilateral 
levels III, IV, and V: CTVn 54Gy   orange )       
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   Table 4.1    Guidelines for target volume doses   

 TNM 

 CTV1 
(70 Gy/33–35 
fr)  CTV2 (59.4–63 Gy/33–35 fr)  CTV3 (54–56 Gy/33–35 fr) 

 T1–2 N0  GTVp  –  – 

 T3–4 N0  GTVp  1–1.5 cm  Ipsilateral I–II, RPLN 

 Tany N+  GTVp, GTVn  Ipsilateral adjacent lymph 
nodes (the one level above, 
and the one level below) 

 Remaining lymph nodes 
(ipsilateral, contralateral, and 
RPLN for advanced tumors) 

   RPLN  retropharyngeal lymph nodes  

   Table 4.2    Guidelines for normal tissue constraints   

 Structure  Constraints 

 Brain  Mean <50 Gy 

 For large volumes, <30 Gy 

 Brain stem  Maximum <54 Gy (no more than 1 % to exceed 
60 Gy) 

 Spinal cord  Maximum <45 Gy (no more than 1 % to exceed 
50 Gy) 

 Eyes  Maximum <50 Gy 

 Lenses  Maximum <10 Gy, try to achieve <5 Gy (as low as 
possible) 

 Optic nerves  <50 Gy 

 Maximum <54 Gy 

 Optic chiasm  <50 Gy 

 Maximum <54 Gy 

 Parotid glands  Mean of one gland <26 Gy 

 50 % volume of one gland <30 Gy 

 20 cc of both glands <20 Gy 

 Submandibular and sublingual glands  As low as possible 

 Each cochlea  Volume receiving 55 Gy <5 % 

 Mandibula and temporomandibular joint  Maximum <70 Gy (no more than 1 cc to exceed 
75 Gy) 

 Oral cavity (excluding PTVs)  Mean <30–40 Gy 

 No hot points receiving >60 Gy in oral cavity 
region 

 Lips  Mean <20 Gy 

 Maximum <30 Gy 

 Esophagus, postcricoid pharynx  Mean <45 Gy 

 Glottic larynx  Mean <45 Gy 

 Brachial plexus  Maximum <66 Gy 
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  Fig. 4.4    Sagittal, coronal, and axial sections of IMRT plan for T4bN2bM0 maxillary sinus cancer       
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  Fig. 4.5    Dose volume histogram for T4bN2bM0 maxillary sinus cancer       
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70 Gy isodose surface and 99 % of PTV70 needs to be at or above 65.1 Gy. It is 
confusing to evaluate all PTV DVHs, and one may end up slight underdosing of 
PTV2 and PTV3 when a uniform 3 mm margin is added, which is generally 
80 % coverage of PTV2 and PTV3 mostly due to parotid or critical structure 
sparing. However, if your nodal CTVs are relatively generous including some 
muscle outside of the nodal fat plane, much of the setup error is “built in” to the 
CTV contour drawn, so some physicians only evaluate CTV2 and CTV3 by 
looking at dose distributions on the treatment plan and not PTV DVH. It is very 
important to evaluate the DVH of PTV1, because a very tight margin on CTV1 
could result in underdosing of gross disease due to daily setup error. Be careful 
to ensure that PTV1 should receive at least >90 % of prescribed dose.  

 –    Step 2 : Check whether there is a large hot spot: No more than 20 % of PTV70 
is at or above 77 Gy, and no more than 5 % of PTV70 is at or above 80 Gy.  

 –    Step 3 : Check whether the normal tissue constraints are met.  
 –    Step 4 : Check whether the hot/cold spots exist in the wrong place (slide by slide 

looking at isodose distribution): The hot spots need to be arranged in the GTV, 
and it is necessary to make sure that the hot spot is not on a nerve in the CTV.     

•    Case Plan : The case presented here was treated with IMRT as shown in 
Fig.  4.6a–c . Surgical bed as CTVp 60Gy  was prescribed 60 Gy; bilateral levels I, 
II, and RPLN were irradiated as CTVn 60Gy  and received 60 Gy; bilateral levels 
III, IV, and V as CTVn 54Gy  received 54 Gy.

•       Treatment Algorithm 

  Nasal Cavity and Ethmoid Sinus  

 T1–2, N0, M0 

  Surgery (in case of close or + surgical margin or PNI add adjuvant RT) 

  RT 

 T3–4, N0, M0 

  If resectable, surgery + adjuvant RT 

   If unresectable, RT with or without concurrent cisplatin 100 mg/m 2  on days 1, 22, and 43 (or 
cisplatin 40 mg/m 2 /week or carboplatin 100 mg/m 2  on days 1, 8, 15, 22, 29, and 36 or 
cetuximab 250 mg/m 2 /week after a loading dose of 400 mg/m 2  1 week before RT) 

 Any T, ≥N1, M0 

   Surgery + adjuvant RT with or without concurrent cisplatin 100 mg/m 2  on days 1, 22, and 43 
(or cisplatin 40 mg/m 2 /week or carboplatin 100 mg/m 2  on days 1, 8, 15, 22, 29, and 36 or 
cetuximab 250 mg/m 2 /week after a loading dose of 400 mg/m 2  1 week before RT) 

      CRT (concurrent cisplatin 100 mg/m 2  on days 1, 22, and 43) (or cisplatin 40 mg/m 2 /week or 
carboplatin 100 mg/m 2  on days 1, 8, 15, 22, 29, and 36 or cetuximab 250 mg/m 2 /week after a 
loading dose of 400 mg/m 2  1 week before RT) 

  Maxillary Sinus  

 T1–2, N0, M0 

   Surgery (in case of close or + surgical margin, PNI, or adenoid cystic histology add adjuvant 
RT) 

 T3–4, N0, M0 

   If resectable, surgery + adjuvant RT with or without concurrent cisplatin 100 mg/m 2  on days 1, 
22, and 43 (or cisplatin 40 mg/m 2 /week or carboplatin 100 mg/m 2  on days 1, 8, 15, 22, 29, and 
36 or cetuximab 250 mg/m 2 /week after a loading dose of 400 mg/m 2  1 week before RT) 
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      If unresectable, RT/CRT (concurrent cisplatin 100 mg/m 2  on days 1, 22, and 43) (or cisplatin 
40 mg/m 2 /week or carboplatin 100 mg/m 2  on days 1, 8, 15, 22, 29, and 36 or cetuximab 
250 mg/m 2 /week after a loading dose of 400 mg/m 2  1 week before RT) 

 Any T, ≥N1, M0 

   Surgery (with neck dissection) + adjuvant RT with or without concurrent cisplatin 100 mg/m 2  
on days 1, 22, and 43) (or cisplatin 40 mg/m 2 /week or carboplatin 100 mg/m 2  on days 1, 8, 
15, 22, 29, and 36 or cetuximab 250 mg/m 2 /week after a loading dose of 400 mg/m 2  1 week 
before RT) 

      CRT (concurrent cisplatin 100 mg/m 2  on days 1, 22, and 43) (or cisplatin 40 mg/m 2 /week or 
carboplatin 100 mg/m 2  on days 1, 8, 15, 22, 29, and 36 or cetuximab 250 mg/m 2 /week after 
a loading dose of 400 mg/m 2  1 week before RT) 

•       Follow-Up : Every 3 months for the fi rst 2 years, every 4 months for year 3, 
every 6 months for years 4–5, and then annually. Complete remission through 

a

c

b

  Fig. 4.6    ( a – c ) Serial slices of dose color wash from IMRT plan for T4bN2bM0 maxillary sinus 
cancer       
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clinical and endoscopic examination and imaging studies is necessary. 
Distinguish  viable residual or slowly regressing tumor, or post-therapy changes 
by MRI and PET/CT.        
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  5      Oral Cavity 

             Sezin     Yuce     Sari      ,     Gokhan     Ozyigit     ,     Melis     Gultekin     , 
    Gozde     Yazici     ,     Pervin     Hurmuz     ,     Mustafa     Cengiz     , 
and     Murat     Beyzadeoglu    

 Overview 
  Epidemiology  
 The     oral cavity tumors   are composed of the tumors of the lips (most common), 
oral tongue (anterior two thirds of tongue) (second most common), hard pal-
ate, buccal mucosa, retromolar trigone, alveolar ridge, and fl oor of mouth. 
Oral cavity cancers constitute approximately 3 % of all cancers and 30 % of 
all head and neck cancers in the USA [ 1 ]. It is mostly seen in males of older 
age. There is a strong correlation between oral cavity cancers and smoking 
and alcohol consumption, both independently and synergistically [ 2 – 5 ]. 
Tongue cancers have a trend of increasing in incidence in the young popula-
tion who are nonsmokers and nondrinkers, which may be due to genetic insta-
bility [ 6 ,  7 ]. Ultraviolet radiation has shown to be one of the causes of lip 
cancer [ 8 ]. Certain viruses, namely,  herpes simplex virus   (HSV) and human 
 papillomavirus   (HPV) (particularly HPV-6 and HPV-16), disorders such as 
 Plummer-Vinson syndrome   (iron-defi ciency anemia, hypopharyngeal webs, 
and dysphagia),  xeroderma pigmentosum  ,  ataxia telangiectasia  ,  Bloom syn-
drome  , and  Fanconi’s anemia   are also associated with oral cavity cancers 
[ 9 – 12 ]. Patients with oral cavity cancer were proved to be at increased risk for 
a secondary primary head and neck and esophagus cancer, which affect the 
prognosis negatively [ 13 ,  14 ]. 
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1             Case Presentation 

    Case 1 

 A 62-year-old female with no history of cigarette smoking or alcohol use was 
 admitted to the hospital with a complaint of a wound in the right part of oral tongue 
for nearly 6 months. She did not have any additional symptoms. She had diabetes 
type II, and it was under control with oral antidiabetic use. 

 Her physical and endoscopic examination revealed a 4 × 4 cm ulserovegetative 
lesion extending from the right lateral part of the oral tongue to the tonsillar region 
posteriorly. The lesion invaded the base of the tongue, the right tonsil, and the fl oor 
of mouth at the right side. Vallecula, nasopharynx, larynx, and hypopharynx were 
normal. There were no palpable lymphadenopathies in the neck. 

 The MRI revealed a 42 × 25 × 25 mm lesion on the right side of oral tongue 
(Fig.  5.1 ). It crossed the midline through the medial genioglossus muscle superiorly 
and invaded the geniohyoid muscle inferiorly and mylohyoid and hyoglossus mus-
cles posteriorly. An irregular signal intensity was defi ned at the anterior and lateral 
parts of palatopharyngeal muscle. The margin between stylopharyngeal and medial 
pterygoid muscles was erased. Right parts of the uvula and the palatine tonsil were 
asymmetrical compared to the left one. The pharyngopalatine muscle was thicker at 

  Pathological and Biological Features  
 There are  premalignant lesions for the development of oral cavity cancers  , 
such as  leukoplakia   and  erythroplakia  . These lesions were shown to have  loss 
of heterozygosity at 3p14   and 9p21 locations where the mutations at 17p13 
lead to malignant transformation. Approximately 95 % of the malignant 
tumors are squamous cell carcinoma and its variants (i.e., basaloid, verru-
cous) [ 15 ].  Basaloid type   has    a poor prognosis as it is mostly diagnosed in 
advanced or metastatic stage [ 16 ], whereas verrucous carcinoma has favor-
able prognosis with a low rate of distant metastases [ 17 ]. Rare histologic sub-
types include adenocarcinoma, melanoma, lymphoma, sarcoma, Kaposi’s 
sarcoma, and ameloblastoma. 

  Defi nitive Therapy  
 Early-stage tumors are treated with a single modality of surgery or radiother-
apy with similar local control rates. Locally advanced tumors generally need 
combined treatment modalities. 

  Adjuvant Therapy  
 Adjuvant radiotherapy is recommended in high-risk patients with advanced 
tumor, positive lymph nodes, and perineural invasion. Adjuvant concomitant 
chemoradiotherapy is indicated for patients with positive surgical margins 
and extracapsular extension. 
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  Fig. 5.1    MRI revealed a 42 × 25 × 25 mm lesion on the right side of oral tongue       
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the right. Pathologic lymph nodes were detected in the submental, bilateral 
 submandibular, superior jugular, posterior cervical, suboccipital, and bilateral intra-
parotid regions.

   The biopsy from the lesion in the tongue revealed well-differentiated squamous 
cell carcinoma (SCC). Right mandibulectomy and right selective neck dissection 
(levels I–IV) were performed with reconstruction using the major pectoral muscle. 
The pathology revealed moderately differentiated SCC. The tumor was 
2.5 × 1.2 × 1.2 cm. There was diffuse perineural invasion (PNI). Surgical margins 
were negative, and 35 dissected lymph nodes were free of tumor. 

 The patient was staged as  T2N0M0 oral tongue cancer  .  

    Case 2 

 A 51-year-old male admitted to the hospital with an unhealing wound in the buccal 
mucosa of his left cheek. 

 His physical and endoscopic examination revealed a 1.5 × 1.5 cm lesion in the 
left buccal mucosa. There was no invasion in the nasopharynx, hard palate, orophar-
ynx, or larynx. No lymph nodes were palpated. 

 The MRI detected an 18 × 11 × 15 mm lesion extending from the left buccal 
mucosa to left cheek fat pad (Fig.  5.2 ). It was located posterior to the maxilla and at 
the level of retromolar region. There were reactive lymph nodes, <1 cm in size in 
left level IA and bilateral level II.

   The incisional biopsy from mucosal lesion revealed squamous cell carcinoma 
(SCC). He underwent wide local excision of the primary and left level I–V neck 
dissection. The pathologic evaluation was reported as moderately differentiated 
SCC. The tumor was 1.7 × 1.5 × 0.4 cm. Out of 37 dissected lymph nodes, 2 were 
metastatic and had extracapsular extension (ECE). 

 He was staged as  T1N2bM0 buccal mucosa cancer  .   

2     Evidence-Based Treatment Approaches 

 Transoral or  transcervical surgery   is generally the fi rst choice for early stage lesions 
[ 17 ]. More aggressive surgeries like  mandibulectomy   are performed when the lesion 
cannot be reached by these techniques or when there is bone invasion. 

 In early lesions of the lip   , oral tongue, and fl oor of the mouth, radiotherapy (RT) 
and surgery are equivalent in terms of local control (LC) [ 18 ]. Historical series 
reported increased LC rates with the use of  brachytherapy   (BRT) either alone or in 
combination with external beam radiotherapy (EBRT) [ 19 ,  20 ]. Different authors 
reported LC rates that ranged from 70 to 96 % for T1 and T2 tumors [ 21 – 24 ]. 

 Combined treatment modalities are preferred for locally advanced tumors [ 20 , 
 25 – 27 ]. In case of mandibular invasion, defi nitive RT is contraindicated as LC results 
are poor with high risk of  osteoradionecrosis  . Postoperative RT is often preferred 
over preoperative RT to prevent a delay in surgery, to decrease the risk of wound 
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  Fig. 5.2    MRI showing an 18 × 11 × 15 mm lesion extending from the left buccal mucosa to left 
cheek fat pad, located posterior to the maxilla, and at the level of retromolar region       
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complications, and to provide complete histologic evaluation. The disadvantage of 
postoperative RT is regional hypoxia which decreases the effectiveness of RT. 

  Postoperative RT   is indicated in case of advanced T stage, suspected mandibular 
invasion, perineural invasion (PNI), close or positive surgical margins, multiple 
lymph node positivity, and/or extracapsular extension (ECE). 

  Neoadjuvant   or adjuvant chemotherapy (CT), containing cis-platinum and 5-FU, 
was reported to have no impact on survival [ 28 ,  29 ]. However, adding CT concur-
rently to RT resulted in increased LC and overall survival (OS) rates [ 30 ]. 

 Two prospective randomized trials investigated CRT after surgery in high-risk 
patients [ 31 ,  32 ]. The  RTOG 9501   showed that in patients with positive surgical mar-
gins, two or more positive lymph nodes, or ECE, postoperative CRT increased LRC 
and disease-free survival (DFS) at the cost of increased toxicity but had no impact on 
OS. In  EORTC 22931 study  , in addition to these characteristics, stages III–IV, PNI, 
vascular tumor embolism, and level IV–V lymph node positivity were also evaluated 
as high-risk features. Besides the increase in LRC, and progression-free survival 
(PFS), OS was also superior in the CRT arm. In the report which combined these two 
trials, the only features that benefi ted from CRT were surgical margin positivity and 
ECE. Patients with two or more positive lymph nodes had no benefi t from CRT, while 
patients with other high-risk features had a trend. In the 10-year update of RTOG 
9501, the benefi t in DFS and LC continued in patients with positive margins and ECE, 
and the long-term toxicity was reported to be similar to the RT alone group. 

     Buccal Mucosa   

 Primary surgery is preferred for small, superfi cial lesions. For deeper lesions (i.e. 
T2) or if there is commissure involvement, RT provides better results in terms of 
function and cosmesis, without any decline in cure rates. For more advanced lesions, 
radical surgery and adjuvant RT are indicated.  

     Oral Tongue   

 For small T1–2 lesions, RT yields better cosmetic and functional results and has 
similar LC rates compared to surgery. If fl oor of mouth is involved, partial glossec-
tomy and partial mandibulectomy with radical neck dissection are performed. RT 
may be an alternative for patients who refuse surgery. Adjuvant RT is indicated in 
patients with locally advanced tumors, close or positive surgical margins, and PNI.  

     Floor of the Mouth   

 Surgery and RT yield comparable results in small, superfi cial tumors. In case of 
mandibular invasion, surgery should be preferred. For more advanced lesions (with 
invasion of bone or adjacent muscles), adjuvant RT is indicated. 
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     Management of the Neck   
 Small, superfi cial (depth <2 mm) tumors with negative surgical margins do not 
require elective neck treatment (in case the patient is clinically node negative). In 
oral tongue and fl oor of the mouth tumors deeper than 2 mm, and in all tumors with 
perineural or perilymphatic invasion, the neck should be treated either with surgical 
dissection or by RT. Following neck dissection, if there is 1 positive lymph node 
without ECE, RT to the neck is not recommended [ 33 ]. If there are more than 1 
positive lymph nodes (particularly at more than one nodal station), or ECE, the neck 
should be irradiated. 

 There are limited studies with IMRT on oral cavity tumors. Chao et al. from 
Washington University reported their initial results of 15 patients with oral cavity 
cancers whom they treated with IMRT [ 34 ]. Locoregional recurrence and distant 
metastasis were observed in 5 and 1 patients, respectively. There was no grade 3 or 
higher late toxicity. Similarly, Claus et al. treated 8 patients with oral cavity cancers 
via IMRT and observed no serious late toxicity, except for 1 patient who had man-
dibular osteoradionecrosis [ 35 ].    

3     Target Volume Determination and Delineation 
Guidelines 

    Gross Tumor Volume (GTV) 

 GTV should include the gross tumor and involved lymph nodes detected by clinical 
examination, CT, MRI, PET/CT, and intraoperative fi ndings, if operated. GTV is 
divided into two; GTVp defi nes the primary tumor, and GTVn defi nes the involved 
lymph nodes. In postoperative cases without residual tumor, GTV is not stated as it 
is assumed that no tumor or grossly involved lymph nodes are left. 

 Following structures should be evaluated carefully whether they are involved in 
oral tongue tumors:

•    Anteriorly:
   Is the skin of face involved?     

•   Laterally:
   Is the skin of face involved?  
  Is the cortical bone of the mandible destructed?     

•   Posteriorly:
   Are the pterygoid plates involved?  
  Is there extension into the masticator space?  
  Is the carotid artery involved?     

•   Superiorly:
   Is the maxillary sinus intact?  
  Is the hard palate involved?  
  Is the skull base destructed?     
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•   Inferiorly:
   Is the fl oor of mouth involved?  
  Is there extension to deep extrinsic muscles (genioglossus, hyoglossus, 

 palatoglossus, and styloglossus)?        

    Clinical Target Volume (CTV) 

 Three CTVs are defi ned based on risk defi nitions.

•     CTV1  covers the primary tumor bed with a 0.5–2 cm margin given circumferen-
tially around the GTV. CTV1 for the lymph nodes    is the high-risk regions with a 
gross lymph node or, following lymph node dissection, levels with positive 
lymph nodes and extracapsular extension.  

•    CTV2  covers the entire operative bed as it is the region of high risk for subclini-
cal disease and potential routes of spread, along with the high-risk regions adja-
cent to it. Certain routes of spread are defi ned for particular locations. These are 
sublingual gland, midline genioglossus and geniohyoid muscles, periosteum, 
and mandible for fl oor of mouth cancers; fl oor of mouth, base of tongue, muscles 
of tongue, anterior tonsillar pillar, and mandible for oral tongue cancers; under-
lying muscles, skin, infratemporal fossa, parotid gland, and facial nerve for buc-
cal mucosa cancers; and adjacent buccal mucosa, anterior tonsillar pillar, lower 
gum, maxilla, and mandible for retromolar trigone.  CTV2  for the lymph nodes is 
ipsilateral submandibular, subdigastric, and midjugular nodal stations (upper 
neck). For tumors of the tip of the tongue, and tumors exceeding midline, upper 
neck should be contoured bilaterally. Periauricular and intraparotid lymph nodes 
are also delineated for the tumors of the upper lip. Oral cavity tumors with ver-
rucous histology (which are often seen in the buccal mucosa) do not generally 
require elective neck irradiation as they rarely metastasize to lymph nodes.  

•    CTV3  is the low-risk regions of subclinical disease. CTV3 for the lymph nodes 
include the contralateral upper neck and bilateral lower neck (lower jugular and 
supraclavicular). Ipsilateral posterior neck and retropharyngeal lymph nodes 
should also be delineated in the presence of jugular positive lymph nodes.    

 In patients who received neoadjuvant CT, CTV is defi ned depending on the pre-
chemotherapy volumes.  

    Planning Target Volume (PTV) 

 A margin of 3–5 mm is added in all directions; however, it may be minimized to 
1 mm in areas adjacent to critical structures.  

    Case Contouring 

 Delineation of  target volumes for T2N0M0 oral tongue cancer   (Case 1) is depicted 
in Fig.  5.3 .
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a

  Fig. 5.3    ( a ,  b ) Delineation    of target volumes for T2N0M0 oral tongue cancer (Case 1). (surgical 
bed, CTVp 60Gy   magenta ; right neck, CTVn 57Gy   red ; left neck, CTVn 54Gy   aqua ) ( BS  brain stem,  OC  
oral cavity,  M  mandible,  P  parotid gland,  SC  spinal cord,  E  epiglottis,  V  vallecula,  Ps  pyriform 
sinus,  H  hyoid bone,  IJV  internal jugular vein,  L  larynx,  CA  common carotid artery,  Cr  cricoid 
cartilage,  TG  thyroid gland,  T  trapezius muscle,  E  esophagus,  TCV  transverse cervical vessels)         
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b

Fig. 5.3 (continued)
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   Delineation of target volumes for T1N2bM0 buccal mucosa cancer (Case 2) is 
depicted    in Figs.  5.4  and  5.5 .

4          Treatment Planning 

•      Guidelines for target volume doses : Guidelines for target volume doses are sum-
marized in Tables  5.1 ,  5.2 , and  5.3 .

•         Guidelines for normal tissue constraints : Guidelines for normal tissue  constraints 
are summarized in Table  5.4 .

•       Treatment Planning Assessment  (Figs.  5.6 ,  5.7 ,  5.8 , and  5.9 )
 –         Step 1 : Check whether the targets are adequately covered. All plans should be 

normalized    to at least 95 % of the volume of PTV70 which is covered by the 
70 Gy isodose surface and 99 % of PTV70 which needs to be at or above 
65.1 Gy. It is confusing to evaluate all PTV DVHs, and one may end up slight 
underdosing of PTV2 and PTV3 when a uniform 3 mm margin is added, 
which is generally 80 % coverage of PTV2 and PTV3 mostly due to parotid 
or critical structure sparing. However, if your nodal CTVs are relatively gen-
erous including some muscle outside of the nodal fat plane, much of the setup 
error is “built in” to the CTV contour drawn, so some physicians only evaluate 
CTV2 and CTV3 by looking at dose distributions on the treatment plan and 
not PTV DVH. It is very important to evaluate the DVH of PTV1, because a 
very tight margin on CTV1 could result in underdosing of gross disease due 
to daily setup error. Be careful to ensure that PTV1 should receive at least 
>90 % of prescribed dose.  

 –    Step 2 : Check whether there is a large hot spot. No more than 20 % of 
PTV70 is at or above 77 Gy, and no more than 5 % of PTV70 is at or above 
80 Gy.  

 –    Step 3 : Check whether the normal tissue constraints are met.  
 –    Step 4 : Check whether the hot/cold spots exist in the wrong place (slide by 

slide looking at isodose distribution). The hot spots need to be arranged in the 
GTV; it is necessary to make sure that the hot spot is not on a nerve in the 
CTV.     

•    Case Plan 1 : The case 1 (oral tongue cancer) presented here was treated with 
IMRT as shown in Fig.  5.10 . Surgical bed as CTVp 60Gy  was prescribed 60 Gy, 
right neck was irradiated as CTVn 57Gy  and received 57 Gy, and left neck as 
CTVn 54Gy  received 54 Gy. Concurrent chemotherapy was not given.

