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Abstract
18-fluorodeoxygluocose positron emission tomography/
computed tomography (18FDG-PET/CT) provides 
significant information in multiple settings in the man
agement of head and neck cancers (HNC). This article 
seeks to define the additional benefit of PET/CT as 
related to radiation treatment planning for squamous 
cell carcinomas (SCCs) of the head and neck through a 
review of relevant literature. By helping further define 
both primary and nodal volumes, radiation treatment 
planning can be improved using PET/CT. Special 
attention is paid to the independent benefit of PET/CT 
in targeting mucosal primaries as well as in detecting 
nodal metastases. The utility of PET/CT is also explored 
for treatment planning in the setting of SCC of unknown 
primary as PET/CT may help define a mucosal target 
volume by guiding biopsies for examination under ane
sthesia thus changing the treatment paradigm and 
limiting the extent of therapy. Implications of the use 
of PET/CT for proper target delineation in patients with 
artifact from dental procedures are discussed and the 
impact of dental artifact on CT-based PET attenuation 
correction is assessed. Finally, comment is made upon 
the role of PET/CT in the high-risk post-operative setting, 
particularly in the context of radiation dose escalation. 
Real case examples are used in these settings to 
elucidate the practical benefits of PET/CT as related to 
radiation treatment planning in HNCs.
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Core tip: The 18-fluorodeoxygluocose positron emission 
tomography (18FDG-PET) scan has increasing clinical 
importance in the management of head and neck 
cancers. It has also proven useful in treatment planning 
for radiation therapy. PET scans have utility in tumor 
volume delineation, the identification of metastatic lymph 
nodes, the management of carcinoma of unknown 
primary, dental artifact reduction and high-risk posto
perative radiation therapy. Many of these applications 
of 18FDG-PET scans are still in the preliminary stages of 
development and active investigations are ongoing to 
standardize these processes.

Awan MJ, Siddiqui F, Schwartz D, Yuan J, Machtay M, Yao 
M. Application of positron emission tomography/computed 
tomography in radiation treatment planning for head and neck 
cancers. World J Radiol 2015; 7(11): 382-393  Available from: 
URL: http://www.wjgnet.com/1949-8470/full/v7/i11/382.htm  
DOI: http://dx.doi.org/10.4329/wjr.v7.i11.382

INTRODUCTION
Head and neck cancer (HNC) is a significant cause of 
cancer morbidity and mortality worldwide. Approxi­
mately 650000 new HNC are diagnosed annually 
worldwide with approximately half of this number 
resulting in deaths[1]. The majority of HNCs worldwide 
are squamous cell carcinomas (SCCs) related to 
tobacco abuse, however the incidence of head and neck 
SCCs resulting from infection with the human papilloma 
virus (HPV) is rising. The prognosis for HPV-negative 
(tobacco-related) cancers is inferior to that of HPV-
positive cancers. Undoubtedly, radiation therapy plays a 
central role in the management of the majority of HNC 
patients and meticulous radiation treatment planning 
is required to ensure high rates of cure as well as in 
limiting toxicity. This is particularly important for HPV-
positive oropharyngeal cancer patients as these patients 
are generally younger and with few co-morbidities 
and thus are expected to live longer with long-term 
radiation complications. Most HNCs present in a locally 
advanced stage and primary management takes one 
of the two courses: surgical resection with or without 
adjuvant radiation based upon pathologic features or 
definitive radiation therapy with or without concurrent 
chemotherapy saving surgery as a salvage option.

Modern radiation therapy is delivered using highly 
conformal technologies including three-dimensional 
conformal radiotherapy, intensity modulated radiation 
therapy (IMRT) and most recently IMRT with image 
guidance. Target delineation on treatment planning 
computed tomography (CT) scans is a central part of 
the treatment process in both cure and limiting toxicity. 
This is particularly important in the era of IMRT, in 

which steep radiation dose falloff is achievable within 
millimeters. 

A risk-stratified approach is taken in radiation 
treatment planning in HNCs. Areas of high-risk of 
disease spread and gross disease receive a high dose 
of radiation (usually 66-70 Gy). Other areas, including 
those of intermediate-risk of disease spread and grossly 
uninvolved nodal regions in which tumor recurrence 
may occur, receive lower doses of radiation (56-60 Gy 
and 50-56 Gy, respectively). Clinical data from physical 
examinations and diagnostic laryngoscopies, as well as 
pathologic data and multimodality imaging using CT, 
magnetic resonance imaging (MRI), ultrasound and 
positron emission tomography (PET) all contribute to 
the target delineation and treatment planning process. 
This article seeks to define the additional benefit of the 
utility of 18-fluorodeoxyglucose (18FDG) PET/CT scans 
in radiation treatment planning particularly as related 
to five areas: (1) Primary gross tumor and nodal 
volume (GTV) delineation; (2) Identification of involved 
metastatic lymph nodes; (3) Management of SCCs of 
unknown primary in the head and neck; (4) Utility in 
accounting for dental artifact; and (5) High-risk post-
operative radiation (PORT).

