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Review

Head and neck cancer imaging is especially neces-
sary for staging. Computed tomography and magnet-
ic resonance imaging are the techniques frequently 
used for this purpose. These methods are valuable for 
displaying detailed anatomical structures; however, 
they may be inadequate for making the distinction 
between recurrence, residual tumor, fibrosis, and nor-
mal tissues with an altered anatomy after treatments 
such as surgery, radiotherapy, and chemotherapy and 
for the detection of metastases. From this point, pos-
itron emission tomography may be a promising im-

aging method. Scanning the entire body with a single 
method is an important advantage of positron emis-
sion tomography. It may be useful in the detection 
of synchronous tumors, which are a serious problem 
in head and neck cancers. Positron emission tomog-
raphy may provide additional contribution for neck 
metastases, where the primary site is unknown and is 
undetectable by other imaging techniques.
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Abstract
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Introduction
Head and neck cancers (HNC) comprise larynx, 
esophagus, nasal cavity, oral cavity, paranasal sinus-
es, salivary glands and thyroid gland neoplasms. 
The cancers of these regions may impair commu-
nication, nutrition and aesthetics due to its effects 
on swallowing, speaking, respiration and outer 
view. Formation of HNCs frequently on muco-
sal surfaces enables detection of these diseases by 
direct examination and endoscopic examination 
methods. The imaging methods in HNCs are 
important in staging of the disease (1). The vital 
organ and structures in head and neck region are 
in close neighborhood to each other. So setting 
the margins of the disease is important. The data 
obtained are also necessary to inform the patient 
with regard to direction of the treatment and the 
functions that may be lost. 

Especially computed tomography (CT) and mag-
netic resonance imaging (MRI) are the commonly 
used imaging methods. These methods are valu-
able for detailed imaging of anatomical structures 
however they may be insufficient in differentiating 
the changes after treatments of surgery, radiother-
apy (RT) and chemotherapy (CT) (2-4). There 
may be difficulties in differentiating relapse, res-
idue tumor, fibrosis and normal tissues anatomies 
of which underwent a change and restaging pa-
tients for whom rescue therapy is planned. There 
may arise the necessity to include many parts of 
the body under the area of investigation in detect-
ing regional and distant metastases gained im-

portance especially in advanced HNCs. This may 
lead to the rise of radiation dose the patient takes, 
waste of time and high cost. Moreover CT, MRI 
and other imaging methods may be inadequate 
for some patients in detecting primary region of 
neck metastases (5). The mentioned difficulties led 
to seeking goal-directed imaging methods that 
can differentiate infected tissue from the normal 
tissue. In this respect positron emission tomog-
raphy (PET) is a promising imaging method that 
can fill the gap in HNCs (6, 7). 

In the recent years many studies about the use 
of PET in HNCs have been published. It is not 
yet possible to mention about accumulation of 
knowledge to put forward the indications of the 
PET use for every head and neck region cancer. 
Moreover not having been formed a consensus 
about the general indications of the use of PET 
in HNCs led to the need to review the evidences 
about the issue. In this review it was aimed to dis-
cuss PET use in HNCs under subheadings and to 
obtain general implications about the issue in line 
of this knowledge. 

Clinic and Research Effects

General Features of PET
Positron emission tomography provides detailed 
anatomical information and also physiological and 
biochemical data different from CT and MRI. 
The distribution of the radioactive chemical agent, 
injected intravenously, having the biological sub-
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stance feature in the body is measured by the detectors placed 
around the patient. Most frequently used biological radioac-
tive chemical for this purpose is 18F fluoro-2-deoxy-2-glucose 
(FDG). Other radioactive chemical substances may also be used 
apart from this. Depending on the agent selected, data reflecting 
blood flow, ischemia, DNA metabolism, glucose metabolism, 
protein synthesis, amino acid metabolism and the state of re-
ceptor can be obtained. However FDG is preferred due to its 
ease of use and relatively long half life (110 minutes)(1). Since 
glucose metabolism of the neoplastic cells is more active, in-
creased FDG involvement is observed in these cells. Howev-
er increased glucose metabolism is not specific to malign cells; 
PET may give false positive results in case it is seen in benign 
tumors, inflammatory or infectious lesions and normal tissues 
(2). For instance FDG involvement is very high in sinonasal 
inflammation and this limits the use of PET especially in para-
nasal sinus tumors. FDG involvement increases physiologically 
during muscle contractions in the neck and this can be confused 
with tumor involvement (8). Moreover in some cases expected 
glucose metabolism may not be seen in malign cells and this 
may lead to false negative result. 

