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Abstract
The incidence of head and neck squamous cell carcinoma (HNSCC) is
increasing and currently they account for 5% of all malignancies
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One of the most important prognostic factors in HNSCC is the presence
of lymph node metastases. Patients with confirmed nodal involvement
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1 Introduction

1.1 General overview

Head and Neck Squamous Cell Carcinoma (HNSCC) is
the most common tumor entity in the head and neck re-
gion. It mainly originates from the mucosal space, which
extends from the skull base to the proximal esophagus.
The head and neck region is subdivided in the oral cavity,
pharynx and larynx [1]. The pharyngeal space contains
the nasopharynx, oropharynx and hypopharynx and in-
cludes the tonsils, the floor of the mouth and the soft
palate. Malignancies of the floor of the mouth and the
oropharynx can usually be diagnosed clinically and endo-
scopically because of their superficial anatomical location.
In laryngeal carcinoma, which is the most common
HNSCC, tumor spread and lymph node status should be
assessed with cross sectional imaging, as diagnosis can
not be reliably based on clinical examination alone [2].
Treatment of HNSCC currently considers multimodal
therapy concepts combining surgery with radio-chemo-
therapy [2]. Especially in advanced tumor stages, where
surgical resection is not feasible, radio-chemotherapy is

an established treatment [3], [4]. Inspite of improved tu-
mor detection andmultimodal treatment concepts, 5-year
overall survival according to the current literature is usu-
ally less than 50% in patients with HNSCC [2]. Prethera-
peutic tumor staging in HNSCC must consider tumor
spread and extension, detection of lymph node meta-
stases and assessment of a potentional vascular infiltra-
tion, either by the tumor itself or by suspicious lymph
nodes. Usually after clinical and endoscopic examination,
imaging is performed and contributes to staging, therapy
planning and patient follow-up [5], [6]. Current treatment
concepts are in favour of therapeutic procedures that
combine established chemotherapeutic agents with anti-
angiogenic substances like Cetuximab [6]. In this setting,
clinical and image guided evaluation of tumor volume
and its localization, as well as assessment of cervical
lymph node spread and angioinvasion are fundamental
for optimising therapy options. Close posttherapeutic
patient monitoring is equally essential for improved pa-
tient outcome. It should be performed in the first two
years after diagnosis of HNSCC in order to identify and
treat potential tumor recurrence in the initial stage.
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Patients’ prognosis is undoubtedly affected by delayed
diagnosis, taking into consideration that more than 50%
of patients already present with advanced tumor stages.
This includes clinical obvious lymph node swelling, swal-
lowing disorder, pain in the oropharynx and hoarseness.
For tumor stage adjusted therapy planning, special re-
quirements need to be fulfilled by diagnostic imaging.
The established TNM-classification and the neck level
classification of lymph nodes according to Robbins are
fundamental for the staging of HNSCC [7].
In this review, the diagnostic impact of computed tomo-
graphy (CT), magnetic resonance imaging (MRI) and
positron emission tomography-computed tomography
(PET-CT) on oncologic imaging of HNSCC is characterised.
Due to the rare incidence of carcinomas of the nasal
cavity and the sinuses, between 0.2 and 0.8%, these tu-
mors will not be considered in this review article [1], [2].

1.2 Tumor epidemiology

The incidence of HNSCC is increasing with approximately
650,000 cases annually. In men, HNSCC is five times
more common than in women. In Europe mainly patients
at the age of 50 to 60 years are affected [8]. Head and
neck squamous cell carcinomas account for 2 to 4% of
all malignancies worldwide. Whereas in male squamous
cell carcinomas of the larynx, oro- and hypopharynx are
predominant, in female mainly HNSCC of the oral cavity
and the oropharynx is diagnosed [2]. The high incidence
of HNSCC is induced by excessive nicotine and alcohol
abuse [9]. These exogenic risk factors trigger a dose-effect
dependant chronic inflammation of the oral mucosa and
therefore represent a precancerous lesion which is re-
sponsible for the induction of HNSCC [10]. The human
papillomavirus (HPV) is associated with the development
of carcinomas of the oral cavity and the pharynx. The
Epstein-Barr virus (EBV) is commonly associated with
nasopharyngeal cancer, which is very rare in Europe with
an incidence of 0.2% compared to 18% in Asia [11].
Nasopharyngeal carcinomas, unlike HNSCC, are charac-
terized by a submucosal growth which is not easily access-
ible by surgery. Previous exposure to EBV can induce
nasopharyngeal carcinoma which resembles squamous
cell carcinoma of an undifferentiated type, which is radio-
sensitive. In case of early initiation of radiotherapy, a
5 year overall survival rate up to 70% is achieved [11].
Endogenic factors like patient age and genetic predispo-
sition also contribute towards tumor development, as
with age the exposure to cancerogenic factors might in-
crease. The presence of a p53 genemutation can trigger
HNSCC in young adults between 30 and 40 years of age
[12], [13].

1.3 Current prognostic factors

Diagnosis, therapy and follow-up of HNSCC require an
intensive multidisciplinary cooperation between head
and neck surgeons, radiologists, radiotherapists and on-
cologists, as the current 5 year overall survival rate in the

affected patients is yet very poor with only 42 to 48%
[14]. Tumor size, infiltration depth and histological tumor
type correlate with the degree of tumor invasion into
anatomical structures. Therefore tumor resection grade
and tumor freemargins represent (R0-resection: resection
for cure or complete remission, R1-resection:macroscopic
tumor resection, microscopic residual tumor, R2-resec-
tion: macroscopic residual tumor) essential prognostic
factors [14], [15]. Lymphatic drainage as well as the
pattern of lymph node involvement very much depend
on the location of the primary tumor. The classification
of malignant lymph nodes according to size, ipsi- and/or
contralateral spread and distant metastases, which
preferably occur in the lung and pleura in HNSCC, have
to be taken into consideration, too [7], [15]. Other factors
that influence the course of disease and patient survival,
are age, sex, general condition and comorbidities of the
patient.
Presently no reliable prognostic markers for response-
evaluation in HNSCC are available. The expression of
molecularmarkers in lymph nodemetastases is currently
under investigation. In order to deliver anti-angiogenic
targeted therapy to the tumor, the expression of epithelial
and endothelial proliferation markers in lymph node
metastases is being validated in several studies at the
moment [16], [17], [18]. Therefore PET-CT plays a key
role in predicition of recurrence-free survival of the pa-
tients, as alterations of the SUV value in lymph node
metastases after induction chemotherapy is a reliable
prognosis marker [19]. Another advantage of PET-CT in
diagnosis and follow-up of HNSCC is the fact that it can
distinguish between tumor recurrence and remaining rest
tumor after therapy.

2 Computed tomography

2.1 Status of multidetector-computed
tomography for diagnosis and
differential diagnosis of head and neck
cancer

The most commonly applied cross-sectional imaging
modality for preoperative assessment and posttherapeut-
ic follow-up of HNSCC is multidetector-computed tomo-
graphy (MD-CT) [20]. The establishment of multidetector
technology has resulted in improved spatial resolution in
z-axis with partial volume effects becoming insignificant.
Two x-ray tubes coupled to a detector system in one
gantry, at an angle of 90°, enable rapid and multidimen-
sional coverage of the volume of interest. Especially pa-
tients with advanced tumor stages and reduced compli-
ance due to dyspnea and swallowing disorder, benefit
from the increased speed of CT examination. Short CT
scan times and reduced motion artifacts improve the
diagnostic output of CT. Whereas MD-CT offers narrow
slice collimation up to 0.6mmandmultiplanar reconstruc-
tions, two factors which are optimally suited for imaging
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of bony structures, MRI is the best choice for imaging
soft-tissue lesions. MD-CT provides reduced scan time
combined with short patient gantry exposure time and is
therefore well suited for whole body staging and exclusion
of distant metastases in oncologic cases [21].
Patients who present with lymph node stages N2 or N3
at the time of diagnosis, very often already have distant
metastases or are likely to develop osseous and pulmon-
ary metastases in 84%within 2 years [21]. In these cases
tumor therapymainly comprises of surgical tumor debulk-
ing followed by systemic chemotherapy. Detection of
distant metastases is sensitively and specifically per-
formed with MD-CT (see Figure 1) and can be used as a
prediction marker for the recurrence-free survival of the
patients. Widespread overall availability of MD-CT inmany
clinical centers make it an ideal diagnostic tool for preop-
erative and posttherapeutic imaging after neck dissection,
reconstructive surgery or radio-chemotherapy in order to
differentiate between postsurgical scar and tumor recur-
rence [22], [23].
Established scan protocols for evaluation of HNSCC, re-
gardless of the manufacturer, recommend biphasic CT
in arterial and portalvenous phase. The patient should
be positioned in supine position, with both arms placed
bellow the chest and lateral to the abdomen. The appli-
cation of 80 to 100 ml of iv contrast is usually sufficient
for thin-slice data sets of the head and neck region includ-
ing multiplanar sagittal and coronal image reconstruc-
tions. The selection of 0.6 and 1.0 mm collimations en-
able high quality image reconstructions as well as virtual
CT endoscopies of the head and neck region. Scanning
should be performed from the skull base to the tracheal
bifurcation with focus on the extension of the primary
tumor and the cervical lymph node status. Coronal CT
planes enable the assessment of vascular involvement
and arterial or venous infiltration by the tumor itself or
by lymph node metastases. In contrast to MRI, radiation
exposure, application of iodine containing contrast agents
and dental metallic artefacts are limitations of MD-CT.
MRI is valuable for the diagnosis of a potential skull base
infiltration in oropharyngeal and nasopharyngeal cancer,
whereas CT is prefered for the evaluation of cancer of
the hypopharynx and larynx [23]. In patients with HNSCC
of the oral cavity with potential involvement of the tonsils,
the base of the tongue and the floor of the mouth, MD-
CT can reliably assess infiltration of the mandible. After
all, the diagnosis of osseous metastases with osteolysis
of themandible, like demonstrated in a patient with stage
T3N2M1 cancer of the floor of the mouth, can alter
treatment decisions in favour of radio-chemotherapy (see
Figure 2a and b). MD-CT has a sensitivity of 50% and a
specificity of almost 100% for the detection of osteode-
struction in HNSCC [24]. In contrast to MRI, MD-CT can
sensitively and specifically evaluate vascular encasement
and infiltration as well as infiltration of the prevertebral
space andmediastinum and a perineural spread into the
skull base, which are all potential signs of inoperability
[25]. Ultimately, the head and neck surgeon has to decide
whether tumor resectability is possible, depending on the

