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Accurately determining pre-therapeutic staging is an important factor

in the treatment planning and prognosis in head and neck squamous

cell carcinoma (HNSCCA). Apart from clinical examinations, pre-

therapeutic cross-sectional imaging assessment is a useful tool and

should be part of the standard care for most HNSCCA nowadays.

Magnetic resonance imaging (MRI) can produce excellent-quality

images and direct multiplanar formats without ionising radiation.

However, many clinicians are still used to computed tomography (CT)

images and may prefer to request them rather than MRI. The recent

advances in multidetector CT (MDCT) can give better image resolution

and a good quality for multiplanar reconstructed images, providing yet

another important candidate for imaging assessments. In fact, to make

better tumour (T) assessments some centres may prefer to use MDCT

as their method of choice for all HNSCCA and limit the role of MRI to

additional studies only.

Nonetheless, radiologists are frequently asked by clinicians to identify

which patients MRI should be used for as the first choice to help

accurately establish the clinical staging of HNSCCA. There is no easy

answer to this question as the head and neck regions comprise a

variety of different anatomical sites and each imaging method has its

merits. Both MRI and CT can provide acceptable results, and which

mode of imaging should be used is controversial. The practical choice

may depend on factors such as local availability, scanning time and

cost. However, if MRI is available and no contraindications appear 

(see Table 1), the procedure could be recommended as a primary

imaging technique for the patients who will benefit from MRI. See

below for a discussion on separate entity stagings according to T,

nodal (N) and metastatic (M). 

Tumour Staging

According to the sixth edition of American Joint Committee on Cancer

(AJCC) Cancer Staging Manual,1 cross-sectional imaging in the nasal

cavity, paranasal sinus and nasopharyngeal carcinomas is mandatory

to complete the staging process. MRI is the preferred method and the

given alternative is CT with contrast. For oral cavity, oropharyngeal,

hypopharyngeal and laryngeal carcinomas, the assessment of the

primary tumour is based primarily on clinical examination and cross-

sectional imagings (CT or MRI) is recommended to be used when the

deep tissue extent of the primary tumour is in question. 

MRI is the best method for delineating the extent of the intraorbital,

intracranial extension and peri-neural spreading, which are commonly

detected in carcinomas of the nasal cavity, paranasal sinus and

nasopharynx. The presence of intracranial dural infiltration, best

detected by MRI, will also upstage the nasal cavity and paranasal sinus

carcinomas to be an unresectable tumour stage T4b. Although the

linear enhancement of dura does not always imply dural infiltration by

a tumour – and it can frequently be difficult to differentiate from

benign reactive change, the presence of pial enhancement – focal

dural nodules or dural thickening of more than 5mm is highly accurate

when predicting the presence of neoplastic dural invasion.2

In nasopharyngeal carcinoma, MRI has been reported to change almost

40% of tumour stages compared with CT in the recent study by Sun et

al.3 MRI can also easily differentiate any head and neck cancers that

invade paranasal sinus from benign inflammatory mucosal thickening

or retained secretion, all of which give similar findings and cannot be

easily differentiated by CT (see Figure 1). However, high-resolution CT

may be used as an additional complementary examination to provide a

better and easier demonstration of thin cortical bony erosion in nasal

cavity and paranasal sinus carcinomas. Some radiologists have also

shown a distinct preference for the CT scan detail in nasopharyngeal

carcinoma of the cortical skull base erosion.4

When the deep tissue extent of the primary tumour in an oral cavity

and oropharyngeal carcinoma is still in question, MRI may be

recommended as the best method of diagnosis.5,6 Apart from tumour

size, which can be measured by either CT or MRI, invasion of the deep

extrinsic tongue muscles is another important part of tumour staging

and tumours of any size will be upstaged to T4a whenever this

phenomenon is observed (see Figure 2). Various tongue movements by

a patient, commonly used to assess the presence of deep extrinsic

tongue muscle invasion during a clinical examination, are not precise

enough to determine definite tumour invasion. A high prevalence of

misdiagnosis for base of tongue carcinomas (a subsite of the

oropharynx) by clinical examination alone has been reported to be as

high as 50% in T2, 85.7% in T3 and 16.7% in T1, but not a single mis-

staging was found in T4a and T4b.7 Perhaps MRI should be

recommended as mandatory for all patients with oral or oropharyngeal

carcinomas whose clinical examinations suggest stage T2 or T3

tumours to be certain that the tumour stages are not already at T4

before treatment begins.
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Since most changes were due to finding invasion of the deep extrinsic

tongue muscles that could be detected only from imaging, while the

currently accepted clinical staging criteria were established based

mainly on clinical examinations, should we reconsider how the

‘imaging up-staging’ may affect the prognosis, especially considering

the slight invasions of the deep extrinsic tongue muscle criteria?