•       Case Plan 2 : The case 2 (buccal mucosa cancer) presented here was treated with 
IMRT as shown in Fig.  5.11 . Right level I and surgical bed as CTV 60Gy  was pre-
scribed 60 Gy, left level II was irradiated as CTVn 64Gy  and received 64 Gy, left 
level II–V was irradiated as CTVn 57Gy  and received 57 Gy, right levels II, IV, and 
V as CTVn 54Gy  received 54 Gy. Concurrent cisplatin was given weekly with a 
dose of 35 mg/m 2 .
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a

  Fig. 5.4    ( a–d ) Delineation of target volumes for T1N2bM0 buccal mucosa cancer (Case 2) (surgi-
cal bed and right level I, CTVp 60Gy   red ; left level I–V, CTVn 57Gy   yellow ; right levels II–V, CTVn 54Gy  
 blue ; right level Ib, CTVn 60Gy   blue ; left level II, CTVn 64Gy   magenta ) ( M  mandible,  P  parotid gland, 
 SC  spinal cord,  H  hyoid bone,  IJV  internal jugular vein,  L  larynx,  CA  common carotid artery, 
 Cr  cricoid cartilage,  OC  oral cavity,  BS  Brain stem,  V  valleculae,  E  Epiglottis,  Ps  pyriform sinus, 
 TG  thyroid gland,  T  trapezius muscle)             
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b

Fig. 5.4 (continued)
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c

Fig. 5.4 (continued)
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d

Fig. 5.4 (continued)
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   Table 5.1    Guidelines for target volume doses of lip cancers   

 TNM 

 CTV1 
 66–70 Gy 
(33–35 fr) 

 CTV2 
 59.4–60 Gy (33–35 fr) 

 CTV3 
 54 Gy (33–35 fr) 

 T1–2 N0  GTVp  1.5–2 cm  – 

 T3–4 N0  GTVp  1.5–2 cm  Ipsilateral I–III 

 Tany N+  GTVp, 
GTVn 

 Ipsilateral adjacent lymph 
nodes (one level above and 
one level below) 

 Remaining lymph nodes (ipsilateral, 
contralateral, and RP for advanced 
tumors) 

   Table 5.2    Guidelines for target volume doses of oral tongue and the fl oor of mouth cancers   

 TNM 

 CTV1 
 66–70 Gy 
(33–35 fr) 

 CTV2 
 59.4–60 Gy (33–35 fr) 

 CTV3 
 54 Gy (33–35 fr) 

 Tany 
N0 

 GTVp  Tumor bed     Bilateral levels I–IV 

 Tany 
N+ 

 GTVp, 
GTVn 

 Tumor bed and ipsilateral levels I–V (or if 
contralateral neck + bilateral levels I–V 
+/− RP) 

 Contralateral levels I–V 
(if uninvolved) 

   Table 5.3    Guidelines for target volume doses retromolar trigone and buccal mucosa cancers   

 TNM 

 CTV1 
 66–70 Gy 
(33–35 fr) 

 CTV2 
 59.4–60 Gy (33–35 fr) 

 CTV3 
 54 Gy (33–35 fr) 

 T1–2 N0  GTVp  Tumor bed  Ipsilateral levels I–IV a  

 T3–4 N0  GTVp  Tumor bed and ipsilateral levels I–IV  GTVn (if not involved; 
contralateral II–IV or 
I–V + RP) 

 Tany N+  GTVp, 
GTVn 

 Tumor bed and ipsilateral levels I–V 
(or if contralateral neck + bilateral 
levels I–V +/− RP) 

 GTVn (if not involved; 
contralateral II–IV or 
I–V + RP) 

   RP  Retropharyngeal 
  a Based on physician’s discretion  

  Fig. 5.5    Delineation of GTV and CTV for T1N2bM0 buccal mucosa cancer on fused MRI and BT 
simulation slices (Case 2)       
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   Table 5.4    Guidelines for normal tissue constraints   

 Structure  Constraints 

 Brain  Mean <50 Gy 

 For larger volumes, <30 Gy 

 Brain stem  Maximum <54 Gy (no more than 1 % to exceed 60 Gy) 

 Spinal cord  Maximum <45 Gy (no more than 1 % to exceed 50 Gy) 

 Eyes  Maximum <50 Gy 

 Lenses  Maximum <10 Gy, try to achieve <5 Gy (as low as 
possible) 

 Optic nerves  <50 Gy (maximum <54 Gy) 

 Optic chiasm  <50 Gy (maximum <54 Gy) 

 Parotid glands  Mean for one gland <26 Gy or 50 % volume of one gland 
<30 Gy or 20 cc of both glands <20 Gy 

 Submandibular and sublingual 
glands 

 As low as possible 

 Each cochlea  Volume receiving 55 Gy <5 % 

 Mandibula and temporomandibular 
joint 

 Maximum <70 Gy (no more than 1 cc to exceed 75 Gy) 

 Oral cavity (excluding PTVs)  Mean <50 Gy 

 No hot points receiving >60 Gy in oral cavity region 

 Lips (if not in PTV)  Mean <20 Gy 

 Maximum <50 Gy 

 Esophagus, postcricoid pharynx  Mean <45 Gy 

 Glottic larynx  Mean <45 Gy 

 Brachial plexus  Maximum <66 Gy 

  Fig. 5.6    IMRT plan for T2N0M0 oral tongue cancer (Case 1)       
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  Fig. 5.7    Dose volume histogram (DVH) for normal tissues for T2N0M0 oral tongue cancer 
(Case 1)       

  Fig. 5.8    IMRT plan for T1N2bM0 buccal mucosa cancer (Case 2)       
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•       Treatment algorithm 

 T1–2, N0, M0 

  RT 

  Surgery (in case of + surgical margins, add adjuvant RT) 

 T3–4, ≥N1, M0 

   Concurrent CRT ( concurrent cisplatin   100 mg/m 2  on days 1, 22, and 43 or cisplatin 40 mg/m 2 /
week or carboplatin 100 mg/m 2  on days 1, 8, 15, 22, 29, and 36 or cetuximab 250 mg/m 2 /week 
after a loading dose of 400 mg/m 2  1 week before RT) 

   Surgery (in case of + surgical margins or extracapsular extension add adjuvant CRT) 
(concurrent cisplatin 100 mg/m 2  on days 1, 22, and 43 or cisplatin 40 mg/m 2 /week or 
carboplatin 100 mg/m 2  on days 1, 8, 15, 22, 29, and 36 or cetuximab 250 mg/m 2 /week after 
a loading dose of 400 mg/m 2  1 week before RT; in case of multiple + lymph nodes, PNI, or 
lymphovascular space invasion, add adjuvant RT) 

•       Follow-up : Every 3 months for the first 2 years, every 4–6 months for years 
3–5, and then annually. Complete remission through clinical and endo-
scopic examination and imaging studies is necessary. Distinguish viable 
residual or slowly regressing tumor or post-therapy changes by MRI and 
PET/CT.        
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  Fig. 5.9    Dose volume histogram (DVH) for normal tissues for T1N2bM0 buccal mucosa cancer 
(Case 2)       
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  Fig. 5.10    ( a ,  b ) Slice by slice isodose evaluation of IMRT plan for T2N0M0 oral tongue cancer 
(Case 1)         

a 
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b

Fig. 5.10 (continued)
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  Fig. 5.11    ( a ,  b ) Slice by slice isodose evaluation of IMRT plan for T1N2bM0 buccal mucosa 
cancer (Case 2)         

a 
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 Overview 
  Epidemiology  
 The    distribution demonstrates a regional, racial, and gender prevalence (rare 
in the United States and Western Europe but high in Southern China, Southeast 
Asia, North Africa, and the Middle East). Individuals with hereditary suscep-
tibility due to early infection with  Epstein-Barr virus   (EBV) seem to develop 
NPC when EBV is reactivated. Subgroup of EBV latent proteins, including 
 EBNA-1  ,  LMP-1  , and  LMP-2   (integral membrane proteins), and the BamHI-A 
fragment of the EBV genome are expressed in NPC. Several dietary practices 
are thought to contribute to the high incidence such as cooking of salt-cured 
food releasing volatile nitrosamines, preserved or fermented foods containing 
high levels of nitrosamines, and rancid butter and sheep’s fat containing 
butyric acid (a potential EBV activator). Smoking is also associated with 
NPC. 

mailto: ugurselek@yahoo.com


94

1             Case Presentation 

 Thirty-year-old female who was a nonsmoker with no signifi cant past medical his-
tory presented with a blocked nose and complain of 6/10 headaches that require the 
use of Excedrin for relief. She was also complaining of epistaxis periodically as 
well as coughing blood occasionally. She denied any problems with dysphagia, 
swallowing, or chewing, as well as any current odynophagia. She has left neck 
swelling but denied any chest pain, palpitations, or shortness of breath. 

 Her physical exam revealed normal external ear canals and tympanic membranes 
with appropriate light refl ex. Nasal septum was midline without deviation and was clear 
to anterior rhinoscopy. She had good dentition. There are no lesions of the gingiva, buc-
cal mucosa, fl oor of mouth, oral tongue, base of tongue, hard palate, soft palate, tonsillar 
fossa, or posterior oropharyngeal wall by visualization or palpation. Palate elevates nor-
mally. Tongue protrudes normally. There was an approximately 4 cm hardly mobile 
node in the left upper level II area and was no other palpable adenopathy bilaterally. 
Cranial nerves II–XII are grossly intact without any facial numbness. The scope was 
introduced into the left nasal cavity. Clearly seen is a left erythematous nasopharyngeal 
mass centered on the left fossa of Rosenmuller. It was extending anteriorly to involve the 
torus and appears to block off the eustachian tube on the left side. It did not extend into 
the posterior aspect of the nasal cavity. The mass did not medially go past midline and 
just appeared to be left-sided. The right torus and eustachian tube were free of disease. 
Superiorly, the mass went up to the roof of the nasopharynx. Inferiorly, it went up to the 
level of the soft palate. There does not appear to be any posterior pharyngeal wall bulg-
ing or lesions. The scope was advanced further. There was no evidence of disease in the 
oropharynx, larynx, and hypopharynx. Vocal cords were mobile. 

  Pathological and Biological Features  
  WHO   classifi es three histopathologic types:  keratinizing squamous cell carci-
noma   ( sporadic, WHO Type I  ),  nonkeratinizing carcinoma   as differentiated 
(Type II) and  undifferentiated   ( endemic, Type III  ) forms, and basaloid squa-
mous cell carcinoma. Pretreatment serologic antienzyme rate of Epstein- Barr 
virus DNase-specifi c neutralizing antibody segregates TNM classifi cation in 
nasopharyngeal carcinoma 

  Defi nitive Therapy  
 Radiation therapy is the mainstay of local treatment for stage I, while concur-
rent  chemoradiotherapy   is necessary for locoregionally advanced stage (II–
IVB) to reduce distant metastasis rate and to improve both local control and 
overall survival. 

  Adjuvant Therapy  
 Benefi t of adjuvant chemotherapy is uncertain with substantial toxicity 
although it is a standard approach in many concurrent chemoradiotherapy 
regimens. 
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 Both MRI and PET-CT defi ned left nasopharyngeal lesion fi lling the Rosenmuller 
fossa invading through the pharyngobasilar fascia and infi ltrating the cavernous 
sinus measuring 17 × 7 × 26 mm (Fig.  6.1a–d ). The lesion was minimally extending 
intracranially through foramen ovale (Fig.  6.2 ). Both left-sided foramen rotundum 
and vidian channel were asymmetrically involved with tumor. The imaging also 
revealed bilateral nodal disease, largest on left level 2 measuring 3.5 cm (Fig.  6.3 ).

     A biopsy was performed from the left nasopharyngeal lesion confi rming the 
undifferentiated nonkeratinizing carcinoma (WHO Type III). 

 She was staged as  T4N2M0, advanced stage nasopharyngeal cancer  .  

2     Evidence-Based Treatment Approaches 

 Radiotherapy (RT) alone is the standard treatment for stage I (Category IB). 
 Concurrent chemoradiotherapy   (CRT) is the current standard of care for non- 
metastatic advanced stage (stages III, IVA, and IVB) nasopharyngeal carcinoma, 
with or without induction or adjuvant chemotherapy (Category IA). For 

a

d

b c

  Fig. 6.1    ( a – d ) MRI sagittal ( a ) and coronal ( b ) and axial ( c ) images and PET-CT ( d ) display left 
nasopharyngeal lesion fi lling the Rosenmuller fossa invading through the pharyngobasilar fascia 
and infi ltrating the cavernous sinus measuring 17 × 7 × 26 mm       

 

6 Nasopharynx



96

  Fig. 6.2    MRI coronal image 
displays minimally extending 
intracranially through 
foramen ovale       

  Fig. 6.3    MRI images display bilateral nodal disease, largest on left level 2 measuring 3.5 cm       

 

 

U. Selek et al.



97

intermediate- risk  disease  , stage II, it is recommended to give CRT instead of RT 
alone (Category 2B). 

 The MDACC series initially clarifi ed the effi cacy of RT alone for T1 category, 
while RT alone was capable of 5-year local control rates of 93, 79, 68, and 53 % for 
T1, T2, T3, and T4, respectively. Sanguinetti at al pointed out that advanced T cat-
egory, squamous histology, and cranial nerve defi cits were poor prognostic factors 
for local control [ 1 ]. 

 The major data for combined CRT approach is derived from phase III trial of 230 
stage II (T1–2N1M0 or T2N0M0 disease with parapharyngeal space involvement; 
13 % is stage III based on AJCC 2010 TNM) nasopharyngeal cancer patients ran-
domized into RT plus concurrent weekly cisplatin (30 mg/m 2 ) versus RT alone [ 2 ]. 
The addition of concurrent cisplatin signifi cantly improved overall survival from 
85.8 % for RT alone to 94.5 % for CRT at 5 years; based on improvement    in distant 
metastasis free survival (94.8 % vs. 83.9 %) without any difference in locoregional 
relapse-free survival (93.0 % vs. 91.1 %). 

 Addition of chemotherapy to defi nitive RT increases overall survival by 4–6 % at 
5 years while decreases the risk of event by 10 % and the risk of death by 18 %. CRT 
demonstrated the most pronounced benefi t in comparison to induction chemother-
apy or adjuvant chemotherapy [ 3 ]. 

  Intergroup 0099 (RTOG 8817) trial   established a benefi t from concurrent (cispla-
tin 100 mg/m 2  on days 1, 22, and 43) and adjuvant (cisplatin 80 mg/m 2  on day 1 and 
fl uorouracil 1,000 mg/m 2 /day, days 1–4, every 4 weeks for three cycles) chemora-
diotherapy (70 Gy, 35–39 fractions, 1.8–2.0 Gy/fraction/day) for stage III and IV 
nasopharyngeal cancer in comparison to RT alone (CRT vs. RT at 3 year   , progression- 
free survival: 69 % vs. 24 %, overall survival: 78 % vs. 47 %; at 5 years in Table  6.1 ) 
[ 4 ]. Five-year OS and DFS favored CRT arms over RT alone in other Singapore [ 5 ], 
Taiwan [ 6 ], Hong Kong [ 7 ,  8 ], and China [ 9 ] randomized trials (Table  6.1 ).

   Induction chemotherapy followed by RT alone approach has failed to show an 
overall survival benefi t compared to RT alone (Table  6.2 ), but induction chemo-
therapy in addition to RT slightly improved relapse-free and disease-specifi c sur-
vival [ 17 ]. However, sequential therapy of induction chemotherapy followed by 
concurrent chemoradiotherapy started to be a popular alternative to concurrent 
chemoradiotherapy with adjuvant chemotherapy [ 18 ]. A recent phase II randomized 
   trial comparing induction chemotherapy with docetaxel and cisplatin followed by 
weekly cisplatin concomitant with RT to weekly cisplatin concomitant with 
RT. Aside from similar quality of life scores, a trend toward improved 3-year 
progression- free survival with sequential therapy (88 % vs. 60 %,  p  = 0.12) and sig-
nifi cant increase in overall survival with sequential therapy (94 % vs. 68 %) were 
evident [ 15 ].

   Until results of phase III trials comparing sequential regimens with concurrent 
chemoradiotherapy alone ( GORTEC-NPC2006  , Sun Yat-sen University 
NCT01245959, Singapore NCT00997906, Taiwan NCT00201396, Hong Kong 
NCT00379262), sequential therapy should still be considered experimental except 
clinical presentations with high risk of distant metastasis or diffi culty to deliver 
effi cient and safe RT such as large primary tumors (T4), high nodal disease burden, 
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supraclavicular disease, and tumor touching the critical structures such as brain-
stem, optic pathway, or temporal lobes.  

3     Target Volume Determination and Delineation 
Guidelines 

3.1     Gross Tumor Volume (GTV) 

 GTV should include the gross disease at the primary disease site or any grossly 
involved lymph nodes (>1 cm or nodes with a necrotic center or PET positive) 
which are determined from CT, MRI, PET-CT, clinical information, and endoscopic 
fi ndings. The GTV can be subdivided as the primary site (GTVp)    and involved 
gross lymph nodes (GTVn   ). A thorough contouring required for GTVp based on the 
exact spreading pattern which can be questioned by tips as follows:

•    Anteriorly:
   Is nasal fossa or pterygopalatine fossa (through sphenopalatine foramen) involved?  
  Does the tumor extend to foramen rotundum which is a gateway to intracranial 

fossa?  
  Is the inferior orbital fi ssure intact (extension into the orbital apex and intracrani-

ally through the superior orbital fi ssure)?     
•   Laterally:

   Is the parapharyngeal space intact (effacement of the fat)?  
  Is the medial or lateral pterygoid muscles infi ltrated (trismus clinically)?  
  Is the retrostyloid compartment intact (the carotid space to cranial nerves IX, X, 

XI, and XII)?  
  Is the jugular foramen intact (gateway to posterior cranial fossa and IX, X, and 

XI cranial nerves at risk)?     
•   Posteriorly:

   Are the prevertebral muscles intact?     
•   Inferiorly:

   Is there extension through submucosal plane into the oropharynx?     
•   Superiorly:

   Is skull base eroded?  
  Is the  foramen lacerum   intact (VI nerve at risk)?  
  Is the  foramen ovale   intact?  
  Is the mandibular nerve in the  parapharyngeal space   intact (check extension to 

 gasserian ganglion  )?  
  Is the  cavernous sinus   infi ltrated (III, IV, ophthalmic division of V, and VI nerves 

at risk)?        

3.2     Clinical Target Volume (CTV) 

 There needs to be 3 CTV volumes based on risk defi nitions: CTV2, high risk for 
subclinical disease including microscopic disease and potential routes of spread for 
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primary and nodal tumor, and CTV3, the lower risk subclinical disease such as low 
anterior neck:

•     CTV1 , covering GTVp and GTVn with a margin of ≥ 5 mm (as low as 1 mm in 
close proximity to critical structures: chiasm, brain stem, etc.) given circumfer-
entially around the GTV.  

•    CTV2  includes the entire nasopharynx, anterior half of the  clivus   (entire clivus, 
if involved), skull base (should include foramen ovale and rotundum bilaterally), 
 pterygoid fossa  , bilateral upper deep jugular and parapharyngeal space, inferior 
 sphenoid sinus   (entire sphenoid sinus if T3–T4), and posterior third of the nasal 
cavity and maxillary sinuses (to ensure pterygopalatine fossa coverage). The 
cavernous sinus should be included in high-risk patients (T3, T4, bulky disease 
involving the roof of the nasopharynx). CTV2 for nodal target    is bilateral if both 
sides of the neck are involved, and it is ipsilateral if contralateral neck does not 
have any grossly involved lymph node.    

   Level defi nition tips    to remember the levels are as follows: Submandibular gland 
and jugular vein interface separates levels IB (submandibular) and IIa; level II 
(subdigastric- jugulodigastric) follows the jugular vein to the fossa; hyoid and cricoid 
defi ne the borders of levels II, III (midjugular), and IV (low jugular and supraclavicu-
lar); and posterior edge of sternocleidomastoid defi nes level V (posterior cervical). 

 If bilateral neck is heavily involved   , CTV2 should cover bilateral retropharyn-
geal, levels Ib (if isolated retropharyngeal nodes or isolated level IV nodes defi ning 
low risk for level IB involvement), II, III, IV, and V; however, if lower neck is unin-
volved, then CTV2 does not need to cover levels IV and Vb which is treated in 
elective CTV3. 

 If ipsilateral neck is involved alone   , then CTV2 covers the bilateral retropharyn-
geal, ipsilateral levels Ib (limited to the anterior border of submandibular gland in 
low-risk node-positive patients), II, III, IV, and V, and CTV3 covers the contralat-
eral level Ib (avoid if no extensive involvement of the hard palate, nasal cavity, or 
maxillary antrum), II, III, IV, and V. 

 If there is no nodal disease (N0 neck), then omit level Ib in the CTV2 and CTV3 
(level IV and supraclavicular nodes) bilaterally [ 19 ].  

3.3      Planning Target Volume   (PTV) 

 PTV is an extra margin around the CTVs to compensate for the variability and 
uncertainties of treatment setup and internal organ motion. If the institution has not 
performed a study to defi ne the appropriate magnitude of PTV, a minimum of 5 mm 
in all directions is used to defi ne each PTV.  

3.4     Case Contouring (Fig.  6.4 ) 

•        Check coverage of sphenoid sinus.  
•   Check coverage of the posterior third of the maxillary sinus.  
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  Fig. 6.4    ( a ,  b ) Contouring the CTV1 ( red ), CTV2 ( blue ), and CTV3 ( yellow )         

a 
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b

Fig. 6.4 (continued)

•   Check coverage of  foramen rotundum  .  
•   Check coverage of foramen ovale.  
•   Check coverage of the half of the clivus and the petroclival fi ssure.  
•   Check coverage of ptergopalatine fossa.  
•   Check coverage of the  retrostyloid space  .  
•   Check coverage of soft palate.  
•   Check coverage of  parapharyngeal fat  .      
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4     Treatment Planning 

 The recommended target volume doses and normal tissue constraints are detailed in 
Tables  6.3  and  6.4  (Figs.  6.5 ,  6.6 ,  6.7 , and  6.8 ).
•           Treatment Planning Assessment 

 –     Step 1 : Check whether the targets are adequately covered: All plans should be 
   normalized to at least 95 % of the volume of PTV70 which is covered by the 
70 Gy isodose surface and 99 % of PTV70 which needs to be at or above 
65.1 Gy. It is confusing to evaluate all PTV DVHs, and one may end up slight 
underdosing of PTV2 and PTV3 when a uniform 3 mm margin is added, 
which is generally 80 % coverage of PTV2 and PTV3 mostly due to parotid 
or a critical structure sparing. However, if your nodal CTVs are relatively 
generous including some muscle outside of the nodal fat plane, much of the 
setup error is “built in” to the CTV contour drawn, so some physicians only 
evaluate CTV2 and CTV3 by looking at dose distributions on the treatment 
plan and not PTV DVH (Fig.  6.8 ). It is very important to evaluate the DVH of 
PTV1, because a very tight margin on CTV1 could result in underdosing of 
gross disease due to daily setup error. Be careful to ensure that PTV1 should 
receive at least >90 % of prescribed dose.  

 –    Step 2 : Check whether there is a large hot spot: No more than 20 % of 
PTV70 is at or above 77Gy and no more than 5 % of PTV70 is at or above 
80 Gy.  

   Table 6.3    Guidelines for target volume doses   

 TNM 
 CTV1 
(70Gy/33fr) 

 CTV2 
(59.4–63Gy/33fr)  CTV3 (54–57Gy/33fr) 

 T1-2 N0  GTVp  NA  Bilateral RP, 

 +1–5 mm  Ipsilateral Ib, 

 Bilateral II, III, Va (lower neck – level IV 
and supraclavicular nodes can be omitted) 
[ 19 ] 

 T1-4 N1  GTVp + GTVn  Ipsilateral Ib–V,  Contralateral Ib, II–V 

 + 5 mm 
(1 mm a ) 

 Bilateral RP 

 T1-4 N2  GTVp + GTVn  Ib–V,  Bilateral 4 and 5b if lower neck is 
uninvolved  + 5 mm 

(1 mm a ) 
 Bilateral RPLN 

 T1-4 N3  GTVp + GTVn  Ib–V,  NA 

 + 5 mm 
(1 mm a ) 

 Bilateral RPLN 

   a Margin next to critical organs as brain stem, optic pathway structures  
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 –    Step 3 : Check whether the normal tissue constraints are met.  
 –    Step 4 : Check whether the hot/cold spots exist in the wrong place (slide by 

slide by looking at isodose distribution): The hot spots needs to be arranged 
in the GTV, and it is necessary to make sure that the hot spot is not on a nerve 
in the CTV.     

•    Case plan  for above T4N2M0  nasopharyngeal cancer      (Fig.  6.9 )
 –     Check the dose coverage in sagittal, axial, and coronal images to ensure that 

all hotspots are in GTV or in CTV70.  
 –   Check all axial slides to ensure that all CTVs are adequately covered.  
 –   Check the entire nasopharynx, anterior half of the clivus, skull base including 

foramen ovale and rotundum bilaterally, pterygoid fossa, bilateral upper deep 
jugular and parapharyngeal space, entire sphenoid sinus and posterior third of 
the nasal cavity, and posterior maxillary sinuses to ensure pterygopalatine 
fossa coverage.  

 –   Check the well separation of 57 and 63 Gy lines on bilateral neck at the level 
of larynx, esophagus, and postcricoid pharynx.  

 –   Check that no hot spots remain in larynx.       

   Table 6.4    Guidelines for target volume doses guidelines for normal tissue constraints   

 Structure  Constraints 

 Brain  <50 Gy 

 <30 Gy for large volumes 

 Brainstem  <54 Gy (no more than 1 % to exceed 60 Gy) 

 Spinal cord (Fig.  6.5 )  <45 Gy (no more than 1 % to exceed 50 Gy) 

 Optic nerves (Fig.  6.7 )  <50 Gy (54 Gy max dose) 

 Chiasm (Fig.  6.7 )  <50 Gy (54 Gy max dose) 

 Mandible (TM joint)  <69 Gy (No more than 1 cc to exceed 75 Gy) 

 Brachial plexus  <66 Gy 

 Oral cavity (excluding PTVs)  Mean dose < 40 Gy 

 Submandibular/sublingual glands  As low as possible 

 Parotid glands  Mean dose < 26 Gy 

 (Fig.  6.6 )  At least 20 cc of the combined volume of both 
parotid glands < 20 Gy 

 At least 50 % of one gland < 30 Gy (in at least 
one gland). 

 Esophagus, postcricoid pharynx (Fig.  6.5 )  Mean dose < 45 Gy 

 Each cochlea (Fig.  6.5 )  No more than 5 % receives 55 Gy or more 

 Eyes (Fig.  6.7 )  Max dose < 50 Gy 

 Lens (Fig.  6.7 )  Max dose < 10 Gy, try to achieve < 5Gy (as low as 
possible) 

 Glottic larynx (Fig.  6.5 )  Mean dose < 36–45 Gy 
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  Fig. 6.9    ( a, b ) Dose coverage and dose distribution based on simultaneous integrated boost pre-
scription of 70 Gy to CTV1 ( red ), 63 Gy to CTV2 ( blue ), and 57 Gy to CTV3 ( yellow )         

a

b
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4.1     Treatment Algorithm and Follow-up 

 Recommended algorithms for the treatment and  follow up of nasopharyngeal 
 cancers are summarized in Figures  6.10  and  6.11 .     

T1, N0, M0 ≥T2 or ≥N1, M0

Definitive RT Alone

No adjuvant CT

RT with concurrent cisplatin 100 mg/m2

on days 1, 22, and 43 (or cisplatin 40
mg/m2/week or carboplatin 100 mg/m2 on

days 1, 8, 15, 22, 29, and 36)

+/– Adjuvant CT with cisplatin (80
mg/m2 on day 1) plus fluorouracil (1,000

mg/m2/day, days 1−4), given every 4
weeks

Large primary tumors (T4, tumor touching the critical structures such as brainstem, optic
pathway, or temporal lobes), high nodal disease burden (bilateral, multible>3 cm or N3)

RT with concurrent cisplatin 100 mg/m2 on days 1, 22, and 43 (or cisplatin
40 mg/m2/week or carboplatin 100 mg/m2 on days 1, 8, 15, 22, 29, and

36)

Induction TPF (Docetaxel: 75 mg/m2 on D1 of each course, every 3 weeks
+ Cisplatin: 75 mg/m2 administered on D1+5-FU: 750 mg/m2/d

administered as a continuous infusion from D1 to D5)

a

b

  Fig. 6.10    ( a ,  b )  Recommended algorithm for treatment of nasopharyngeal cancer         
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 Overview 
  Epidemiology  
 Historically    tobacco and alcohol use were the major risk factors, though 
 human papillomavirus   (HPV) infection related increase in incidence is a cur-
rent fact particularly in younger adults. 

  Pathological and Biological Features  
 Squamous cell  oropharyngeal cancer   can be well-, moderately, or poorly dif-
ferentiated. As HPV relation might propose better prognosis, no evidence 
exists to indicate treatment is different from other types. 

  Defi nitive Therapy  
 Single modality radiotherapy or primary surgery for early-stage disease, indi-
vidually decided based on related morbidity, has retrospectively generated 
similar rates of local control and survival, as no prospective randomized 
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1             Case Presentation 

 Sixty-nine-year-old male who was an ex-smoker with 30 pack-year history of smoking 
presented with a diffi culty in swallowing and pain behind his tongue, an obstruction 
feeling in his throat, and 2 weeks old left neck swelling, without trismus, odynophagia, 
otalgia, new voice changes, change in his cough or sputum, hemoptysis, dyspnea, aspi-
ration, or weight loss. He had a signifi cant past medical history with coronary artery 
disease but has denied any chest pain, palpitations, or shortness of breath. 