patients clinical condition and imaging findings (see Fig-
ure 2c and d).
Many authors consider computed tomography to be the
most sensitive tool for imaging the larynx with regard to
inflammatory and malignant findings [26], [27]. Polyps
of the vocal cords and laryngeal papillomas can be dia-
gnosed by virtual, CT-assisted laryngoscopy with high
sensitivity but little specificity [25]. Endoscopy and biopsy
are the methods of choice for investigation of laryngeal
carcinoma, although tumors with invasion of the pre-epi-
glottic and para-epiglottic space often demonstrate sub-
mucosal spread and can therefore not be easily detected
by endoscopy. In these cases MD-CT is recommended
for operation planning, as it provides valuable information
on localisation, size and depth of tumor extension [25],
[26]. Cancer of the vocal cords and the glottic and sub-
glottic space can also be missed easily by endoscopic
examination whereas MD-CT shows a sensitivity of up to
93% for lesion detection [26]. The diagnosis of cartilage
invasion in laryngeal cancer can be performed sensitively
with MD-CT and contributes towards surgery planning
with regard to partial or radical laryngectomy [27], [28].
CT imaging criteria for cartilage invasion are lysis, scler-
osis and erosions of the cartilage as well as extralaryngeal
destruction. These CT criteria have a negative predictive
value between 95 and 100%. In case they are not dia-
gnosed on CT, an infiltration of the laryngeal cartilage can
be excluded and the patient can benefit from larynx-pre-
serving surgery [28].
Due to its speed, high spatial resolution and low suscept-
ibility artefacts, computed tomography is used for the
analysis of tumor perfusion in some centers. Tumor vas-
cularization, depending on the microcapillary density in
HNSCC, can be determined using a 2-compartment
model [29]. Functional perfusion parameters such as
blood volume and blood flow in the tumor are then used
for response evaluation after radio-chemotherapy, since
cancers with high tumor perfusion rate and correlating
highmicrocapillary density show better response to radio-
chemotherapy than carcinomas with low tumor vascular-
isation [29].
While in PET-CT the "standard uptake value" (SUV value)
represents a functional and reliable parameter for lymph
node determination, CT and MRI use morphologic para-
meters for the classification of lymph nodes. Several re-
search groups have evaluated the detection of cervical
lymph node metastases of HNSCC in PET-CT compared
with other cross-sectional imaging modalities [22], [30],
[31], [32], [33] [34]. Criteria for malignancy include a
maximum transverse diameter of the lymph node greater
than 15 mm, cystic and necrotic areas with or without li-
quefaction, a round-shaped lymph node, cluster formation
and an irregular boundary of the lymph node capsule or
extra capsular lymph node spread [22], [30], [31], [32],
[33], [34]. The results of studies on sensitivity and spe-
cificity for the detection of lymph nodemetastases in PET-
CT, CT and MRI are listed in Table 1. Only lymph node
excision and subsequent histopathological examination
enable reliable assessment of lymph node histology. An
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Figure 1: 43-year-oldmale with T4N2cM1 right sided supraglottic laryngeal cancer (Fig. 1a on the left, black star) and ipsilateral
lymph node metastases in the right cervical level III (Fig. 1a on the left, white arrow).

The pulmonary window setting in the axial CT MIP demonstrates at least 4 metastases in segment 6 of both pulmonary lobes
(Fig. 1b on the right side, black stars).

Figure 2: 77-year-old male with T3N2M1 cancer of the floor of the mouth on the right side. The soft tissue window setting in
post contrast CT demonstrates an extensive hyperdense tumor with osteodestruction of the mandible (Fig. 2a, black star).

Additionally a histologically confirmed lymph node metastases with central necrosis in the right sided cervical level II is visible
(Fig. 2a, white arrow).

The bone window setting shows the osteodestruction of the mandible (Fig. 2b, black star).
72-year-old male with T3N3 oropharyngeal cancer. Extensive bilateral neck lymph node metastases with encasement of the
carotid artery on both sides (Fig. 2c, white arrow). Coronary CT image reconstruction demonstrates a both sided tumor infiltration

of the carotid bifurcation (Fig. 2d, white arrow).

Table 1: Sensitivity and specificity of CT, MRI and PET-CT for detection of cervical lymph node metastases
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indication for cervical lymph node dissection after previ-
ous cross-sectional imaging is given in cases where a
malignant lymphoma is suspected, persistent lymphade-
nopathy is diagnosed with no apparent primary tumor in
the head and neck region, lymph node metastases of
other primary tumors outside the head and neck region
are suspected or an inflammatory systemic disease or
vasculitis such as tuberculosis and sarcoidosis must be
excluded [34].
In dual-energy CT (DE-CT) 2 X-ray tubes generate two dif-
ferent voltages of 80 kV and 140 kV, so that tissue can
be sampled optimally with different absorption spectra.
With this technique, high-attenuation artefacts are min-
imized and noise-reduction as well as improved soft tissue
contrast is achieved [35]. Because of these properties,
after iv administration of iodinated contrast agent, the
iodine content of tumors can be demonstrated and
quantified with DE-CT. This approach is promising, be-
cause the iodine uptake in tumors or lymphatic tissue
may be utilised as a surrogatemarker for tumor perfusion
and angiogenesis, as demonstrated in a study by Schmid-
Bindert et al. in patients with bronchial carcinoma and
suspected thoracic lymph nodemetastases in DE-CT. This
study also confirmed a correlation between the iodine
uptake in the tumor and the corresponding standard up-
take value (SUV) in 18F FDG PET-CT [35].
Short scanning times, objectivity and reproducibility of
the CT findings in contrast to sonography, a reduction of
motion artefacts by the multi-detector technology and
the possibility of secondary multiplanar reconstructions
make computed tomography very valuable for the assess-
ment of HNSCC [36]. As a staging tool it is utilised for
determining the depth of infiltration of tumors, especially
in submucosal spread, and their pattern of metastases.
Especially in carcinomas of the oral cavity, the hypo-
pharynx and larynx, where depth of tumor infiltration and
a potential infiltration of the bone must be clarified, the
impact of contrast-enhanced CT on diagnosis and treat-
ment planning is tremendous.

3 Positron emission
tomography-computed tomography

3.1 18 F Fluorodeoxyglucose PET-CT for
nodal staging in head and neck cancer
and cervical squamous cell cancer of
unknown primary (CUP)