DELINEATION OF THE PRIMARY AND 
NODAL GTV
18FDG-PET can help clarify the extent of primary tumor 
and eliminate unnecessary treatment volumes that may 
appear as abnormal on CT or MRI imaging. Significant 
variations have been noted in both primary tumor and 
lymph nodal volumes based on the diagnostic imaging 
modality(ies) used to define these. Iodinated-contrast-
enhanced CT scans remain the imaging modality of 
choice due to their widespread availability in radiation 
oncology departments worldwide. Additionally, CT 
scans have a short image acquisition time and thus 
do not suffer from the image quality degradation that 
may result from longer acquisition times and normal 
breathing or swallowing motion. They provide sufficient 
anatomical details of the gross tumor and involved 
lymph nodes, provide electron density information for 
attenuation correction for treatment planning purposes, 
and require less end-user training for image inter­
pretation relative to other modalities. Many reports have 
investigated the impact of additional PET imaging on 
primary and lymph nodal volume definition for radiation 
treatment planning purposes. Most of these reports 
have found major discrepancies between CT-based 
and PET-based volumes resulting in clinically significant 
implications for radiation therapy.

Studies assessing the addition of PET to CT-based 
planning
A number of studies have assessed the impact of the 
addition of PET in the manual segmentation of HNC 
GTVs. In an analysis of 12 HNC patients comparing CT 
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based GTV (GTV-CT) and PET based GTV (GTV-PET), the 
GTV increased or decreased by 25% or more because 
of PET in 17% and 33% of cases, respectively[2]. In 
this report, the primary and nodal volumes were not 
assessed separately. 

In another study, Heron et al[3] did analyze the 
changes in primary and nodal volumes separately and 
noted a change in GTV delineation in 80% of cases with 
the use of PET scans. For the primary site, the GTV was 
larger in 14% and smaller in 66% of cases based on 
PET scans. Interestingly, for the abnormal lymph nodes, 
the volume was larger in 33% of cases and smaller in 
14% of cases. The average ratio of GTVs for the CT-
defined and PET-defined volumes was 3.1 (range, 
0.3-23.6), whereas for abnormal nodes was 0.7 (range, 
0-4). Hence, tumor volumes for the primaries were 
significantly larger as delineated on CT than on PET 
but not for nodal regions suggesting a larger benefit in 
delineating the primary tumor with the addition of PET.

A similar discrepancy between CT-GTV and PET-GTV 
was noted by Guido et al[4]. Thirty-eight consecutive 
HNC patients underwent treatment planning CTs 
with intravenous contrast enhancement. A radiation 
oncologist defined all GTVs using both the PET/CT and 
CT scans. The CT-GTV was larger than PET-GTV in 
92% cases. Unlike the previous study, no statistically 
significant difference was seen between these volumes 
for primary and nodal sites.

Variations in target delineation with the addition of 
PET/CT may also affect treatment planning. In a study 
of a group of 40 patients, Paulino et al[5] noted changes 
in the PET-GTV in 37 cases (30 smaller, 7 larger). IMRT 
plans were generated based on the CT-based volumes 
and dosimetric analysis was performed to examine 
the adequacy of coverage for the PET-based volume 
in these IMRT plans. The volume of PET-GTV receiving 
at least 95% of the prescribed dose was 100% and 
95%-99% in 20 and 10 cases, respectively. Thus, 
inadequate coverage (< 95% of the PET-GTV receiving 
the prescribed dose) was seen in 25% of cases. 

A major reason for these variations in study results 
is the subjectivity associated with 18FDG-PET image 
interpretation and consequent user dependence on 
how the GTV is defined using PET images. The potential 
impact of interobserver and intraobserver variation was 
studied by Breen et al[6] Eight experienced observers 
(6 head and neck oncologists and 2 neuroradiologists) 
outlined the primary GTV for 10 patients. There was 
a very high agreement between and within observers 
on GTVs derived from contrast-enhanced CT scans. 
However, there was less reliability noted when PET/
CT scans were used for outlining the GTV. In another 
similar analysis[7], 4 physicians (2 neuroradiologists and 
2 radiation oncologists) contoured GTVs in 16 patients 
on the basis of the CT alone, and then on PET/CT 
fusion. A high degree of variation was noted across 
physicians for the CT volumes (P = 0.09) and significant 
variation was seen for the PET/CT volumes (P = 0.0002). 
Observer variation in lymph nodal volume outlining was 

not assessed in either of these studies. 