Perhaps the AJCC staging system should be revised to allow for

‘minor’ involvement of extrinsic tongue muscles seen only by imaging

but that are not to be upstaged to T4a. Alternatively, the guidelines

could be revised to reflect more practically used terms such as ‘tongue

fixation or limited tongue movement in various fashions by clinical

examination’ instead of ‘deep extrinsic tongue muscle invasion’. 

Although the maximum diameter of a tumour in oral cavity and

oropharynx has mainly been used in the T staging system, tumour

thickness is also a significant independent prognostic factor in predicting

subclinical nodal metastasis, local recurrence and patient survival in oral

tongue carcinoma,8,9 but this can only be accurately measured by MRI.10

Research has shown that a tumour 3mm thick or smaller has 8%

subclinical nodal metastasis, 0% local recurrence and 100% five-year

actuarial disease-free survival; a tumour 3–9mm thick has a 44%

subclinical nodal metastasis, 7% local recurrence and 76% five-year

actuarial disease-free survival; and a tumour 9mm or more thick has

53% subclinical nodal metastasis, 24% local recurrence and 66% five-

year actuarial disease-free survival.9 Therefore, pre-operative assessment

of tumour thickness by MRI is invaluable in planning treatment of an oral

tongue carcinoma.

Mandibular invasion is another poor prognostic sign in oral cavity and

oropharyngeal carcinoma. MRI has been proved to provide high

sensitivity, specificity and accuracy (93%) with a high negative–

predictive value of up to 96% in demonstrating mandibular invasion.6

This may suggest that MRI is a reliable technique for ruling out

neoplastic invasion of the mandible. In addition, MRI has an excellent

diagnostic value for both cortical erosion and neoplastic replacement of

medullary bone that allows appropriate selection of surgical strategy i.e.

marginal mandibulectomy for cortical invasion or segmental

mandibulectomy for medullary bone invasion. Although high-resolution

CT can provide high sensitivity and specificity when mandibular invasion

is assessed, especially cortical bone invasion,11–13 commonly seen beam-

hardening artefacts produced by dental amalgam or prosthetic implants

can spoil the quality of images and limit correct assessment of the

problem. Susceptible artefacts from dental work generally obscure the

underlying anatomy less on MRI than artefacts created by CT. 

However, a number of false-positive cases of mandibular invasion

diagnosed by MRI have been found and may be caused by other disease

processes such as inflammatory odontogenic disease, post-extraction

bone defect, osteoradionecrosis or normal variation of the cortex.

Furthermore, chemical shift artefacts produced by the mandible’s bone

marrow may obscure the black line of the mandibular cortex and mimic

cortical invasion,12 in which case high-resolution CT may be used as an

additional complementary examination in these vague cases to confirm

or exclude the cortical invasion.
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Table 1: Contraindications and Cautions for Magnetic Resonance 
Imaging Examinations

Absolute Contraindications 
Electronic or magnetic devices such as cardiac pacemakers, pacing wires and

neurostimulating devices, etc.

Aneurysm clips that are not made of MRI-compatible material

Cochlear implants

Metallic foreign bodies in eyes

Medication infusion pumps (such as those used to deliver insulin or pain-relieving drugs)

Relative Contraindications
Recent passive implants such as coils, filters and stents: recommended to wait for six

weeks after implantation

Ventilated patients (MRI-compatible ventilator is needed)

Cautions
Pregnancy: scanning in the first trimester of pregnancy should be avoided and pregnant

women should never receive MRI contrast agent

Tattoos and permanent eyeliner may produce pain or burns

Claustrophobic patients

MRI = magnetic resonance imaging.