Positron emission tomography-computed tomography is
a noninvasive imaging modality that combines the func-
tional information of PET with themorphological informa-
tion of CT and utilises this information for the imaging of
tumors with increased glucose metabolism [37]. CT and
MRI are established diagnostic procedures for pre-and
post-therapeutic imaging of squamous cell carcinoma of
the head and neck region. Yet, they can not replace the
metabolic information of PET, which can characterize a

lymph node irrespective of its morphology. While contrast-
enhanced CT andMRI are established imagingmodalities
for the T classification of head and neck cancer and en-
able assessment of the primary tumor and its extension
alongwith the clinical and endoscopic findings, PET allows
distinction of potential lymph node metastases, depend-
ing on their size and FDG activity [37]. Cystic-necrotic
lymph nodemetastases, which occur frequently in cancer
of the tonsils, can be diagnosed with an accuracy up to
92% with 18F-FDG PET-CT [38]. Regardless of size and
extent of the primary tumor, the localization of lymph
nodemetastases and information on unilateral or bilateral
spread is essential for operation planning and definition
of radiation field. 18F-FDG PET-CT is a functional imaging
methodwithmorphological input and therefore represents
a roadmap for tumor therapy (see Figure 3).
The most commonly used PET tracer is the glucose ana-
logon 18 F Fluorodeoxyglucose (18F-FDG). There is an
uptake of 18F-FDG by tumor cells and metabolization by
hexokinase to FDG-6-phosphate. FDG-6-phosphate accu-
mulates in the cells as it can not be reduced further
through glycolysis [39]. The quantitative assessment of
the glucose metabolism in these cells is determined by
the standard uptake value (SUV). The SUV is defined as
the FDG uptake in a tumor over a certain time interval,
considering tracer decay, the administered dose of the
PET tracer and the patient's weight.
Technical factors, such as equipment, PET-CT calibration
and injection mode, as well as physiological factors like
blood sugar levels, increasedmuscle activity and existing
inflammation in the body, influence SUV quantification
[39]. Increased standard uptake values are physiological
in the Waldeyer’s ring and in the vocal cords due to
coughing or speech. The head and neck region, due to
its small-sized anatomical structures, is indeed a diagnost-
ic challenge. The detection of lesions with FDG uptake
and assessment of their SUV requires a dedicated exam-
ination protocol in order to guarantee optimal diagnostic
accuracy of the PET-CT scan. The evaluation of the SUV
before and after treatment of HNSCC is an important
prognostic marker for determining the individual survival
time of patients, as high SUV values are usually associ-
ated with high T stage and N1-3 metastases and thus
correlate with a shorter tumor-free survival rate of patients
compared to low T stages in a N0 or N1 neck [40].
An established examination protocol at our institution
recommends body weight-adapted intravenous adminis-
tration of 250–350Mega Becquerel (MBq) 18F-FDG after
previous fasting of the patient for at least 6 to 8 hours.
The whole-body PET-CT is initiated approximately 60
minutes after iv application of the tracer on the Biograph
True PointTM HD PET-CT System (Siemens, Healthcare
Sector, Erlangen/Germany). Attenuation correction CT is
performedwith 50–70mAs, 120 kV, 5mmslice thickness
and 3 mm increment. PET is carried out in the 3D mode.
The standard examination parameters, all applied with
the True X algorithm, comprise of 3 iterations, 24 subsets,
the Gaussian filter 3 mm Full Width Half Maximum
(FWHM) for PET raw data reconstruction and amatrix size
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Figure 3: 51-year-old male with diagnosis of a T3N2M0 cancer of the base of the tongue on the left side. Post contrast CT shows
a necrotic lymph node metastasis 3 cm in size in the left cervical level II (Fig. 3a, black star). On coronal CT slices lymph node
metastases in the left level II and III are visible (Fig. 3b, black star; Fig. 3d and 3f). PET demonstrates intensive FDG uptake by
the lymph node metastases (Figure 3e and 3f). A lymph node of 1.5 cm in the right neck level II could not be assessed with CT
(Fig. 3a and 3b, white arrow). This lymph node shows intensive FDG Uptake in PET (Fig. 3e and 3f) and the fused axial and
coronary PET-CT images (Fig. 3c and 3d). Bicervical neck dissection was performed. Histologically a lymph node metastasis

was confirmed.
Intensive contrast agent accumulation in the primary tumor in the left sided base of the tongue (Fig. 3a, 2 white arrows) which

correlates with intensive FDG uptake in PET-CT (Fig. 3c and 3e).

of 200x200. All patients then undergo a diagnostic
biphasic CT in arterial and portalvenous phase from the
skull base to the chest after intravenous administration
of 100ml iodinated contrast agent. The study parameters
are standardized to 16x1.2mm slice thickness and 3mm
increment. PET and CT raw data are reconstructed in
multiplanar cross-sections. For image analysis and dia-
gnostic reporting, both, non-attenuation-corrected and
attenuation-corrected PET data is viewed as well as
maximum intensity projections (MIP). The combination
of a 40-row computed tomography with molecular high-
resolution positron emission tomography ensures optimal
image quality with improved spatial resolution up to 2
mm and a significant reduction of data acquisition time
[41]. The HD PET-CT technology reduces image blurring
tremendously. The integration of Time of Flight projections
(TOF) in PET has further increased signal-to-noise ratio
and improved small lesion detectability for micrometa-

stases (see Figure 4). This is associated with shorter
examination times and a reduction of FDG dose for the
patient [41], [42], [43].
In 2000 the “evidence-based classification of the third
Consensus Conference – Onko-PET III” discussed the in-
dications for 18F-FDG PET-CT in HNSCC. According to the
guidelines of the Consensus Conference it was decided
to use PET-CT for staging of lymph nodes and distant
metastases, the diagnosis of tumor recurrence in HNSCC,
investigation of CUP and intensitymodulated radiotherapy
planning (IMRT) [44]. Whereas PET did not have the
status of an essential diagnostic requirement in the
“guidelines for tumors of the upper aerodigestive tract
2003” [45], to date there has been a paradigm shift. In
the meantime, several studies admit the importance of
18F-FDG PET-CT for nodal staging of head and neck
squamous cell carcinoma and the cervical CUP syndrome
[37], [38], [39], [46], [47], [48]. 18F-FDG PET-CT can
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Figure 4: 53-year-old male with right sided cancer of the tonsil and histologically proven lymph node metastasis in the right
neck level II (big lymph node) and two smaller lymph node metastases in level III (black circle). Standard reconstructions of the
PET data with 3 iterations, 24 subsets, Gaussian filter 3 mm FWHM (Fig. 4a on the left side) and TOF reconstruction 3 mmwith
3 iterations and 21 subsets (Fig. 4b on the right side). The 2 small lymph node metastases in the right neck level III appear

with more sharply bounded outline and less blurring in the TOF reconstruction.

provide evidence of a second tumor during staging, con-
sidering the fact that in patients with HNSCC there is a
10 to 30-fold higher risk than in the general population
for the development of secondary tumors outside the
head and neck region. The incidence of secondary tumors
in HNSCC patients ranges between 2.3% and 12% [49].
The presence of lymph node metastases in HNSCC has
tremendous influence on the recurrence-free survival of
the patients. With the detection of lymph node meta-
stases, the 5-year survival rate decreases from initially
about 50% to about 30% [37], [50]. 18F-FDG PET-CT is
an established imaging modality for nodal staging in
squamous cell carcinoma of the head and neck region.
With a sensitivity of 87% to 90%, a specificity of 80% to
93% and a negative predictive value between 89% and
95%, 18F-FDG PET-CT can be used for the initial N-staging
and for the detection of recurrent lymph nodemetastases
[51]. While in the NO neck no recommendation for a
staging PET-CT exists and therefore N0 neck micrometa-
stases remain a challenge, in the N1 neck 18 F-FDG PET-
CT plays an important role in staging and downstaging of
lymph nodes. Upstaging aN0 to aN1 neck or downstaging
a N2b to a N2a neck involves adjustment or correction
of the radiation field size and the surgical approach, which
certainly contributes towards improved post-therapeutic
quality of life for the patients [52].
The SUV value represents a prognostic marker in the
treatment of HNSCC and is valuable for risk stratification
in these patients [38], [39]. In the literature, SUV cut-off
values between 1.9 to 3.0 are discussed for differenti-
ation of benign from malignant lymph nodes [37], [38],
[51]. Although the SUV can be influenced and affected
by numerous physiological and technical factors, the
threshold-based SUV quantification allows a differenti-
ation between benign reactive lymph nodes from malig-
nant lymph nodes with a sensitivity of 80% and a spe-
cificity of almost 99% [37], [53]. Lymph nodemetastases

in HNSCC, diagnosed at an early stage, very often present
with low SUV values which justifies a classification of
these patients into a low risk group with good therapy
response and corresponding recurrence free survival.
Patients in the high risk group usually present with ad-
vanced tumor stages, high SUV values and limited therapy
response [37], [38].
18 F-FDG PET-CT has a special status in the detection of
the primary tumor in cancer of unknown primary (CUP).
5 to 10% of patients with CUP initially present with cer-
vical lymph node swelling. The detection of the primary
tumor can usually not be done successfully with inspec-
tion, palpation and endoscopy with biopsies alone. CT
andMRI aremostly not sufficient for diagnosis. In suspec-
ted cervical HNSCC, 18 F-FDG PET-CT contributes towards
primary tumor detection with a sensitivity of 75% to 88%
and a specificity of 80% to 93%. However, 40% of CUP
arise outside the head and neck region. In the literature,
an initial CUP syndrome with successful diagnosis of the
primary tumor is differentiated from a real CUP syndrome,
where primary tumor detection is unsuccessful [54], [55],
[56]. 3 to 5% of all malignancies become manifest as
CUP syndrome. Histologically, approximately 80% of CUP
are moderate to poorly differentiated adenocarcinomas,
5% are undifferentiated carcinomas and only about 10%
are squamous cell carcinomas [54]. CUP syndrome, de-
pending on the extent of disease, present with many dif-
ferent patterns of metastases. In case of infiltration of
the jugular lymph nodes in the neck regions I and II [7],
the primary tumor is often to be found in the tonsils, the
base of the tongue, the nasopharynx or the piriform re-
cess [37], [57]. In these cases a 5-year survival rate of
about 63% is reported in the literature [54]. The detection
of a primary tumor in the pharynx is a challenge due to
the physiological FDG accumulation in the Waldeyer’s
ring. Are the caudal lymph nodes affected in the levels
IV and V [7], the underlying cause is mainly hypopharynx
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or bronchial cancer. 5-year survival rate decreases up to
10% when lymph node metastases in the caudal levels
are affected [54].
In case of an initial cervical CUP syndrome, 5-year survival
rate can increase up to 90%, considering that early stage
tumor detection is achieved by 18F-FDG PET-CT. In real
CUP syndrome FDG PET-CT may allow estimation of
overall survival time, depending on tumor stage and ex-
tent of distant metastases, even if the primary tumor re-
mains undetected [54]. Before the establishment of 18F-
FDG PET-CT for the diagnosis of CUP syndrome, the
treatment algorithm in suspected HNSCC included clinical
examination, endoscopy and biopsy, bilateral tonsillec-
tomy or partial resection of the base of the tongue as well
as neck dissection, if needed [54], [55]. Currently invasive
diagnostic procedures can be avoided. In cases of sus-
pected squamous cell CUP syndrome, primary tumor de-
tection can now be achieved with a sensitivity and spe-
cificity of over 80% with 18F-FDG PET-CT [37].