Automated techniques of PET-GTV delineation
Due to limitations in how different experienced 
physicians define the GTVs for various cases it is very 
difficult to perform interinstitutional comparative studies 
and arrive at any meaningful conclusions on the utility 
of PET scans for head and neck treatment planning. To 
overcome these interobserver and intraobserver varia­
tions, many attempts have been made to automate the 
process of volume definition using PET scans. Various 
groups have attempted to describe “thresholding” or 
“segmentation” techniques to make the process more 
objective and eliminate or reduce the subjectivity 
associated with the use of PET imaging data. 

Schinagl et al[8] evaluated PET based GTVs derived 
using 5 different segmentation techniques: visual 
interpretation, applying an isocontour of a standardized 
uptake value (SUV) of 2.5, using a fixed threshold of 
40% and 50% of the maximum signal intensity, and 
applying an adaptive threshold based on the signal-
to-background ratio. Seventy-eight patients with 
Stages Ⅱ-Ⅳ SCC of the head and neck were studied. 
The primary tumor was delineated on CT. The GTV 
method of applying an isocontour of a SUV of 2.5 failed 
to provide successful delineation in 45% of cases. 
However, the other segmentation methods resulted in 
PET-GTVs that were smaller than that seen on the CT 
scan. Additionally, the PET scans frequently showed 
tumor extension outside that seen on the CT scans. 
The authors concluded that none of the segmentation 
methods provided a satisfactory result. 

In a subsequent publication, the authors used the 
same data set of 78 patients to assess whether PET 
scans could be used for target volume definition for 
metastatic lymph nodes in the head and neck region[9]. 
On the CT scans, lymph nodes measuring 7-10 mm 
were labeled as “marginally enlarged” and those > 10 
mm were “enlarged”. Eight different PET segmentation 
methods were used to identify these nodes: visual 
interpretation, applying fixed thresholds at SUV of 2.5 
and at 40% and 50% of the maximum signal intensity 
of the primary tumor and applying a variable threshold 
based on the signal-to-background ratio. Additionally, 
these same thresholds were acquired using the signal 
of the lymph node as the threshold reference. Based on 
the CT scan imaging, 208 lymph nodes were > 7 mm 
while 108 were >10 mm. A large percentage of these 
lymph nodes were not identified by the segmentation 
methods when normalized to the primary tumor PET-
SUV. The results were better when the thresholds were 
set based on the lymph node SUV values. Due to these 
limitations, the authors concluded that until proper 
validation of 18FDG-PET based segmentation tools is 
done it should not be recommended for target volume 
definition of metastatic lymph nodes in routine clinical 
practice.

Another recent prospective study in 19 patients 
with 39 lesions used the signal-to-background ratio 
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Schinagl et al[12] identified 28 lymph nodes in 12 
HNC patients and looked at the ability of various PET 
segmentation methods to predict pathologic size after 
lymph node dissection. Nodal volumes on CT scans 
and visual interpretation of PET scans showed good 
correlations with the pathological volume. The authors 
noted that 18FDG-PET scans are valuable for detection 
of lymph nodes for staging purposes but provide no 
additional information over CT scans for outlining radio­
therapy target volumes. 

Guidelines for the utility of PET/CT for GTV delineation
There is currently no consensus on the methods of 
auto-segmentation, volume definition and the overall 
utility of 18FDG-PET scans in RT of HNCs. This remains 
an active area of research and development. Currently, 
we use 18FDG-PET co-registered with the simulation 
CT images to identify the tumor, contour the GTV and 
subsequently modify the GTV volume with the CT 
images, especially with contrast-enhancing CT images. 
18FDG-PET is especially helpful when it is difficult to 
separate the tumor from surrounding soft tissue and 
muscle in CT imaging, such as tumor in the oral tongue 
or oropharynx. Figure 1 shows a patient with oral tongue 
cancer, comparing CT vs PET. The GTV based on CT 
(Figure 1C) is much larger than that based on 18FDG-
PET (Figure 1D). 

18FDG-PET is also very helpful in identifying tumor 
extent that is not detectable on either CT or MR images. 
In particular, HNC patients often have synchronous 
second primaries. 18FDG-PET can help detect additional 
primary disease to be included in the high dose 
radiation field. Figure 2 shows a patient who presented 
with a right lateral oral tongue cancer. PET/CT revealed 
additional primary cancers in the soft palate and in the 
cervical esophagus (Figure 2A). Thus, the IMRT plan 
delivered 70 Gy to all of these primary tumors (Figure 
2B-D). 