SUV (standardized uptake value), a quantitative value, is used 
while interpreting positron emission tomography. This value in-
dicates the radioactive substance concentration involved in the 
same period. SUV can be used to differentiate increased involve-
ment due to benign reasons and malign tissues or to evaluate 
response to the treatment.

Not being able to detect the localization clearly is an import-
ant disadvantage of PET method. In order to overcome this 
problem, superior imaging methods anatomically such as CT 
and MRI are combined with PET. Nowadays PET-CT has al-
most become a standard combination (3, 4). Nevertheless faults 
are still experienced depending on physiological or involuntary 
movements (8). Low spatial resolution is another disadvantage 
of PET. Therefore microscopic disease cannot be detected with 
PET (1, 3).

Positron emission tomography-CT has high sensitivity, specifity 
and negative predictive value but low positive predictive value. 
In other words PET-CT’s resulting negative may not necessitate 
further research but its being positive may necessitate the use of 
other imaging methods or histological verification (5, 9-11).

PET Use for Diagnosis
No imaging method seems to be superior than endoscopic ex-
amination methods for detection of mucosal surface lesions in 
head and neck cancers. It is not possible to mention that PET is 
more successful when compared to CT or MRI in detection of 
submucosal lesions. Therefore the use of PET as the first meth-
od to be applied in diagnosis stage is not appropriate. However, 
PET is very valuable in detection of neck metastases primaries 
of which cannot be detected by other imaging methods and 
detection of neck metastases is one of the most recommended 

areas of use of PET in the literature (5, 7, 12, 13). Karapolat 
et al. have suggested that PET is an imaging method, having 
high reliability, that can be used successfully for primary focus 
investigation in cervical lymph node metastases primaries of 
which are unknown and in detection of distant metastases (7). 
There are some advantages of the application of PET before 
panendoscopy in the patients having neck metastases primaries 
of which have not been detected yet, although other known im-
aging methods have been used. In these patients primary lesion 
can be detected before panendoscopy by application of PET and 
goal directed biopsies may be conducted. Moreover obtaining 
false positive results in PET scans conducted a little while after 
panendoscopy and blind biopsies have been averted.

PET Use in Staging
Occult metastases are very important problems in staging 
HNCs. PET can provide additional beneficial information in 
staging when compared with other imaging methods; however 
it does not seem to take the place of CT and MRI (14). PET’s 
use for N0 patients to evaluate lymph node metastases is not 
recommended since they cannot detect microscopic disease. It 
was reported not to provide additional benefit for N+ patients 
(15, 16). PET should not be the key determinant in making a 
decision for neck treatment (17).It is more appropriate to bene-
fit primarily from the methods such as CT and MRI which can 
indicate the anatomical localization of the primary tumor si-
multaneously for the purpose of nodal staging. However in case 
there is an inconsistency in these treatment methods and the 
additional data obtained change the treatment plan remarkably, 
PET can be preferred for nodal staging (18). PET is generally 
very valuable in evaluation of distant metastases (9, 19). PET use 
is recommended especially for distant metastasis in medium/
high risk (advanced HNCs, early stage HNCs having unknown 
symptoms) patients in staging. There are studies indicating that 
PET is an appropriate method for staging of nasopharyngeal 
cancers (NPC) (10). It is suggested that PET is more reliable 
than scintigraphy in indicating NPC’s bone metastases (21). 
PET has been recommended for evaluating regional and distant 
metastases in neck paragangliomas having malignity suspicion 
(22). It is considered that PET overstates the disease in ma-
lignant lymphoma and may aggravate treatment unnecessarily 
(23). Being able to conduct whole body scan by one method is 
a very important advantage of PET. Moreover it may also make 
it possible to diagnose synchronous tumors which are important 
problems in HNCs (9). Nevertheless it should be kept in mind 
that there may be wrong results. Negative result of PET-CT 
may direct the clinician to monitoring decision more reliably. 
Although PET has important advantages in detection of me-
tastases, the use of this method primarily in pretreatment evalu-
ation of the detection of metastases does not seem appropriate.