3.2 18 F Fluorodeoxyglucose PET-CT for
therapy response evaluation and
outcome prediction in head and neck
cancer

High standard diagnostic imaging is a prerequisite for
adequate follow-up of HNSCC. The most important task
of post-therapeutic imaging is the early detection of
treatment non-responders, where the treatment regime
has to be adapted to the radio-and chemosensitivity of
residual tumor or tumor recurrence. This will prevent ini-
tiation of treatment which is expensive and not efficient,
causing side-effects though. Treatment options in HNSCC,
like head and neck surgery and radiotherapy cause
fibrotic tissue remodeling, scarring and post-radiation
induced inflammation, rendering the distinction between
still active tumor tissue and avital tumor necrosis difficult,
even if morphological assessment demonstrates a reduc-
tion in tumor or lymph node size. This explains, why con-
ventional follow-up with CT or MRI alone and the appli-
cation of RECIST criteria are not sufficient to evaluate
therapeutic response reliably [58], [59]. The functional
information on tumor metabolism is essential for diagno-
sis, which can be achieved by the PET examination.
Considering the fact, that most of the tumor recurrences
in HNSCC occur in the first 2 years after diagnosis and
treatment, and at this stage, the risk of distantmetastasis
is high, 18F-FDG PET-CT plays a key role in the post-
therapeutic follow-up [48], [60]. As an imaging modality
which providesmetabolic information andmorphological
characterization of tissue, it is very valuable not only for
the detection and staging of tumor and lymph node
metastases, but also for response evaluation. After all,
at the end of a therapy it is less the size of primary tumor
and lymph node metastases but rather the estimation of
residual vital tumor tissue that has impact on further
therapy decisions [60]. Changes in glucose uptake and
the SUV in the course of a therapy are markers for re-

sponse evaluation. This assumes that PET-CT is always
performed under standardized conditions. This applies
to the termination of the study and the patients with re-
gard to the FDG dose which has to be administered,
fasting as well as physical activity of the patients. To en-
sure a standardized interpretation of findings, reconstruc-
tion algorithms for PET raw data and SUV quantification
should also be adjusted and standardized [60]. Selection
of pre-determined SUV cut-off values for response assess-
ment of lymph node metastases is an established para-
meter for prediction of overall prognosis and has already
been described in several studies [37], [38], [48]. Treat-
ment non-responders usually demonstrate higher SUV
values than therapy responders, in who treatment re-
sponse correlates with decrease of SUV values. The in-
vestigation of a pre-and post-therapeutic target volume
seems to be less suitable for assessment of therapy re-
sponse. For response assessment Chung et al. [61], [62]
defined a pre-therapeutic “metabolic tumor volume” (MTV)
of 40 ml in patients with carcinoma of the pharynx. Pa-
tients with a post-therapeutic MTV greater than 40 ml
showed worse relapse-free survival rates than patients
with an MTV below 40 ml. However, in this study post-
radiation induced inflammation as a cause of increased
tissue volume remained unconsidered, which can also
affect the differentiation between tumor and non-tumor-
ous tissue. For precise estimation of metabolic tumor
response in PET, information on tumor cell proliferation,
tumor oxygenation and tissue hypoxia is required and
needs to be analyzedwith appropriatemolecularmarkers.
Therefore specific tracers such as methionine, fluoro-
thymidine or ethyltyrosine are used [63]. Only then, when
tumor response to cytostatic treatment and its intrinsic
radioresistance can be assessed, an outcome prediction
in terms of treatment efficiency and relapse-free survival
rate is possible. For hypoxia imaging in PET-CT dedicated
hypoxia markers are available, which will be discussed
in chapter 3.3 [63].
Many studies have confirmed the high predictive value
of 18F-FDG PET-CT for response evaluation in HNSCC
[37], [48], [64]. In Table 2 several clinical studies that
analyse the role of 18F-FDG PET-CT for response evalu-
ation and outcome prediction in patients with HNSCC are
compared with eachother [64], [65], [66], [67], [68], [69].
The results, according to the review of the literature, show
that the NPV for 18F-FDG PET-CT for the N0 neck but also
in advanced tumor stages, ranges between 80% to 99%.
Especially in the study by Malone et al. in 2009, therapy
response following combined radio-chemotherapy for the
primary tumor and neck lymph node metastases is ana-
lysed, with indication of the negative and positive predict-
ive value of PET-CT for the N0 and the N1-N3 neck. In
both groups 18 F-FDG PET-CT achieved a specificity of
90% with a NPV of 94% for the N1-3 neck and 92% for
the N0 neck. Patients who did not present with increased
SUV levels in the lymph nodes in PET-CT, were expected
to have a better outcome than patients without post-
therapeutic decrease in SUV values [67]. In cases where
a post-therapeutic 18F-FDG uptake is observed, further
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Table 2: Value of 18F-FDG PET-CT for response evaluation and outcome prediction in patients with HNSCC

evaluation by biopsy or surgery is recommended. To avoid
false positive findings in 18F-FDG PET-CT, the general
recommendation is to proceed to investigations for re-
sponse evaluation and outcome prediction not sooner
than 8 to 12 weeks after completion of therapy. In case
of earlier diagnostic work-up, the specificity of PET-CT is
not sufficient to distinguish post-therapeutic edema or
scarring from tumor recurrence or residual tumor [37],
[64], [70]. The posttherapeutic care of patients with
HNSCC using 18F-FDG PET-CT is justified, as it represents
a surrogatemarker for treatment success and local tumor
control after radio-chemotherapy [63], [64]. Good therapy
response ultimately correlates with a better quality of life
due to optimized treatment with minimal side effects.
Increasing knowledge on specific biomolecular markers
in head and neck squamous cell carcinoma which are
responsible for tumor cell proliferation, angiogenesis,
apoptosis and metastasis, promote the development of
new treatment approaches. Individualized antiproliferative

tumor therapies are targets for advanced HNSCC with
lymph node metastases and focus on the blockade of
Endothelial Growth Factor Receptor (EGFR) and Vascular
Endothelial Growth Factor Receptor (VEGFR), both rele-
vant for tumor cell progression and angioinvasion [69],
[71]. Monoclonal antibodies such as cetuximab or tyrosine
kinase inhibitors are responsible for local tumor cell
growth control. They induce reduction of tissue hypoxia
in the tumor and thus its intrinsic radioresistance can be
increased to lower themortality of patients with advanced
HNSCC [60], [69], [71]. A successful cetuximab therapy
blocks the extracellular domain of the EGF receptors,
leading to local control of tumor growth and metastasis.
High EGFR levels in the tissue, however, are often asso-
ciated with radio-and chemotherapy resistance, requiring
a conversion of anticancer therapy, as used in intensity-
modulated radiotherapy (IMRT) and dose modulation in
the treatment planning (see Chapter 3.3) [72], [73].
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One of themain contributions of PET-CT, being a function-
al andmetabolic imagingmodality, lies in the noninvasive
quantification of the therapeutic effect. Response evalu-
ation and outcome prediction include both, the patient
selection for targeted radio-chemotherapy as well as an
efficient cost-benefit risk stratification for patients to en-
sure optimal individualized tumor therapy [72], [73].