Figure 1: Magnetic Resonance Imaging Can Easily Differentiate
Tumour Invading Paranasal Sinus from Inflammatory Mucosa or
Retained Secretion (Comparison with Computed Tomography)

A: Contrast-enhanced coronal computed tomography (CT) image showing a mass on the
right side of the hard palate that is suspected to have invaded into the right maxillary sinus.
This upstaged the tumour from stage T2, found by clinical examination, to T4a.  
B: Coronal SE T2-weighted magnetic resonance image (MRI) better demonstrates the tumour,
which is seen as a low to intermediate signal intensity (black arrowheads) invading into the
right maxillary sinus. This differs from inflammatory mucosal thickening, which can be seen
as high-signal intensity (white arrowhead). 
C: Coronal post-Gd-DTPA SE T1-weighted MRI illustrates the strong enhancement of the
tumour (black arrowheads) compared with any inflammatory mucosa (white arrowheads) 
that is easily differentiated and which shows only surface rim enhancement and is
predominantly non-enhancing. 

A B C

Figure 2: Invasion of the Deep Extrinsic Tongue Muscles Can Be
Clearly Demonstrated by Magnetic Resonance Imaging

A: Sagittal SE T1-weighted magnetic resonance (MR) image of a 60-year-old male patient
with a 2cm mass at the right side of the base of the tongue was staged as T1 on clinical
examination. MR imaging (MRI) revealed a base of tongue mass about 2.3x2.4x2.7cm
extending anteriorly to invade the right genioglossus muscle (black arrow). The tumour was
staged as T4a by MRI. The normal valleculae, epiglottis and pre-epiglottic space are also well
demonstrated in this sagittal image.  
B: Axial SE T2-weighted MR image also reveals a base of tongue mass (large white arrow)
extending anteriorly to invade the right genioglossus muscle and the mid-line raphe. Both
hyoglossus muscles (small white arrows) are not involved.

A B
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Not all laryngeal and hypopharyngeal carcinomas require imaging. T1

glottic carcinoma and small or superficial tumours can be accurately

staged by clinical examination. In these cases, cross-sectional imaging

is unnecessary unless deeper invasion is still suspected.14 Significant

underestimated tumour stagings in larger tumours have been found,

and combined imaging with clinical examination is recommended

whenever a clinical examination suggests other tumour stages (T2 or

above). Valuable information can also be more accurately provided

through MRI for accurate tumour staging when related to the deeper

tumour extensions such as invasion of the base of the tongue, 

pre-epiglottic and paraglottic spaces or cartilage invasions.

In spite of many recent technical improvements, a standard MRI

examination of both the larynx and hypopharynx still takes a relatively

longer time and requires more co-operation from the patient than a

standard helical CT examination. Dyspnoea predisposes to motion

artefacts and is a frequent problem found in patients undergoing

imaging studies of the larynx and hypopharynx. Therefore, we prefer CT

as the primary imaging in patients with laryngeal or hypopharyngeal

carcinomas. MRI is preserved for cartilage assessment in a candidate for

partial laryngectomy to make sure that there is no cartilage invasion,

since MRI has been shown to be more sensitive and slightly more

accurate than CT in identified cartilage involvement.15,16

Invasion of the pre-vertebral space will upstage laryngeal 

and hypopharyngeal carcinomas, thus giving a poor prognosis and

unresectable tumour stage T4b. Preservation of the high-signal-

intensity fat strip that lies between the tumour and the prevertebral

musculature on the unenhanced T1-weighted images can reliably

predict the absence of prevertebral space fixation.17 However, MRI is

rather poor in predicting involvement of the prevertebral space and

may not be able to differentiate between neoplastic fixation and non-

neoplastic changes in the pre-vertebral space. An abnormal muscle

contour, T2 hyperintensity and enhancement are present not only in

neck carcinomas that are fixed to the pre-vertebral space but also in

patients in whom the tumour is mobile and resectable.18 Open neck

exploration with direct evaluation of the pre-vertebral muscles is

superior to both CT and MRI and it should continue to be the standard

of care unless there is an intact high-signal-intensity fat strip detected

on T1-weighted images.18,19

Timing is crucial in imaging a primary tumour. In order to get an

accurate measurement of any primary tumour, MRI should be

performed prior to surgical biopsy. Nevertheless, many patients have

come to imaging after having had a recent biopsy. This may

subsequently produce an abnormal signal due to haemorrhage and

oedema, and consequent misinterpretation as a tumour. A

suggestion has been made for a delay of between 10 and 14 days

post-biopsy to overcome this problem.20 However, the timing is

controversial and is also influenced by the clinical management in

each hospital.