IDENTIFICATION OF INVOLVED LYMPH 
NODES THAT ARE MISSED ON CT/MR 
In addition to helping better delineate primary tumors, 
18FDG-PET can clarify the involvement of metastatic 
lymph nodes in HNC patients. Standard CT and MR 
criteria for malignant cervical lymph nodes include size, 
shape, margins, and internal architecture, with size as 
the main criteria[13]. These criteria for CT and MR may 
under- or over-diagnose lymph node involvement and 
nodal stage in patients, resulting in 20%-30% false 
positive and false negative results[13]. The consequence 
of such errors may have a significant impact on 
treatment planning in HNC; in particular, small malignant 
lymph nodes may be under-dosed using CT or MRI 
criteria alone.

PET sensitivity and specificity for predicting involved 
nodes has been estimated at over 90%[14]. Heron et 

thresholding method to define tumor volumes. It 
concluded that methods that rely mainly on SUVmax for 
thresholding are very sensitive to partial volume effects 
and may provide unreliable results when applied on 
small lesions[10]. Thus, automated thresholding and 
segmentation methods have not yet yielded promising 
results in PET-GTV delineation.

Pathologic correlation of PET-GTV volumes
Investigators have also evaluated the pathologic corre­
lates to PET imaging findings in HNC patients. Daisne et 
al[11] compared delineation of tumor volumes on MRI, 
CT and PET in multiple patients with HNCs. Average 
PET-GTVs (20.3 cc) were smaller than those derived 
from MR (27.9 cc) or CT (32 cc). Additionally, PET-GTVs 
contained additional volume not delineated on either 
primary MR or CT images. For 9 patients with laryngeal 
cancer who underwent total laryngectomy after multi-
modality imaging in this cohort, pathologic tumor 
volumes were significantly smaller than the estimated 
image volumes on all modalities studied. The average 
surgical specimen tumor volume measured 12.6 cc 
while tumor volume was measured as 16.3 cc, 20.8 cc 
and 23.8 cc on PET, CT and MRI images, respectively.

In a similar radio-pathologic correlative study, 
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Figure 1  Positron emission tomography/computed tomography improves 
gross tumor and nodal volume delineation in a patient with oral tongue 
cancer. A: In the CT image, the tumor is difficult to separate from the soft 
tissues of the tongue; B: In the PET image, there is sharp demarcation of the 
primary tumor; C: The GTV is outlined in red based on CT scan; D: The GTV 
outlined in red based on 18FDG PET/CT is much smaller. 18FDG-PET/CT: 
18-fluorodeoxygluocose positron emission tomography/computed tomography; 
GTV: Gross tumor and nodal volume.
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al[3] reported that the addition of 18FDG-PET to CT-

based treatment planning increased the number of 
abnormal nodes contoured in 5 of 21 (24%) patients 
in a small institutional study. In another study, Koshy 
et al[15] reported significant changes in TNM staging 
affecting tumor volume delineation with the addition of 
18FDG-PET to CT alone. Amongst a group of 36 patients 
in this study, 6 patients had a change in N-stage with 
the use of PET/CT relative to CT alone: 3 patients were 
upstaged including one to bilateral disease, while 3 
other patients were downstaged to N0 disease. These 
changes in nodal staging are not trivial, as grossly 
involved nodal disease will receive radiation doses of 
up to 70 Gy, while node-negative disease may receive 
an elective radiation dose of 50-56 Gy or no radiation 
therapy at all.

In a prospective study by Schwartz et al[16] eva­
luating the feasibility of PET/CT based treatment 
planning, 63 patients underwent PET/CT simulation 
and 20 patients underwent neck dissection after a 
PET/CT simulation. 18FDG-PET correctly identified all 
17 diseased heminecks and 9 negative heminecks. 
Additionally, 26/27 pathologically involved nodal levels 
were identified with positive predictive value (PPV) and 
negative predictive values (NPV) for nodal staging at 
98.5% and 96% respectively. This affirms the high level 
of accuracy by which 18FDG-PET can be used to assess 
nodal disease. Further, in comparing CT-based and PET/
CT-based treatment planning, PET/CT-based planning 
directly improved parotid and laryngeal doses, thus 
theoretically sparing patients from long-term toxicities 
of xerostomia and dysphagia. 

Figure 3 illustrates a patient with nasopharyngeal 
cancer. Initial staging by CT and MRI was T1N0, but 
an 18FDG-PET scan revealed a hypermetabolic level Ⅱ 
lymph node which did not meet size criteria for malign­
ancy by CT/MRI (Figure 3A-D). Fine needle aspiration 
(FNA) of this node confirmed metastatic disease. Thus, 
this lymph node was treated to a high dose of radiation 
(Figure 3E-H) and concurrent chemotherapy was 
indicated.