 His physical exam revealed normal external ear canals and tympanic membranes 
with appropriate light refl ex. Nasal septum was midline without deviation and was 
clear to anterior rhinoscopy. There was a large tumor localized in left tonsillar area 
extending to left anterior tonsillar pillar and base of tongue which was narrowing 
the airway, and left base of tongue sounded gross invasion with tumor, while there 
were no lesions of the gingiva, buccal mucosa, fl oor of mouth, and oral tongue by 
visualization or palpation. He had moderate dentition. Palate elevates asymmetri-
cally with the bulk on left side. Tongue protrudes normally. There was an approxi-
mately 3 cm hardly mobile node in the left upper level II area and was no other 
palpable adenopathy contralaterally. Cranial nerves II–XII are grossly intact with-
out any facial numbness. The scope was introduced into the left nasal cavity. Clearly 
seen was normal nasopharyngeal mucosa and bilateral  fossa of Rosenmuller  . As the 
scope was advanced, there was narrowed airway with a left-sided bulk of tumor in 
left tonsillar area which was extending to left anterior tonsillar pillar, to base of 
tongue, and inferiorly to left aryepiglottic plica. The scope was advanced further. 
There was no evidence of disease in the larynx and hypopharynx. Vocal cords were 
mobile. Both MRI and PET-CT defi ned an oropharyngeal left palatine tonsillar 
tumor (5×3.5×3.5 cm) extending superiorly to left anterior  tonsillar pillar  , anterior 
inferiorly to base of tongue, inferiorly to left aryepiglottic plica which is narrowing 

comparison is present. Except for well-lateralized tonsil primaries, bilateral 
neck requires elective treatment. 

 Locally advanced stages III and IVA/B cancers without distant metastases 
require a multidisciplinary approach with more than one modality. Modern 
surgical approaches with functional preservation for patients with potentially 
resectable, locally advanced cancer are increasing in frequency as an accept-
able initial option, followed by radiation therapy (RT) or  chemoradiotherapy  . 
Functional organ preservation approaches with concurrent chemotherapy and 
RT without surgery is most preferred alternative. 

  Adjuvant Therapy  
  Postoperative RT   with or without concurrent chemotherapy is recommended 
for those with high-risk features (positive or close resection margins, nodal 
extracapsular extension, lymphovascular and perineural invasion). 
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glossopharyngeal recess and oro/hypopharyngeal airway without any sign of pre-
vertebral fascial invasion, in addition to two pathologic nodes on left neck level 2 
(3.2 cm and 8 mm) (Fig.  7.1a, b ). A biopsy was performed from the prominent 
tumor confi rming moderately differentiated squamous cell carcinoma. He was 
staged as T3N2bM0,  advanced stage oropharyngeal cancer  .

2        Evidence-Based Treatment Approaches 

 Single modality radiotherapy or primary surgery (transoral or open resection) for 
stage T1-2 N0-1 has been preferred with similar rates of local control and survival, 
as no prospective randomized comparison is present [ 1 – 3 ]. Concurrent  chemoradio-
therapy   is mostly the key treatment for locally advanced stages III and IVA/B cancers 
without distant metastases (Table  7.1 ) [ 4 – 11 ], while the resectability and neck nodal 
disease volume are denominators in decision making to perform initially surgery for 
primary (T3–T4a) and neck (N0-1) and to consolidate with radiotherapy (close 
resection margins, lymphovascular and  perineural invasion  , pT3-T4, N2 or N3, nodal 
disease levels IV–V) or chemoradiotherapy (positive surgical margins and/or nodal 
extracapsular invasion) metastases (Table  7.2 ) [ 12 – 15 ]. Induction chemotherapy fol-
lowed by radio/chemoradiotherapy is yet a category three approach which might be 
considered in heavy nodal volume with an increased risk of distant metastases [ 5 ,  6 , 
 16 – 19 ].  Cetuximab   as a single agent concurrent with radiotherapy for treatment of 
locoregionally advanced head and neck cancer seemed to improve locoregional con-
trol and to reduce mortality, while the addition of cetuximab to the chemoradiother-
apy with cisplatin did not improve progression-free or overall survival [ 20 ].

    It has become evident as one of the most signifi cant recent advances that  HPV- 
positive oropharyngeal cancer   (HPVOPC) should be considered as a different entity 
from HPV-negative cancers [ 21 ]. HPVOPC is frequently presenting with a smaller 
primary tumor and more advanced cervical lymph node disease which is having a 
cystic appearance [ 22 – 24 ]. 

 Oropharyngeal cancer has been recommended to be classifi ed as having a low 
(HPV+, ≤10 pack-year smoking or >10 pack-year and N0–N2a), intermediate (HPV+, 
>10 pack-year smoking and N2b–N3 or HPV-, ≤10 pack-year smoking, T2–3), or 
high risk (HPV-, ≤10 pack-year smoking, T4 or HPV-, >10 pack-year smoking) of 
death on the basis of four factors [ 25 ,  26 ]. However, as the results    of ongoing trials for 
metastases (Table  7.3 ) are incomplete, current recommendation should be treatment 
regardless of the HPV status according to the stage of disease at presentation.

3        Target Volume Determination 
and Delineation Guidelines 

 Oropharynx is shaped with following structures: palatoglossal arch, pharyngeal ton-
sil, tonsillar fossa, tonsillar pillar, palatopharyngeal arch, base of the tongue, epi-
glottic  vallecula  , posterior wall of the oropharynx, and oral surface of the soft palate, 
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a

b

  Fig. 7.1    MRI ( a ) axial and coronal images and PET-CT ( b ) display an oropharyngeal left palatine 
tonsillar tumor extending superiorly to left anterior tonsillar pillar, anterior inferiorly to base of 
tongue, and inferiorly to left aryepiglottic plica which is narrowing glossopharyngeal recess and 
oro/hypopharyngeal airway       
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   Table 7.2    Two concurrent postoperative radiation plus chemotherapy trials   

 Trial  RTOG 9501 [ 14 ,  15 ] 
 EORTC 
22931 [ 12 ] 

 # patients  416  334 

 Median follow-up, 
months 

 45.9 (120)  60 

 % oropharyngeal cancer  43  30 

 Radiotherapy alone  60 Gy in 6 weeks  66 Gy in 
6.5 weeks 

 Chemoradiotherapy  60 Gy in 6 weeks plus 
cisplatin 100 mg/m 2  on 
days 1, 22, and 43 

 66 Gy in 
6.5 weeks 
plus cisplatin 
100 mg/m 2  
on days 1, 22, 
and 43 

 Inclusion criteria  Positive resection 
margin 

 + (6 % of patients)  + (13 % of 
patients) 

 Extracapsular extension  + (49 % of patients)  + (41 % of 
patients) 

 ≥2 nodes involved  +  − 

 Perineural involvement  −  + 

 Vascular tumor 
embolism 

 −  + 

 Oral cavity or 
oropharyngeal tumor 
with involvement of 
level IV or V lymph 
nodes 

 −  + 

 Overall survival  Radiotherapy alone  47 % (27 %)  40 % 

 Chemoradiotherapy  56 % (29 %)  53 % 

 Local-regional 
recurrence 

 Radiotherapy alone  33 % (28.8 %)  31 % 

 Chemoradiotherapy  22 % (22.3 %)  18 % 

 Disease free survival  Radiotherapy alone  36 % (19.1 %)  36 % 

 Chemoradiotherapy  47 % (20.1 %)  47 % 

 Conclusion [ 13 ]  Subgroup of patients 
with either 
microscopically 
involved resection 
margins and/or 
extracapsular spread 
showed improved 
local-regional control 
and disease-free 
survival by concurrent 
chemoradiotherapy 
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   Table 7.3    Ongoing phase 3 randomized trials in  HPV-positive or HPV-negative oropharyngeal 
cancer patients     

 Trial 
 HPV 
status  Inclusion criteria 

 Exclusion 
criteria  Treatment 

 EORTC-1219  (−)  Oropharynx/larynx/
hypopharynx primary 
tumor, stage III or IV (M0) 

 –  Accelerated 70 Gy 
in 6 weeks RT plus 
cisplatin vs 
accelerated 

 RT plus cisplatin 
plus nimorazole 

 RTOG-1016  (+)  T1–2,N2a–N3 or T3–4,any 
N 

 –  Accelerated 70 Gy 
IMRT plus 
high-dose cisplatin 
vs accelerated IMRT 
plus cetuximab 

 TROG 12.01  (+)  Stage III (excluding 
T1–2 N1) or IV if ≤10 
pack-year smoking history 

 T4, N3, or 
M1 

 RT plus weekly 
cetuximab vs RT 
plus weekly 
cisplatin  If >10 pack-year smoking 

history, only N0–N2a 

 The 
Quarterback 
Trial 

 (+)  Oropharynx/unknown 
primary/nasopharynx, stage 
III or IV disease (M0), 

 Active 
smokers or 
smoking 
>20 
pack- year  

 Responders of 3 
cycles of induction 
TPF randomized to 
70 Gy RT plus 
weekly carbo-platin 
vs RT (56 Gy) plus 
weekly carboplatin 
plus cetuximab 

 De-ESCALaTE  (+)  Stage III–Iva (T3N0–T4N0, 
and T1N1–T4N3) 

 >10 
pack- year 
excluded 

 RT plus high-dose 
cisplatin vs RT plus 
cetuximab  ≥N2b disease and smoking 

history 

 ADEPT  (+)  Transoral resection (R0 
margin) 

 –  60 Gy IMRT in 
6 weeks vs IMRT 
plus cisplatin  T1–4a, pN-positive with 

extracapsular spread 

uvula. The most common locations for a primary tumor of the oropharynx are ante-
rior tonsillar pillar and tonsil. Primary lymphatic drainage is the retropharyngeal, 
level II and III nodes. 

    Gross Tumor Volume (GTV) 

 GTV should include the gross disease at the primary disease site or any grossly 
involved lymph nodes (>1 cm or nodes with a necrotic center or PET positive) 
which are determined from CT, MRI, PET-CT, clinical information, and endoscopic 
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fi ndings [ 27 ]. The GTV can be subdivided as the primary site (GTVp) and involved 
gross lymph nodes (GTVn). A thorough contouring is    required for GTVp based on 
the exact spreading pattern which can be questioned as follows given two major 
sites, base of tongue and tonsil:

•    Anteriorly:
   Is lingual surface of epiglottis involved (T3 for tonsil primary, T does not change 

for base of tongue or vallecula primary)?  
  Is  retromolar trigone   involved?  
  Is buccal mucosa involved (drainage to buccal nodes)?  
  Is anterior tonsillar pillar involved?  
  Is  tonsillar fossa   involved (lymphatic drainage is primarily to level V nodes)?  
  Is oral tongue involved (IA drainage, T stage does not change; intrinsic mus-

cles – no bony attachment)?  
  Is the mandible involved (T4a)?     

•   Laterally:
   Is the medial (T4a) or  lateral pterygoid   (T4b) muscles infi ltrated (trismus 

clinically)?  
  Is the retrostyloid compartment intact (the  carotid space   to cranial nerves IX, X, 

XI, and XII)?  
  Is the jugular foramen intact (gateway to posterior cranial fossa and IX, X, and 

XI cranial nerves at risk)?     
•   Posteriorly:

   Is posterior tonsillar pillar involved (possible inferior extension to the  pharyngo-
epiglottic fold   and posterior aspect of the thyroid cartilage; more frequent 
involvement for level V nodes)?  

  Is the  prevertebral fascia   infi ltrated?     
•   Inferiorly:

   Is the fl oor of the mouth involved (T4a; extrinsic muscles – with bony attachment 
as hyo/genio/palato/styloglossus; mylohyoid muscle which separates sublin-
gual and submandibular space)?  

  Is the larynx involved?  
  Is the  pyriform sinus   involved?  
  Is the hypopharyngeal wall involved?     

•   Superiorly:
   Is the soft palate involved?  
  Is hard palate involved (T4a)?        

    Clinical Target Volume (CTV) 

 There needs to be three CTV volumes based on risk defi nitions while respecting 
anatomical barriers (air, muscle, skin, bone, etc.) to microscopic spread.
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•    CTV 1, covering GTVp and GTVn with a margin of ≥ 5 mm (as low as 1 mm in 
close proximity to critical structures: chiasm, brain stem, etc.) given circumfer-
entially around the GTV.  

•   CTV 2, high risk for subclinical disease including microscopic disease and 
potential routes of spread for primary and nodal tumor.  

•   CTV 3, the lower risk subclinical disease such as low anterior neck.     

     Tonsil CTV1p   

•     Contours in air being trimmed after expansion of GTV with 8–10 mm will help 
planning.  

•   CTV1 of tonsil primary should be considered a region/territory in contrast to a 
uniform expansion performed in base of tongue primary.  

•   Maxillary tuberosity should be covered.  
•   Ipsilateral base of tongue should be minimally (≈3 mm) covered, even if there is 

no base of tongue extension of GTV.  
•   Ipsilateral glossopharyngeal sulcus should be minimally (≈3 mm) covered.  
•   Ipsilateral retromolar trigone should be covered.  
•   The lower margin of CTV1p should cover the superior tip of hyoid inferiorly.     

     Tonsil CTV2   

•     Ipsilateral soft and hard palate is required to be covered to midline.  
•   Ipsilateral  glossotonsillar sulcus   (separation of tonsillar area from the base of the 

tongue; between anterior tonsillar pillar and pharyngoepiglottic fold) is neces-
sary to be covered anteriorly and inferiorly.  

•   Ipsilateral base of tongue is covered.  
•   Pterygoid plate is recommended to be included (in CTV3 if N0) to ensure ptery-

gomandibular raphe ( pterygomandibular ligament   between medial pterygoid 
plate and mylohyoid line of mandible) coverage.  

•   Whole lateral pterygoid muscle needs coverage if there is trismus or radiological 
involvement, though less than half of muscle is enough to be covered if no 
extension.  

•   Ipsilateral lateral pharyngeal wall needs to be covered until at least to aryepiglot-
tic fold inferiorly.  

•   Ipsilateral parapharyngeal space is covered to secure inclusion of microscopic 
local extension of primary besides retropharyngeal and parapharyngeal nodal 
involvement.  

•   Parotids should be covered as required in case of gross disease bordering.  
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•   Nodal treatment can be limited to ipsilateral neck alone to spare contralateral 
neck if tonsil primary is small (Tl), well lateralized, node negative, or low bulk 
Nl, without extension to soft palate or base of tongue.  

•   Node-positive site requires levels IB–V coverage in CTV2n, while IB–IV or 
IB–V is dictated based on location of nodal disease, low neck CTV3 might not 
involve level V.  

•   Ipsilateral level IB could be in CTV2 or might be covered in CTV3 if the involved 
nodes are farther away. Contralateral level IB might be spared if node negative or 
level II is not involved, which helps decreasing oral cavity dose.  

•   Level IA needs coverage if there is extension to oral tongue or oral cavity.  
•   Retropharyngeal nodal coverage (between medial side of longus colli and lateral 

to styloids) is required to start at jugular foramen if node positive, though is con-
sidered enough to start at tip of atlas or transverse process of C1 if node negative. 
The coverage should encompass inferiorly to bottom of hyoid or bottom of C2.  

•   Bilateral retrostyloid spaces are involved in CTV2n; however, it might be omit-
ted if node negative.     

     Base of Tongue CTV1   

•     Contours in air being trimmed after expansion of GTV with 8–10 mm will help 
planning.  

•   CTV1 is a uniform expansion for base of tongue primary in contrast to tonsil 
primary.  

•   Entire vallecula should be covered if there is extension to vallecula.     

     Base of Tongue CTV2   

•     Parotids should be covered as required in case of gross disease bordering.  
•   It is not necessary to cover pterygoid plates if tonsil is not involved.  
•   It is not necessary to cover soft palate if tonsil is not involved.  
•   Remaining base of tongue is covered for > T1, while approximately circumferen-

tial 1 cm of remaining base of tongue is enough for well-lateralized T1 tumors.  
•   Circumferential 8–10 mm margin aside from base of tongue except next to bone 

is recommended.  
•   Ipsilateral glossotonsillar sulcus is necessary to be covered anteriorly and 

inferiorly.  
•    Preepiglottic space   needs coverage of minimum 1–1.5 cm caudal to GTV.  
•   Ipsilateral posterior pharyngeal wall needs to be covered with at least 1 cm cir-

cumferentially over CTV1.  
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•   Node-positive site requires levels IB–V coverage in CTV2n, while IB–IV or 
IB–V is dictated based on location of nodal disease, low neck CTV3 might not 
involve level V.  

•   Ipsilateral level IB could be in CTV2 or might be covered in CTV3 if the involved 
nodes are farther away. Contralateral level IB might be spared if node negative or 
level II is not involved, which helps decreasing oral cavity dose.  

•   IA needs coverage if there is extension to oral tongue or oral cavity.  
•   Retropharyngeal nodal coverage (between medial side of longus colli and lateral 

to styloids) is required to start at  jugular foramen   if node positive; though it is 
considered enough to start at tip of atlas or transverse process of C1 if node nega-
tive. The coverage should encompass inferiorly to bottom of hyoid or bottom 
of C2.  

•   Bilateral retrostyloid spaces are involved in CTV2n; however, it might be omit-
ted if node negative.     

    Planning Target Volume (PTV) 

 PTV is extra margin around the CTVs to compensate for the variability and uncer-
tainties of treatment setup and internal organ motion. If the institution has not per-
formed a study to defi ne the appropriate magnitude of PTV, a minimum of 5 mm in 
all directions is used to defi ne each PTV.  

    Case Contouring (Fig.  7.2 ) 

•        Check ipsilateral  pterygoid plates   contoured in CTV3 and CTV2.  
•   Check minimum to half of the  lateral pterygoid muscle   contoured.  
•   Check contralateral retropharyngeal contouring start at jugular foramen.  
•   Check tonsillar primary CTV1 including maxillary tuberosity.  
•   Check remaining soft palate contoured in CTV2.  
•   Check bilateral retrostyloid spaces contoured.  
•   Check glossotonsillar sulcus contoured even if not involved ipsilaterally.  
•   Check remaining base of tongue contoured in CTV2 due to base of tongue 

invasion.  
•   Check parapharyngeal space contoured.  
•   Check ipsilateral retromolar trigone contoured.  
•   Check lateral pharyngeal wall contoured until aryepiglottic fold.  
•   Check ipsilateral superior tip of hyoid included in contouring.  
•   Check level IB not contoured in N0 contralateral neck.  
•   Check preepiglottic space contoured due to  base of tongue   invasion.  
•   Check retropharyngeal contouring stopped below hyoid.      
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  Fig. 7.2    ( a – c ) Contouring    the CTV1 ( red ), CTV2 ( blue ), and CTV3 ( yellow ). ( a )- ( 1 ) Check ipsilat-
eral pterygoid plates contoured in CTV3 and CTV2, ( 2 ) check minimum to half of the lateral ptery-
goid muscle contoured, ( 3 ) check contralateral retropharyngeal contouring start at jugular foramen, 
( b ) ( 4 ) check tonsillar primary CTV1 including maxillary tuberosity, ( 5 ) check remaining soft palate 
contoured in CTV2, ( 6 ) check bilateral retrostyloid spaces contoured, ( c ) ( 7 ) check glossotonsillar 
sulcus contoured even if not involved ipsilaterally, ( 8 ) check remaining base of tongue contoured in 
CTV2 due to base of tongue invasion, ( 9 ) check parapharyngeal space contoured           

a 
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b

Fig. 7.2 (continued)
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c

Fig. 7.2 (continued)
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4     Treatment Planning 

  Guidelines for target volume doses for tonsil carcinoma   are summarized in 
Table  7.4 

    Guidelines for target volume doses for base of tongue cancers   are summarized in 
Table  7.5 . 

 Guidelines for normal tissue constraints are given in Table  7.6  (Fig.  7.3 ).
•     Treatment Planning Assessment

 –     Step 1 : Check whether the targets are adequately covered. All plans should be 
   normalized to at least 95 % of the volume of PTV70 which is covered by the 
70 Gy isodose surface and 99 % of PTV70 which needs to be at or above 65.1 Gy.  

 –   It is confusing to evaluate all PTV DVHs, and one may end up slight under-
dosing of PTV2 and PTV3 when a uniform 3 mm margin is added, which is 
generally 80 % coverage of PTV2 and PTV3 mostly due to parotid or a criti-
cal structure sparing.  

   Table 7.4    Guidelines for target volume doses for tonsil   

 TNM  CTV1 (70 Gy/33fr) 

 CTV2 (59.4–
63 Gy/33fr) might 
be individualized 
as ≈ 2 cm below the 
lowest positive node 
to continue with 
CTV for the rest  CTV3 (54–57 Gy/33fr) 

 N0, small T1 
without extension 
to soft palate or 
base of tongue, 
well -lateralized 

 GTVp +5 mm + tonsillar 
territory 

 Ipsilateral Ib, II  Ipsilateral III, IV, and Va 

 (Might use CTV3 
dose) 

 (Individualized) 

 T1–2 N0  GTVp +5 mm + tonsillar 
territory 

 Ipsilateral Ib, II–III  Contralateral II–III–IV–
Va (individualized) 

 (Might use CTV3 
dose) 

 Bilateral RP 

 (Bilateral IV and Vb if 
lower neck is 
uninvolved) 

 T1–4 N1–N2b 
(single node N3) 

 GTVp + GTVn  Ipsilateral Ib (Ia if 
oral tongue 
involved) 

 Contralateral 
II–III–IV–Va 

 + 5 mm + tonsillar 
territory 

 Ipsilateral 
II–III–IV–Va, 

 Contralateral RP 

 Ipsilateral RP  (Bilateral IV and Vb if 
lower neck is 
uninvolved) 

 T1-4N2c-3  GTVp + 5 mm + tonsillar 
territory + GTVn 

 Bilateral Ib–V  Bilateral IV and V if 
lower neck is uninvolved  RPLN 

  Tonsillar territory: region including maxillary tuberosity, ipsilateral minimal base of tongue, ipsi-
lateral glossopharyngeal sulcus, ipsilateral retromolar trigone, and superior tip of hyoid  
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   Table 7.5    Guidelines for target volume doses for base of tongue   

 TNM 
 CTV1 
(70 Gy/33fr) 

 CTV2 (59.4–63 Gy/33fr) might 
be individualized as ≈ 2 cm below 
the lowest positive node to 
continue with CTV for the rest  CTV3 (54–57 Gy/33fr) 

 T1–2 N0  GTVp  NA  Bilateral II–III–IV 

 +5 mm  Bilateral RP 

 T1–4 N1–
N2b (single 
node N3) 

 GTVp + GTVn  Ipsilateral Ib (Ia if oral tongue 
involved) 

 Contralateral 
II–III–IV–Va 

 + 5 mm  Ipsilateral II–III–IV–Va  Contralateral RP 

 Ipsilateral RP  (Bilateral IV and Vb if 
lower neck is 
uninvolved) 

 T1–4N2c–3  GTVp + GTVn  Ib–Va  Bilateral IV and Vb if 
lower neck is uninvolved  + 5 mm  Bilateral RPLN 

   Table 7.6    Guidelines for normal tissue constraints   

 Structure  Constraints 

 Brain  <50 Gy 

 <30 Gy for large volumes 

 Brainstem  <54 Gy (no more than 1 % to exceed 60 Gy) 

 Spinal cord  <45 Gy (no more than 1 % to exceed 50 Gy) 

 Optic nerves  <50 Gy (54 Gy max dose) 

 Chiasm  <50 Gy (54 Gy max dose) 

 Mandible (TM joint)  <69 Gy (No more than 1 cc to exceed 75 Gy) 

 Brachial plexus  <66 Gy 

 Oral cavity (excluding PTVs)  Mean dose < 40 Gy 

 Submandibular/sublingual glands  As low as possible 

 Parotid glands  Mean dose < 26 Gy 

 At least 20 cc of the combined volume of both parotid 
glands <20 Gy 

 At least 50 % of one gland < 30 Gy (in at least one 
gland) 

 Esophagus, postcricoid pharynx  Mean dose < 45 Gy 

 Each cochlea  No more than 5 % receives 55 Gy or more 

 Eyes  Max dose < 50 Gy 

 Lens  Max dose < 10 Gy, try to achieve < 5 Gy (as low as 
possible) 

 Glottic larynx  Mean dose < 36–45 Gy 

 –   However, if your nodal CTVs are relatively generous including some muscle 
outside of the nodal fat plane, much of the setup error is “built in” to the CTV 
contour drawn, so it is mandatory to be decided as a department standard to 
evaluate CTV2 and CTV3 by looking at dose distributions on the treatment 
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  Fig. 7.3    ( a ,  b ) Dose volume histogram for organs at risk         
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a

plan and not PTV DVH or to strictly evaluate the PTVs after a tighter 
 contouring for CTVs.  

 –   It is very important to evaluate the DVH of PTV1, because a very tight margin 
on CTV1 could result in underdosing of gross disease due to daily setup error. 
Be careful to ensure that PTV1 should receive at least >90 % of prescribed 
dose.  

 –    Step 2 : Check whether there is a large hot spot. No more than 20 % of PTV70 
is at or above 77 Gy and no more than 5 % of PTV70 is at or above 80 Gy.  
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 –    Step 3 : Check whether the normal tissue constraints are met.  
 –    Step 4 : Check whether the hot/cold spots exist in the wrong place (slide by 

slide by looking at isodose distribution). The hot spots need to be arranged in 
the GTV, and it is necessary to make sure that the hot spot is not on a nerve in 
the CTV.     

•    Case Plan  for Above T3N2bM0 Oropharyngeal Cancer (Fig.  7.4 )
 –     Check the dose coverage in sagittal, axial, and coronal images to ensure that all 

hot spots are in GTV or in CTV70 (#1).  
 –   Check all axial slides to ensure that all CTVs are adequately covered.  
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Fig. 7.3 (continued)
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  Fig. 7.4    ( a – c ) Dose coverage and dose distribution based on simultaneous integrated boost pre-
scription of 70 Gy to CTV1 ( red ), 63 Gy to CTV2 ( blue ), and 57 Gy to CTV3 ( yellow )           

a

 –   Check coverage of tonsillar primary CTV1 including maxillary tuberosity (#2), 
ipsilateral base of tongue (#3), ipsilateral retromolar trigone (#4), ipsilateral 
glossopharyngeal sulcus (#5), and superior tip of hyoid (#6).  

 –   Check coverage of base of tongue primary CTV1 including entire vallecula if 
there is extension.  
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b

Fig. 7.4 (continued)
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c

Fig. 7.4 (continued)
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 –   Check coverage of tonsillar primary CTV2 including ipsilateral soft (#7) and 
hard, ipsilateral glossotonsillar sulcus, ipsilateral base of tongue, ipsilateral pter-
ygoid plate (#8), ipsilateral lateral pterygoid muscle (#8), ipsilateral lateral pha-
ryngeal wall until aryepiglottic fold (#9), ipsilateral parapharyngeal space (#10), 
retropharyngeal nodes, and bilateral retrostyloid spaces.  

 –   Check coverage of base of tongue primary CTV2 (in this case, major invasion of 
base of tongue) including remaining base of tongue, ipsilateral glossotonsillar 
sulcus, preepiglottic space (#12), ipsilateral posterior pharyngeal wall, retropha-
ryngeal nodes, and retrostyloid spaces.  

 –   Check the well separation of 57 and 63 Gy lines on bilateral neck at the level of 
larynx, esophagus, and postcricoid pharynx.  

 –   Check that no hot spots remain in larynx.       