PET Use in Planning and Monitoring the Treatment
The data obtained with positron emission tomography may be 
beneficial in determining radiotherapy regions (20). Compara-
tive SUV before and after the treatment may provide evaluation 
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of response to the treatment (24). PET has an important place 
in evaluation of especially the patients suspected of having re-
lapse (25, 26). Koç et al. in their studies have concluded that 
PET is effective in detection of relapse, residue, and metastat-
ic tumors (6). It may not be possible to differentiate recurrent 
disease, fibrosis and normal tissues, anatomies of which under-
went a change by CT or MRI. In such cases and especially while 
planning rescue treatment, there may be serious difficulties in 
restaging of the disease. In this patient group, the data that will 
be obtained through PET are very important for investigating 
diseases in the regions which cannot be evaluated clinically or 
can be evaluated difficultly (14, 18). It has been reported that 
negative results of PET-CT for lesions bigger than 8 mm is 
highly reliable (27). Considering that inflammation associated 
with surgery or RT can cause wrong positive results, PET is 
recommended to be performed at least three months after the 
completion of treatment (3, 28). 
Further tendencies for positron emission tomography-CT can 
include the use of PET-MR more frequently, introduction of 
new ligands into clinical practice instead of FDG, and forma-
tion of guidelines for optimizing the use of this technique. 

Conclusion
In the review of literature, it is seen that PET has some fea-
tures owing to which it is superior to other imaging techniques 
in HNCs. The use of PET is recommended for the following 
conditions:

• In neck metastases, the primary of which cannot be de-
tected through other imaging techniques, 

• In staging risky tumors for distant metastasis, especially 
advanced stage HNCs, and investigating the presence of 
synchronous tumor,

• In determining recurrent disease and re-staging the dis-
ease while planning rescue treatment, 

• In the presence of inconsistency in other imaging tech-
niques and in the possibility of an apparent change in the 
treatment plan due to additional data that can be obtained.   

Peer-review: Externally peer-reviewed. 

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study has received 
no financial support.

References
1. Aygun N, Zinreich SJ. Overview of diagnostic imaging of the head 

and neck. In: Flint PW, Haughey BH, Lund V, Niparko JK, Robbins 
KT, Thomas JR, Lesperance MM, editors. Cummings otolaryngo-
logy- head & neck surgery, Sixth edition. Saunders; 2015 p.111-2.

2. Vogel WV, Wensing BM, van Dalen JA, Krabbe PF, van den Ho-
ogen FJ, Oyen WJ. Optimised PET reconstruction of the head 
and neck area: improved diagnostic accuracy. Eur J Nucl Med Mol 
Imaging 2005; 32: 1276-82. [CrossRef ]

3. Yoo J, Henderson S, Walker-Dilks C. Evidence-based guideline 
recommendations on the use of positron emission tomography 
imaging in head and neck cancer. Clin Oncol (R Coll Radiol) 

2013; 25: e33-66. [CrossRef ]
4. Gordin A, Daitzchman M, Doweck I, Yefremov N, Golz A, Ke-

idar Z, et al. Fluorodeoxyglucose-positron emission tomography/
computed tomography imaging in patients with carcinoma of the 
larynx: diagnostic accuracy and impact on clinical management. 
Laryngoscope 2006; 116: 273-8. [CrossRef ]

5. Mohindra S, Bhattacharya A, Goshal S, Gupta B. Incremental (?) 
role of positron emission tomography/computed tomography in 
clinically unknown primary patients with neck metastasis. Indian 
J Cancer 2014; 51: 142-4. [CrossRef ]

6. Koç ZP, Balci TA. Baş ve boyun tümörlerinde positron emisyon 
tomografi/bilgisayarlı tomografi (PET/BT). Fırat Tıp Dergisi 
2011; 16: 194-8.  

7. Karapolat İ, Kumanlioğlu K. Servikal lenf bezi metastazı olan has-
talarda primer odak araştırılmasında FDG-PET/BT’nin etkinliği. 
Molecular Imaging and Radionuclide Therapy 2012; 21: 63-8.