PET/CT has especially been helpful in detecting 
lymph nodes at a far distance from the primary tumor 
or in the contralateral neck, specifically when the lymph 
node has not reached size criteria by CT/MRI (Figure 
4). 18FDG-PET is also very helpful in detecting involved 
lymph nodes in the lower neck in which CT visualization 
is hindered by complex muscular and vascular structures 
(Figure 5). Thus, additional highly suspicious nodes 
could be included in the high-dose dose field with the 
addition of 18FDG-PET. 

Finally, well-lateralized tonsil cancer is often treated 
to the ipsilateral side to reduce toxicities. However, 
before subjecting the patient to ipsilateral radiation, it is 
prudent to rule out any contralateral suspicious nodes. 
Because of the highly sensitivity of 18FDG-PET to detect 
metastatic lymph nodes, it should be the best modality 
in selecting patients for this treatment (Figure 6). 
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Figure 2  Positron emission tomography/computed tomography discovers 
multiple primaries in a patient with a right lateral tongue cancer. A: PET/
CT images revealed that in addition to an oral tongue tumor, this patient had 
a primary tumor of the soft palate (inferior white arrow) as well as the cervical 
esophagus (black arrow); B-D: The IMRT plan for this patient demonstrates 
all three tumors covered in the high dose CTV. PET/CT: Positron emission 
tomography/computed tomography; IMRT: Intensity modulated radiation 
therapy. 
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UNKNOWN PRIMARY OF THE HEAD AND 
NECK
Between 2% and 9% of patients with HNC present 
with an enlarged cervical node without a definitive site 
of origin of the primary tumor by clinical examination 
and routine imaging studies[17]. This entity is called HNC 
of unknown primary (HNCUP). As most HNCUPs are 
SCCs[18], patients presenting with this entity undergo 
an examination under anesthesia (EUA) of the mucosal 
surface of the upper aerodigestive tract as well as 

directed biopsies of the nasopharynx and oropharynx if 
no suspicious lesion is noted during EUA. Additionally, 
ipsilateral or bilateral tonsillectomies may be performed 
for diagnostic purposes. Approximately 50% of primaries 
are detected in this manner[19]. 

PET/CT has been shown to be valuable in the work 
up and in identifying the primary tumor in patients with 
unknown primary. A systematic review of 16 studies of 
302 patients by Rusthoven et al[20] validated the benefit 
of 18FDG-PET in HNCUP. The sensitivity, specificity and 
accuracy of 18FDG-PET in detecting unknown primary 
tumors were 88.3%, 74.9% and 78.8%. Additionally, 
18FDG-PET detected 24.5% of primary tumors not 
apparent after traditional workup. The authors also 
noted that 18FDG-PET has a similar benefit in detecting 
additional occult nodal disease and metastases in the 
HNCUP population with a 15.9% and 11.2% detection 
rate, respectively.

In a prospective study, 20 patients with HNCUP 
underwent conventional workup prior to EUA[21]. PET/CT 
was performed, and the surgeons performing EUA were 
blinded to the PET results. EUAs and traditional random 
biopsies were performed prior to the surgeon viewing 
the PET/CT. After EUA and biopsies, the surgeon was 
shown the PET/CT intraoperatively and further biopsies 
were obtained according to the 18FDG-PET results. 
PET/CT increased the detection of the primary site from 
25% to 55%. This suggests that PET/CT directed biopsy 
is superior to traditional random biopsy in detecting a 
primary tumor. 

Radiation treatment is the main treatment modality 
in HNCUP, but radiation volumes vary drastically 
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Figure 3  Positron emission tomography/computed tomography upstages a T1 nasopharyngeal cancer patient from N0 to N1. A-D: PET/CT images reveal 
that in addition to the T1 nasopharyngeal primary, there is increased FDG uptake in a level II node which was 1.0 cm in size (arrows). FNA of this node confirmed 
metastatic carcinoma. Thus, the patient was upstaged as T1N1 and treated with concurrent chemotherapy with IMRT; E-H: The IMRT plan for this patient treated 
the right level II node to a dose of 70 Gy. IMRT: Intensity modulated radiation therapy; PET/CT: Positron emission tomography/computed tomography; FDG: 
Fluorodeoxygluocose. 
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Figure 4  Positron emission tomography/computed tomography extends 
the high dose CTV contralaterally in a patient with a T2N2B base of 
tongue cancer. A: PET/CT reveals a contralateral level III node (white arrow), 
and thus, the patient was upstaged as T2N2C; B: An IMRT plan of this patient 
showing that this node was treated to 70 Gy and contralateral levels II and III 
were treated to 63 Gy. IMRT: Intensity modulated radiation therapy; PET/CT: 
Positron emission tomography/computed tomography.
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between institutions and no standard has been defined. 
Radiation treatment may be directed to either the 
ipsilateral involved neck or to the bilateral neck, and 
may include pan-mucosal irradiation to areas that 
may harbor a microscopic primary tumor including the 
nasopharynx, oropharynx, larynx, and hypopharynx. 
Identifying the primary tumor is therefore critical and 
may allow tailoring the radiation volume according to 
the primary disease, thus avoiding high dose radiation 
to unnecessary areas and reducing toxicities of the 
treatment. 