    Treatment Algorithm (Fig.  7.5 ) 

           Patient Follow-up (Fig.  7.6 ) 

T1-2, N0-1 , M0 T3-4 or N1-3, MO

Definitive
RT Alone

Neck
dissection
or salvage
surgery as
indicated

Function
preserving

transoral or open
surgery with

ipsi/bi-lateral neck
dissection

RT with concurrent
cisplatin 100

mg/m2 on days 1,
22, and 43 (or

cisplatin 40
m g/m2/week or
carboplatin 100

mg/m2 on days 1,
8, 15, 22, 29, and

36)

Function preserving transoral
or open surgery with bilateral

neck dissection

Category3
Induction TPF

(Docetaxel: 75 mg/m2

on 01 of each course.
every 3 weeks +

Cisplatin: 75 mg/m2

administered on D1 +
5-FU: 750 mg/m2/d
administered as a

continuous infusion
from D1 to D5)

positive
margin/extr
acapsular

nodal
spread

==>
Adjuvant

ChemoRT

pT3-T4,
N2-3, N+

in level IV-V,
perineural
invasion,
vascular

embolism
==>

Adjuvant
RT

Neck dissection or
salvage surgery

as indicated

positive
margin/extr
acapsular

nodal
spread

==>
Adjuvant

ChemoRT

pT3-T4,
N2-3,N+

inleveiiVV,
perineural
invasion,
vascular

embolism
==>

Adjuvant
RT

Neck
dissection
or salvage
surgery as
indicated

RT or ChemoRT

  Fig. 7.5     Recommended algorithm for treatment of oropharyngeal cancer         
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  8      Hypopharyngeal Cancer 

             Erkan     Topkan      ,     Berna     Akkus     Yildirim     ,     Cem     Parlak     , 
and        Ugur     Selek    

 Overview 
  Incidence, Etiology, and Epidemiology  
  Hypopharyngeal carcinoma   (HC) represents 7–8 % of all head and neck can-
cers (HNC). Tumor distribution in hypopharynx may vary by geography and 
gender, but in general, the most common tumor location is the  pyriform sinus   
(75 %) followed by  posterior pharyngeal wall   (20 %) and  postcricoid area   
(5 %). Patients are typically 55–70 year-old malnourished males with history 
of heavy tobacco and/or alcohol use, with a male/female ratio of 3–5/1. 
Patients with HC commonly present with sore throat, dysphagia or odynopha-
gia with signifi cant weight loss, hoarseness, referred otalgia, and uni- or bilat-
eral neck mass. Primary risk factors are excessive use of tobacco and alcohol. 
Human papillomavirus-16 staining is positive in approximately 19 % of all 
HC.  Plummer-Vinson syndrome   is associated with postcricoid area cancers in 
relatively younger women. 

  Pathological and Biological Features  
 Histologically, predominating the poorly differentiated tumors, squamous cell 
carcinoma accounts for more than 95 % of all HC. Submucosal extension 
should essentially be anticipated in all HC, an extension of tumor 10 mm or 
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1             Case Presentation 

 A 42-year-old male who has 20 pack-year history of smoking and 20 cc per day 
alcohol consumption history with no signifi cant past medical history presented with 
voice change for 2 months and dysphagia for nearly 4 months. 

 His ear and nose examination revealed normal fi ndings. He had some dental 
problems requiring periodontal treatment. There are no lesions of the gingiva, buc-
cal mucosa, fl oor of the mouth, oral tongue, base of the tongue, hard palate, soft 
palate, tonsillar fossa, or posterior oropharyngeal wall by visualization or palpation. 
On laryngoscopic examination, there was an ulcerovegetative lesion in the right 
pyriform sinus behind the right arytenoids, involving its medial, anterior, and lateral 
walls, fi xated to the right vocal cord and in the right pyriform sinus. The left vocal 
cord was mobile with no evidence of disease. There were palpable lymph nodes in 
the right upper neck, and the greatest of which was measured not bigger than 2 cm. 

beyond the visible lesion being not uncommon. Field tumorigenesis, submo-
cosal spread, and p53 mutations are common fi ndings in HC. Mutations in 
p53 gene are present in 75 % of cases, and the presence of disruptive muta-
tions is strongly associated with signifi cantly poorer survival outcomes. 
Presentation with multiple tumors is not uncommon, and the risk of second 
primary tumor is estimated as 25 % during the course of disease. 

  Defi nitive Therapy  
 Tumor localization and extension, age, performance and excessive weight 
loss status, extent of lymphatic involvement, the presence of distant metasta-
sis, anticipated functional outcome, and patient’s preference are required to be 
considered in the management of HC. Either surgical or nonsurgical treatment 
selection for HC should favor the laryngeal preservation without any antici-
pated decrease in locoregional control and survival outcomes. In early-stage 
disease, radiotherapy (RT) and conservative surgery are equally effective 
treatment options for medically fi t patients. For patients with locoregionally 
advanced disease, concurrent chemoradiotherapy (CRT) is the standard of 
care for organ and function preservation, total laryngopharyngectomy ± par-
tial esophagectomy being indicated for patients not amenable for conservative 
approach or salvage surgery. Cisplatin-based induction chemotherapy fol-
lowed by RT or CRT may be an alternative for patients planned to undergo 
total laryngopharyngectomy. 

  Adjuvant Therapy  
 Adjuvant RT or CRT is indicated in patients with postsurgical risk factors 
such as close or positive margins, multiple lymph node involvement, 
and/ extracapsular extension   (ECE). All medically fi t patients without clinic or 
metabolic response must be managed with salvage surgery. 

E. Topkan et al.



143

 Laryngeal CT, MRI, and PET/CT defi ned a protruding hypermetabolic lesion 
measuring 22 × 17 mm in axial plane and 30 mm in craniocaudal plane at the level 
of the right glottis fi lling the right pyriform sinus extending to the right arytenoid 
cartilage (Fig.  8.1 ). There were multiple hypermetabolic lymph nodes in the right 
level 2A, 2B, and 3, and the greatest of which was measured 14 × 8 mm.

   A biopsy was performed from the right pyriform sinus lesion confi rming the 
moderately differentiated squamous cell carcinoma. He was staged as T3N2bM0 
(stage IVA)  hypopharyngeal cancer  .  

2     Evidence-Based Treatment Approaches 

 Main prognostic factor tailoring the treatment for hypopharyngeal  cancer   (HC) is 
the disease stage (Table  8.1 ). Other factors include age (elderly poor), gender (male 
poor), tumor location (pyriform sinus apex, postcricoid region, and two- or three- 
wall tumors poor), and size and number of involved nodes (multiple and N3 poor) 
[ 1 – 3 ]. Defi nitive RT or partial  laryngopharyngectomy   (open or endoscopic) plus 
ipsi- or bilateral neck dissection (ND) are the equally effective treatment options for 
T1N0 and selected T2N0 patients. Salvage surgery and ND are indicated in patients 
with clinical or metabolic residual disease following defi nitive RT. In surgically 
treated patients with adverse features, re-resection or adjuvant therapy is indicated. 
For patients with ECE ± positive margins, CRT is the standard of care (category 1). 
In patients with positive margins, re-resection or adjuvant RT is indicated, and CRT 
must be considered for only T2 tumors. For patients with other risk factors, adjuvant 
RT or CRT must be considered.

    Induction chemotherapy   is the recommended treatment option for T1–T2 N+ 
and T3N0–N3 patients, and further treatment is determined by the response, namely, 
complete (CR), partial (PR), and less than PR (<PR). If CR is achieved at primary 
site with improved or stable disease in the neck, defi nitive RT (category 1) or CRT 
(category 2B) are the current recommendations. 

a b c

  Fig. 8.1    Diagnostic    images demonstrating a 30 × 22 × 17 mm lesion originating from the right 
pyriform sinus and invading the larynx ( arrow ) through the arytenoid cartilage ( a , magnetic reso-
nance imaging;  b , FDG-positron emission tomography). Right level 2 lymph node ( arrow ) dem-
onstrated by FDG-PET ( c )       
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   Table 8.1    Staging for hypopharyngeal carcinoma (AJCC 7th edition)   

 Primary tumor (T)  Regional lymph node (N b ) 
 Distant metastasis 
(M) 

 Tis  Carcinoma in situ  NX  Regional lymph nodes 
cannot be assessed 

 M0  No distant 
metastasis 

 T1  Tumor limited to one 
subsite of hypopharynx 
and 2 cm or less in the 
greatest dimension 

 N0  No regional lymph node 
metastasis 

 M1  Distant 
metastasis 

 T2  Tumor invades more than 
one subsite of 
hypopharynx or an 
adjacent site, or measures 
more than 2 cm but not 
more than 4 cm in the 
greatest dimension without 
fi xation of the hemilarynx 

 N1  Metastasis in a single 
ipsilateral lymph node, 
3 cm or less in the greatest 
dimension 

 T3  Tumor more than 4 cm in 
the greatest dimension or 
with fi xation of the 
hemilarynx or extension to 
the esophagus 

 N2  Metastasis in a single 
ipsilateral lymph node, 
more than 3 cm but not 
more than 6 cm in the 
greatest dimension, or in 
multiple ipsilateral lymph 
nodes, none more than 
6 cm in the greatest 
dimension, or in bilateral 
or contralateral lymph 
nodes, none more than 
6 cm in the greatest 
dimension 

 T4a  Moderately advanced local 
disease. Tumor invades 
thyroid/cricoid cartilage, 
hyoid bone, thyroid gland, 
or central compartment 
soft tissue a  

   N2a  Metastasis in a single 
ipsilateral lymph node 
more than 3 cm but not 
more than 6 cm in the 
greatest dimension 

 T4b  Very advanced local 
disease. Tumor invades 
prevertebral fascia, encases 
carotid artery, or involves 
mediastinal structures 

   N2b  Metastasis in multiple 
ipsilateral lymph nodes, 
none more than 6 cm in the 
greatest dimension 

   N2c  Metastasis in bilateral or 
contralateral lymph nodes, 
none more than 6 cm in the 
greatest dimension 

 N3  Metastasis in a lymph node 
more than 6 cm in the 
greatest dimension 

   a Central compartment soft tissue includes prelaryngeal strap muscles and subcutaneous fat 
  b  Note : Metastases at level VII are considered regional lymph node metastases  
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 Patients with < PR at primary disease site with improved or stable disease in 
neck after induction chemotherapy are treated with either CRT (category 2B) or 
surgery. Salvage surgery is indicated if residual disease exists after CRT. RT is indi-
cated in patients treated with surgery and no evident adverse factors. Patients with 
ECE and/or positive margins should undergo CRT (category 1). If other adverse 
factors exist, RT or CRT should be considered. 

 Surgery is the recommended up-front treatment for T2N+, T3N0–N3, and T1N+ 
patients with < PR at primary disease site after induction chemotherapy, and further 
treatment is determined by the status of adverse factors. If no adverse factor exists, 
RT is recommended. The presence of ECE and/or positive margins is an indication 
for CRT (category 1). If other adverse factors exist, RT or CRT should be 
considered. 

 Patients with T4a and N0–N3 should preferentially be treated with surgery fol-
lowed by RT or CRT. However, induction chemotherapy followed by RT/CRT (sur-
gery reserved for salvage), and defi nitive CRT is another treatment option with 
category 3 evidence. Postsurgical use of RT/CRT or salvage surgery after CRT is 
determined by the status of adverse factors.  Salvage surgery   and ND are indicated 
in patients with clinical or metabolic residual disease following CRT. Surgically 
treated patients with ECE and/or positive margins should undergo CRT (category 
1). If other adverse factors exist, RT or CRT should be considered. Patients with 
progressive disease should be treated with CRT (category 2B) or surgery depending 
on the choice of initial treatment modality. 

 As a general rule, the treatment of choice is the one that proves the highest 
locoregional tumor control with the highest chance for preservation of respiration, 
deglutition, and phonation functions. In cases with T1–T2 N0 disease, both the 
conservative surgery and RT have similar effi cacy. Vocal cord fi xation by pyriform 
sinus tumor via invasion of the larynx portends relatively poorer outcome with 
defi nitive RT. Large nodal mass in the neck impacts the need for combination of 
surgery followed by RT for higher cure chance compared to either modality alone. 

 Type of primary resection may vary from partial laryngopharyngectomy to 
extremely aggressive laryngopharyngoesophagectomy and adjacent structures if 
involved. In addition to primary tumor resection, surgical treatment includes at least 
unilateral ND which is followed by RT or CRT. Conservative surgery is contraindi-
cated in patients with:

•    Vocal cord paralysis  
•   Transglottic extension  
•   Cartilage invasion  
•   Postcricoid invasion  
•   Pyriform apex invasion  
•   Extension beyond larynx    

 For small T1 and T2 lesions, 66–70 Gy RT alone may control tumor in nearly 
65 % of all patients (Table  8.2 ).
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   As postoperative pharyngeal or cutaneous healing is delayed by preoperative 
high-dose RT (60–66 Gy), to prevent or minimize postoperative complications, a 
dose of 45–50 Gy is recommended if RT is used in neoadjuvant setting. High-dose 
RT (60–66 Gy) is better tolerated when administered postoperatively with a healing 
period of at least 4 weeks. However, if no contraindication exists, postoperative RT 
should commence between 4 and 6 weeks postoperatively for better locoregional 
control. For aryepiglottic fold and pyriform sinus tumors, combined surgery and 
postoperative RT proves higher rates of 5-year disease-free and overall survival 
rates compared to RT or surgery alone [ 3 ]. 

 Results of nonrandomized series demonstrated that it was possible to the spare 
larynx in 40–65 % patients (with/without locoregional and survival advantage) 
treated with induction chemotherapy followed by high-dose RT (65–75 Gy) com-
pared to surgery followed by RT [ 4 – 8 ]. Based on these promising outcomes,  EORTC 
24891   (the European Organization for Research and Treatment of Cancer Head and 
Neck Cooperative Group) conducted a phase 3 randomized trial of the larynx pres-
ervation [ 9 ,  10 ]. This study enrolled 202 patients with locally advanced hypopha-
ryngeal cancer (pyriform sinus or hypopharyngeal aspect of aryepiglottic fold), 
whose treatment would be necessitated total laryngectomy to one of two arms: arm 

   Table 8.2    Comparative outcomes for hypopharyngeal cancer treated with radiotherapy versus 
surgery   

 Author  T stage 
 Patients 
(N)  Treatment 

 Local 
control 
(%) 

 Locoregional 
control (%) 

 5-year 
survival 
(%) 

 Mendenhall 
et al. [ 4 ] 

 T1–T2  35  RT  74  –  60 

 T3–T4  15  RT  27  –  23 

 T1–T2  6  S + RT  67  –  33 

 T3–T4  47  S + RT  72  –  30 

 Dubois et al. [ 5 ]  T1–T2  61  RT  74  54  11 

 T3–T4  148  RT  35  13  2 

 T1–T2  54  S + RT  63  43  37 

 T3–T4  100  S + RT  46  32  30 

 Van den Bogaert 
et al. [ 6 ] 

 T3–T4  66  RT  22  –  18 

 T3–T4  22  S + RT  51  –  18 

 Pingree et al. [ 7 ]  Stages 
1–2 

 78  RT  –  –  41 

 Stages 
3–4 

 168  RT  –  –  12 

 Stages 
1–2 

 46  S + RT  –  –  40 

 Stages 
3–4 

 285  S + RT  –  –  32 

 Slotman et al. 
[ 8 ] 

 T3–T4  22  RT  –  64  22 

 T3–T4  32  S + RT  –  97  22 
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A, total laryngectomy and partial pharyngectomy followed by adjuvant RT ( n  = 99), 
and arm B, 2–3 cycles of induction cisplatin/5-fl uorauracil followed by 70 Gy RT 
(7 weeks) in patients with complete response. Complete response was defi ned as 
total return of laryngeal mobility and macroscopic disappearance of gross tumor. 
Complete response was achieved in 54 % cases enrolled to induction chemotherapy 
arm. Complete response rates were observed to be signifi cantly associated with T 
stage. At a median follow-up of 51 months (3–106 months), there was no statisti-
cally signifi cant difference between arms A and B in terms of local (88 % vs. 83 %; 
 p  > 0.05) and regional (81 % vs. 77 %;  p  > 0.05) control rates. However, distant 
metastasis-free survival rates were signifi cantly higher in arm B (64 % vs. 75 %; 
 p  = 0.04). As depicted in Table  8.3 , median and 3-year survival rates were favoring 
induction chemotherapy arm, but this survival advantage disappeared at 5 years. 
Considering the larynx preservation, the larynx was maintained in 42 and 35 % 
patients at 3- and 5-year time points.

   Although not specifi c to HC, results of randomized studies and meta-analysis 
demonstrated that concurrent CRT is associated with superior survival rates 

   Table 8.3    EORTC 24891 hypopharynx/larynx preservation study [ 9 ,  10 ]   

 Chemotherapy + RT  Surgery + RT 

 Randomized (N)  103  99 

 Eligible (n)  100  94 

 Primary 

  Aryepiglottic fold  22 (22 %)  20 (21 %) 

  Pyriform sinus  78 (78 %)  74 (79 %) 

 Stage 

  2  7 (7 %)  6 (6 %) 

  3  59 (59 %)  51 (54 %) 

  4  34 (34 %)  37 (39 %) 

  T3–T4  78 (78 %)  78 (83 %) 

  N2–N3  31 (31 %)  31 (33 %) 

 Complete response by T stage 

  Overall  54 %  – 

  2  82 %  – 

  3  48 %  – 

  4  0 %  – 

 Survival 

  Median  44 months  25 months 

  Disease-free (3-year/5-year)  43/%/25 %  32 %/27 % 

  Overall (3-year/5-year)  57 %/30 %  43 %/35 % 

 Larynx preservation (5-year)  35 %  – 

  Complete responders (5-year)  64 %  – 

   Abbreviations: EORTC  the European Organization for Research and Treatment of Cancer,  RT  
radiotherapy  
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compared to RT alone or induction chemotherapy followed by RT [ 11 ,  12 ].  Cisplatin   
is the current backbone of concurrent chemotherapy either as a single agent or com-
bination regimen. Therefore, platinum-based concurrent CRT is widely accepted as 
the standard of care for locally advanced HC like other head and neck primaries. 

 Common to any other head and neck tumor,  IMRT   is the preferred technique of 
RT with advantages of sparing neighboring normal tissues and structures of critical 
importance, allowing safer escalation of the dose beyond traditional limits [ 13 ]. 
However, it is crucial to follow available guidelines during contouring process to 
prevent geographic misses and/or overtly large unnecessary radiation portals while 
using IMRT.  

3     Target Volume Determination and Delineation 
Guidelines 

    Gross Tumor Volume (GTV) 

 GTV can be divided into two parts: GTV-primary (GTV P ) and GTV-nodal (GTV N ). 
GTV P  should include all gross disease and its visible extensions on physical exami-
nation and/or imaging studies. All nodes: >1 cm on short axis, with necrotic center, 
and/or positive on PET imaging should be included in GTV N . Combination of GTV P  
and GTV N  can be subscripted with the prescribed dose as a single GTV such as 
GTV 70 , which is a commonly practiced dose.  

    Clinical Target Volume (CTV) 

 Based on risk defi nitions, there needs to be 3 CTV volumes for defi nitive RT/CRT 
as described below and depicted in Table  8.4 :
•      CTV   70   :  Due to risk for microscopic disease spread, CTV 70  should cover GTV 70  

with a margin of 5 mm at all directions, but may be reduced to as low as 1 mm in 
close proximity of critical structures. For suspicious nodes, such as ≤1 cm, a 
separate CTV 66  may be considered.  

•    CTV   59.4   :  It should encompass the entire CTV 70  with at least 1-cm margin includ-
ing the entire hypopharynx and adjacent superior and inferior structures. This 
volume should cover potential microscopic mucosal and submucosal disease 
spread. The whole larynx, adjacent fat spaces such as the preepiglottic fat, and 
prevertebral fascia should also be covered in this high-risk region. For lymph 
node regions, the CTV 70  should be covered with a 3–5-mm margin respecting the 
critical structures as outlined above. Ipsilateral levels Ib-4 and lateral retropha-
ryngeal lymph nodes should be covered in all patients. Ipsilateral level V should 
be covered in the presence of any gross lymph node at levels II–IV. In midline 
tumors such as postcricoid region and posterior pharyngeal wall, same levels 
should be contoured bilaterally. Retropharyngeal lymph nodes should be con-
toured up to the carotid canal entrance at the skull base for N1–N3 necks. 
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Retrostyloid space should also be covered by CTV 59.4  to encompass the upper 
level 2 nodes. Paratracheal and superior mediastinal lymph nodes should be cov-
ered in cases with postcricoid involvement of lower hypopharyngeal cancers.  

•    CTV   54   :  For N0 disease, CTV 54  should encompass levels II–IV and  retropharyngeal 
nodes. However, in the presence of involved contralateral node(s), ipsilateral N0 
neck should also be considered high risk. For N1–N2a disease contralateral level 
II may end just at the level where the posterior belly of the digastric muscle 
crosses over the internal jugular vein. In a similar fashion, the retropharyngeal 
lymph node contouring may be terminated at C1 vertebrae level.     

     Planning Target Volume   (PTV) 

 PTV is extra margin around the CTVs to compensate for the intra- and inter-fraction 
variability, uncertainties of treatment setup, and internal organ motion. It is better 
for any institutions to defi ne their own PTV margin. If the institution has not per-
formed a study to defi ne the appropriate magnitude of PTV, following recommenda-
tions can be followed:

•     PTV   70   :  As the hypopharyngeal structures are highly mobile, it is appropriate to 
cover CTV 70  (primary) with 1-cm margin or more with respect to the spinal cord 
tolerance limits. Nodal part of PTV 70  should be contoured with a margin of 
3–5 mm around nodal part of CTV 70 .  

   Table 8.4    Suggested CTVs to be included in radiotherapy portal in defi nitive and postoperative 
IMRT settings   

 CTV 
 Postoperative IMRT 
(intermediate-risk) 

 Postoperative IMRT 
(high risk) 

 Defi nitive IMRT (RT or 
CRT) 

 CTV1  Surgical bed a   Surgical bed a   Gross tumor + margins 

   Residue tumor (−)    Residue tumor (−)  Primary tumor and local 
extensions 

   Soft tissue involvement 
(−) 

   Soft tissue involvement 
(+) 

   Any enlarged node(s) 

   ECE (−)    ECE (+) 

 CTV2  Elective nodal regions  Elective nodal regions  Adjacent regions to CTV1 

   Soft tissue 

   Nodal regions 

 CTV3  –  –  Elective nodal regions 

   Abbreviations: CTV  clinical target volume,  ECE  extracapsular extension,  IMRT  intensity- 
modulated radiotherapy,  RT  radiotherapy,  CRT  chemoradiotherapy 
  a In postoperative cases with residual tumor or nodal mass, residual mass(es) should be defi ned as 
GTV, and cases should be treated similar with defi nitive IMRT patients if no further surgery is 
planned or technically not possible  
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•    PTV   59.4   :  It should be contoured with a margin of 3–5 mm around CTV 59.4 .  
•    PTV   54   :  It should be contoured with a margin of 3–5 mm around CTV 54 .     

    Level Definition Tips 

 Submandibular gland and jugular vein interface separates levels IB (submandibular) 
and IIa; level II ( subdigastric  -jugulodigastric) follows the jugular vein to the fossa; 
the hyoid and cricoid defi ne the borders of levels II–III (mid-jugular) and IV (low 
jugular and supraclavicular); posterior edge of sternocleidomastoid defi nes level V 
( posterior cervical  ).  

    Case Contouring (Fig.  8.2 ) 

•        Check coverage of all the  postcricoid region   and posterior and lateral walls of 
hypopharynx.  

•   Check coverage the whole larynx from the hyoid bone to lower border of cricoid 
cartilage.  

•   Check coverage of the  prevertebral fascia  .  
•   Check coverage of the preepiglottic fat space.  
•   Check coverage of retropharyngeal lymph nodes up to the carotid canal at the 

level of the skull base.  
•   Check coverage of the paratracheal and superior mediastinal lymph nodes for 

lower hypopharyngeal tumors.  
•   Check coverage of level V (trapezius muscle) posteriorly.      

4     Treatment Planning 

•      Guidelines for Target Volume Doses:  To minimize dose to the critical structures, 
particularly the parotid glands, IMRT (preferred) or 3D-RT is recommended. 
This is critical especially when oropharyngeal structures are included in radia-
tion portal. Typical recommended doses of RT for defi nitive RT/CRT and post-
operative settings are described in Table  8.5 . Dose distribution of PTV 70 , PTV 59.4 , 
and PTV 54  Gy and related dose-volume histogram for the case presented here are 
demonstrated in Figs.  8.3  and  8.4 , respectively.

•         Guidelines for Normal Tissue Constraints:   Normal tissue dose constraints   
detailed below should strictly be obeyed to prevent debilitating late toxicities. 
Dose-volume histogram of critical organ doses for the present representative 
patient is demonstrated in Fig.  8.4 .
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  Fig. 8.2    ( a ,  b ) Representative target volumes for the locally advanced hypopharyngeal case pre-
sented here         

a
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b

Fig. 8.2 Continued

 –     Parotid Glands  : Mean dose (D mean ) of ≤26 Gy or less (should be achieved in 
at least one gland) or at least 20 cc of the combined volume of both glands 
should receive <20 Gy or at least 50 % of one parotid gland should receive 
<30 Gy.  

 –    Brain Stem  : Maximum dose (D max ) ≤54 Gy.  
 –    Spinal Cord  : D max  ≤45 Gy.  
 –    Oral Cavity  : D mean  <30–35 Gy.  
 –    Brain  : D max  ≤50 Gy and any large volume of brain should receive <30 Gy.  
 –    Optic Nerve  , Optic Chiasm: D max  <54 Gy.  
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   Table 8.5    Recommendations for RT doses and fractionation for target volumes with standard or 
simultaneous integrated boost IMRT   

 Treatment type  PTV1  PTV2  PTV3 

 Defi nitive RT  66–70 Gy (2–2.12 Gy/
fr) 

 59.4–66 Gy (1.8–2 Gy/
fr) 

 46–54 Gy 
(1.63–2 Gy) 

 Defi nitive CRT  66–70 Gy (2–2.12 Gy/
fr) 

 59.4–66 Gy (1.8–2 Gy/
fr) 

 46–54 Gy 
(1.63–2 Gy) 

 Postoperative RT 

  Risk factors (+)  66–70 Gy (2–2.12 Gy/
fr) 

 59.4–66 Gy (1.8–2 Gy/
fr) 

 46–54 Gy 
(1.63–2 Gy) 

  Risk factors (−)  60–66 Gy (2–2.12 Gy/
fr) 

 54–63 Gy (1.8–1.9 Gy/
fr) 

 46–54 Gy 
(1.63–2 Gy) 

 Postoperative CRT 

  Risk factors (+)  66–70 Gy (2–2.12 Gy/
fr) 

 59.4–66 Gy (1.8–2 Gy/
fr) 

 46–54 Gy 
(1.63–2 Gy) 

  Risk factors (−)  60–66 Gy (2–2.12 Gy/
fr) 

 54–63 Gy (1.8–1.9 Gy/
fr) 

 46–54 Gy 
(1.63–2 Gy) 

   Abbreviations: RT  radiotherapy,  CRT  chemoradiotherapy,  IMRT  intensity-modulated radiation 
therapy,  PTV  planning target volume  

 –   Lens: D max  is 10 Gy, and <5 Gy if achievable.  
 –    Mandible  : D max  <69 Gy (hot spots >70 Gy should be kept out of the 

mandible).  
 –    Cochlea  : No more than 5 % receives ≥55 Gy.  
 –    Brachial Plexus  : 66-Gy max dose.     

 –    Treatment Planning Assessment     Step 1:  Check whether the targets are ade-
quately covered by the prescribed dose. As a common example, recom-
mended assessment specifi cations in Table  8.6  are given for typical dose 
prescriptions of PTV1 (PTV 70 ), PTV2 (PTV 59.4 ), and PTV3 (PTV 54 ). 
However, as various scenarios of patient presentation are possible (defi ni-
tive RT, defi nitive CRT, postoperative RT with/without adverse factors, 
and postoperative CRT with/without adverse factors), all dose coverage 
values presented in percentages should also be used for any prescribed 
dose levels. As far as possible, every effort should be spent to achieve 
IMRT plans without any deviations. However, only for extensively large 
tumors and tumors in close proximity to critical structures minor devia-
tions can be accepted for necessary assessment parameters.