It is important to realise that mucosal lesions are better assessed by

clinical examination, while the deeper submucosal extensions are better

assessed by cross-sectional imagings. Some small superficial mucosal

tumours may go undetected by MRI, and both clinical examination and

MRI should therefore contribute equally important information for the

staging assessments.

Nodal Staging

If either a CT or MRI is undertaken for the purpose of primary tumour

evaluation, simultaneous imaging assessment of the nodal involvement

should be performed since the presence of a cervical metastatic node is

a major determinant in the patient’s prognosis of head and neck

cancer. For all head and neck sites, the presence of a solitary ipsilateral

or contralateral positive lymph node or extracapsular tumour spread

will reduce the expected survival of a patient by nearly 50%.21 The

incidence of nodal disease in HNSCCA depends on the primary tumour

site and varies between less than 10% in glottic carcinoma to about 65,

75 and 85% in hypopharyngeal, oropharynx and nasopharyngeal

carcinomas, respectively.22 As MRI has no advantage over CT for the

examination of cervical lymphadenopathy,3,23 it may not be necessary

for nodal staging. Consequently, CT may be a good choice for this

purpose because it requires much less time for image acquisition for a

whole neck examination and it can also show extracapsular tumour

spread of lymph nodes sooner than MRI.13 Nevertheless, MRI is better

than CT in detecting retropharyngeal lymph nodes and in

distinguishing the lymph node from the adjacent primary tumour.

It is interesting to note here the significance of retropharyngeal

lymphadenopathy in affecting clinical staging for the different primary

sites of HNSCCA. Enlargement of the retropharyngeal lymph nodes can be

detected only from cross-sectional imaging and not by clinical

examination. Nasopharyngeal carcinoma is the most common primary

malignancy that spreads to retropharyngeal lymph nodes. However, the

retropharyngeal lymph node is of no prognostic significance in

nasopharyngeal carcinoma. The presence or absence of retropharyngeal

lymph node metastasis does not affect the prognosis of the patient and is

currently still not included in the TNM staging system of nasopharyngeal

carcinoma.4 However, retropharyngeal lymphadenopathy arising from

other primary lesions such as oropharyngeal or hypopharyngeal

carcinomas indicates a worse prognosis and should be considered as

cervical lymph nodes for staging purposes.24 If left unrecognised, these

lymph nodes will not be included in the standard neck dissection and may

also be underdosed in standard radiation ports for oropharyngeal or

hypopharyngeal carcinomas.

The lack of specificity remains the most commonly used size criteria in

the diagnosis of metastatic nodes using both CT and MRI. The recent

introduction of functional MRI using an iron-contrast-agent-enhanced

MRI (dextran-coated superparamagnetic iron oxide particles [SPIO]) of

the head and neck has been reported to provide a high sensitivity of

86% and specificity of 100% in identified metastatic nodes.25

However, this contrast agent is still not as widely used, due not only

to the relatively expensive price but also to the cumbersome

procedures to use this contrast agent on a routine basis. The

administration of this contrast agent takes about 30 minutes and MRI

is needed both before and after administration of SPIO so the patients

have to come back to the department twice and undergo two separate

studies, which doubles the cost of examination. Further development

of this contrast agent for more convenient use is needed before it will

gain more widespread acceptance.

Distant Metastases

Exclusion of distant metastases is important in staging and prognosis

of HNSCCA. Currently, MRI still has a limited role in searching for the

presence or absence of distant metastases. Most of these tasks are
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performed by other imaging methods and the protocol may vary

between institutions. Various imaging procedures such as chest X-ray,

ultrasound, CT, MRI and isotope bone scan may be needed in the more

advanced local or nodal disease. This approach is time-consuming and

can still miss lesions outside the fields of study. 