3.3 Tumor hypoxia imaging: influence
of non-FDG PET tracer on therapy
planning in head and neck cancer

Hypoxia imaging of HNSCC is very decisive for planning
the therapeutic approach. Dedicated hypoxia tracer en-
able determination of tumor and lymph nodemetastases
oxygenation before and during treatment in order to as-
sess their radio-and chemosensitivity [60], [73], [74].
Tumor cell hypoxia is based on a cascade of molecular
processes that trigger cellular and metabolic changes in
the tissue. These lead to an acute and chronic hypoper-
fusion but also hypooxygenation of tumor tissue, which
causes a stimulation of tumor angiogenesis which might
induce resistance to radio- and chemotherapy [72], [74],
[75]. This results in induction of cell proliferation with in-
creased aggressiveness of the tumor and metastatic po-
tential [76], [77].
Since hypoxia represents a negative prognostic factor for
tumor progression and resistance to treatment, hypoxia
imaging, especially in advanced HNSCC, plays an import-
ant role for treatmentmonitoring and response evaluation
[74], [78]. In the course of treatment, the degree of tumor
oxygenation in HNSCC changes. The extent of hypoxia as
a predictive factor, influences the survival time of patients
[75]. PET-CT enables diagnosis of tumor hypoxia in the
course of treatment and thus an optimization of chemo-
therapy and radiotherapy can be achieved [76]. In con-
trast to themethod described in literature, where invasive
measurement of hypoxia is performed by inserting Eppen-
dorf electrodes in tumor tissue, PET enables non-invasive
assessment of tumor perfusion and the hypoxia index
with dedicated hypoxia tracers and therefore is less invas-
ive for the patient [79], [80]. Also, immunohistochemical
analysis of tissue after biopsy in order to differentiate
between tumor and scar tissue are invasive and depend-
ant on sufficient biopsy sampling sizes.
Sensitive PET tracers for hypoxia imaging in HNSCC are
the presently available hypoxia markers 18 Fluoromis-
onidazol fluorine (18F-FMISO) and Fluorine-18
Fluoroazomycin arabinoside (18 F-FAZA) for assessment
of therapeutic outcome of patients [60]. 18F-FMISO is a
highly lipophilic tracer, which is predominantly eliminated
via the hepato-biliary tract. Due to the pronounced lipo-
philicity, 18F-FMISO accumulates very gradually in hypoxic
tissue and correspondingly is eliminated very slowly from
healthy, non-hypoxic tissue [74], [76], [77]. Due to these
pharmacokinetic properties of the tracer, the PET exam-
ination should not be initiated sooner than 90 to 140
minutes after injection. Nevertheless, image quality of

PET images may still be limited by the reduced tumor-to-
background contrast [73], [81]. In contrast to 18F-FDG
PET-CT which is usually performed 1 hour after tracer
application, hypoxia imaging requires good patient com-
pliance throughout the examination.
18F-FAZA is characterized by a lower lipophilicity than
18F-FMISO, accumulates much faster in hypoxic tissues,
and is characterised by exclusively renal elimination [73],
[77]. Souvatzoglu et al. investigated the value of 18F-
FAZA PET for radiation planning in patients with HNSCC
and were able to demonstrate that hypoxic tumor tissue
showsmuchmore intensive tracer uptake than surround-
ing healthy muscle tissue. By determining the “tumor-to-
muscle uptake ratio” and the SUV quantification between
hypoxic and non hypoxic tissues, this tracer can be used
for sequential quantitative assessment of tumor hypoxia
before, during and after therapy [78]. In particular, dynam-
ic PET studieswith post-processing using pharmacokinetic
models allow a better identification of hypoxic target
volume [81].
Hypoxia imaging provides relevant information for treat-
ment planning in HNSCC. It enables dose escalation in
hypoxic tumor tissue while sparing non hypoxic surround-
ing tissue. This contributes to a reduction of post radiation
side effects and consecutive improvement of the quality
of life in these patients inspite of intensified radiation
dose. Yet the main requirement of hypoxia imaging re-
mains dose adjustment for intensity-modulated radiother-
apy (IMRT). It also allows to select local treatment options
that improve tumor oxygenation and thus improve radio-
sensitivity. These local treatment options include hyper-
baric oxygen therapy and administration of erythropoietin
and blood transfusions. Hypoxia imaging may also con-
sider the need for tumor therapy with the cytostatic drug
Tirapazamine. It selectively attacks hypoxic cells in tumor
tissue, is metabolized in hypoxic tissue and produces free
radicals under hypoxic conditions, which destroy tumor
cell DNA [82].
Intensive review of the literature shows that 18F-FMISO
and 18F-FAZA are the most frequently used PET tracer
for hypoxia imaging in HNSCC and long-term experience
with these tracer is available [73], [77], [78], [81]. The
thymidine analogue 18F-fluoro-3-deoxy-3-L-fluoro-
thymidine (18 FLT) is being used for PET examinations
of cell proliferation in solid tumors such as sarcomas and
GIST tumors, although it has not been established for
PET imaging in HNSCC [73].
In some publications, the value of hypoxia imaging was
compared with dynamic contrast-enhanced MRI (DCE-
MRI) and investigated in several studies. In a study by
Jansen et al. 13 patients underwent 18F-FMISO PET as
well as DCE-MRI before and after radio-chemotherapy
[83]. The investigation focused on the analysis of suspi-
cious lymph nodes at initial diagnosis of HNSCC. Lymph
nodes which were detected on DCE-MRI were first ex-
amined morphologically, followed by dynamic evaluation
of their cell density and perfusion using compartment
model analysis [84], [85]. Themeasured size of the lymph
nodes detected on DCE-MRI correlated with the SUV of
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the lymph nodes in PET-CT. However, there was a negative
correlation between lymph node perfusion in MRI and
oxygenation status in PET. Poorly perfused lymph nodes
showed significantly elevated SUV values in PET, which
led to a dose escalation during IMRT planning in ordert
o improve therapeutic outcome [83].
Also Dirix et al. andWang et al. emphasize the importance
of 18F-FMISO hypoxia imaging for IMRT planning [75],
[81]. In their studies they confirm that hypoxia is a negat-
ive prognostic marker for recurrence-free survival of pa-
tients with squamous cell carcinoma of the head and
neck region and, consequently, individualized tumor
therapy should be sought for eradication of hypoxia and
improvement of treatment outcome. The prerequisite for
optimal treatment planning is being fulfilled with the use
of dedicated hypoxia markers for PET imaging in HNSCC.

4 Magnetic Resonance Imaging
(MRI)

4.1 Impact of high-field MRI on the
assessment of locoregional spread of
head and neck cancer

For the exact evaluation of the tumour extentMRI requires
an optimization of spatial resolution while maintaining
adequate signal to noise ratio and minimizing scan time
in order to avoid motion artefacts. This conflict between
those 3 parameters with contradictory requirements can
only be resolved by applying the most modern MR-tech-
niques, ideally utilising high-field MRI systems with field
strength of 3 Tesla, dedicatedmulti-element receiver coils
and application of parallel acquisition techniques [86].
The latter method allows a substantial reduction of data
acquisition by correction of the full high resolution data
set with the coil sensitivity profiles of the signal receiver
coil elements. In a recent study of Verduijn et al. [87], the
technical requirements for optimal image quality in radi-
ation treatment planning were defined as 0.4x0.4 mm
slice thickness.
A high spatial resolution is also required for detailed as-
sessment of the infiltration depth. In a retrospective study
between 2003 and 2008 including 114 patients with
HNSCC, Park et al found a significant correlation between
the accurate detection of the infiltration depth on MRI
and on histology [88]. The infiltration depth was signific-
antly different between nodal positive and negative pa-
tients on T1-weighted sequences after contrast media
with a cut-off for development of lymph nodemetastases
of 9.5 mm for cancers of the oral tongue, yielding a
sensitivity of 83% and a specificity of 68%, and 14.5 mm
for cancers of the tongue base with a sensitivity of 79%
and a specificity of 67%. With regard to the relevant
structures defining resectability of tumours in the head
and neck area, in particularly the arterial encasement,
infiltration of the prevertebral fascia, of themediastinum,
trachea, oesophagus and larynx as well as the skull base,

the mandibula and the brachia plexus, MRI overall
demonstrates a higher sensitivity than CT exceeding 90%
while specificity is lower reaching only 80 to 85% [25].
This is of particular importance for the first 3 criteria de-
fining non resectable stage 4b carcinomas by the classi-
fication of the American Joint Commission on Cancer
(AJCC). The preservation of the retropharyngeal fat plain
on MRI was shown to have a negative predictive value of
97% with regard to exclusion of an infiltration of the pre-
vertebral space [89].
In a recent study of Gu et al. [24], the synergistic use of
combinedMRI, CT and PET-CT revealed the highest accur-
acy for detecting infiltration of themandibula. This added
value of combined MRI and PET image assessment is
also supported by several studies of software-assisted
image fusion, particularly for planning of radiation therapy.
On the one hand, MRI has advantages in the head and
neck area compared to CT, due to lesser artefacts from
dental implants as well as better delineation of tumours
against the surrounding mucosa, submucosa, salivary
glands and tongue base, on the other hand, PET is super-
ior for the differentiation of vital tumour tissue versus in-
flammatory changes after radiation treatment. In a pro-
spective study of 65 patients with head and neck tu-
mours, the fusion of MR and PET images increased the
sensitivity from 67 to 92% for assessment of recurrent
disease with only little decrease of the positive predictive
value to 95%, whereas for primary staging no significant
advantage was found for image fusion compared to indi-
vidual assessment of MR and PET data [90]. For MRI, the
combination with integrated PET acquisition holds great
potential in the future particular since functional assess-
ment by dynamic contrast enhancement on MRI can be
combined in real time with various PET tracers for further
improvement of accuracy andmore detailed insights into
tumour biology. The first hybrid systems with a true
combined MR and PET acquisition are commercially
available since late 2011. In an initial feasibility study of
8 patients with head and neck tumours an excellent im-
age quality without artefacts was found and the values
for tumour metabolism assessed by the integrated PET
component compared well to the preceding PET-CT study
[91].