Figure 7 illustrates a patient who presented with 
multiple left neck nodes with FNA confirming SCC. 
Conventional workup including EUA and traditional 
biopsies failed to identify the primary tumor. PET/CT 
showed a hypermetabolic focus in the left base of 
tongue corresponding to the primary tumor. This patient 
was treated as a base of tongue cancer and thus other 
mucosal areas including the larynx and hypopharynx 
were spared from high dose radiation.

ACCOUNTING FOR DENTAL ARTIFACTS
Artifact from amalgam-based fillings and other dental 
procedures may significantly distort and hinder CT-
based target delineation for primary tumors in HNCs. 

Though artifact reduction techniques exist and have 
been used to improve the quality of CT-based target 
delineation and radiation treatment planning, many 
facilities may not have access to software to reduce 
dental artifacts on head and neck treatment planning 
CTs[22]. 

CT-based attenuation correction is used to improve 
spatial resolution from PET imaging. Gamma rays 
produced after positron emission are affected by tissue 
heterogeneity, and utilizing CT data in addition to raw 
PET data improves spatial and quantitative accuracy of 
PET imaging[23]. Multiple authors have addressed the 
issue of attenuation correction in the context of metallic 
dental artifact. A study by Kamel et al[24] compared CT-
based attenuation correction with Ge-68 PET-based 
attenuation correction in patients with metallic artifact 
and demonstrated quantitative value differences in 
regions of dental artifact raising the question of the 
impact of dental artifact on CT-based attenuation 
correction. Goerres et al[25] confirmed that 18FDG-PET 
artifacts are indeed generated adjacent to dental artifact 
using CT-based correction using a similar methodology of 
Ge-68 PET-based attenuation correction. However, they 
also found that these artifacts demonstrated significantly 
lower 18FDG-uptake when compared to primary tumor, 
mitigating the clinical significance of these artifacts in 
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neck (A-D). FDG: Fluorodeoxygluocose.
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Figure 6  Positron emission tomography/computed tomography allows for unilateral tonsil cancer treatment in a patient with a T2N0 left tonsil cancer. 
A, B: PET/CT shows no evidence of lymph node metastasis in the contralateral (right) neck; C, D: An IMRT plan of the radiation treatment plan showing effective 
contralateral sparing. IMRT: Intensity modulated radiation therapy; PET/CT: Positron emission tomography/computed tomography.
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target delineation. Others have also demonstrated that 
irrespective of artifact reduction techniques, CT-based 
PET attenuation correction is robust as metallic artifacts 
do not propagate into the attenuation correction using 
CT imaging in HNC patients[26]. 

As 18FDG-PET resolution is not significantly modified 
by dental artifact, it is practical to use 18FDG-PET to 
improve target delineation in this context. A study out of 
Korea compared tumor staging between CT alone, MRI 
alone, and PET/CT in 37 patients with dental artifact on 
CT and MRI[27]. PET/CT had improved staging regardless 
of the presence of dental artifact, and had better 
specificity in ruling out involvement of the sublingual 
gland and floor of mouth. Comparing MRI-delineated 
primary tumor volume and PET-delineated primary 
tumor volume using an SUV cutoff of 2.5 with post-
operative pathologic samples, demonstrated that MRI 
inferiorly predicted pathologic tumor size relative to PET/
CT with an SUV cutoff of 2.5. Thus, PET/CT improved 
target definition in patients with dental artifact. A 
previous study also investigated the utility of PET/CT 
scans in oral cavity cancers comparing 69 patients with 
dental artifacts and 40 patients without such artifacts[28]. 
The PET/CT scans detected more tumors as compared 
to CT scans (95% vs 75%). A regression equation 
was developed equating the pathologic volume of the 
tumors with the PET volume as defined by a SUV = 3.5. 

Recently more algorithms have been developed to 
use PET/CT imaging in combination with MRI images to 
reduce the impact of the dental artifacts[29-31]. 