 –       Step 2:  The presence of a large hot spot should be carefully checked and should 
not be permitted for more than 20 % of PTV1 (e.g., 70 Gy) to receive ≥110 % 
and no more than 5 % of PTV1 to receive ≥%115 of prescribed dose, 
respectively.  

 –    Step 3:  Normal tissue constraints should carefully be checked.  
 –    Step 4:  Check whether the hot/cold spots exist in the wrong place (slide by slide 

looking at isodose distribution): The hot spots need to be arranged in the GTV, 
and it is necessary to make sure that the hot spot is not on a nerve in the CTV.     
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  Fig. 8.3    ( a ,  b ) Dose distribution of PTV70, PTV59.4, and PTV 54 Gy for the case presented 
herein         

a
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b

Fig. 8.3 Continued

•    Case Plan:  The patient with locally advanced hypopharyngeal carcinoma presented 
here was treated with concurrent CRT (cisplatin 100 mg/m 2 , every 21 days) utilizing 
SIB-IMRT technique. As demonstrated in Figs.  8.3  and  8.4 , the prescribed doses for 
PTV1, PTV2, and PTV3 were 70, 59.4, and 54 Gy in 33 fractions, respectively.  

•    Treatment Algorithm and Patient Follow-Up:  Recommended evidence-based 
treatment options and patient follow-up after treatment for early- and locally 
advanced- stage hypopharyngeal carcinoma patients are as depicted in Figs.  8.5  
and  8.6 , respectively.
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   Table 8.6    Specifi cations for IMRT plan  assessment     

 PTV  No variation  Minor variation 

 PTV 70 Gy   1. 95 % of any PTV 70 Gy  is at or 
above 70 Gy 

 1. 95 % of PTV 70 Gy  is at or above 
70 Gy 

 2. 99 % of PTV 70 Gy  is at or above 
65.1 Gy 

 2. 97 % of PTV 70 Gy  is at or above 
65.1 Gy 

 3. No more than 20 % of PTV 70 Gy  
is at or above 77 Gy 

 3. No more than 40 % of PTV 70 Gy  is 
at or above 77 Gy 

 4. No more than 5 % of PTV 70 Gy  is 
at or above 80 Gy 

 4. No more than 20 % of PTV 70 Gy  is 
at or above 80 Gy 

 5. Mean dose ≤74 Gy  5. Mean dose ≤76 Gy 

 PTV 63 Gy  (if 
applicable) 

 1. 95 % of any PTV 63 Gy  is at or 
above 63 Gy 

 1. 95 % of any PTV 63 Gy  is at or 
above 58.6 Gy 

 2. 99 % of PTV 63 Gy  is at or above 
58.6 Gy 

 2. No more than 40 % of PTV 63 Gy  is 
at or above 77 Gy 

 3. No more than 20 % of PTV 63 Gy  
is at or above 77 Gy 

 3. No more than 20 % of PTV 63 Gy  is 
at or above 80 Gy 

 4. No more than 5 % of PTV 63 Gy  is 
at or above 80 Gy 

 PTV 59.4 Gy   1. 95 % of any PTV 59.4 Gy  is at or 
above 59.4 Gy 

 1. 95 % of PTV 59.4 Gy  is at or above 
55.2 Gy 

 2. 99 % of PTV 59.4 Gy  is at or above 
55.2 Gy 

 2. No more than 40 % of PTV 59.4 Gy  
is at or above 77 Gy 

 3. No more than 20 % of PTV 59.4 Gy  
is at or above 77 Gy 

 3. No more than 20 % of PTV 59.4 Gy  
is at or above 80 Gy 

 4. No more than 5 % of PTV 59.4 Gy  
is at or above 80 Gy 

 PTV 54 Gy  (if 
applicable) 

 1. 95 % of any PTV 54 Gy  is at or 
above 54 Gy 

 1. 95 % of PTV 54 Gy  is at or above 
50.2 Gy 

 2. 99 % of PTV 54 Gy  is at or above 
50.2 Gy 

 2. No more than 40 % of PTV 54 Gy  is 
at or above 65.3 Gy 

 3. No more than 20 % of PTV 54 Gy  
is at or above 65.3 Gy 

 3. No more than 20 % of PTV 54 Gy  is 
at or above 68.3 Gy 

 4. No more than 5 % of PTV 54 Gy  is 
at or above 68.3 Gy 

   Abbreviations: IMRT  intensity-modulated radiation therapy,  PTV  planning target volume (sub-
script denotes for prescribed dose)  
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Follow up

Year 1
Year 2
Years 3−5
Year >5

Every 1−3 months
Every 2−4 months
Every 4−6 months
Every 6−12 months

Each follow-up should include; history, physical examination,
indirect mirror exam and/or endoscopic examination

Imaging of neck in presence of new signs or symptoms suggestive of
recurrence

Imaging of the thorax should be annually imaged primarily for
second primary malignancies

TSH levels should be monitored over long term for RT-induced
thyroid function abnormalities

  Fig. 8.6     Recommended 
algorithm for follow-up of 
hypopharyngeal cancers  . 
 Abbreviations :  TSH  
thyroid-stimulating hormone       

Hypopharyngeal tumor

Clinical evaluation
Staging work-up (CT, MRI, PET)

Related medical evaluation

cT1-2N1-3MO
cT3-4NG-3MOcT1-2NOMO

Unresectable MO
disease

Definitive RT 
(recommended)

Surgey
+

Uni- or bilateral ND

Definitive CRT
(organ preservation
recommendation)

Laryngopharyngectomy
+postoperative RT/CRT

(recommendation for bulky
disease) and cartilage invasion

Cosider surgery If
major response

achieved

Consider CRT for
bulkyT2 tumors

RT to neck if
ND (−)

Adjuvant
RT/CRTif
adverse

factors(+)

(Primary CR)
ND for neck

residue or for
bulky LN even

CR

Salvage
surgery for

poor response
or recurrence

Salvage surgery
for residue

Definitive CRT

  Fig. 8.5    Recommended algorithm for the treatment of hypopharyngeal  cancer  .  Abbreviations : 
 CRT  chemoradiotherapy,  CT  computerized tomography,  LN  lymph node,  MRI  magnetic resonance 
imaging,  ND  neck dissection,  PET  positron emission tomography,  RT  radiotherapy       
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  9      Laryngeal Cancer 

             Erkan     Topkan      ,     Berna     Akkus     Yildirim     ,     Cem     Parlak     , 
and        Ugur     Selek    

 Overview 
  Incidence, Etiology, and Epidemiology  
  Laryngeal carcinoma   is the commonest head and neck carcinoma. Male to 
female ratio is around 1/5. Anatomically, larynx is situated anterior to the 
fourth and sixth cervical vertebrae and is divided into three regions for onco-
logic assessment and treatment purposes, namely,  supraglottis  , glottis, and 
 subglottis  . Majority of the laryngeal cancers arise from glottis followed by 
supra- and subglottic cancers, respectively. The strongest risk factor is the 
tobacco smoking, and the risk is directly associated with quantity and time of 
exposure. Alcohol is only second to tobacco use with its independent and 
synergistic actions on epithelium. Regardless of the tumor site, dysphonia and 
 hoarseness   are the commonest symptoms in laryngeal cancer patients with 
sore throat being the second commonest symptom in supraglottic tumors. 
However, besides other symptoms, a cervical mass may be the fi rst presenta-
tion fi nding in some patients. Patients with hoarseness persisting longer than 
3 weeks or with persisting sore throat, dysphagia, and odynophagia lasting for 
more than 6 weeks should be evaluated by an otolaryngologist for laryngeal 
carcinoma. 
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1             Case Presentation 

 A 67-year-old male, who has at least 150 pack year history of smoking, presented 
with a burning sensation in his throat and a 3-month history of right neck mass 
without any pain, dysphagia, odynophagia, otalgia, new voice changes, change in 
his cough or sputum, hemoptysis, dyspnea, aspiration, or weight loss. He had a true 
vocal cord benign nodule removed 20 years ago. His medical history is signifi cant 
for diabetes and coronary heart disease. 

 His physical exam revealed normal external ear canals and tympanic membranes 
with appropriate light refl ex. Clinical hearing acuity shows decreased to fi nger rub, 

  Pathological and Biological Features  
 More than 95 % of all laryngeal malignancies are of epithelial origin and 
histologically squamous cell carcinoma. Supraglottic cancers have high ten-
dency for local invasion and uni-/bilateral cervical metastases. Depending on 
the tumor stage, 25–75 % of supraglottic cancers have cervical metastases at 
presentation, and 30 % of cN0 necks are pN+. Stage-dependent cervical 
metastases are rare in glottis (5–40 %) and subglottic (25–50 %). Thyroid and 
cricoid cartilages and associated perichondrium, conus elasticus, quadrangu-
lar membrane, and hyoepiglottic ligament are the natural barriers for laryn-
geal cancer spread until late stages. Two weak areas for cancer spread are 
anterior commissure, where thyroid membrane is defi cient, and laryngeal 
ventricle, which is not reinforced by the quadrangular membrane. 

  Defi nitive Therapy  
 Age, performance, pulmonary function tests, tumor localization and exten-
sion, extent of lymphatic involvement, presence of distant metastasis, antici-
pated functional outcome, and patient’s preference need to be considered in 
the management. Either surgical or nonsurgical treatment selection for laryn-
geal carcinoma should favor the laryngeal preservation without any antici-
pated decrease in locoregional control and survival outcomes. In early-stage 
disease, radiotherapy and conservative surgery are equally effective treatment 
options for medically fi t patients. For patients with locoregionally advanced 
disease, induction chemotherapy followed by radiotherapy or concurrent 
 chemoradiotherapy   is the current standards for organ and function preserva-
tion. Doses per fraction >2 Gy should be preferred to achieve higher tumor 
control rates, especially in T2N0 cases. 

  Adjuvant Therapy  
 Adjuvant radiotherapy or chemoradiotherapy is indicated in patients with 
postsurgical risk factors such as close or positive margins, multiple lymph 
node involvement, and/or extracapsular extension. All medically fi t patients 
without clinic or metabolic response must be managed with salvage surgery. 
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particularly on the right side. Nasal septum was midline without deviation and was 
clear to anterior rhinoscopy. He is edentulous with full dentures. There are no 
lesions, induration, tenderness, or friability of the gingiva, buccal mucosa, fl oor of 
mouth, oral tongue, base of tongue, hard palate, soft palate, tonsillar fossa, or pos-
terior oropharyngeal wall by visualization or palpation. Palate elevates normally. 
Tongue protrudes normally. 

 There was a 5-cm poorly mobile right level 2 conglomerate nodal mass, but no 
other palpable neck mass, thyroid mass, or lymphadenopathy. Cranial nerves II–XII 
are grossly intact without any facial numbness. 

 The scope was introduced into the left nasal cavity. Clearly seen was normal 
appearing nasopharyngeal mucosa with clearly defi ned bilateral  Rosenmuller fossa  . 
There was no posterior pharyngeal/oropharyngeal wall, soft palate, tonsils, vallecula, 
or base of tongue bulging or lesions. The scope was advanced further. The mucosa 
was abnormal diffusely in the larynx with nodularity on the infrahyoid laryngeal sur-
face of the epiglottis and submucosal fullness in the region of the left false vocal cord 
and ventricle. The entirety of almost both true vocal cords was showing  hyperkeratotic 
changes  . The arytenoids and vocal cords were moving normally, and the airway was 
intact with no supraglottic edema and no accumulated secretions. The  pyriformis   was 
open. The tongue base retracted symmetrically to phonation. 

 His PET-CT, CT, and MRI scans defi ned the obvious fi nding as a very large con-
glomerate of coalesced nodal metastases measuring 5 × 2.9 × 5 cm at about the hyoid 
level without convincing contralateral nodal metastases (Fig.  9.1 ). PET-CT and CT 
scans were negative for a defi nite primary, while MRI was suspicious for mucosal 
thickening in supraglottic area. Incidental note was made of severe atherosclerotic 
disease at the bifurcation with obvious stenosis of the proximal right ICA. Neck 
ultrasound with fi ne needle aspiration revealed squamous cell cancer, as well as the 
surgical biopsy of infrahyoid epiglottis lesion as moderately differentiated invasive 
squamous carcinoma.

   He was staged as T2N2bM0 (stage IVA)  supraglottic laryngeal squamous cell 
cancer  .  

2     Evidence-Based Treatment Approaches 

2.1      Glottic Larynx   

  Transoral laser excision   is the currently recommended treatment for carcinoma in 
situ, and RT is the alternative option. For T1-2N0 and selected T3N0, cases ame-
nable for larynx preservation can be treated with radiotherapy (RT) or  partial laryn-
gectomy  /endoscopic or open surgery as indicated. Persistent residue after RT should 
be salvaged by appropriate surgery. Patients with residual disease after surgery 
should undergo re-resection and/or RT/CRT (chemoradiotherapy) depending on the 
existence of additional adverse factors. 

 Patients with T3N0-1 disease requiring  total laryngectomy   should undergo CRT 
(or RT if not candidate for systemic chemotherapy) or induction chemotherapy 
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(Category 2B) or laryngectomy with ipsilateral thyroidectomy in N0 and laryngec-
tomy with ipsilateral thyroidectomy and ipsilateral/bilateral neck dissection (ND) in 
N1. Patients with complete response at primary site after RT/CRT should undergo 
salvage ND if residual neck disease persists. If residual disease persists at primary 
site, patients should undergo  salvage laryngectomy   and ND as indicated. In surgi-
cally treated patients with adverse features such as ECE (+) or positive margins, 
adjuvant CRT is indicated with category 1 evidence. RT or CRT should be consid-
ered for patients with other risk factors. Further treatment following induction che-
motherapy is determined by the response at primary tumor site. Patients with 
complete response (CR) should receive defi nitive RT (Category 1). If residual neck 

a b

c d

  Fig. 9.1    ( a ) Suspicious mucosal thickening in supraglottic area on MRI. ( b – d ) Large conglomerate 
of coalesced nodal metastases measuring 5 × 2.9 × 5 cm at about the hyoid level on PET/CT images       
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disease persists, salvage ND should be performed as indicated. Patients with partial 
response (PR) at primary site should receive RT (Category 1) or CRT (Category 
2B). If residue persists following RT/CRT, salvage surgery is indicated. If primary 
site response is < PR, surgery is indicated. In such patients, if pathologically ECE 
(+) or surgical margins (+), CRT is indicated (Category 1). For patients with other 
risk factors, RT or CRT should be considered. 

 Patients with T3N2-3 disease requiring total laryngectomy should be treated 
with either CRT, laryngectomy with ipsilateral thyroidectomy and ipsilateral/bilat-
eral ND, or induction chemotherapy followed by adjuvant treatment determined by 
response. Additional treatment should be performed similar to T3N1 disease as 
described above. 

 Patients with T4aN0-3 should undergo laryngectomy with total thyroidectomy 
and unilateral/bilateral ND as indicated. Such patients should receive postoperative 
RT or CRT, observation being reserved only for highly selected patients. For selected 
T4a patients refusing surgery, CRT or induction chemotherapy followed by RT/
CRT is recommended. Any residual neck disease should be salvaged by ND, and 
residual disease at primary site should further be discussed with the patient for sal-
vage surgery and ND.  

2.2      Supraglottic Larynx   

 T1-2 N0 and selected T3N0 cases amenable for larynx preservation can either be 
treated with RT or open  partial supraglottic laryngectomy  /endoscopic resection with/
without ND. Persistent residue after RT should be salvaged by appropriate surgery. 
Patients with residual disease after surgery should undergo re-resection or RT (Category 
1) or CRT (Category 2B) depending on the existence of additional adverse features. 

 Patients with T3N0-1 disease requiring total laryngectomy should undergo CRT 
(or RT if not candidate for systemic chemotherapy) or induction chemotherapy 
(Category 2B) or laryngectomy with ipsilateral thyroidectomy and ipsilateral/bilat-
eral ND. Patients with complete response at primary site after RT/CRT should 
undergo salvage ND if residual neck disease persists. If residual disease persists at 
primary site, patients should undergo salvage laryngectomy and ND as indicated. In 
surgically treated patients with pN0 or only single node involvement without other 
adverse factors, adjuvant RT should be considered. Patients with adverse features 
such as ECE (+) or positive margins should undergo CRT (Category 1). RT or CRT 
should be considered for patients with other risk factors. Following induction che-
motherapy, further treatment is determined by the response at primary tumor site. 
Patients with complete response (CR) at primary site should receive defi nitive RT 
(Category 1). If residual neck disease persists, salvage ND should be performed. 
Patients with partial response (PR) at primary site should receive RT (Category 1) 
or CRT (Category 2B). If residue persists following RT/CRT, salvage surgery is 
indicated. If primary site response is < PR, surgery is indicated. In such patients, if 
pathologically ECE (+) or surgical margins (+), CRT is indicated (Category 1). For 
patients with other risk factors, RT or CRT should be considered. 
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 Patients amenable for organ preserving surgery with T1-2 N1-3 and selected 
T3N1 disease should be treated with defi nitive RT or CRT or partial supraglottic 
laryngectomy and ND or induction chemotherapy. For patients treated with RT 
or CRT, any residual neck disease should be salvaged by ND, and if residue 
persists at primary disease site, salvage surgery and ND should be considered as 
indicated. For surgically treated patients with ECE (+) or margins (+), CRT 
(Category 1) and RT/CRT for other adverse factors should be considered. 
Salvage treatment after induction chemotherapy should be performed as 
described above. 

 T3N2-3 patients requiring total laryngectomy should be treated with CRT, laryn-
gectomy with ipsilateral thyroidectomy and ND, or induction chemotherapy fol-
lowed by adjuvant treatment determined by response type as detailed previously. 
Additional treatment should be performed for either modality similar with to their 
T3N1 disease as described above. 

 T4aN0-3 patients should undergo laryngectomy with total thyroidectomy and 
unilateral/bilateral ND as indicated. Such patients should receive postoperative RT 
or CRT, observation being reserved only for highly selected patients. For selected 
T4a patients refusing surgery, CRT or induction chemotherapy followed by RT/
CRT is recommended. Any residual neck disease should be salvaged by ND, and 
residual disease at primary site should further be discussed with the patient for sal-
vage surgery and ND.  

2.3      Subglottic Larynx   

 Subglottic tumors are exceedingly rare, accounting for only 2 % of all laryngeal 
cancers. Most patients present with advanced disease (T3-4 N+). Defi nitive RT, 
CRT, and surgery are treatment options for such patients. If surgery is chosen, total 
laryngectomy should be performed regarding the tumor location and invasion of 
thyroid and/or cricoid cartilages. Postoperative RT/CRT should be considered to 
increase locoregional control rates. Salvage surgery is indicated in any patient with 
residual primary or neck disease. 

 Stage of disease is the strongest prognostic factor for laryngeal carcinoma 
(Table  9.1 ). Among staging parameters, M-stage determines the survival, while T- 
and N-stage are strong predictors of local control and distant metastasis, respec-
tively. Female patients, in general, do better than male counterparts.

    Functional larynx preservation   without any decrease in local control and survival 
rates is the ultimate goal of any treatment directed to any stage of laryngeal 
carcinoma. 

 Although  stripping   and RT are options for carcinoma in situ, early RT should be 
preferred because recurrence is frequent and hoarsening of the voice may become 
evident due to cord thickening after repeated stripping. Additionally, many patients 
with carcinoma in situ have obvious lesions that probably contain invasive carci-
noma, and early RT will spare many patients from repeat biopsy and many others 
from unavoidable RT. 
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   Table 9.1     American Joint Committee on Cancer staging for laryngeal carcinoma   (AJCC 7th 
edition)   

 Primary tumor (T) 

 Tis  Carcinoma in situ 

  Supraglottis  

 T1  Tumor limited to one subsite of supraglottis with normal vocal cord mobility 

 T2  Tumor invades mucosa of more than one adjacent subsite of supraglottis or glottis or 
region outside the supraglottis (e.g., mucosa of base of tongue, vallecula, medial wall of 
pyriform sinus) without fi xation of the larynx 

 T3  Tumor limited to larynx with vocal cord fi xation and/or invades any of the following: 
postcricoid area, preepiglottic space, paraglottic space, and/or inner cortex of thyroid 
cartilage 

 T4a  Moderately advanced local disease: Tumor invades through the thyroid cartilage and/or 
invades tissues beyond the larynx (e.g., trachea, soft tissues of neck including deep 
extrinsic muscle of the tongue, strap muscles, thyroid, or esophagus) 

 T4b  Very advanced local disease: Tumor invades prevertebral space, encases carotid artery, or 
invades mediastinal structures 

  Glottis  

 T1  Tumor limited to the vocal cord(s) (may involve anterior or posterior commissure) with 
normal mobility 

 T1a  Tumor limited to one vocal cord 

 T1b  Tumor involves both vocal cords 

 T2  Tumor extends to supraglottis and/or subglottis, and/or with impaired vocal cord 
mobility 

 T3  Tumor limited to the larynx with vocal cord fi xation and/or invasion of paraglottic space 
inner cortex of the thyroid cartilage 

 T4a  Moderately advanced local disease: Tumor invades through the outer cortex of the thyroid 
cartilage and/or invades tissues beyond the larynx (e.g., trachea, soft tissues of neck 
including deep extrinsic muscle of the tongue, strap muscles, thyroid, or esophagus) 

 T4b  Very advanced local disease: Tumor invades prevertebral space, encases carotid artery, or 
invades mediastinal structures 

  Subglottis  

 T1  Tumor limited to the subglottis 

 T2  Tumor extends to vocal cord(s) with normal or impaired mobility 

 T3  Tumor limited to larynx with vocal cord fi xation 

 T4a  Moderately advanced local disease: Tumor invades cricoid or thyroid cartilage and/or 
invades tissues beyond the larynx (e.g., trachea, soft tissues of neck including deep 
extrinsic muscles of the tongue, strap muscles, thyroid, or esophagus) 

 T4b  Very advanced local disease: Tumor invades prevertebral space, encases carotid artery, or 
invades mediastinal structures 

  Regional lymph node (N)  

 NX  Regional lymph nodes cannot be assessed 

 N0  No regional lymph node metastasis 

 N1  Metastasis in a single ipsilateral lymph node, 3 cm or less in greatest dimension 

 N2  Metastasis in a single ipsilateral lymph node, more than 3 cm but not more than 6 cm in greatest 
dimension, or in multiple ipsilateral lymph nodes, none more than 6 cm in greatest dimension, 
or in bilateral or contralateral lymph nodes, none more than 6 cm in greatest dimension 

(continued)
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 Transoral laser excision and RT are options for T1 and T2 glottic tumors. As the 
voice quality is inversely related with the quantity of tissue removed, RT is the fi rst 
choice of treatment in many centers, surgery being reserved for RT failures. Five 
years local control rates following RT are in the range of 85–95 % for T1 and 
60–89 % for T2 tumors [ 1 ]. 

 There is a direct association between the  overall treatment time   and local control 
rates for laryngeal carcinoma patients treated with defi nitive RT. Longer treatment 
duration related with lower dose per fraction in the range of 1.8–1.9 Gy results in 
poorer local control rates compared to same total doses with >2 Gy per fraction. In 
a prospective randomized study reported by Yamazaki et al., authors compared 
2 Gy/fr ( n  = 89) and 2.25 Gy/fr ( n  = 91) and reported signifi cantly higher local con-
trol rates with 2.25 Gy/fr (94 % vs. 77 %;  p     = 0.004) [ 2 ]. 

 As respective 5-year isolated neck recurrence rates are 0, 3, and 8 % for T1, T2A, 
and T2B patients, neck treatment is not indicated [ 3 ]. Achievement of local control is 
of extreme importance as neck recurrences increase up to 20–25 % in primary dis-
ease site recurrences, which may be a sign of distant metastasis and poor survival [ 4 ]. 

 Similar with glottic cancers, early supraglottic cancers can be treated with either 
of transoral laser excision, open surgery, or RT. As local control and voice quality 
outcomes are similar many centers prefer RT as the initial management option. In a 
series of 274 T1-2 supraglottic larynx cancer patients treated with RT demonstrated 
excellent 5-year local control (T1 = 100 % vs. T2 = 86 %) and cause specifi c survival 
(T1 = 100 % vs. T2 = 93 %) rates [ 5 ]. 

 For locally advanced laryngeal carcinoma, total laryngectomy, induction chemo-
therapy followed by surgery or RT/CRT, and concurrent CRT are options for 
treatment. 

 The era of  larynx preservation   with CRT emerged with the publication of 
 Veterans Affairs Laryngeal Cancer Study   in 1991 [ 6 ]. In this study, 332 stage III or 
IV laryngeal cancer patients were randomized into induction chemotherapy with 
cisplatin and fl uorouracil followed by RT or surgery followed by RT groups. 

Table 9.1 (continued)

 Primary tumor (T) 

 N2a  Metastasis in a single ipsilateral lymph node more than 3 cm but not more than 6 cm in 
greatest dimension 

 N2b  Metastasis in multiple ipsilateral lymph nodes, none more than 6 cm in greatest 
dimension 

 N2c  Metastasis in bilateral or contralateral lymph nodes, none more than 6 cm in greatest 
dimension 

 N3  Metastasis in a lymph node more than 6 cm in greatest dimension 

  Distant metastasis (M)  

 M0  No distant metastasis 

 M1  Distant metastasis 

  From Greene [ 14 ]  
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Although overall 2-year survival rates were 68 % for both groups, larynx was pre-
served in 64 % of patients in the induction chemotherapy arm. Signifi cant differ-
ences between the two groups were seen with fewer local failures in the surgery 
group ( p  = 0.0005) and fewer distant metastases in the chemotherapy group 
( p  = 0.016). These results led to a shift in advanced-stage laryngeal cancer treatment 
toward a primary nonsurgical approach, reserving total laryngectomy for salvage. 

 The  RTOG 91–11 study   randomly compared three nonoperative approaches in 
the treatment of 547 patients with stage III or IV laryngeal cancer: induction chemo-
therapy (cisplatin and fl uorouracil) followed by RT, RT given concurrently with 
cisplatin, and RT alone [ 7 ]. Primary aim was to determine proper timing of chemo-
therapy (induction vs. concurrent). At 2 years, proportion of patients maintaining an 
intact larynx was greatest in the concurrent CRT group (88 %), compared to the 
induction chemotherapy (75 %;  p  = 0.005) and the RT alone groups (70 %;  p <  0.001). 
Locoregional control was also signifi cantly better in the concurrent CRT group than 
the induction chemotherapy and RT alone group (78 % vs. 61 % vs. 56 %, respec-
tively). Both chemotherapy arms had longer disease-free survival compared to 
RT alone. Other randomized studies of larynx preservation are as summarized 
in Table  9.2 .

   Based on the results of these benchmark studies, induction chemotherapy fol-
lowed by RT or upfront concurrent CRT (preferred) became the standards of care 
for locally advanced laryngeal carcinoma 

 For early-stage laryngeal carcinomas, 3D-conformal RT is preferred. If neces-
sary, bolus material of appropriate thickness should be used to involve anterior com-
missure in the high-dose region. For locally advanced laryngeal carcinoma patients, 
IMRT is the preferred technique of RT with advantage of sparing surrounding nor-
mal tissues and structures of critical importance, allowing safer escalation of the 
dose beyond traditional limits. However, it is crucial to follow available guidelines 
during contouring process to prevent geographic misses and/or overtly large unnec-
essary radiation portals while using IMRT.   

3      Target Volume Determination and Delineation 
Guidelines   

 In patients treated with induction chemotherapy target volumes should be deter-
mined on pre-chemotherapy images. In an effort to increase the accuracy of target 
volume determination and to prevent geographic misses, it is better to use co- 
registered pre- and post-chemotherapy images during delineation. 