4.2 Modern MRI techniques for the
assessment of dignity of cervical lymph
nodes and therapeutic monitoring

Themain limitation of radiological cross-sectional imaging,
both CT as well as MRI, is the identification of malignant
lymph nodes, which do not reach the morphologic size
and shape criteria. For this reason, studies with a cut-off
value of >1 cm size, respectively longitudinal to cross-
sectional ratio of <2 for definition of a malignant lymph
node only reach a sensitivity of 80% with a specificity of
60% [92]. Although De Bondt could demonstrate an ad-
ditional diagnostic value by determining the signal intens-
ity at the margin and in the center of the lymph node on
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T2-weighted images as compared to the measurement
of the cross-sectional diameters alone in lymph nodes
>1 cm, this approach revealed only a moderate accuracy
in lymph nodes with <1 cm in size [93]. Therefore, new
methods have been developed within the last 10 years
which besidesmorphological criteria also apply functional
and metabolic parameters as well as the analysis of the
microstructure and cellular composition.

4.2.1 MR-perfusion and MR-spectroscopy

For assessment of lymph node perfusion, mainly tech-
niques of dynamic contrast enhancement (DCE) with
standard extracellular Gadolinium chelates are applied
for assessment of the temporal evolution of contrast
media enhancement and calculation of semi-quantitative
parametermaps. For determination of tumourmetabolism
in lymph nodes, MR-spectroscopy (MRS) is used deriving
different frequency spectra which are representative for
the different metabolism in normal and tumorous tissue.
In a study of 39 patients, MRS found significantly different
choline-to-creatine ratios of 22 malignant lymph nodes
as compared to benign ones [94]. Both techniques of
DCE and MRS have in common that the methods are
complex and subject to artefacts on one hand and on the
other hand could only moderately raise the accuracy for
characterization of malignant lymph nodes [95]. Particu-
larly the specificity of dynamic susceptibility weighted
perfusion quantification (DSC) reached only 83% in a
current study of 2011, although with a sensitivity of 97%
[96]. Due to the limited spatial resolution of DSC-se-
quences respectively, the limited signal of MRS at field
strengths of 1.5 Tesla the overall assessment of malig-
nant lymph nodes is limited to a minimum size of 1 cm.
This particularly limits the characterization of small lymph
node metastases which have a major impact on the sur-
gical approach.

4.2.2 New MR contrast agents

MR methods for assessment of the cellular composition
andmicro-structure of lymph nodes represent a different
technical approach. MR contrast agents with uptake in
the reticuloendothelial system (RES) by macrophages or
histiocytes such as ultra-small particle iron oxides (USPIO)
or elimination by the lymphatic system due to strong, re-
versible binding to large serum proteins allow the identi-
fication of metastatic lymph nodes through accumulation
of malignant cells which results in reduction of their
phagocytosis and reduced lymphatic transport. MRI with
USPIO applies strongly T2*-weighted sequences for de-
tection of local signal decay from the accumulation of the
small iron particles. In case of strong signal decay, i.e. a
black lymph node, a normal RES activity can be assumed.
If there is no signal decay, i.e. the lymph node remains
bright, metastatic infiltration is likely. The general advan-
tage of this technique is the detection of even micro-
metastases in otherwise normal lymph nodes, as has
been shown in studies of prostate cancer [97]. However,

there is some overlap of the signal characteristics in re-
actively enlarged benign lymph nodes for example by their
fatty core which does not take up USPIO either. Between
1995 and 2005, several studies have been performed
for assessment of the value of this contrast agent,
reaching only phase 3 of the clinical approval. In mono-
centric studies, the accuracy was substantially superior
compared with the standard, morphology based MR cri-
teria, whereas these positive results could not be fully
confirmed in themulticentric studies substantially limiting
the overall MR approval of these agents [98], [99], [100].
Strongly protein-binding substances reveal the opposite
signal mechanism, i.e. benign lymph nodes appear bright
compared to malignant ones due to the accumulation of
protein-bound gadolinium chelates in lymph nodes result-
ing in T1 shortening. This mechanism is blocked in case
ofmetastatic lymph node infiltration and lack of lymphatic
clearance of the contrast agent [101]. For head and neck
imaging, there are no data from systematic studies for
this type of contrast agent as the substanceGadofosveset
has beenwithdrawn from themarket for strategic reasons
shortly after approval in Europe. Nevertheless, initial
studies in rectal cancer demonstrate promising results
with high accuracy [102].
In a meta-analysis from 2007 the performance of MRI
solely based on morphologic criteria as well as with the
use of USPIO was systematically compared to CT, ultra-
sound and ultrasound-guided fine needle aspiration. On
the basis of MEDLINE, EMBASE and Cochrane data base
search between 1990 and 2006, a total of 17 articles
with 25 data sets were analysed using the inclusion cri-
teria of histology proven HNSCC and histopathologically
confirmed lymph nodemetastases [92]. Overall standard
MRI applying the criteria of morphology, signal intensity
on T1- and T2-weighted sequences as well as uptake of
standard extracellular contrast media was slightly inferior
to CT with identical mean sensitivity of 81% but lower
specificity of only 63% as compared to 76%. For both
modalities, there was a remarkable heterogeneity of the
size criteria for malignant lymph nodes with ranges
between 10–15mm for the longitudinal and 5–7mm for
the cross-sectional diameter, in part depending on the
regional level of lymph node assessment. The 2 included
studies with USPIO-enhanced MRI could raise the mean
specificity substantially to 88% however on the expense
of a lower sensitivity of only 74%. Solely the 3 studies of
ultrasound-guided fine needle aspiration could demon-
strate an acceptable sensitivity of 80% by maintaining a
high specificity of 98%. Therefore, the authors concluded
that the accuracy of MRI is currently not sufficient for
lowering the a posteriori likelihood for occult lymph node
metastases below 20% and therefore clinically defining
an N0-stage since for the latter both a high sensitivity as
well as an acceptable specificity is mandatory.

4.2.3 Diffusion-weighted imaging

Within the last 5 years diffusion-weighted imaging (DWI)
has been applied outside the central nervous system as
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Table 3: Overview of current literature for DWI MRI in HNSCC

the classical area of implementation and currently
demonstrates the most promising results with regard to
detection of malignant lymph nodes. The underlying
principal is based on the detection of the thermally in-
duced Brownian molecular motion (BM) of water by
switching of bipolar magnetic field gradients. In normal
tissue BM is high particularly in the extra-vascular, extra-
cellular space resulting in spin dephasing with consecut-
ive signal decay. If the size of the extra-vascular, extra-
cellular space is reduced such as in the case of cell
swelling from hypoxia or densely packed tumour cell-lines,
BMwill be reducedwith consecutive preservation of signal
on DWI. However, diffusion can be restricted both in scar
tissue as well as in benign lymph nodes; therefore, this
phenomenon by itself does not suffice for differentiation
between benign andmalignant lymph nodes, but requires
the calculation of the so called apparent diffusion coeffi-
cient (ADC). Hereby, multiple bipolar magnetic field
gradients of different duration, frequency and amplitude
(so called b-values) are used and typically a mono-expo-
nential fit is applied to the signal decay. The ADC is ex-
pressed in 10–3 mm2/s units and is a quantitative meas-
ure of the extent of diffusion restriction. However, this
value is influenced by technique-related variations such
as the choice of the different b-values, the degree of dif-
fusion-weighting, the type of sequences (breath-hold,
free-breathing or respiratory-triggered) as well as partially
by the use of different field-strengths. Particularly first
generation high field MRI systems at 3 Tesla with single
channel radiofrequency (RF) excitation result in substan-
tial regional fluctuations of the ADC value due to dielectric
artefacts, which are significantly reduced with second
generation systems using dual-channel radiofrequency
excitation. Also, the type of post-processing influences
the ADC value by using mono-exponential, bi- or multi-
exponential fits. In addition to these technical limitations,
no single common threshold exists in clinical routine for
the ADC value for differentiation between benign and
malignant tissue. A detailed overview of the important