UTILITY IN HIGH-RISK PORT
PORT for HNC can improve locoregional control and 
overall survival in patients with adverse pathologic 
features, including positive or close margins, extraca­
psular extension, perineural invasion, lymphovascular 
invasion, advanced tumor stage (T4), and advanced 
nodal stage (N2B or higher). Indications for PORT were 
validated in work by Peters et al[32] and further stratified 

by Ang et al[33] at the MD Anderson Cancer Center. Rando­
mized clinical trials from the Radiation Therapy Oncology 
Group and the European Organization for Research 
and Treatment of Cancer have shown that concurrent 
chemotherapy and radiation is significantly better than 
radiation alone in patients with high risk pathologic 
features; particularly those with extracapsular nodal 
extension or positive surgical margins. This was further 
validated by a pooled analysis of individual patient data 
from both trials[34-36]. PORT should include the entire 
postoperative area to a dose between 57.6 and 60 Gy 
in 30 to 33 fractions. High-risk areas including areas of 
close or positive post-operative margins or extracapsular 
nodal extension may also benefit from radiation dose 
escalation in addition to the radio-sensitizing effect of 
concurrent chemotherapy[37]. Radiation treatment to 
these high-risk areas is often escalated to 66 Gy. 

Defining the radiation treatment targets is very 
challenging in the post-operative setting due to the 
anatomical changes after surgical resection and 
reconstruction especially in patients who have free flap 
reconstruction. Information including pre-operative ima­
ging, pre-operative physical examination or endoscopy, 
surgical and pathologic findings, and post-operative 
imaging should be incorporated in target delineation in 
PORT and often requires a multidisciplinary approach 
with coordination between radiation oncologists, 
surgeons, radiologists, and pathologists. For patients 
who have pre-operative 18FDG-PET scans, registration of 
these PET images to postoperative simulation CT images 
can help to define the tumor beds which are often the 
high risk areas. Pre-operative PET/CT may be registered 
to the simulation CT using either rigid or deformable 
algorithms to provide guidance in assessing areas of 
high risk of recurrence[38]. Through image registration, 
the radiation oncologist is able to directly correlate the 
pre-treatment disease volumes to the post-operative CT 
imaging, and delineate high-risk areas to be included in 
the high radiation dose field.

PORT is often delivered 4 to 6 wk after surgery when 
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Figure 7  Positron emission tomography/computed tomography allows for detection for occult primary in a patient with multiple involved left neck nodes. A: 
PET/CT showing the initial presentation with multiple enlarged left neck nodes (white arrows); B: A conventional CT scan does not reveal a source of primary cancer; 
C: PET/CT demonstrated increased FDG uptake in the left base of tongue (white arrow) and a directed biopsy of this area revealed this as the primary site; D: IMRT 
treatment plan for this patient showing that the left base of tongue was included in the high-dose (70 Gy) volume while sparing uninvolved mucosal areas. IMRT: 
Intensity modulated radiation therapy; PET/CT: Positron emission tomography/computed tomography.
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the surgical wound is fully healed. Unfortunately, some 
patients with high-risk features may have recurrences 
even before starting PORT. Because of the anatomical 
distortion and fibrotic changes after surgery, and flap 
reconstruction, these recurrences are difficult to detect 
by physical examination and CT imaging. 18FDG-PET is 
an ideal imaging modality in this setting. Shintani et al[39] 
examined the utility of early post-operative pre-radiation 
PET/CT in HNCs. Among a cohort of 91 HNC patients, 
post-operative pre-radiation PET/CT performed at a 
median time of 28 d after surgery led to the discovery 
of 27 patients with suspicious findings on PET/CT. Of 
these, 24 patients (29% of the total cohort) underwent 
biopsy of these sites, with 11 biopsies positive for cancer. 
Treatment was changed in 14 patients (15.4%) with 
the addition of post-operative PET/CT: 4 underwent 
palliative care only, 6 had treatment to an extended 
volume, 1 received treatment to a higher dose, 2 
underwent additional surgery and 2 received concurrent 
chemotherapy. Liao et al[40] also reported 29 patients 
who had a 18FDG-PET scan obtained before PORT. They 
found 7 patients with positive PET studies, 3 with distant 
metastases and 4 with local regional recurrences. For 
those who had locoregional disease detected by 18FDG-
PET, the radiation volumes and radiation dose have to 
be changed, with higher doses delivered to the recurrent 
tumor. Thus, for patients with high-risk features or for 
those who have a prolonged interval from surgery to 
radiation, a post-surgery and pre-radiation 18FDG-PET 
will be valuable in treatment decision and radiation 
treatment planning.

Figure 8 illustrates a patient with initial stage 
T4AN2B right buccal mucosal cancer. He had surgery 
and radial forearm flap reconstruction. Due to the 
patient’s non-compliance, he did not have radiation treat­
ment planning until 50 d after surgery. A PET/CT was 
obtained at simulation that revealed tumor recurrence 
in the right masticator space and right infratemporal 
fossa region (Figure 8A and B). The recurrent tumor 
was not resectable and thus this was treated to 70 
Gy rather than a traditional post-operative dose of 60 
Gy. Figure 8C and D represents the IMRT plan for this 

patient.
Both pre-operative and post-radiation PET/CT may 

also assist in predicting the likelihood of disease-free 
survival and locoregional recurrence after PORT. Kim et 
al[41] correlated multiple PET/CT derived imaging factors 
with areas of high likelihood of recurrence. Examining 
100 patients with both pre-operative and post-
operative post-radiation PET/CT, the authors found that 
a metabolic tumor volume defined as a pre-operative 
autosegmentation of SUV > 2.5 of more than 41 cc 
predicted for poorer disease-free survival. Additionally, 
post-radiation treatment SUVmax predicted for areas of 
locoregional recurrence. The authors suggested a post-
treatment cutoff SUV value of 5.38 yielding a 93.7% 
NPV and a 66.7% positive predictive value. This may be 
used to select patients after postoperative radiation for 
further treatment interventions.