3.1     Gross Tumor Volume (GTV) 

 GTV can be divided into two parts; GTV-primary (GTV P ) and GTV-nodal (GTV N ). 
GTV P  should include all gross disease and its visible extensions on physical examina-
tion and/or imaging studies. All nodes, >1 cm on short axis, with necrotic center, and/
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or positive on PET imaging, should be included in GTV N . Combination of GTV P  and 
GTV N  can be subscripted with the prescribed dose as a single GTV such as GTV 70,  
which is a commonly practiced dose for locally advanced laryngeal carcinoma.  

3.2     Clinical Target Volume (CTV) 

 CTV is the entire larynx from the top of thyroid notch to the bottom of the thyroid 
cartilage for T1-2 N0 cancers. Based on risk defi nitions, there needs to be 3 CTV 
volumes for defi nitive RT/CRT of locally advanced laryngeal tumors (Table  9.3 ):

   Table 9.2     Randomized larynx preservation trials     

 Reference 
 Patients 
(N)  Treatment arms 

 Overall 
survival 

 Larynx 
preservation 

 VALCS [ 6 ]  332  S + RT  68 % (2-y)  – 

 ICT + RT  68 % (2-y)  64 % (2-y) 

 RTOG-91-11 [ 7 ]  547  ICT + RT  38.5 % 
(10-y) 

 67.5 % (10-y) 

 CCRT  27.5 % 
(10-y) 

 81.7 % (10-y) 

 RT alone  31.5 % 
(10-y) 

 63.8 % (10-y) 

 EORTC 24891 [ 8 ]  202  S + RT  32.6 % (5-y)  – 

 ICT + RT  13.8 % 
(10-y) 

 – 

 38 % (5-y)  21.9 (5-y) 

 13.1 % 
(10-y) 

 8.7 % (10-y) 

 GETTEC [ 9 ]  68  S + RT  84 % (2-y)  – 

 ICT + RT  69 % (2-y)  42 % (2-y) 

 GORTEC 2000–
2001 [ 10 ] 

 213  ICT (PF) + RT  60 % (3-y)  57.5 % (3-y) 

 ICT (TPF) + RT  60 % (3-y)  70.3 %) (3-y) 

  TAX 324   
(Subgroup) [ 11 ] 

 166  ICT (PF) + CCRT  40 % (3-y)  32 % (3-y) 

 ICT (TPF) + CCRT  57 % (3-y)  52 % (3-y) 

 EORTC 24954 [ 12 ]  450  Sequential PF + RT  62.2 % (3-y)  39.5 % (3-y) 

 Alternating PF + RT  48.5 % (5-y)  30.5 % (5-y) 

 64.8 % (3-y)  45.4 % (3-y) 

 51.9 % (5-y)  36.2 % (5-y) 

  TREMPLIN   [ 13 ]  153  ICT (TPF) + CCRT 
(Platin based) 

 92 % 
(18 mo) 

 87 % (18 mo) 

 ICT (TPF) + CCRT 
(Cetixumab) 

 89 % 
(18 mo) 

 82 % (18 mo) 

   Abbreviations: CCRT  concomitant chemoradiotherapy,  ICT  induction chemotherapy,  PF  cisplatin, 
fl ourouracil,  RT  radiotherapy,  TPF  docetaxel, cisplatin, fl uorouracil,  S  surgery,  y  year,  mo  month  
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•      CTV   70   :  Due to risk for microscopic disease spread, CTV 70  should cover GTV 70  
with a margin of 5 mm at all directions but may be reduced to as low as 1 mm in 
close proximity of critical structures. For borderline nodes, such as ≤1 cm, a 
separate CTV 63–66  may be considered.  

•    CTV   59.4   :  It should encompass entire CTV 70  with at least 1-cm margin. This vol-
ume should cover potential microscopic mucosal and submucosal routes of dis-
ease spread. For lymph node regions, the CTV 70  should be covered with a 
3–5 mm margin respecting the critical structures, which can be reduced to as low 
as 1 mm. High-risk nodal regions to be covered are levels II–IV on the involved 
N + neck. Level 1B should optionally be included if level 2 is positive. Level 5 is 
not included unless levels 2–4 are massively involved. As typical lymphatic 
drainage of larynx does not contain retropharyngeal nodes, they should not be 
included in the absence of bulky node, which may cause retrograde lymphatic 
fl ow to retropharyngeal nodes. Level 6 should be included in presence of 
 subglottic extension or primary lesions originating from this region.  

•    CTV   54   :  Should include levels 2–4 of the uninvolved neck.     

3.3      Planning Target Volume   (PTV) 

 PTV is extra margin around the CTVs to compensate for the intra- and inter-fraction 
variabilities, uncertainties of treatment set-up, and internal organ motion. It is better 
for any institutions to defi ne their own PTV margin. If the institution has not per-
formed a study to defi ne the appropriate magnitude of PTV, following recommenda-
tions can be followed:

   Table 9.3    Typical target volume defi nitions for postoperative IMRT and defi nitive RT/CRT   

 CTV 
 Postoperative IMRT 
(intermediate risk) 

 Postoperative IMRT 
(high risk) 

 Defi nitive IMRT (RT or 
CRT) 

 CTV1  Surgical bed a   Surgical bed a   Gross tumor + margins 

   Residue tumor (−)    Residue tumor (−)  Primary tumor and local 
extensions 

   Soft tissue involvement 
(−) 

   Soft tissue involvement 
(+) 

 Any enlarged node(s) 

   ECE (−)    ECE (+) 

 CTV2  Elective nodal regions  Elective nodal regions  Adjacent regions to CTV1 

   Soft tissue 

   Nodal regions 

 CTV3  –  –  Elective nodal regions 

   Abbreviations: CRT  chemoradiotherapy,  CTV  clinical target volume,  ECE  extracapsular extension, 
 IMRT  intensity modulated radiation therapy,  RT  radiotherapy 
  a In postoperative cases with residual tumor or nodal mass, residual mass(es) should be defi ned as 
GTV, and cases should be treated similar with defi nitive IMRT patients if no further surgery is 
planned or technically not possible  

9 Laryngeal Cancer



172

•     PTV   70   :  Although should be determined institutionally, as the laryngeal structures 
are highly mobile, it is appropriate to cover CTV 70  (primary) with 1-cm margin 
or more (especially in craniocaudal direction. Nodal part of PTV 70  should be 
contoured with a margin of 3–5 mm around nodal part of CTV 70 .  

•    PTV   59.4   :  Should be contoured with a margin of 3–5 mm around CTV 59.4 .  
•    PTV   54   :  Should be contoured with a margin of 3–5 mm around CTV 54 .     

3.4      Level definition tips   are as follows 

 Submandibular gland and jugular vein interface separates levels 1B (submandibular) 
and 2a; level 2 (subdigastric-jugulodigastric) follows the jugular vein to the fossa; 
hyoid and cricoid defi ne the borders of levels 2, 3 (midjugular), and 4 (low jugular 
and supraclavicular); and posterior edge of sternocleidomastoid defi nes level 5 
 (posterior cervical).  

3.5     Case Contouring (Fig.  9.2 ) 

•        Check coverage whole larynx from the hyoid bone to lower border of cricoid 
cartilage.  

•   Check coverage  prevertebral fascia  .  
•   Check coverage of the paratracheal and prelaryngeal lymph nodes in locally 

advanced disease.     

3.6      Guidelines for Normal Tissue Constraints   

 Normal tissue dose constraints detailed below should strictly be obeyed to prevent 
debilitating late toxicities. Dose-volume histogram of critical organ doses for the 
present representative patient is demonstrated in Figs   .  9.3  and  9.4 :
•      Parotid glands: Mean dose (D mean ) of ≤26 Gy or less (should be achieved in at 

least one gland) or at least 20 cc of the combined volume of both glands should 
receive <20 Gy or at least 50 % of one parotid gland should receive <30 Gy).  

•   Brain stem: maximum dose (D max ) ≤54 Gy  
•   Spinal cord: D max  ≤45 Gy  
•   Oral cavity: D mean  <30–35 Gy  
•   Brain: D max  ≤50 Gy and any large volume of brain should receive <30 Gy  
•   Optic nerve, Optic Chiasm: D max  <54 Gy  
•   Lens: D max  is 10 Gy, and <5 Gy if achievable  
•   Mandible: D max  <69 Gy (hot spots >70 Gy should be kept out of the mandible).  
•   Cochlea: No more than 5 % receives ≥55 Gy  
•   Brachial plexus: 66 Gy max dose      
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a

  Fig. 9.2    ( a ,  b ) Representative target volumes for the laryngeal cancer case presented herein         
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b

Fig. 9.2 (continued)
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  Fig. 9.3    ( a ,  b ) Dose distribution of PTV70, PTV59.4, and PTV 54 Gy for the case presented here         

a 
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b

Fig. 9.3 (continued)

E. Topkan et al.



177

4     Treatment Planning Assessment 

•      Step 1:  Check whether the targets are adequately covered by prescribed dose for 
PTV1, 2, and 3 according to Table  9.4 . As far as possible, every effort should be 
spent to achieve IMRT plans without any deviations. However, only for 
 extensively large tumors and tumors in close proximity to critical structures, 
minor deviations can be accepted for necessary assessment parameters.

•       Step 2:  Presence of a large hot spot should be carefully checked and should not 
be permitted for more than 20 % of PTV1 (e.g., 70 Gy) to receive ≥110 % and 
no more than 5 % of PTV1 to receive ≥%115 of prescribed dose, respectively.  

•    Step 3:  Normal tissue constraints should carefully be checked.  
•    Step 4:  Check whether the  hot/cold spots   exist in the wrong place (slide by slide 

by looking at isodose distribution): The hot spots needs to be arranged in the 
GTV. It is necessary to make sure that the hot spot is not on a nerve in the CTV.    
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  Fig. 9.4    Dose-volume histogram of prescribed target volume doses and critical organs at risk       
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  Case plan:  The patient with locally advanced hypopharyngeal  carcinoma   pre-
sented here was treated with concurrent CRT (cisplatin 100 mg/m 2 , every 21 days) 
utilizing SIB-IMRT technique. As demonstrated in Figs.  9.3  and  9.4 , the prescribed 
doses for PTV1, PTV2, and PTV3 were 70, 59.4, and 54 Gy in 33 fractions, 
respectively. 

  Treatment algorithm and patient follow-up:  Recommended-evidence based 
treatment options and patient follow-up after treatment for early and locally 
advanced-stage hypopharyngeal carcinoma patients are as depicted in Figs   .  9.5 ,  9.6 , 
 9.7 ,  9.8 ,  9.9 ,  9.10  and  9.11 , respectively.

   Table 9.4    Criteria    for IMRT plan assessment   

 PTV  No variation  Minor variation 

 PTV70  1. 95 % of any PTV70 is at or 
above 70 Gy 

 1. 95 % of PTV70 is at or above 70 Gy 

 2. 99 % of PTV70 is at or above 
65.1 Gy 

 2. 97 % of PTV70 is at or above 65.1 Gy 

 3. No more than 20 % of PTV70 is 
at or above 77 Gy 

 3. No more than 40 % of PTV70 is at or 
above 77 Gy 

 4. No more than 5 % of PTV70 is 
at or above 80 Gy 

 4. No more than 20 % of PTV70 is at or 
above 80 Gy 

 5. Mean dose ≤74 Gy  5. Mean dose ≤76 Gy 

 PTV63 (if 
applicable) 

 1. 95 % of any PTV63 is at or 
above 63 Gy 

 1. 95 % of any PTV63 is at or above 
58.6 Gy 

 2. 99 % of PTV63 is at or above 
58.6 Gy 

 2. No more than 40 % of PTV63 is at or 
above 77 Gy 

 3. No more than 20 % of PTV63 is 
at or above 77 Gy 

 3. No more than 20 % of PTV63 is at or 
above 80 Gy 

 4. No more than 5 % of PTV63 is 
at or above 80 Gy 

 PTV59.4  1. 95 % of any PTV59.4 is at or 
above 59.4 Gy 

 1. 95 % of PTV59.4 is at or above 
55.2 Gy 

 2. 99 % of PTV59.4 is at or above 
55.2 Gy 

 2. No more than 40 % of PTV59.4 is at 
or above 77 Gy 

 3. No more than 20 % of PTV59.4 
is at or above 77 Gy 

 3. No more than 20 % of PTV59.4 is at 
or above 80 Gy 

 4. No more than 5 % of PTV59.4 
is at or above 80 Gy 

 PTV54 (if 
applicable) 

 1. 95 % of any PTV54 is at or 
above 54 Gy 

 1. 95 % of PTV54 is at or above 50.2 Gy 

 2. 99 % of PTV54 is at or above 
50.2 Gy 

 2. No more than 40 % of PTV54 is at or 
above 65.3 Gy 

 3. No more than 20 % of PTV54 is 
at or above 65.3 Gy 

 3. No more than 20 % of PTV54 is at or 
above 68.3 Gy 

 4. No more than 5 % of PTV54 is 
at or above 68.3 Gy 

   IMRT  intensity modulated radiotherapy,  PTV  planning target volume  
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  Fig. 9.6    Dose coverages ( a – c ) and dose-volume histogram ( d ) for 3D-conformal plans for early 
stage laryngeal cancer case       
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  Fig. 9.5    Target volumes and critical organ contours for early-stage (T1-2 N0) laryngeal carci-
noma on axial ( a ), coronal ( b ), and sagittal ( c ) planes ( CTV  clinical target volüme,  LCA  left carotid 
artery,  PTV  planning target volume,  RCA  right carotid artery,  SC  spinal cord)       
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  Fig. 9.7    Dose coverages ( a – c ) and dose-volume histogram ( d ) for carotid sparing IMRT plans for 
early-stage laryngeal cancer case       
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  Fig. 9.8     Recommended algorithm for treatment of early glottic laryngeal cancer         
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  Fig. 9.9     Recommended algorithm for treatment of early supraglottic laryngeal cancer  .  Abbreviations : 
 ECE  extracapsular extension,  LN  lymph node,  ND  neck dissection,  RT  radiotherapy       
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  Fig. 9.10     Recommended algorithm for treatment of locally advanced laryngeal cancer  . 
 Abbreviations :  CR  complete response,  CRT  chemoradiotherap,  ECE  extracapsular extension,  LN  
lymph node,  ND  neck dissection,  RT  radiotherapy       
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  Fig. 9.11     Recommended algorithm for follow-up of laryngeal cancers         
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  10      Salivary Gland 

             Melis     Gultekin      ,     Sezin     Yuce     Sari     ,     Gokhan     Ozyigit     , 
    Mustafa     Cengiz     ,     Gozde     Yazici     ,     Pervin     Hurmuz     , 
and     Murat     Beyzadeoglu    

 Overview 
     Epidemiology  
 There are three  major salivary glands   as pairs: parotid, submandibular, and 
sublingual glands. Besides, many minor glands are located mainly in the 
upper aerodigestive tract but also in the palate, buccal mucosa, base of tongue, 
pharynx, trachea, cheek, lip, gingiva, fl oor of mouth, tonsil, paranasal sinuses, 
nasal cavity, and nasopharynx. Malignant tumors of salivary glands comprise 
less than 0.5 % of all cancers and constitute less than 5 % of all head and neck 
cancers [ 1 ]. The majority of tumors (both benign and malignant) arise in the 
parotid glands; however, when it comes to malignant tumors only, parotid 
glands have the lowest incidence comparing to smaller glands [ 2 ,  3 ]. The 
benign tumors mostly occur in younger patients and female sex, where the 
malignant ones are equally distributed in both sexes but are seen in older 
population. 

  Low intake of vitamins A and C  , heavy smoking, irradiation, occupational 
exposure to beauty or hair products were shown to be contributed in the devel-
opment of salivary gland tumors [ 4 – 7 ]. 
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1             Case Presentation 

 A 63-year-old male applied with left facial nerve paralysis, presenting for nearly 
7 months. There was no response to steroids. In his second attack of paralysis, he 
also felt numbness in the lower part of the left side of his face. He had a history of 
social alcohol consumption for nearly 40 years but no cigarette smoking. 

 His physical examination revealed left facial nerve paralysis with all branches 
being totally paralytic. The movements of the soft palate, oral tongue, and eye were 
normal. Nasal septum was deviated to the left. He had posterior laryngitis, but the 
oral cavity, oropharynx, and hypopharynx were normal. Cervical lymphadenopathy 
was not detected. 

 The MRI revealed a 2.9 × 2.2 cm lesion in the intersection of deep and superfi cial 
lobes of the left parotid gland (Fig.  10.1 ). There were also lymphadenopathies in 
levels Ib–III of the left side of the neck seen on PET-CT scan (Fig.  10.2 ).

    The histologic evaluation of the fi ne-needle aspiration of the left parotid was 
reported as a  high-grade salivary gland carcinoma  . 

  Pathological and Biological Features  
 Histopathologically, salivary gland tumors may be divided into benign and 
malignant forms. Benign tumors are called adenomas and consist of  pleomor-
phic adenoma   (most common),  Warthin tumor   (second most common),  myo-
epithelioma  ,  oncocytoma  , types of papilloma, and types of cystadenoma. 
Malignant tumors include  mucoepidermoid carcinoma   (most common pathol-
ogy of the parotid glands), acinic cell carcinoma (second most common of the 
parotid glands), adenoid cystic carcinoma (most common in other major and 
minor salivary glands), adenocarcinoma, cystadenocarcinoma, mucinous ade-
nocarcinoma, oncocytic carcinoma, myoepithelial carcinoma, and more 
uncommon types of SCC, small cell carcinoma, salivary duct carcinoma, lym-
phoma, undifferentiated carcinoma, and etc. Salivary gland carcinomas are 
graded as low or high grade. 

  Defi nitive Therapy  
 Surgery is the mainstay of treatment, followed by radiotherapy (RT) in high-
risk patients. In locally advanced, unresectable, and recurrent tumors, RT may 
be the primary treatment. Neutron therapy was reported to be more effi ca-
cious compared to photons in terms of local control (LC). 

  Adjuvant Therapy  
 In order to increase LC, radiation therapy is performed for unfavorable prog-
nostic factors such as T3-4 tumors, close or positive surgical margins, high 
grade, bone or base of skull invasion,  perineural invasion  , or recurrent tumor. 
Adjuvant chemotherapy has not shown to be effective. 
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  Fig. 10.1    MRI revealed a 2.9 × 2.2 cm lesion in the intersection of deep and superfi cial lobes of 
the left parotid gland, as well as lymphadenopathies in levels Ib, II, and III.  Red arrows  showing 
the primary lesion and pathological neck nodes       
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 After facial nerve decompression, radical parotidectomy with modifi ed radical 
neck dissection of left side was performed. The pathology revealed salivary duct 
carcinoma, coherent with sarcomatoid component. The tumor was 3 cm in size. 
 Surgical margins   were positive in anterior and posterior margins as well as the 

  Fig. 10.2    Lymphadenopathies in levels Ib, II, and III of the left side of the neck seen on PET-CT 
scan.  Blue arrows  showing FDG uptake in pathological neck nodes       
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margin over facial nerve. Out of 40 resected lymph nodes, 6 were metastatic, and 
ECE was positive. 

 The patient was staged as T2N2bM0 parotid gland cancer.  

2     Evidence-Based Treatment Approaches 

 Unless the nerve is involved,  facial nerve-preserving surgery   with adjuvant radiation 
therapy (RT) is the preferred treatment. More aggressive surgery has not been shown 
to increase local control (LC). Adjuvant RT does not have any negative effect on the 
function of the facial nerve [ 8 ]. In patients with clinically positive lymph nodes, neck 
dissection should be performed prior to adjuvant RT [ 9 ]. However, in case of high-
risk factors for local recurrence (LR), where adjuvant RT is indicated postopera-
tively, neck treatment can be performed solely with RT [ 10 ,  11 ]. Exception to this is 
patients with parotid tumors with  facial nerve involvement  , submandibular tumors, 
or tumors of minor salivary glands in the fl oor of mouth, tongue, pharynx, and lar-
ynx, in whom elective nodal dissection of levels I–III is the standard treatment [ 10 ]. 

 Several studies reported LC rates that ranged between 51 and 99 % and 5- and 
10-year overall survival (OS) rates up to 78 and 67 %, respectively, with different 
treatment modalities. In patients treated with surgery alone, high rates of LR have 
been reported [ 3 ]. Retrospective studies showed that adjuvant RT improves LC, 
particularly in cases with locally advanced disease, positive lymph nodes, close or 
positive surgical margins, bone invasion, or PNI [ 9 ,  12 – 16 ]. 

 Dose-response relationship was reported for photons [ 9 ], and a minimum dose of 
66 Gy is recommended.  Neutron therapy   was shown to result in higher LC rates in 
unresectable and recurrent tumors. However, late complications were also higher 
and survival rates were equal with neutrons compared to photons [ 17 – 19 ]. 

  Pleomorphic adenomas   are benign tumors, and  superfi cial parotidectomy   is the 
standard treatment with high rates of LC [ 20 ]. Radiotherapy is indicated in case of 
positive surgical margins, recurrent and unresectable tumors [ 21 – 24 ].  Adenoid cys-
tic carcinomas   are known for their late recurrences [ 15 ]. Simple excision is not 
adequate for these tumors, as residual tumor is highly probable. Fortunately, nodal 
recurrence risk is relatively low. Combined treatment strategies yield high LC rates 
[ 13 ,  25 – 28 ]. Salivary duct carcinoma is highly aggressive; therefore, all cases 
should receive adjuvant RT. The surgical approach for most minor salivary gland 
tumors is more diffi cult; thus adjuvant RT is indicated nearly in all cases. 

  Sublingual gland tumors   are mostly locally advanced and high grade but have a 
low propensity for lymph node involvement. Adjuvant RT is indicated in the major-
ity of the patients as they are mostly high risk. 

 Chemotherapy (CT) is used for palliative treatment only [ 29 ]. There are limited data 
regarding the effi cacy of concurrent adjuvant chemoradiotherapy (CRT). In patients 
with T3–4 tumors, positive surgical margins, positive lymph nodes, or PNI, CRT was 
shown to have a LC rate higher than 90 %, but the number of patients was limited and 
severe acute toxicity was reported [ 30 ,  31 ]. In another study where 24 patients were 
evaluated, postoperative CRT was found to be superior to RT alone in terms of OS [ 32 ].  
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3     Target Volume Determination 
and Delineation Guidelines 

    Gross Tumor Volume (GTV) 

 GTV should include the gross tumor and involved lymph nodes detected by clinical 
examination, CT, MRI, PET/CT, and intraoperative fi ndings, if operated. GTV is 
divided into two; GTVp defi nes the primary tumor, and GTVn defi nes the involved 
lymph nodes. In postoperative cases GTV is not stated as it is assumed to be no 
tumor or grossly involved lymph nodes left. 

 Following structures should be evaluated carefully whether they are involved in 
parotid tumors:

 –     Anteriorly:    Is the skin involved?     
 –    Laterally:    Is the skin involved?  
 –   Are the pterygoid plates intact?     

 –    Medially:    Is there tumor extension into the mandible?  
 –   Is the masseter muscle involved?     

•   Posteriorly:
 –    Does the tumor extend to the stylohyoid foramen which the facial nerve 

passes through?  
 –   Is there tumor extension through the ear canal?  
 –   Is the carotid artery intact?     

 –    Superiorly:    Is the skull involved?     
 –    Inferiorly:    Is there extraparenchymal extension?        

    Clinical Target Volume (CTV) 

•      CTV1  includes the entire ipsilateral parotid gland, parapharyngeal space, infra-
temporal fossa, and ipsilateral subdigastric nodes. It is not necessary to treat the 
surgical scar to full skin dose as scar failure is less than 1 %. In case of PNI, the 
cranial nerve pathway from the parotid up to the base of the skull should also be 
delineated.  

•    CTV2  covers the entire operative bed as it is the region of high risk for subclini-
cal disease and potential routes of spread.  

•    CTV3  is the low-risk regions of subclinical disease. For parotid tumors, elective 
neck irradiation is indicated in patients with locally advanced disease, squamous 
and undifferentiated histologies, facial nerve involvement at diagnosis, and 
recurrence. Ipsilateral levels Ib, II, and III should be treated. Bilateral elective 
neck irradiation is not recommended. In case of positive lymph nodes after neck 
dissection, ipsilateral neck between level I and IV should be included. For sub-
mandibular tumors, elective ipsilateral levels I–IV should be treated. If the tumor 
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extends toward the midline, bilateral neck irradiation is indicated. Elective neck 
irradiation is not necessary in small acinic cell and adenoid cystic cancers. 
Delineation of the cranial nerve pathway also is not required in adenoid cystic 
carcinomas of submandibular gland with focal  PNI   as the recurrence rate of this 
site is very low with a risk of signifi cant morbidity; however, this is not the case 
for minor salivary gland adenoid cystic carcinomas. The base of skull also is 
included in tumors of the palate and paranasal sinuses. Elective neck irradiation 
is indicated for tumors of the tongue, fl oor of the mouth, pharynx, and larynx. 
Lingual and hypoglossal nerves may also be invaded in sublingual tumors. In this 
case, the pathway from the gland to the skull base should be delineated as well.     

    Planning Target Volume (PTV) 

 A margin of 3–5 mm is added in all directions; however, it may be minimized to 
1 mm in areas adjacent to critical structures.  

    Case Contouring 

 Case contouring is demonstrated in Fig.  10.3 .

4         Treatment Planning 

•      Guidelines for Target Volume Doses:  Guidelines for target volume doses are 
summarized in Table  10.1 .

•       Guidelines for Normal Tissue Constraints:  Guidelines for normal tissue con-
straints are summarized in Table  10.2 .

•       Treatment Planning Assessment  (Figs.  10.4  and  10.5 )
 –       Step 1:  Check whether the targets are adequately covered: All plans should be 

normalized to at least 95 % of the volume of PTV60 is covered by the 60 Gy 
isodose surface and 99 % of PTV60 needs to be at or above 56 Gy. It is con-
fusing to evaluate all PTV DVHs, and one may end up slight underdosing of 
PTV2 and PTV3 when a uniform 3 mm margin is added, which is generally 
80 % coverage of PTV2 and PTV3 mostly due to critical structure sparing. 
However, if your nodal CTVs are relatively generous including some muscle 
outside of the nodal fat plane, much of the setup error is “built in” to the CTV 
contour drawn, so some physicians only evaluate CTV2 and CTV3 by look-
ing at dose distributions on the treatment plan and not PTV DVH. It is very 
important to evaluate the DVH of PTV1, because a very tight margin on 
CTV1 could result in underdosing of gross disease due to daily setup error. Be 
careful to ensure that PTV1 should receive at least >90 % of prescribed dose.  
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  Fig. 10.3    Delineation of target and normal volumes for T2N2bM0 parotid gland cancer (CTV 64 Gy  = red)          
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 –    Step 2:  Check whether there is a large hot spot: No more than 20 % of PTV60 
is at or above 66 Gy, and no more than 5 % of PTV60 is at or above 68.5 Gy.  

 –    Step 3:  Check whether the normal tissue constraints are met.  