studies with the individual ADC cut-off values and the
resulting accuracies hereof can be found in Table 3. In a
current publication from 2010, Holzapfel et al. reported
an accuracy of more than 90% for the differentiation
between malignant versus benign lymph nodes using an
ADC cut-off value of 1.06 10–3 mm2/s units. The main
limitation of this study was the inclusion of only lymph
nodes exceeding a size of 1 cm. In the same year, the
group of Vandecaveye et al. found a sensitivity of 84%
with a specificity of 95% for all lymph nodes. Remarkably,
lymph nodes with a size of <1 cmwere explicitly included
in this study due to their high relevance for the therapeut-
ic approach. In this subgroup the authors found a sensit-
ivity of 76% with a specificity of 94%. The same group
could show that highly-perfused tumours can potentially
reveal erroneously high ADC values particularly if many
low b-values and a standard mono-exponential fit are
used [103]. Therefore, the authors recommended the
determination of the ADC value on the b-1000 image and
a cut-off between tumour and normal tissue of 0.94–1.03
10–3 mm2/s which has to be postoperatively increased to
1.3 10–3mm2/s due to oedematous changes [104], [105].
A promising refinement of the technique is the use of
optimized diffusion-weighted sequences such as the in-
travoxel incoherent motion method with bi-exponential
fit for separation of the ADC value into a diffusion fraction
D and a perfusion fraction f. Hereby, perfusion related
effects can be differentiated from the true change of the
micro structure by tumour cell infiltration [106]. So far,
no systematic data exist for lymph node metastases in
head and neck cancers.
False positive findings can be caused by granulomatous
diseases from cellular infiltration of lymph nodes, how-
ever, overall DWI MRI with ADC calculation demonstrates
an impressively high negative predictive value for exclu-
sion of lymph nodemetastases exceeding a size of 4mm
which is particularly important for the exclusion of con-
tralateral lymph node metastases prior to surgery or for
planning of the radiation field. In a current study by Dirix
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Table 4: Relationship between original DW images and corresponding ADC-value

Figure 5: Lymph node metastasis in a patient with left-sided HNSCC of the oropharynx shows substantial diffusion restriction
with signal increase in the axial original DW image (b) and corresponding decrease of the ADC value (a). Correlating display of
the LN in the coronal fat-suppressed, fluid-sensitive STIR (c) and T1-weighted fat-suppressed image after contrast media (d).

et al. a high negative predictive value of DWI using a cut-
off value of 0.94 10–3 mm2/s was found with significant
therapeutic impact due to better definition of the cross-
target volume compared to conventional diagnostic work-
up [107]. A limitation of the study is the retrospective
data analysis from surgical cases. One advantage of DWI
is the relatively low sensitivity towards inflammatory
changes with preserved high specificity and high negative
predictive value. In the future, this could result in a more
elective use of neck dissection after radiochemotherapy
with lowered morbidity. In fibrous scar tissue, the ADC
can be as low as in tumour tissue, however, opposite to
the latter there is a concomitant signal decrease in the
original diffusion-weighted images which allows differen-
tiation between both (Table 4). In lymph nodemetastases,
there is usually a substantial diffusion restriction with
signal increase in the original diffusion-weighted images
with a consecutive decrease of the ADC value (compare
Figure 5a–c). On the opposite, inflammatory tissue with
high-fluid content can result in a massive signal increase
in the original b0 DWI images with incomplete suppres-
sion of the signal even for high b-values analogous to tu-
mour tissue (so called T2 shine through), however, the

ADC value is increased which again allows the differenti-
ation between inflammation and tumour. Problematic is
the overlap between benign and malignant changes
postoperatively in case of necrotic, partially liquified tu-
mours with signal loss analogous to seromas in the ori-
ginal DWI images and a similar increase of the ADC value.
The inclusion of a large amount (up to 48%) of this type
of necrotic lymph nodes into the evaluation along with
other specific acquisition parameters is assumed to ac-
count for the discrepant findings in the studies of Sumi
et al. who found higher ADC values for malignant lymph
nodes as for benign ones [108], [109].

4.2.4 Therapeutic monitoring

Several studies have shown that already the evaluation
of tumours size on the basis of CT and preferentially MRI
images allows for prediction of the course of the patient
after treatment. A current study of Knegiens et al. in 360
patients with advanced HNSCC with a mean tumour
volume of 37 cm3 demonstrated the significant impact
of tumour size on local tumour control and the overall
survival after combined radiochemotherapy [110]. Using
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Table 5: Prediction of therapeutic response

a cut-off value of 30 cm3 the local 5-year-tumour control
of smaller T3 tumours was 82% versus 55% of larger
ones. Similar differences for local tumour control were
also found for T4 tumours, whereas different TNM stages
did not demonstrate a significant difference with regard
to local tumour control. For overall survival only the n
status had an additional influence. Therefore, the authors
concluded that T stage should be subdivided into stage
T3a or b, respectively, T4a or b depending on the tumour
volume. In another current study, the determination of
the tumour volume 6 weeks after completion of therapy
revealed the highest predictive value for local therapy
failure whereas additional volumetry 2 weeks after initi-
ation of therapy did not have a significant impact. There-
fore, volumetry alone does not allow for early modification
of the therapeutic regimen, so far [111].
Meanwhile, several studies exist for assessment of
therapeutic response based on DWI MRI allowing the
prediction of both the therapeutic response after comple-
tion of therapy as well as the local regional control and
progression free survival after 1, respectively 2 years with

reasonable accuracy. Hereby, therapeutic response was
found both for initially low b-values as well as for the in-
crease of the ADC value 1 to 2 weeks after beginning of
therapy. The change of the ADC value at the end of the
therapy, respectively 3 to 6 weeks after therapy, com-
pared to base line revealed the best predictive value for
long-term locoregional tumour control (Table 5). A de-
crease of the ADC during therapy respectively the pres-
ence of large necrotic areas prior to therapy was associ-
ated with an adverse clinical course. Nevertheless, all
publications conclude that for implementation of DWI
into clinical routine multicenter studies are required for
verification of these promising results. DCE-MRI also al-
lows prediction of therapeutic response. In a study of
Jansen et al. prediction of short-term, i.e. 3 to 4-month-
long therapeutic response based on the parameter ktrans

as a constant for contrast media redistribution was pos-
sible in comparison with PET as standard of reference
[112]. Other studies from Kim et al. confirm the value of
ktrans as a pre-therapeutic predictive marker for differenti-
ation between patients with complete remission and
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those with residual tumour after therapy. Hereby, patients
with higher pre-therapeutic ktrans values revealed a signi-
ficantly longer disease-free survival [113], [114].

4.3. Distant metastases

The frequency of distantmetastases outside locoregional
tumour spread ranges in the literature anywhere between
4 and 26% [115]. Besides pulmonary metastases which
are a domain of PET-CT, mediastinal lymph nodes meta-
stases are frequently found followed by liver and bony
metastases. Particularly for the latter two, MRI using
whole body acquisition with stepping table techniques
hasmeanwhile developed as a time-efficient, cost-effect-
ive and accurate method. With increasing speed high-
resolution protocols for local head and neck imaging can
be integrated into the whole body acquisition with accept-
able total scan times of 45minutes. Already initial studies
by Antoch et al. and Schmidt et al. found high accuracy
for detection of distantmetastases between 93 and 100%
in non-selected patient clienteles with different tumour
entities in comparison with PET-CT [116], [117], [118].
In a small prospective study of Herborn et al., the value
of whole body MRI was specifically assessed for patients
with HNSCC [115]. In this study, the TNM stage of all pa-
tients could be accurately determined by whole bodyMRI,
however, in 4 patients with carcinoma of unknown primary
the primary tumour could not be detected by any of the
imaging methods. In a current study for detection of re-
sidual, respectively recurrent tumour in 179 patients with
nasopharyngeal carcinoma (NPC) and presence of tu-
mours in 31% whole body MRI revealed a sensitivity and
specificity of 90%, both comparable with PET-CT [119].
Whole body MRI was superior to PET-CT for the assess-
ment of intracranial tumour spread, retropharyngeal
lymphadenopathy, necrotic lymph nodes and brain
metastases. On the opposite, PET-CT was advantageous
for the identification of vital tumour components in inflam-
matory tissue after radiation, lymph nodes metastases
in normal size lymph nodes and pulmonary metastases.
The combined analysis of whole body MRI and PET-CT
allowed a further increase of sensitivity, for the assess-
ment of local tumour spread both sensitivity and spe-
cificity could be raised.
In a current meta-analysis, the accuracy of whole body
MRI exceeded that PET-CT for detection of bone meta-
stases in breast cancer patients [120]. At the same time
current data overall still shows inferiority of MRI for detec-
tion of lymph node metastases although current studies
using diffusion-weighted MRI for whole body imaging
demonstrate results comparable with PET-CT [121]. Fur-
ther technical developments of thismethod using continu-
ous table acquisition techniques allow further reduction
of the total scan time to less than 30 minutes [122].