FUTURE DIRECTIONS
In addition to the routinely clinically available 18FDG 
substrate, many newer radioisotopes and radiotracers 
are being developed to image further functional 
characteristics of tumors including hypoxia, tumor 
proliferation, amino acid metabolism and presence of 
EGFR on tumor cells[42]. Hypoxia is commonly noted 
in head and neck tumors including in the primary site 
and metastatic lymph nodes. This is commonly seen 
in HPV-positive cancers; tumors which often present 
with small primaries and large necrotic and hypoxic 
neck nodes. Identification of these hypoxic areas may 
allow for radiation dose escalation to hypoxic sub-
regions of tumors. Hypoxia poses a major radiobiologic 
disadvantage and confers radioresistance to the tumor. 
Hypoxic cells are not killed in response to radiation 
therapy and may be responsible for treatment failure, 
either locally or as distant metastasis. A commonly used 
dose-prescription and dose-delivery technique is the 
“simultaneous integrated boost” method in which doses 
of 70 Gy are delivered to areas of gross disease while 
areas of intermediate-risk and low-risk of involvement 
by disease simultaneously receive 59.4 Gy to 63 Gy 
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Figure 8  Positron emission tomography/computed tomography demonstrates tumor recurrence in a patient with a resected T4aN2b right buccal 
mucosa cancer prior to postoperative radiation. A-B: PET-CT obtained 50 d after surgery before postoperative radiation shows recurrent tumor (white arrow) 
in the infratemporal fossa; C-D: An IMRT treatment plan for this patient showing the recurrent tumor treated to a definitive radiation dose of 70 Gy rather a typical 
postoperative radiation dose of 60 Gy. IMRT: Intensity modulated radiation therapy; PET/CT: Positron emission tomography/computed tomography.

Awan MJ et al . PET/CT in radiation treatment planning



and 56 Gy, respectively. Using the same technique it 
may be possible to further escalate the dose to the 
radio-resistant hypoxic regions in the same number 
of fractions while still meeting the dose constraints 
for surrounding normal tissue. Examples of radiophar­
maceuticals being used to image the hypoxic portion 
of the tumor include 18F-fluoromisonidazole, copper-
diacetyl-bis (N4-methylthiosamicarbazone) (Cu-ATSM) 
and 18F-fluoroazomycin arabinoside. The use of these 
agents has been described in literature[43,44]. Another 
interesting possibility is the use of 3’-deoxy-3’-[18F]-
fluorothymidine, a PET tracer to noninvasively image 
tumor cell proliferation, and deliver higher doses to 
areas of the tumor showing higher degree of tumor 
growth[45,46]. 

In addition to these newer substrates, there has also 
been an evolution in the imaging modalities with the 
development of simultaneous PET/MR imagers. These 
offer the advantages of high-quality soft tissue imaging 
from MR with whole-body and functional imaging from 
the PET component[47-49]. The use of PET/MR in HNC 
patients has been recently described[50,51]. 

Finally, improved acquisition technologies including 
time-of-flight PET (TOF-PET) and four-dimensional PET 
(4D-PET) are emerging. TOF-PET improves the signal-
to-noise ratio in acquisition as well as reduces scanning 
time leading to improved image resolution[52]. This may 
further improve the benefit of PET in target delineation 
of HNCs by reducing PET-GTVs. 4D-PET has primarily 
found clinical utility in lung cancers[53], an entity in which 
tumor motion is more prominent than in HNCs. Though 
small relative to lung motion, organ motion does exist 
in the head and neck and an improvement in resolution 
and target delineation in HNCs by reducing artifacts 
may be expected with 4D-PET.

CONCLUSION
The widespread availability of PET imagers and clinical 
experience has increased considerably in the recent 
years. Although methodologies of how to use PET 
information with either 18FDG or new substrates in 
radiation therapy planning for HNCs are still under 
development, PET scans have changed our daily practice 
in management of these patients. Integrating tumor 
biology obtained from these images with advanced 
delivery techniques using IMRT and image-guided 
radiation therapy has the potential to significantly impact 
outcomes in HNCs.
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