   Table 10.1    Guidelines for target volume doses   

 TNM 
 CTV1 
(60 Gy/30 fr)  CTV2 (54 Gy/30 fr)  CTV3 (50 Gy/30 fr) 

 T1–2 N0  GTVp 
(whole gland) 

 –  – 

 T3–4 N0  GTVp 
(whole gland) 

 0.5 cm  Ipsilateral Ib–III and intraparotidal 
except for adenoid cystic and 
acinic cell carcinomas 

 T1–4 N+  GTVp (whole 
gland), GTVn 

 Ipsilateral adjacent lymph 
nodes (intraparotidal, the 
one level above, and the one 
level below) 

 Remaining lymph nodes 
(ipsilateral Ib–IV, contralateral I–
III for submandibular tumors 
extending toward midline) 

   Table 10.2    Guidelines for normal tissue constraints   

 Structure  Constraints 

 Brain  Mean <50 Gy 

 For larger volumes, <30 Gy 

 Brain stem  Maximum <54 Gy (no more than 1 % to exceed 60 Gy) 

 Spinal cord  Maximum <45 Gy (no more than 1 % to exceed 50 Gy) 

 Eyes  Maximum <50 Gy 

 Lenses  Maximum <10 Gy, try to achieve 5 Gy (as low as 
possible) 

 Optic nerves  <50 Gy (maximum 54 Gy) 

 Optic chiasm  <50 Gy (maximum 54 Gy) 

 Parotid glands  Mean of one gland <26 Gy or 50 % volume of one gland 
<30 Gy or 20 cc of both glands <20 Gy 

 Submandibular and sublingual 
glands 

 As low as possible 

 Each cochlea  Volume receiving 55 Gy <5 % 

 Mandibula and temporomandibular 
joint 

 Maximum <70 Gy, (no more than 1 cc to exceed 75 Gy) 

 Oral cavity (excluding PTVs)  Mean <30–40 Gy, 

 No hot points receiving >60 Gy in oral cavity region 

 Lips  Mean <20 Gy, 

 Maximum <30 Gy 

 Esophagus, postcricoid pharynx  Mean <45 Gy 

 Glottic larynx  Mean <45 Gy 

 Brachial plexus  Maximum <66 Gy 
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  Fig. 10.4    Sagittal, coronal and axial sections of IMRT plan for T2N2bM0 parotid gland cancer       
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  Fig. 10.5    Dose volume histogram for T2N2bM0 parotid gland cancer       
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 –    Step 4:  Check whether the hot/cold spots exist in the wrong place (slide by slide 
looking at isodose distribution): The hot spots need to be arranged in the GTV, 
and it is necessary to make sure that the hot spot is not on a nerve in the CTV.     

  Fig. 10.6    Serial slices from IMRT plan for T2N2bM0 parotid gland cancer       
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•    Case Plan:  The case presented here was treated with IMRT as shown in Fig.  10.6 . 
Surgical bed as CTV 66 Gy  was prescribed 66 Gy since there was surgical margin 
positivity; left level I–III were irradiated as CTVn 64 Gy  and received 64 Gy due to 
extracapsular nodal extension; left level IV and SCF as CTVn 57 Gy  received 
57 Gy. Cisplatin was given with a weekly dose of 40 mg/m 2 .

•       Treatment Algorithm 

 T1-2, N0, M0 

  Surgery (in case of high-grade tumor, close or + surgical margin or subtotal excision, + 
lymph nodes, deep lobe involvement in parotid tumors, facial nerve involvement, or PNI add 
adjuvant RT) 

  If unresectable; RT 

  No role for chemotherapy 

 T3-4, ≥N1, M0 

  Surgery + adjuvant RT 

  If unresectable; RT 

  No demonstrated role of chemotherapy 

•       Follow-up:  Every 3 months for the fi rst 2 years, every 4–6 months for years 3–5, 
and then annually. Complete remission through clinical examination and imag-
ing studies are necessary. Distinguish viable residual or slowly regressing tumor 
or post-therapy changes by MRI and PET/CT        
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 Overview 
  Epidemiology  
  Metastatic cervical carcinoma of unknown primary   (MCCUP) represents 3 % 
of all tumors and 2–9 % of all head and neck cancers (HNC). Currently, no 
risk factor has been identifi ed except those defi ned for subsites of HNC. Patients 
must be evaluated for  Epstein-Barr virus   (EBV), human  papillomavirus   
(HPV), and sexual behaviors, which may provide useful clues about the pri-
mary. Typically, majority of cases are 55–65 years aged males with history of 
chronic tobacco and/or alcohol use presenting with uni- or bilateral painless 
mass(es) in the upper two third neck. 

  Pathological and Biological Features  
 Histologically,  squamous cell carcinoma   (SCC) accounts for 53–77 % of all 
MCCUP followed by undifferentiated carcinomas (20 %). Other pathologies 
are rare, but a diagnosis of adenocarcinoma in the lower third of the neck is 
important as it usually denotes for a primary below the clavicles. Histologic 
examination of the biopsy specimen for EBV and HPV is important for tailor-
ing the further diagnostic search and treatment plans. 

  Defi nitive Therapy  
 Currently, there exists no standard treatment recommendation for 
MCCUP. Treatment is directed by two most signifi cant prognostic factors, 
namely, nodal stage (N) and status of extracapsular extension (ECE). For N1 
disease and ECE (−), single-modality treatment with selective neck dissection 
(ND) or involved fi eld radiotherapy (RT) is indicated. For N1 but ECE (+) and 
N2-3 disease, a combined approach with pre- or postoperative RT/CRT or 
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1             Case Presentation 

 A 44-year-old male who has 20 pack/year smoking history with no signifi cant past 
medical history presented with a painful mass in his right upper neck, which had 
gradually enlarged for nearly 8 months. He had no problems with dysphagia, swal-
lowing, chewing, phonation as well as any chest pain, palpitations, or dyspnea. 

 His physical examination and rhinoscopy revealed normal ear and nasal fi ndings. 
He had no dental problem. There were no lesions of the gingiva, buccal mucosa, 
fl oor of mouth, oral tongue, base of tongue, hard palate, soft palate, tonsillar fossa, 
or posterior oropharyngeal wall by visualization or palpation. There was an approx-
imately 2 cm hardly mobile painful node in the left upper level II–III area and was 
no other palpable adenopathy on his left neck. Examinations of cranial nerves II–
XII are grossly normal. On endoscopic examination, there was no evidence of dis-
ease in the oropharynx, larynx, and hypopharynx, and vocal cords were mobile, but 
mucosal surfaces were irregular on the left posterior wall of nasopharynx, which 
was randomly biopsied for two times with no evidence of malignancy. 

 On MRI and PET-CT, multiple hypermetabolic lymph nodes on left levels IIA, 
IIB, and III, greatest of which was measured 30 × 21 mm, were defi ned, but primary 
tumor origin could not be determined (Fig.  11.1 ).

   A biopsy was performed from these lymph nodes confi rming the metastatic car-
cinoma of squamous cell type. 

 He was staged as N2bM0 MCCUP.  

2     Evidence-Based Treatment Approaches 

 Treatment plans are mainly tailored by the involved lymph node site and its associa-
tion with probable primaries (Table  11.1 ), stage of neck (Table  11.2 ), surgical mar-
gin and  extranodal extension   (ECE) status, and presence/absence of residual disease. 
Neck dissection (ND) is the preferentially recommended treatment option for N1 
patients with SCC histology, RT being an alternative Category 2B. RT is also 

upfront CRT followed by planned ND for only those without clinical/meta-
bolic complete response is justifi ed. For unilateral tumors, bilateral neck RT 
decreases the contralateral recurrences with no proven survival advantage. 
Similarly, despite commonly practiced, clinical impact of inclusion of pha-
ryngeal mucosal sites in the RT portal is debated. 

  Adjuvant Therapy  
 Benefi t of adjuvant or consolidation chemotherapy is uncertain but warrants 
to be addressed in future trials as nearly 25–30 % of patients present with 
distant metastases at some time point during the follow-up period. 
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indicated in medically unfi t patients or in technically unresectable N1 disease. In 
surgically treated patients, adjuvant treatment indications depend on the status of 
gross residue, surgical margins, ECE, and pathological nodal involvement. For N1 
and ECE (−) patients, both observation and RT are options. For N2-3 and ECE (−) 
cases, RT or CRT (Category 2B) may be alternatives. If ECE (+), CRT is the treat-
ment of choice (Category 1), but RT may be an option for cases unsuitable for 
chemotherapy. If gross residue left or surgical margins are positive, re-resection 
and/or CRT should be performed. In any patient planned to receive RT or CRT at 
upfront/adjuvant settings, it is mandatory to consider the tumor size, involved nodal 

  Fig. 11.1    Multiple hypermetabolic lymph nodes on left levels IIA, IIB, and III       

    Table 11.1    Nomenclature of neck lymph node regions and their relation with possible primary 
tumor sites   

 Level  Involved nodes  Possible primaries 

 1A  Submental  Lower lip, anterior tongue, fl oor of mouth 

 1B  Submandibular  Anterior alveolar mandibular ridge 

 Oral cavity, anterior nasal cavity, submandibular 
glands 

 2A-B  Jugulodigastric/
upper jugular 

 Oral cavity, nasal cavity, nasopharynx, oropharynx, 

 Hypopharynx, larynx, major salivary glands 

 Oropharynx, nasopharynx 

 3  Middle jugular  Oropharynx, nasopharynx, oral cavity, 

 Larynx, hypopharynx 

 4  Lower jugular  Larynx, hypopharynx, thyroid 

 Cervical esophagus 

 5A-B  Posterior triangle  Nasopharynx, oropharynx, subglottic larynx, 

 Apex of pyriform sinus, thyroid, cervical esophagus 

 6  Anterior 
compartment 

 Glottic and subglottic larynx, apex of pyriform sinus, 
thyroid, cervical esophagus 

 Retropharyngeal  Medial, lateral 
retropharyngeal 

 Nasopharynx, oropharynx, soft palate, hypopharynx 

 

11 Metastatic Cancer in Neck Node with Occult Primary



204

station(s), and HPV and EBV status for the design of RT fi eld. Salvage ND is indi-
cated in clinical or metabolic evidence of residual disease following RT or CRT.

    CRT is the preferred upfront treatment option for all medically fi t patients with 
N2–3 disease (Category 2B). Induction chemotherapy (Category 3) followed by RT 
or CRT is alternative recommendation for such patients. Salvage ND should be 
considered in patients with incomplete response. 

 In N1 and early N2A disease, either ND or RT alone provides excellent regional 
control rates. For ECE (−) N1-2a disease, neck recurrence rates following either 
modality ranges from 0 to 15 % [ 1 ,  2 ]. In adequately dissected ECE (−) cases, post-
operative RT is not necessary as does not increase local control rates or survival [ 1 , 
 3 ]. In ECE (+) patients, postoperative concurrent CRT is mandatory to increase 
local control rates [ 1 ]. 

 In patients with advanced neck disease (N2b-N3), combined modality treatment 
with postoperative CRT or defi nitive CRT followed by planned ND for residual, 
unresponsive, or progressive tumors is the standard treatment approach with the 
best neck control and survival outcomes. In a series of 224 patients treated with RT 
alone, Grau et al. reported 5-year neck control and overall survival rates of 50 and 
37 %, respectively [ 4 ]. In two recent smaller series with 40 and 60 patients, Aslani 
et al. [ 5 ] and Lu et al. [ 6 ] reported encouraging 5-year local control (76.3 and 
65.3 %) and overall survival (77.8 and 68.5 %) rates, which may be associated with 
signifi cant improvements in diagnostics and RT techniques. As a refl ection of site 
specifi c data from advanced HNC which suggest signifi cantly better locoregional 
control and survival rates with CRT than RT alone, it is rational to anticipate similar 
outcomes for MCCUP patients [ 7 – 9 ]. In series of defi nitive concurrent CRT or post-
operative CRT, the 2- to 5-year rates of 89–100 % neck control and 74–92 % overall 
survival are excellent [ 10 ]. 

 A summary of results of RT and CRT series of MCCUP are summarized in 
Table  11.3 .

   Although  extensive-fi eld RT   including the bilateral neck and potentially involved 
mucosal sites is the widely practiced RT option, the question whether the irradiation 

   Table 11.2    Nodal staging for MCCUP (AJCC 7th edition)   

 Nodal 
disease  Nodal characteristics 

 N1  Metastasis in a single ipsilateral lymph node, 3 cm or less in greatest dimension 

 N2a  Metastasis in single ipsilateral lymph node more than 3 cm but not more than 
6 cm in greatest dimension 

 N2b  Metastasis in multiple ipsilateral lymph nodes, none more than 6 cm in greatest 
dimension 

 N2c  Metastasis in bilateral or contralateral lymph nodes, none more than 6 cm in 
greatest dimension 

 N3  Metastasis in a lymph node more than 6 cm in greatest dimension 

   Abbreviations: AJCC  American Joint Committee on Cancer,  MCCUP  Metastatic cervical cancer 
of unknown primary,  N  nodal stage  
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be uni- or bilateral neck and whether potential mucosal sites be irradiated has not 
answered yet. Data from two literature reviews favor bilateral neck irradiation and 
inclusion of mucosal sites over unilateral neck irradiation alone [ 10 ,  11 ], but care 
must be given as different studies may have suffer from biases of inclusion of 
patients with poor overall health status or heavy/inoperable necks in unilateral neck 
irradiation group. 

 RT technique of choice is another question. However, a recent study by Ligey 
et al. demonstrated that use of 3D-RT or IMRT were associated with signifi cantly 
superior regional control ( p  = 0.026) and survival outcomes ( p  = 0.029) compared to 
2D-RT [ 12 ]. Based on the available data on specifi c HNC sites, IMRT has the simi-
lar potential to offer lesser acute and late toxicity rates for MCCUP patients, espe-
cially for cases in whom bilateral neck and/or mucosal sites are planned to be 
irradiated [ 13 ,  14 ]. Therefore, we recommend the use of 3D-RT as minimum stan-
dard, preferably IMRT where available. 

 Primary tumor emergence at mucosal sites is generally in the range of 0–12 % 
[ 15 ], increasing by time and decreasing with involvement of mucosal sites in the RT 
portal (Table  11.3 ). In series of Wallace et al., mucosal control rates for neck only 
and selective mucosal irradiation were 92 and 100 %, respectively [ 16 ]. Because 
majority of unknown primaries emerge at tonsils and base of tongue, the authors 
included nasopharynx and oropharynx in their selective radiation portal and included 
larynx and hypopharynx only in cases with level 3 nodal involvements. On the other 
hand, as their incidence rates are similar, it is rather diffi cult to discriminate true 
mucosal emergence of MCCUP from second primaries of head and neck area [ 17 ].  

   Table 11.3    Outcomes 
of patients with MCCUP 
following RT or CRT  

 
 Outcome 

 Neck control a  

  N1-2a  90–100 % 

  N2b-c  80 % 

  N3  50–60 % 

 Distant metastasis 

  N1-2a  <10 % 

  N2b-c  15 % 

  N3  25 % 

  5-y overall survival  40–60 % 

 Emergence of primary b  

  Median time  21 months 

  2-y  <10 % 

  5-y  15 % 

  10-y  20 % 

   Abbreviations: CRT  chemoradiotherapy,  MCCUP  meta-
static cervical cancer of unknown primary,  N  nodal stage, 
 RT  radiotherapy,  y  year 
  a Decreases with unilateral irradiation 
  b Decreases with irradiation of mucosal sites  
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3     Target Volume Determination 
and Delineation Guidelines 

    Gross Tumor Volume (GTV) 

 GTV should encompass the any grossly involved lymph node(s), namely, >1 cm on 
shortest diameter with a necrotic center or metabolically active on PET scans, and 
with any apparent soft tissue extensions. All data from clinical and endoscopic 
examination, CT, MRI, and/or PET-CT should be comprehensively used for accu-
rate GTV defi nition. Co-registered images may provide higher chance for correct 
delineation of GTV.  

    Clinical Target Volume (CTV) 

 Based on the risk defi nitions, 3 CTV volumes need to be defi ned:

•     CTV1:  For defi nitive RT/CRT or postsurgical patients with positive margins, 
CTV1 corresponds to GTV plus a margin of ≥5 mm at all directions, which may 
be reduced to as low as 1 mm in close proximity to critical structures. In postsur-
gical setting with soft tissue invasion or ECE (+), CTV1 is the surgical bed with 
a margin of ≥5 mm at all directions and represents for high-risk CTV1. In the 
absence of adverse factors, CTV1 is the surgical bed with a margin of ≥5 mm 
around and represents for intermediate risk CTV1.  

•    CTV2:  It represents the high-risk region for subclinical disease including micro-
scopic disease and potential routes of spread for likely primary and nodal dis-
ease. Potential primary regions should include the entire nasopharynx, base of 
tongue, ipsilateral tonsillar fossae, pyriform sinus, and highly suspected regions 
depending on the location and laterality of involved lymph node(s). For defi ni-
tive RT/CRT or postsurgical patients with positive margins, CTV2 corresponds 
to soft tissues and nodal regions adjacent to CTV1. For soft tissue component, 
0.5- to 1-cm margin around and for nodal component 2–3 cm from CTV1 nodal 
basins should be included in CTV2. In postoperative setting, CTV2 includes 
elective nodal regions and potential primary regions for both high- and 
intermediate- risk IMRT, as defi ned above.  

•    CTV3:  Lower-risk elective nodal regions such as bilateral low anterior neck or 
contralateral neck in cases with unilateral lymph node involvement form the 
CTV3.     

    Planning Target Volume (PTV) 

 PTV is formed by additional margin around the CTVs to compensate for the intra- 
and/or inter-fraction variability, uncertainties of treatment setup, and internal organ 
motion. It is better for institutions to defi ne their own PTV margin, which may 
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highly differ between RT centers. In general, a minimum of 5 mm at all directions 
is used to defi ne each PTV. However, as it is critical to consider organs at risk, PTV 
margins can be reduced as needed. Respective PTV1, PTV2, and PTV3 are created 
by adding abovementioned margins to CTV1, CTV2, and CTV3. 

 Any MCCUP or primary HNC almost never involve all lymph node regions 
(level 1a to 6). 

 It should be kept in mind that the risk of ECE increases with size. Almost >50 % 
of lymph nodes between 1 and 3 cm are ECE (+), which increases to >75 % in 
tumors >3 cm [ 18 – 22 ]. 

 Probable primary tumor sites according to involved lymph node station(s) are 
summarized in Table  11.1 . 

 In addition to primary involved nodal basins, the probable intermediate risk or 
elective nodes to be involved in typical IMRT portal according to suspected primary 
sites should be defi ned as described in Table  11.4 .

   If bilateral node stations are involved, tumors of midline structures such as naso-
pharynx, hypopharynx, hard or soft palate, fl oor of mouth, and supraglottic larynx 
should specifi cally be remembered. 

 If exclusive level IV involvement is present, probable tumor site should highly be 
suspected below the clavicles. 

 Representative target volumes for MCCUP case presented here are shown in 
Fig.  11.2 .

       Level Definition Tips 

 Level IB (submandibular) is separated from level IIA by the submandibular gland 
and jugular vein interface, level II (subdigastric-jugulodigastric) follows the jugular 
vein to the jugular fossae, hyoid bone and upper border of cricoid cartilage separates 
level II from III (midjugular), level IV (low jugular and supraclavicular) lays 
between lower border of cricoids cartilage and clavicle, and level V (posterior cervi-
cal) nodes are located behind posterior edge of sternocleidomastoid muscle.  

   Table 11.4    Suggested lymph node levels to be included in radiotherapy portal according to  sus-
pected primary site     

 Suspected primary  N1-2a  N2b-3 

 Nasopharynx  1, 2, 3, 4, and RPN  2 3, 4, 5, and RPN 

 Oral cavity  1, 2, and 3 (4 if anterior 
tongue suspected) 

 1, 2, 3, 4, and 5 

 Oropharynx  2, 3, and 4 (RPN if posterior 
PWT suspected) 

 1, 2, 3, 4, 5, and RPN 

 Hypopharynx  2, 3, and 4  1, 2, 3, 4, 5, and RPN 

 Larynx  2, 3, and 4  2, 3, 4, and 5 

   Abbreviations: PWT  posterior pharyngeal wall tumor,  RPN  retropharyngeal nodes  
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  Fig. 11.2    Representative 
target volumes for 
 metastatic cervical 
cancer of unknown 
primary   case presented 
here ( a ,  b )         

a 
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    Case Contouring (Fig.  11.2 ) 

•     Check coverage of nasopharynx  
•   Check coverage of base of tongue  
•   Check coverage of uni- or bilateral tonsils  

b

Fig. 11.2 (continued) 
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•   Check coverage of pyriform sinus  
•   Check coverage of additional head and neck structures based on nodal 

involvement  
•   Check coverage of the midline structures in case of bilateral nodal involvement      

4     Treatment Planning 

•      Guidelines for Radiotherapy Doses:  To minimize dose to the critical structures, 
particularly the parotid glands, IMRT (preferred) or 3D-RT is recommended. 
This is critical especially when oropharyngeal structures are included in radia-
tion portal. Dose distribution of PTV 70 , PTV 59.4 , and PTV 54  Gy and related dose- 
volume histogram for the case presented here are demonstrated in Figs.  11.3  and 
 11.4 , respectively. Typical recommended doses of RT for defi nitive RT/CRT and 
postoperative settings are described in Table  11.5 .

           Definitive Radiotherapy 

•      High-Risk    PTV   : Includes involved lymph nodes and possible local subclinical 
infi ltration at the high-risk level lymph node(s). A total of 66 Gy (2.2 Gy/fr) or 
70 Gy (2 Gy/fr or 2.12 Gy/fr if dose-painting IMRT or simultaneous integrated 
boost IMRT used. If the planned dose is >70 Gy, in an effort to minimize the risk 
of toxicity, some authors recommend use of slightly decreased daily doses (e.g. 
<2 Gy) at least during some part of treatment.  

•     Mucosal Sites   : Depending on the fi eld size, putative mucosal sites should receive 
50–66 Gy (2 Gy/fr) with standard 3D-RT or sequentially planned IMRT. For 
highly suspicious mucosal sites, 60–66 Gy should be considered. If dose- painting 
IMRT or simultaneous integrated boost IMRT is utilized, doses of 54–66 Gy 
(1.63–2 Gy/fr in 33 fractions) are recommended as indicated.  

•     Low-Intermediate Risk PTV   : All suspected sites of subclinical spread including 
the nasopharynx, base of tongue, tonsils, pyriform sinus, and bilateral neck nodes 
(levels I–V):
 –    In cases of 3D-RT or sequentially planned IMRT: 44–50 Gy in 2 Gy daily 

fractions  
 –   If IMRT is dose painting or simultaneous integrated boost: 54–63 Gy in 1.6–

1.8 Gy daily fractions        

    Definitive Concurrent Chemoradiotherapy 

•      High-Risk PTV:  Typical dose is 70 Gy (2 Gy/fr) for 3D-RT or dose painting 
IMRT/simultaneous integrated boost (2.12 Gy/fr). Doses beyond 70 Gy is not 
recommended with concurrent CRT.  
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  Fig. 11.3    Dose distribution of PTV70, PTV59.4, and PTV 54 Gy for the case presented here ( a ,  b )         

a 
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b

Fig. 11.3 (continued) 

•    Mucosal Sites:  Depending on the fi eld size, putative mucosal sites should receive 
50–66 Gy (2 Gy/fr) with standard 3D-RT or sequentially planned IMRT. For 
highly suspicious mucosal sites, 60–66 Gy should be considered. If dose- painting 
IMRT or simultaneous integrated boost IMRT is utilized, doses of 54–66 Gy 
(1.63–2 Gy/fr in 33 fractions) are recommended as indicated.  
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•    Low-Intermediate-Risk PTV:  All suspected sites of subclinical spread including 
the nasopharynx, base of tongue, tonsils, pyriform sinus, and bilateral neck nodes 
(levels I–V)
 –    In cases of 3D-RT or sequentially planned IMRT: 44–50 Gy in 2 Gy daily 

fractions  
 –   If IMRT is dose painting or simultaneous integrated boost: 54–63 Gy in 1.6–

1.8 Gy daily fractions        

     Postoperative Radiotherapy   

•     Radiotherapy should preferentially commence on ≤6 weeks of postoperative 
period.  

•    High-Risk PTV:  Includes the surgical fi eld with adverse factors such as ECE (+) 
and/or close/positive surgical margins. Typical dose is 59.4–66 Gy (1.8–2 Gy/fr) for 
patients with ECE (+) and/or close surgical margins with concurrent chemotherapy. 
For patients with positive surgical margins, a dose of 70 Gy (2 Gy/fr) is recom-
mended for 3D-RT or standard IMRT. If dose-painting IMRT or simultaneous inte-
grated boost IMRT is used, then the dose is 70 Gy in 2.12 Gy daily fractions.  

•    Mucosal Sites:  Depending on the fi eld size, putative mucosal sites should receive 
50–66 Gy (2 Gy/fr) with standard 3D-RT or sequentially planned IMRT. For 
highly suspicious mucosal sites, 60–66 Gy should be considered. If dose- painting 

   Table 11.5    Recommendations for RT doses and fractionation for target volumes with standard or 
 simultaneous integrated boost IMRT     

 Treatment type  PTV1  PTV2  PTV3 

 Defi nitive RT  66–70 Gy (2–2.12 Gy/
fr) 

 59.4–66 Gy (1.8–2 Gy/
fr) 

 46–54 Gy 
(1.63–2 Gy) 

 Defi nitive CRT  66–70 Gy (2–2.12 Gy/
fr) 

 59.4–66 Gy (1.8–2 Gy/
fr) 

 46–54 Gy 
(1.63–2 Gy) 

 Postoperative RT 

  Risk factors (+)  66–70 Gy (2–2.12 Gy/
fr) 

 59.4–66 Gy (1.8–2 Gy/
fr) 

 46–54 Gy 
(1.63–2 Gy) 

  Risk factors (−)  60–66 Gy (2–2.12 Gy/
fr) 

 54–63 Gy (1.8–1.9 Gy/
fr) 

 46–54 Gy 
(1.63–2 Gy) 

 Postoperative CRT 

  Risk factors (+)  66–70 Gy (2–2.12 Gy/
fr) 

 59.4–66 Gy (1.8–2 Gy/
fr) 

 46-54 Gy 
(1.63–2 Gy) 

  Risk factors (−)  60–66 Gy (2–2.12 Gy/
fr) 

 54–63 Gy (1.8–1.9 Gy/
fr) 

 46–54 Gy 
(1.63–2 Gy) 

  Abbreviations:  CRT  chemoradiotherapy,  IMRT  intensity-modulated radiation therapy,  PTV  
Planning target volume,  RT  radiotherapy  
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IMRT or simultaneous integrated boost IMRT is utilized, doses of 54–66 Gy 
(1.63–2 Gy/fr in 33 fractions) are recommended as indicated.  

•    Low-Intermediate-Risk PTV:  All suspected sites of subclinical spread including 
the nasopharynx, base of tongue, tonsils, pyriform sinus, and bilateral neck nodes 
(levels I–V)
 –    In cases of 3D-RT or sequentially planned IMRT: 44–50 Gy in 2 Gy daily 

fractions  
 –   If IMRT is dose painting or simultaneous integrated boost: 54–63 Gy in 1.6–

1.8 Gy daily fractions        

     Postoperative Chemoradiotherapy   

•     Radiotherapy should preferentially commence on ≤6 weeks of postoperative 
period.  

•   Single-agent cisplatin at 100 mg/m 2  every 3 weeks is recommended concurrently 
with RT. Weekly use of cisplatin may be an alternative for patients anticipated to 
hardly tolerate or intolerate standard cisplatin protocol.  

•    High-Risk PTV:  Includes the surgical fi eld with adverse factors such as ECE (+) 
and/or close/positive surgical margins. Typical dose is 59.4–66 Gy (1.8–2 Gy/fr) 
for patients with ECE (+) and/or close surgical margins. For patients with posi-
tive surgical margins, a dose of 70 Gy (2 Gy/fr) is recommended for 3D-RT or 
standard IMRT. If dose-painting IMRT or simultaneous integrated boost IMRT is 
used, then the dose is 70 Gy in 2.12 Gy daily fractions.  

•    Mucosal Sites:  Depending on the fi eld size, putative mucosal sites should receive 
50–66 Gy (2 Gy/fr) with standard 3D-RT or sequentially planned IMRT. For 
highly suspicious mucosal sites, 60–66 Gy should be considered. If dose- painting 
IMRT or simultaneous integrated boost IMRT is utilized, doses of 54–66 Gy 
(1.63–2 Gy/fr in 33 fractions) are recommended as indicated.  