8. Blodgett TM, Fukui MB, Snyderman CH, Branstetter BF 4th, 
McCook BM, Townsend DW, et al. Combined PET-CT in the 
head and neck: part 1. Physiologic, altered physiologic, and artifa-
ctual FDG uptake. Radiographics 2005; 25: 897-912. [CrossRef ]

9. Kim SY, Roh JL, Yeo NK, Kim JS, Lee JH, Choi SH, et al. Combined 
18F-fluorodeoxyglucose-positron emission tomography and compu-
ted tomography as a primary screening method for detecting second 
primary cancers and distant metastases in patients with head and neck 
cancer. Ann Oncol 2007; 18: 1698-703. [CrossRef ]

10. Law A, Peters LJ, Dutu G, Rischin D, Lau E, Drummond E, et 
al. The utility of PET/CT in staging and assessment of treatment 
response of nasopharyngeal cancer. J Med Imaging Radiat Oncol 
2011; 55: 199-205. [CrossRef ]

11. Brkovich VS, Miller FR, Karnad AB, Hussey DH, McGuff HS, 
Otto RA. The role of positron emission tomography scans in the 
management of the N-positive neck in head and neck squamous 
cell carcinoma after chemoradiotherapy. Laryngoscope 2006; 116: 
855-8. [CrossRef ]

12. Escott EJ. Role of positron emission tomography/computed to-
mography (PET/CT) in head and neck cancer. Radiol Clin North 
Am 2013; 51: 881-93. [CrossRef ]

13. Inan IE, Kılıç C, Tunçel U. The correlation of positron emission to-
mography-computed tomography assessment with histopathological 
results in the diagnosis of head and neck cancer of unknown primary. 
Kulak Burun Boğaz İhtis Derg 2012; 22: 319-23. [CrossRef ]

14. Connell CA, Corry J, Milner AD, Hogg A, Hicks RJ, Rischin 
D, et al. Clinical impact of, and prognostic stratification by, F-18 
FDG PET/CT in head and neck mucosal squamous cell carcino-
ma. Head Neck 2007; 29: 986-95. [CrossRef ]

15. Hafidh MA, Lacy PD, Hughes JP, Duffy G, Timon CV. Evaluati-
on of the impact of  addition of PET to CT and MR scanning in 
the staging of patients with head and neck carcinomas. Eur Arch 
Otorhinolaryngol 2006; 263: 853-9. [CrossRef ]

16. Liao CT, Wang HM, Huang SF, Chen IH, Kang CJ, Lin CY, et al. 
PET and PET/CT of the neck lymph nodes improves risk predi-
ction in patients with squamous cell carcinoma of the oral cavity. J 
Nucl Med 2011; 52: 180-7. [CrossRef ]

17. Nahmias C, Carlson ER, Duncan LD, Blodgett TM, Kennedy 
J, Long MJ, et al. Positron emission tomography / computeri-
zed tomography (PET/CT) scanning for preoperative staging of 
patients with oral/head and neck cancer. J Oral Maxillofac Surg 
2007; 65: 2524-35. [CrossRef ]

18. Ng SH, Chan SC, Yen TC, Liao CT, Lin CY, Tung-Chieh Chang J, 
et al. PET/CT and 3-T whole-body MRI in the detection of malig-

Turk Arch Otorhinolaryngol 2015; 53: 73-6 Özel HE. Head and Neck Cancers 75

http://dx.doi.org/10.1007/s00259-005-1849-1
http://dx.doi.org/10.1016/j.clon.2012.08.007
http://dx.doi.org/10.1097/01.mlg.0000197930.93582.32
http://dx.doi.org/10.4103/0019-509X.138240
http://dx.doi.org/10.1148/rg.254035156
http://dx.doi.org/10.1093/annonc/mdm270
http://dx.doi.org/10.1111/j.1754-9485.2011.02252.x
http://dx.doi.org/10.1097/01.mlg.0000214668.98592.d6
http://dx.doi.org/10.1016/j.rcl.2013.05.002
http://dx.doi.org/10.5606/kbbihtisas.2012.061
http://dx.doi.org/10.1002/hed.20629
http://dx.doi.org/10.1007/s00405-006-0067-1
http://dx.doi.org/10.2967/jnumed.110.082370
http://dx.doi.org/10.1016/j.joms.2007.03.010


nancy in treated oropharyngeal and hypopharyngeal carcinoma. Eur 
J Nucl Med Mol Imaging 2011; 38: 996-1008. [CrossRef ]