5 Head and neck surgery in head
and neck squamous cell carcinoma

5.1 Demands made by the head and
neck surgeon onmulti-modality imaging

Radiological imaging has become an essential part in
head and neck surgery. Along with the clinical findings
as well as the results of panendoscopy, high-resolution
imaging serves not only for the diagnosis of pathologies
but also makes an increasingly important contribution to
the treatment planning [123]. Especially in the head and
neck region, it serves as a basis for determining the sur-
gical procedure, the planning of the surgical approach,
the assessment of the extent of the planned surgical in-
tervention and the evaluation of potential risk factors
which may occur during surgery. Essential preoperative
information is obtained in particular bymeans of sectional
imaging, namely by computed tomography (CT) and
magnetic resonance imaging (MRI).
Owing to the extremely complex anatomy with narrow
access and multiple relevant functional structures, head
and neck surgery is generally considered to be very
challenging [23], [124]. The head and neck region as
such makes great demands on imaging, which, from the
radiological point of view, necessitates a specialized
knowledge in this field which is primarily obtained in an
interactive communication between the head and neck
surgeon and the radiologist [124].
However, it is of substantial importance that the clinician
passes on precise information regarding clinical findings
already obtained, implants utilized or local and distant
flaps performed for reconstructive surgery [5], [124],
[125]. By selecting the adequate imaging modality, the
radiologist has to focus directly on the specific question
of the surgeon as far as a tumour-induced vascular inva-
sion, bony arrosion or lymph node metastasis is con-
cerned. This not only ensures an accurate assessment
of the pathological finding but alsominimizes the burden
and risk of other extensive and needless examinations
for the patient [23], [125].
The main interest of the surgeon in head and neck onco-
logy is focussed on the radiological assessment of the
benign or malignant dignity of the tumour, the staging
profile concerning local cervical lymph node metastases
as well as distant metastases according to the TNM
classification [5], [125]. Important evaluation criteria in
terms of primary tumour, lymph node and distant meta-
stases are tumour size and shape, depth of tumour exten-
sion and tumour infiltration of adjacent tissue structures.
Special attention needs to be placed on the detection of
high-risk tumour lesions, such as tumour-induced infiltra-
tion of the carotid sheath and the internal jugular vein or
tumour-induced osteolysis [5], [125]. In particular inflam-
matory disorders as well as congenital and degenerative
changes need to be ruled out as a possible differential
diagnosis.
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Paranasal sinuses and skull base

Regarding specific areas of the head and neck region,
volume-rendered and computed tomography have proved
to be the best imagingmodality for the paranasal sinuses
and the skull base.
According to the current guidelines of rhinosinusitis drawn
up by the German Society of Oto-Rhino-Laryngology, Head
and Neck Surgery (AWMF-Register No. 017/049; S2k
guidelines, latest edition 03/2011), which also comprises
malignant tumours in the nose and paranasal sinuses,
computed tomography in axial sectioning with coronal
reconstruction is considered to be the standard procedure
[126], [127]. The consensus conference of the S2k
Guidelines recommends a "low-dose" protocol for com-
puted tomography in thin axial sectioning allowing multi-
planar volume-rendered reconstructions [126], [128],
[129]. To date, even volume-rendered reconstructed CT
images provide full information for further necessary
therapeutic steps [130]. Digital volume tomography for
diagnostic purposes of the paranasal sinuses has recently
become more and more popular. However, it is still too
early to give a final statement in regard to its value com-
pared to CT. Besides the assessment of the bony visceral
cranium with distinction of the rhino- and otobasis,
questions regarding an osseous destruction or infiltration
of the dura, the apex of the orbit, the lamina papyracea
and the pterygopalatine fossa are of essential importance
[128], [131]. For better evaluation of soft tissue compon-
ents and the anatomical relationship between neural and
vascular structures, the application of a contrast agent
is mandatory.
In advanced skull base tumours, a complementary MRI
scan is needed to assess soft tissue tumours, a possible
perineural tumour spread, as seen in adenoid cystic car-
cinoma, or an infiltration of the periorbit and the orbit it-
self [5], [125], [128].
As intraoperative navigation, which is nowadays regarded
as a well-established standard in skull base and
paranasal surgery, is based upon preoperative cross-
sectional images, these interventions should not be per-
formed without any CT images. The slice thickness of the
CT images should be 1 mm to ensure a high-resolution
reformatting during the navigation process, thus helping
the surgeon with more confident orientation and surgical
assistance [124], [125], [130], [132].

Nasopharynx

The evaluation of the nasopharynx is based not only on
the clinical and endoscopic findings but also on the
magnetic resonance imaging of soft tissue tumour
structures. A major task of imaging has to be seen in the
determination of the exact tumour extent and infiltration
along the pharyngeal ring and the skull base. Very often
nasopharyngeal carcinoma show a tumour extension into
the pre-styloid compartment of the parapharyngeal region
[5], [125]. Concomitant diseases, such as an effusion of
the tympanic cavity, need to be diagnosed and interpreted

correctly, as they can be an indirect sign of a tumour le-
sion. An intracranial tumour spread occurs either directly
through a bony invasion of the skull base or through the
sphenoid sinus and skull base foramina [5]. In cases of
a suspected vascularized tumour in the nasopharynx, the
tumour-feeding vessels need to be outlined by CTA or
MRA. The main question then arising is whether the tu-
mour vascularization originates from branches of the ex-
ternal carotid artery or the internal carotid artery and
whether an embolization would be indicated.

Oral cavity and oropharynx

In more than fifty per cent, tumours of the oropharynx
are primarily located in the tonsillar region [125]. Involving
surrounding tissue structures, tonsillar tumours often in-
filtrate the soft palate, the base of the tongue, the lateral
pharyngeal wall and medially the parapharyngeal space
as well as the vascular sheath. Similarly, there may be
an infiltration of the mandible. Osseous destruction of
the mandible, especially located in the oral cavity region,
can have a significant impact on the surgical treatment
planning. It can influence immensely the extent to which
plastic reconstructive measures need to be carried out
after mandibulectomy [5], [124], [125]. Limitations of
imaging, specifically of CT, are most commonly seen in
the oral cavity region because of metal artefacts after
dental restoration, which impair the evaluation of the
examination with reduced value of information. As de-
scribed in the literature it is not least for these reasons
that MRI of the oral cavity and oropharynx is given prefer-
ence over other imaging procedures, despite its lower
specificity than CT.

Larynx and hypopharynx

In advanced-stage laryngeal malignancies the decisive
question for the head and neck surgeon is whether the
tumour infiltrates the cartilaginous framework of the
larynx and shows signs of penetration into the
parapharyngeal and pre-epiglottic space [26], [125]. As
a main differential diagnosis it is necessary to rule out a
chronic perichondritis of the cartilaginous laryngeal
framework, as often seen after a concomitant radio-
chemotherapy. It is crucial to keep swallowing artefacts
to a minimum during the imaging procedures. As de-
scribed in literature, contrast-enhanced CT is recommen-
ded to determine the extent and spread of tumours of
the glottis, while MRI is said to be the more valid method
for laryngeal tumours of the supraglottis and the hypo-
pharynx [5].

Cervical lymph nodes

A significant prognostic factor for squamous cell car-
cinoma of the head and neck region is the detection of
cervical lymph node metastases. Similar to the T-classi-
fication for the primary tumour (T), cervical lymph nodes
are classified according to the TNM classification (N) of
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the UICC. Depending on the respective N-staging, further
decisions are made in terms of surgical planning, the
extent of radicality and prognosis [124], [125]. Helping
to decide on these criteria, it is of crucial importance to
determine to what extent the carotid sheath, especially
the internal carotid artery, is tumour infiltrated or not. In
cases of an infiltration, an additional carotid angiography
with temporary occlusion of the internal carotid artery is
mandatory to assess whether a resectability of the vessel
is possible without any major complications. Another
crucial aspect in deciding on a radical neck dissection
procedure is the presence of an extracapsular tumour
spread, which has a significantly worse prognostic factor
[5], [124].
In recent years the introduction of PET-CT has revolution-
ized diagnostic measures in head and neck oncology.
Especially in cases with a CUP syndrome (carcinoma of
unknown primary), as well as in post-therapeutic oncolo-
gical follow-up examinations PET-CT has proved to be an
indispensable and well-established imaging tool to de-
termine the N-stage in squamous cell carcinoma of the
head and neck region. The same applies to the early de-
tection of residual or recurrent tumours with PET-CT to
evaluate the further prognostic status of the patient. Up
to now there is still a lot of controversy whether a neck
dissection is indicated in cases with a negative PET-CT
finding for cervical lymph node metastases [5], [125].

5.2 Influence of imaging on the surgical
treatment concept

For treatment planning, the head and neck surgeon can
choose among a large variety of radiological and nuclear
medicine imaging modalities. Imaging has experienced
vast technological progress, becoming not only faster but
also more accurate and providing the ability to detect
even smaller lymph node metastases of only a few milli-
meters in size by PET-CT [123], [133], [134]. This is one
of the reasons why a computer-aided planning of the op-
eration is nowadays possible. The head and neck surgeon
has to be able to transfer the generated CT andMRI data
to his surgical site, which is certainly facilitated by the
presence of multi-planar reconstructions [123], [134],
[135]. The transfer of the imaging data to a haptic organ
model, as it is already available for the paranasal sinus
surgeries or with the IMOLA model (larynx model eligible
for laser surgical intervention) for laryngeal surgeries,
would enable a selective and intensified pre-operative
training of the surgeon to improve his surgical skills [136],
[137].
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