•    Low-Intermediate-Risk PTV:  All suspected sites of subclinical spread including 
the nasopharynx, base of tongue, tonsils, pyriform sinus, and bilateral neck nodes 
(levels I–V)
 –    In cases of 3D-RT or sequentially planned IMRT: 44–50 Gy in 2 Gy daily 

fractions  
 –   If IMRT is dose painting or simultaneous integrated boost: 54–63 Gy in 1.6–

1.8 Gy daily fractions     
•    Guidelines for Normal Tissue Constraints:  Normal tissue dose constraints 

detailed below should strictly be obeyed to prevent debilitating late toxicities. 
Dose-volume histogram of critical organ doses for the present representative 
patient is demonstrated in Fig.  11.4 :

 –    Parotid glands: mean dose (D mean ) of ≤26 Gy or less  (should be achieved in at 
least one gland)  or at least 20 cc of the combined volume of both glands 
should receive <20 Gy or at least 50 % of one parotid gland should receive 
<30 Gy.). Brain stem: maximum dose (D max ) ≤54 Gy  
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 –   Spinal cord: D max  ≤45 Gy oral cavity: D mean  <30 to 35 Gy  
 –   Brain: D max  ≤50 Gy and any large volume of brain should receive <30 Gy  
 –   Optic nerve, optic chiasm: D max  <54 Gy  
 –   Lens: D max  is 10 Gy, and <5Gy if achievable  
 –   Mandible: D max  <69 Gy (hot spots >70Gy should be kept out of the 

mandible).  
 –   Cochlea: no more than 5 % receives ≥55 Gy  
 –   Glottic Larynx: D mean  <36–45 Gy, if not suspected as potential primary     
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  Fig. 11.4    Dose-volume histogram of prescribed target volume doses and critical organs at risk       
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 –     Treatment Planning Assessment       Step 1:  Check whether the targets are ade-
quately covered. As a common example recommended assessment specifi -
cations in Table  11.6  are given for typical dose prescriptions of PTV1 
(PTV 70 ), PTV2 (PTV 59.4 ), and PTV3 (PTV 54 ). However, as various sce-
narios of patient presentation are possible (defi nitive RT, defi nitive CRT, 
postoperative RT with/without adverse factors, and postoperative CRT 
with/without adverse factors), all dose coverage values presented in per-
centages should also be used for any prescribed dose levels. All plans 

   Table 11.6    IMRT plan assessment specifi cations   

 PTV  No variation  Minor variation 

 PTV 70   1. 95 % of any PTV 70  is at or above 
70 Gy 

 1. 95 % of PTV 70  is at or above 
70 Gy 

 2. 99 % of PTV 70  is at or above 
65.1 Gy 

 2. 97 % of PTV 70  is at or above 
65.1 Gy 

 3. No more than 20 % of PTV 70  is at 
or above 77 Gy 

 3. No more than 40 % of PTV 70  is 
at or above 77 Gy 

 4. No more than 5 % of PTV 70  is at or 
above 80 Gy 

 4. No more than 20 % of PTV 70  is 
at or above 80 Gy 

 5. Mean dose ≤74 Gy  5. Mean dose ≤76 Gy 

 PTV 63  (if 
applicable) 

 1. 95 % of any PTV 63  is at or above 
63 Gy 

 1. 95 % of any PTV 63  is at or above 
58.6 Gy 

 2. 99 % of PTV 63  is at or above 
58.6 Gy 

 2. No more than 40 % of PTV 63  is 
at or above 77 Gy 

 3. No more than 20 % of PTV 63  is at 
or above 77 Gy 

 3. No more than 20 % of PTV 63  is 
at or above 80 Gy 

 4. No more than 5 % of PTV 63  is at or 
above 80 Gy 

 PTV 59.4   1. 95 % of any PTV 59.4  is at or above 
59.4 Gy 

 1. 95 % of PTV 59.4  is at or above 
55.2 Gy 

 2. 99 % of PTV 59.4  is at or above 
55.2 Gy 

 2. No more than 40 % of PTV 59.4  is 
at or above 77 Gy 

 3. No more than 20 % of PTV 59.4  is at 
or above 77 Gy 

 3. No more than 20 % of PTV 59.4  is 
at or above 80 Gy 

 4. No more than 5 % of PTV 59.4  is at 
or above 80 Gy 

 PTV 54  (if 
applicable) 

 1. 95 % of any PTV 54  is at/or above 
54 Gy 

 1. 95 % of PTV 54  is at or above 
50.2 Gy 

 2. 99 % of PTV 54  is at or above 
50.2 Gy 

 2. No more than 40 % of PTV 54  is 
at or above 65.3 Gy 

 3. No more than 20 % of PTV 54  is at 
or above 65.3 Gy 

 3. No more than 20 % of PTV 54  is 
at or above 68.3 Gy 

 4. No more than 5 % of PTV 54  is at or 
above 68.3 Gy 

   Abbreviations: IMRT  intensity-modulated radiation therapy,  PTV  planning target volume (sub-
script denotes for prescribed dose)  
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  Fig. 11.5     Recommended algorithm for treatment of metastatic cervical cancer of occult primary         

should be normalized to at least 95 % of the volumes of PTV1, PTV2, and 
PTV3 are covered by the 100 % of respectively prescribed isodose surfaces 
and 99 % of each PTV should be covered by 93 % of prescribed doses.

 –      Minor deviations are acceptable only for few assessment points where critical 
organ tolerance doses limit achieve excellent target coverage.  

 –    Step 2:  Presence of a large hot spot should be carefully checked and should 
not be permitted for more than 20 % of PTV1 (e.g. 70 Gy) to receive 
≥110 % and no more than 5 % of PTV1 to receive ≥%115 of prescribed 
dose, respectively.  

 –    Step 3:  Normal tissue constraints should carefully be checked.  
 –    Step 4:  Plan should be checked slide by slide via examining the isodose 

distribution to prevent the hot and cold spots not to exist on critical organs.  
 –    Step 5:   Hot spots   should be restricted to the GTV with being sure that the 

hot spot does not coincide on any nerve in the CTV.     
•    Case Plan:  The patient with locally advanced MCCUP presented here was 

treated with concurrent CRT (cisplatin 100 mg/m 2 , every 21 days) utilizing SIB- 
IMRT technique. As demonstrated in Figs.  11.2 ,  11.3  and  11.4 , the prescribed 
doses for PTV1, PTV2, and PTV3 were 70, 59.4, and 54 Gy in 33 fractions, 
respectively.  

•    Treatment Algorithm and Patient Follow-Up:  Recommended evidence-based 
treatment options and patient follow-up after treatment for MCCUP patients are 
as depicted in Figs.  11.5  and  11.6 , respectively.
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  12      Complications of Head and Neck 
Radiotherapy and Management 

             Murat     Beyzadeoglu      ,     Ferrat     Dincoglan     , and     Omer     Sager    

 Overview 
 Emerging technological advances in the fi eld of radiation oncology allows for 
more refi ned treatments with improved delineation of target and critical struc-
tures by means of supplementary data from multimodality imaging and pre-
cise treatment delivery under image guidance. Understanding of the 
interactions of radiation with chemotherapeutics and biological response 
modifi ers is improving as the relevant data accumulates and this contributes to 
understanding of normal tissue toxicities. 

  Radiation-related normal tissue toxicity   may occur both during the course of 
radiation therapy and after treatment completion. The incidence of  radiation mor-
bidity   may be dependent on the treatment technique, tumor volume and disease 
extent, the size of treatment fi eld, time-dose-fractionation features, and patient-
related factors including age, nutritional status, and comorbidities. However, the 
effect of these factors on early and late responding tissues may show diversity. 
A formidable challenge of radiation therapy is that there is no selectivity of radia-
tion for a certain body site or tissue, which causes varying degrees of morbidity 
particularly in the presence of close proximity of  critical organ-at-risk structures   
to the target volume. In this aspect, normal tissue tolerance limits are of utmost 
importance in designing radiotherapy plans for any cancer type. Although consti-
tuting a relatively small portion of the human body, head and neck region contains 
critical parts associated with basic vital physiological functions including respira-
tion, nutrition, and expression which emphasize the signifi cance of radiation mor-
bidity at the very outset. Since radiation dose essential for head and neck cancer 
eradication typically exceeds the normal tissue tolerance limits, vigilance is 
required to achieve optimal balance between treatment toxicity and cure. 
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1             Introduction 

  Radiation sensitivity   of tissues is determined by its precursor cells [ 1 ]. Cells vary in 
their inherent susceptibility to radiation. According to  Bergonie and Tribondeau 
law  , factors affecting tissue radiosensitivity include excessive less-differentiated 
cells in the tissue, abundant active mitotic cells, and the duration of active cell pro-
liferation [ 1 ,  2 ].  Rapid cell turnover rate   of the mucosal lining of upper respiratory 
and gastrointestinal tract makes it more susceptible to effects of radiation. Thus, the 
oral cavity with high mucosal turnover rate is prone to toxicity at high radiation 
exposure.  Direct lethal and sublethal damage      of the oral tissues along with immune 
system impairment may contribute to several acute and late complications including 
 mucositis  ,  xerostomia  , pain, loss of taste, dysphagia and swallowing dysfunction, 
otitis externa and otitis media, periodontal disease and caries, soft tissue necrosis, 
mandibular osteoradionecrosis, temporomandibular joint dysfunction, trismus, 
fi brosis, endocrine dysfunctions, laryngeal edema, skin reactions, dehydration, dys-
geusia, malnutrition, cataract formation, temporal lobe necrosis, myelitis, and sec-
ond malignancies.  

2      Mucositis   

 Radiation-induced basal cells loss of oral mucosal epithelium results in oral muco-
sitis. Severity may be variable from mild discomfort to severe pain. Major patient- 
related risk factors include poor oral hygiene, periodontal caries, poor nutrition, 
tobacco, and alcohol use. Time-dose-fractionation features, tumor site, the use of 
concomitant chemotherapy, and surgical treatment are treatment-related risk fac-
tors. Mucositis is an exudative reaction which may progress from patchy to confl u-
ent mucositis. Typical symptoms include tenderness, erythema, edema, pain, and 
swallowing diffi culties. A  pseudomembrane  , and a painful ulcerated surface result-
ing from membrane sloughing may occur. Onset of symptoms usually occurs 
2 weeks after radiotherapy commencement and may persist up to 1 month after 
treatment completion or even longer particularly when concomitant chemotherapy 
is used (Fig.  12.1 ).

   Minimizing the exposure of affected mucosa by tobacco, alcohol, or poorly fi t-
ting dentures should be considered in the management of mucositis. Optimizing the 
nutritional status of the patient and giving instructions for oral hygiene may aid in 
management. Saline and bicarbonate lavage may be used in the management of 
non-confl uent mucositis.  Topical xylocaine   and other analgesics may be used to 
relieve oral discomfort. Treatment breaks should be avoided due to the accelerated 
repopulation features of the tumor. 

 Oral hygiene and mouth care are of utmost importance for decreasing the inci-
dence and severity of oral complications. Patient education about the rationale for 
oral hygiene should be considered at the very outset. Effective  oral hygiene mainte-
nance   is required throughout the treatment course to avoid complications. Frequent 
rinsing (four to six times daily) of the oral cavity with 0.9 % saline is common 

M. Beyzadeoglu et al.



223

practice in many centers. Avoiding the use of drying agents such as alcohol or 
glycerine- based products may be benefi cial. Dental brushing with toothpaste, dental 
fl ossing, sodium bicarbonate rinses, and ice chips are useful in achieving bacterial 
 dental plaque control  . Cleaning of the oral cavity after meals is important. Reduced 
salivary function as a result of xerostomia may cause accumulation of food and 
debris, which requires more frequent hygiene. 

  Lip care products   including petroleum-based oils and waxes may be used to 
avoid dryness of the lips. 

 Instruction of patients for routine follow-up with an expert dentist is crucial. 
A meticulous dental assessment several weeks before radiotherapy commence-
ment is required to allow for adequate time interval for tissue healing if inva-
sive oral procedures such as dental extraction are indicated. The potential risk 
of soft tissue necrosis and osteoradionecrosis may be reduced with this timely 
approach [ 3 ,  4 ]. 

  Oral candidiasis   is a frequent infection of the oropharynx in patients receiving 
radiotherapy to the head and neck region. This infection may aggravate mucositis 
since the yeast colonize the injured mucosa. Topical antifungals such as nystatin and 
clotrimazole may be used in the management of oral candidiasis. Systemic antifun-
gals such as fl ucanozole and ketoconazole may also be used if necessary. 

 Mucosal healing usually occurs rapidly after completing radiation treatment.  

3      Taste Changes   

 Atrophy and degeneration of taste buds may result as a consequence of oral cavity 
irradiation. Taste buds are susceptible to irradiation, and sensations of sweet, sour, 
salty, or bitter may be affected. Incidence of taste changes is dependent on radiation 
dose. Though recovery may be observed within a few months following treatment 
in some patients, persistent changes may also occur. 

 Patients should be instructed to chew foods longer to allow for more contact of 
foods with taste buds. Also, smelling the foods before eating may be recommended 
since taste and smelling senses are interlinked.  

  Fig. 12.1    Radiation-induced 
mucositis with incipient 
breakdown of the buccal 
mucosa (Reproduced with 
permission of Springer 
Science and Business Media)       
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4      Xerostomia   

 Reduction in salivary fl ow as a result of salivary gland damage is a frequent compli-
cation of head and neck radiotherapy. Saliva is required for normal execution of oral 
functions including swallowing, taste, and speech. So, permanent impairment of 
salivary function may have several clinical consequences and may substantially 
affect qualiy of life. As the salivary viscosity increases, lubrication of oral tissues is 
impaired and buffering capacity is compromised with increased risk of dental caries 
and progressive periodontal disease. Due to the patient’s diffi culty in maintaining 
oral hygiene and mechanical cleansing, oral fl ora becomes more pathogenic and 
plaque levels accumulate. 

 Unstimulated whole salivary fl ow rates under 0.1 mL/min are indicators of xero-
stomia. Signifi cant reduction of salivary gland within the necrosis fi eld causes xero-
stomia [ 5 ]. Typical symptoms and signs include dryness, fi ssures at lip commissures, 
burning sensation of the tongue, a dorsal tongue surface atrophy, increased thirst, 
and diffi culty in wearing dentures (Fig.  12.2 ).

   Xerostomia occurs as a result of infl ammatory and degenerative effects of radia-
tion on the salivary gland parenchyma. Salivary fl ow decreases within the fi rst week 
after radiotherapy commencement, and continual progressive decrease occurs dur-
ing the course of treatment. The severity of hypofunction is dependent on the dose 
of radiation and volume of glandular tissue within the radiotherapy fi eld. Severe 
radiotherapy-induced xerostomia with less than 25 % of the baseline salivary func-
tion may be avoided by sparing at least one  parotid gland   to a mean dose of <20 Gy 
or by sparing both parotid glands to <25 Gy [ 6 ]. Nevertheless, keeping the parotid 
mean doses as low as possible without compromising clinical target volume cover-
age is recommended since better function of the parotid glands may be achieved 
with lower parotid mean doses [ 6 ]. 

  Fig. 12.2    Radiation-induced xerostomia and dental caries secondary to radiation therapy 
(Reproduced with permission of Springer Science and Business Media)       
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 Patients with xerostomia should maintain their oral hygiene to minimize the risk of 
oral lesion formation. Unless preventive measures are taken, periodontal disease may 
deteriorate and caries may become uncontrollable. Preventive strategies include plaque 
removal by toothbrushing and fl ossing; remineralization by the use of topical and/or 
systemic remineralizing solutions; rinsing with antimicrobials such as chlorhexidine, 
povidone iodine, etc.; and using sialogogues such as  pilocarpine   and bethanechol. 

 Surgical interventions may be used in the management of xerostomia [ 7 – 9 ]. 
Complementary methods such as acupuncture have been used for xerostomia pre-
vention [ 10 ,  11 ]. 

  Amifostine   (WR-2721), which is a pro-drug dephosphorylated by plasma mem-
brane alkaline phosphatase to the active metabolite of free thiol WR-1065, exerts its 
radioprotective action by scavenging free radicals produced by head and neck irra-
diation along with its detoxifi cation effect used in chemotherapy-induced renal tox-
icity reduction. It is used as a radioprotective agent to reduce xerostomia in patients 
with head and neck cancers who are receiving radiotherapy [ 12 – 15 ]. 

 Temporarily wetting the oral mucosa by saliva substitutes or artifi cial saliva 
preparations is a palliative cytoprotective strategy to relieve discomfort of patients 
with xerostomia. 

 Pilocarpine, a parasymppathomimetic agent, is used in the management of 
radiotherapy- induced xerostomia [ 16 – 18 ]. It may have a radioprotective effect on 
salivary glands if used during head and neck radiotherapy. Pilocarpine typically 
increases salivary fl ow within 30 min after ingestion. Continual use is required to 
achieve maximal benefi t. Treatment is initiated at 5 mg orally, thrice daily, and dose 
is then titrated to achieve optimal balance between clinical response and side effects. 
Allowing a week between dose increments is recommended to confi rm patient tol-
erance. Hyperhidrosis is a common adverse effect of pilocarpine.  

5      Skin Toxicity   

 An overwhelming majority of patients receiving radiotherapy for head and neck 
cancers experience varying degrees of acute skin effects. Treatment-related factors 
include total dose, dose per fraction, type and energy of radiation, use of beam 
modifi ers, the size of radiotherapy fi elds, and the use of concomitant therapeutic 
agents such as chemotherapeutics,  radiosensitizers  , monoclonal antibodies, etc. 
Patient-related risk factors include impaired nutritional status, fair complexion, his-
tory of extensive sun exposure, comorbid diseases such as diabetes mellitus, and 
collagen vascular diseases such as scleroderma and lupus. 

 Skin reactions range from mild erythema or dryness to dry or moist desquama-
tion. Symptoms are usually temporary. Typical onset of symptoms occurs approxi-
mately 2 weeks after the commencement of radiotherapy and may persist up to 
4 weeks after treatment completion (Fig.  12.3 ).

   Management of skin toxicity includes adhering to principles of good wound care 
and maintaining a clean environment. Careful cleansing of the skin is warranted. 
Moisturizers ( Acuophor   or aloe vera gels) may be applied to areas of dry 
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desquamation. Mechanical and chemical irritation of treated skin must be prevented 
by avoiding tight clothes, perfumes, etc. In the presence of moist desquamation, 
additional measures should be taken to avoid skin infections and consequential 
treatment breaks.  

6      Osteoradionecrosis   

 Direct osteocytic damage or injury to the small vasculature of the haversian systems 
and the periosteum by irradiation may negatively affect the bone’s capability to 
resist trauma and avoid infections. Pathologic fractures may occur since the com-
promised bone has lost its ability to repair itself. Pain, fi stula, infection, and com-
plete or partial sensational loss may occur. 

 Osteoradionecrosis typically involves the mandible in head and neck radiother-
apy with varying incidences reported in retrospective series. The risk of osteoradio-
necrosis increases with trauma, oral infections, and intimate association of primary 
tumor with the bone. Osteoradionecrosis typically occurs within the fi rst 3 years 
after diagnosis of head and neck cancer (Figs.  12.4  and  12.5 ).

     Management of osteoradionecrosis   includes the maintenance of meticulous oral 
hygiene, elimination of trauma, avoidance of removable dental prostheses when the 
denture bearing area is within the necrosis fi eld, maintenance of adequate nutri-
tional intake, and discontinuation of alcohol and tobacco consumption [ 19 ]. If 
attempts to preserve teeth are unsuccessful, postradiotherapy dental extractions 
should be performed cautiously due to the risk of initiating osteonecrosis. Topical 
or systemic antibiotics may be used in the presence of infection. Analgesics may be 
indicated for pain management. Local resection of loose bony spicules may be pos-
sible.  Hyperbaric oxygen treatment   may be recommended if conservative treatment 
has failed and the patient suffers from increasing pain. It may result inconsiderable 
pain relief through increased oxygenation of irradiated tissue, enhanced angiogen-
esis, increased  osteoblast repopulation  , and fi broblast function. 

 Surgical resection of the irradiated mandible may be indicated in severe cases of 
osteoradionecrosis. Reconstruction of the mandible may be considered to achieve 
continuity for esthetics and functionality. A multidisciplinary approach is warranted 
in the management of these patients.  

  Fig. 12.3    Typical skin 
reaction after head and neck 
radiotherapy (Reproduced 
with permission of Springer 
Science and Business Media)       
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7      Soft Tissue Necrosis   

 Necrosis of the soft tissue is a rare complication and mostly occurs due to an ill- 
fi tting prosthesis or when a very highly focused dose of radiation is delivered such 
as with an interstitial implant [ 20 ]. Considering that the mucosa and gingiva con-
tinue to change up to several months after irradiation, it is preferable to avoid 

  Fig. 12.4    Skin breakdown 
and osteoradionecrosis of the 
mandibular angle and 
ascending ramus after 
radiotherapy for a parotid 
gland tumor (Reproduced 
with permission of Springer 
Science and Business Media)       

a

b

  Fig. 12.5    Radiological aspects of osteoradionecrosis. Mixed radio-opaque radiolucent lesion, 
with the radiolucent areas representing bone destruction and axial CT of the mandible with osteo-
radionecrosis showing ( a ) small sequestra of bone ( b ) symphysis pathological fracture (Reproduced 
with permission of Springer Science and Business Media)       
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making a new prosthesis for at least 3 months after radiotherapy completion. Usage 
of any ill-fi tting prosthesis should be avoided since it would serve as a continued 
source of irritation. 

 If there is no underlying recurrent tumor, conservative management with oral hygiene, 
antibiotics, and rarely hyperbaric oxygen may be adequate for tissue healing [ 20 ].  

8     Fibrosis 

  Subcutaneous fi brosis   may occur as a severe complication in the neck, particularly 
in the presence of a neck dissection. Submental edema (turkey waddle) may 
develop which typically subsides after several months [ 20 ]. Exercise may prevent 
the formation of contractures.  

9     Trismus 

 Trismus typically results from formation of fi brosis around the masticatory muscles 
and the temporomandibular joint. Radiation alone may cause trismus; however, it is 
more commonly seen when radiation is delivered in the postoperative setting. 
Stretching exercises may be useful in the management of trismus [ 20 ].  

10      Endocrine Dysfunction   

 Radiation therapy for some head and neck cancers may involve the irradiation of 
hypothalamus, pituitary gland, or the thyroid gland. Endocrine abnormalities may 
be evident clinically when dose to these glands exceeds 40 Gy and >75 % of the 
gland is exposed to irradiation [ 20 ].  

11      Laryngeal Edema   

 Edema of the arytenoids may occur following laryngeal irradiation [ 20 ]. Conservative 
management of laryngeal edema includes voice rest, the use of antibiotics for ulcer-
ation, and possibly steroids. Persistence of edema longer than 3 months after radio-
therapy completion is indicative of recurrent or persistent tumor. Laryngectomy 
may be needed for management of laryngeal edema for these patients [ 20 ].  

12      Dysphagia   

 Dysphagia may present as an evident symptom in patients receiving radiother-
apy to the head and neck region. Underlying factors may include direct toxicity 
to taste buds, xerostomia, infections, and physiologic conditioning [ 19 ]. More 
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than 30 Gy total dose of fractionated irradiation may result in reduced acuity of 
sweet, sour, bitter, and salt tastes [ 19 ]. Loss of taste sensation has been attrib-
uted to damage to the microvilli and outer surface of the taste cells. Although 
permanent hypogeusia may develop in some patients, taste acuity usually returns 
2–3 months after radiotherapy completion. The use of zinc supplementation has 
been recommended for prevention of radiation-induced oropharyngeal mucosi-
tis and oral discomfort [ 21 ]. 

 Loss of appetite may occur in cancer patients along with dysphagia, muco-
sitis, taste loss, xerostomia, nausea, and vomiting which worsens quality of 
life due to poor nutritional intake. Oral pain may also prevent some patients 
from eating. Nutritional counseling may be recommended for keeping the 
patient aware of nutritional deficiencies and their consequences. The use of 
nasogastric feeding tubes or percutaneous esophageal gastrostomy may be 
considered in the presence of significant swallowing impairment. Total par-
enteral nutrition is usually reserved for patients unable to eat because of 
mucositis or nausea [ 19 ].  

13      Pharyngeal Dysfunction   

 Dysfunction of pharyngeal transport and swallowing has been reported following 
chemoradiotherapy of head and neck cancers [ 22 – 25 ]. Bolus transport and clear-
ance may be limited in patients with pharyngeal transport dysfunction, and increased 
risk of aspiration may be observed in the presence of swallowing dysfunction. 
Sparing pharyngeal constrictor muscles by IMRT may decrease the risk of pharyn-
geal dysfunction and thus decreasing swallowing problems.  

14      Brachial Plexopathy   

 Brachial plexopathy is an infrequent but debilitating complication of head and 
neck cancer radiotherapy without efficacious cure [ 26 ]. The use of IMRT in the 
management of head and neck cancers has clearly contributed to normal tissue 
sparing; however, doses to brachial plexus may be increased with this treatment 
modality [ 27 ]. Symptoms of brachial plexopathy may be underreported in 
patients receiving radiotherapy for head and neck cancers. 12 % of the patients 
undergoing radiotherapy for head and neck cancers were reported to suffer 
from brachial plexus- associated neuropathy in a recent study [ 28 ]. Common 
symptoms of brachial plexus-associated neuropathy included ipsilateral pain, 
numbness/tingling, motor weakness, and/or muscle atrophy [ 28 ]. Of note, a 
significantly higher proportion of patients suffered from neuropathic symp-
toms when dose to the brachial plexus exceeded 70 Gy, implicating the pres-
ence of a potential threshold effect [ 28 ]. Stemming from these concerns, 
brachial plexus is typically delineated as an organ at risk in current head and 
neck IMRT applications.  
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15     Spinal Cord Injury 

 Symptoms of radiation-induced spinal cord injury called radiation myelitis may 
show great diversity among the affected patients depending on its severity. 
Paresthesias including tingling sensation and  Lhermitte’s sign  , numbness, motor 
weakness, loss of sphincter control, total paraparesis, and paraplegia may occur. 
Time-dose-fractionation features, irradiated volume, the use of chemical/biologic 
modifi ers such as methotrexate, cisplatin, and etoposide may affect the risk of 
developing radiation-induced spinal cord injury. Shortening the interval between 
radiotherapy fractions may reduce the tolerance of spinal cord to irradiation. 
Decreased intensity on T1-weighted images, increased intensity on T2-weighted 
images, and cord swelling or atrophy may be detected on MR imaging [ 29 ,  30 ].  

16      Temporal Lobe Necrosis   (TLN) 

 Temporal lobe necrosis is a severe late complication usually occurring in patients 
receiving radiotherapy for nasopharyngeal carcinoma. Since temporal lobes are 
bilaterally exposed to radiation in nasopharyngeal carcinoma radiotherapy, 
radiation- induced necrosis may develop as a rare but debilitating complication. 
Symptoms of TLN may include headaches, dizziness, personality changes, 
impairment of short-term memory, mental confusion, epileptic seizures, and 
increased intracranial pressure. It may be diffi cult to distinquish between radia-
tion-induced TLN and recurrent disease. Positron emission tomography, single-
photon emission computed tomography, and magnetic spectroscopy may be used 
for detection of TLN [ 31 ]. Steroids, surgical interventions, anticoagulants, anti-
platelets, vitamins,  hyperbaric oxygen  , and  bevacizumab   may be used in the 
management of TLN [ 31 ]. 

 Other than these aforementioned side effects, radiotherapy of head and neck can-
cers may result in adverse effects in cornea, lacrimal gland, lens, retina, and optic 
tract. Radiation-induced cataract may be treated with surgery. Lubrication, patch-
ing, and antibiotic drops may be used in the management of keratitis and dry eyes.     
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