19. Gardner M, Halimi P, Valinta D, Plantet MM, Alberini JL, Wart-
ski M, et al. Use of single MRI and 18F-FDG PET-CT scans in 
both diagnosis and radiotherapy treatment planning in patients 
with head and neck cancer: advantage on target volume and criti-
cal organ delineation. Head Neck 2009; 31: 461-7. [CrossRef ]

20. Dietl B, Marienhagen J, Kühnel T, Schreyer A, Kölbl O. The impact of 
FDG-PET/CT on the management of head and neck tumours: the 
radiotherapist’s perspective. Oral Oncol 2008; 44: 504-8. [CrossRef ]

21. Liu FY, Chang JT, Wang HM, Liao CT, Kang CJ, Ng SH, et al. 
[18F]fluorodeoxyglucose positron emission tomography is more 
sensitive than skeletal scintigraphy for detecting bone metastasis 
in endemic nasopharyngeal carcinoma at initial staging. J Clin 
Oncol 2006; 24: 599-604. [CrossRef ]

22. Taïeb D, Sebag F, Barlier A, Tessonnier L, Palazzo FF, Morange I, 
et al. 18F-FDG avidity of pheochromocytomas and paragangliomas: 
a new molecular imaging signature? J Nucl Med 2009; 50: 711-7. 
[CrossRef ]

23. Elstrom R, Guan L, Baker G, Nakhoda K, Vergilio JA, Zhuang 
H, et al. Utility of FDG-PET scanning in lymphoma by WHO 
classification. Blood 2003; 101: 3875-6. [CrossRef ]

24. Kim SY, Lee SW, Nam SY, Im KC, Kim JS, Oh SJ, et al. The Fe-
asibility of 18F-FDG PET scans 1 month after completing radi-
otherapy of squamous cell carcinoma of the head and neck. J Nucl 
Med 2007; 48: 373-8.

25. Kim SY, Kim JS, Doo H, Lee H, Lee JH, Cho KJ, et al. Combined 
[18F]fluorodeoxyglucose positron emission tomography and com-
puted tomography for detecting contralateral neck metastases in 
patients with head and neck squamous cell carcinoma. Oral Oncol 
2011; 47: 376-80. [CrossRef ]

26. Martin RC, Fulham M, Shannon KF, Hughes C, Gao K, Milross 
C, et al. Accuracy of positron emission tomography in the evalua-
tion of patients treated with chemoradiotherapy for mucosal head 
and neck cancer. Head Neck 2009; 31: 244-50. [CrossRef ]

27. Quon A, Fischbein NJ, McDougall IR, Le QT, Loo BW Jr, Pinto 
H, et al. Clinical role of 18F-FDG PET/CT in the management 
of squamous cell carcinoma of the head and neck and thyroid car-
cinoma. J Nucl Med 2007; 48 Suppl 1: 58S-67S.

28. Yen TC, Lin CY, Wang HM, Huang SF, Liao CT, Kang CJ, et 
al. 18F-FDG-PET for evaluation of the response to concurrent 
chemoradiation therapy with intensity-modulated radiation tech-
nique for Stage T4 nasopharyngeal carcinoma. Int J Radiat Oncol 
Biol Phys 2006; 65: 1307-14. [CrossRef ]

Turk Arch Otorhinolaryngol 2015; 53: 73-6Özel HE. Head and Neck Cancers76

http://dx.doi.org/10.1007/s00259-011-1740-1
http://dx.doi.org/10.1002/hed.21005
http://dx.doi.org/10.1016/j.oraloncology.2007.06.014
http://dx.doi.org/10.1200/JCO.2005.03.8760
http://dx.doi.org/10.2967/jnumed.108.060731
http://dx.doi.org/10.1182/blood-2002-09-2778
http://dx.doi.org/10.1016/j.oraloncology.2011.03.018
http://dx.doi.org/10.1002/hed.20962
http://dx.doi.org/10.1016/j.ijrobp.2006.02.031