Although becoming increasingly popular in the metastatic work-up, the

role of whole-body technologies to offer a complete head-to-toe

coverage of the patients in a single examination such as positron

emission tomography–computed tomography (PET-CT) is limited. Apart

from the high cost of examination, another disadvantage of PET-CT is

the considerable amount of applied ionising radiation: approximately

25mSv through the radioactive tracer and diagnostic spiral CT.26

The recently introduced multichannel MR scanners with automated

free table movement and the use of acquisition acceleration

techniques have made whole-body MRI (WB-MRI) clinically feasible

providing a high image quality within a reasonable examination time

(less than one hour). WB-MRI is highly sensitive in detecting distant

metastases, has shown its superiority particularly in the detection of

liver, bone and brain metastases and has a higher overall diagnostic

accuracy in the detection of distant metastases of 92% compared with

only 82% for PET-CT because of its excellent contrast in soft tissue and

parenchymal structure.27 Herborn et al.28 have also reported 100%

accuracy in determining the overall TNM category in patients with

advanced HNSCCA using WB-MRI compared with the standard of

reference (chest X-ray, ultrasonography, CT of head, neck and thorax,

endoscopy and histology).

Cancer is characterised not only by pathological metabolism (e.g. high-

glucose uptake detected by PET) but also by a higher cellularity. A

malignant tumour often has a larger cell diameter and denser cellularity

than normal tissue, which results in restriction of water diffusion. 

Therefore, diffusion-weighted imaging (DWI) has recently been

applied for imaging metastasis by Takahara et al.29 Their initial results

have demonstrated that DWI in WB-MRI is a feasible clinical technique

in improving the assessment of metastatic spreading. Furthermore,

another study found a high concordance between DWI and PET-CT

scans, with the ‘PET-like’ WB-MR images also being impressively

produced in the detection of distant metastases by inversion of the

original DWI images in WB-MRI.30

The increasing number of new MRI systems installed in most parts of

the world and their lower cost compared with PET-CT examinations

should further ensure the benefit of WB-MRI application in oncology

by offering new options for systemic secondary tumour screening,

making it possible to reduce the number of necessary separate

radiological examinations and thus time in oncologic staging. 

Conclusion

Although controversial, MRI should be recommended as the first

choice in tumour staging for nasal cavity, paranasal sinus, oral cavity,

oropharyngeal and nasopharyngeal carcinomas, with CT as an

alternative. CT may be the primary imaging method in hypopharyngeal

and laryngeal carcinomas, with MRI reserved for cartilage invasion

assessment in a candidate for partial laryngectomy.

With the development of WB-MRI techniques to assess distant

metastases, it may be possible, in the near future, to see the role of

MRI as a ‘one-stop shop’ modality in accurately establishing the clinical

staging of HNSCCA. ■

1. Green FL, Page DL, FLeming ID, et al. (eds), AJCC Carcinoma
Staging Manual. 6th ed., New York, NY: Springer, 2002.

2. Eisen MD, Yousem DM, Montone KT, et al., Use of preoperative
MR to predict dural, perineural, and venous sinus invasion of
skull base tumors, AJNR Am J Neuroradiol, 1996;17:1937–45.

3. Sun Y, Mao YP, Ma J, et al., Influences of magnetic resonance
imaging on the staging system of nasopharyngeal carcinoma, 
Ai Zheng, 2007;26:158–63.

4. Dubrulle F, Souillard R, Hermans R, Extension patterns of
nasopharyngeal carcinoma, Eur Radiol, 2007;17:2622–30.

5. Dammann F, Horger M, Mueller-Berg M, et al., Rational
diagnosis of squamous cell carcinoma of the head and neck
region: comparative evaluation of CT, MRI, and 18FDG PET, 
AJR Am J Roentgenol, 2005;184:1326–31.

6. Bolzoni A, Cappiello J, Piazza C, et al., Diagnostic accuracy of
magnetic resonance imaging in the assessment of mandibular
involvement in oral-oropharyngeal squamous cell carcinoma: a
prospective study, Arch Otolaryngol Head Neck Surg, 2004;
130:837–43.

7. Hirunpat S, Jongsatitpaiboon J, Angunsri N, et al., When should
MRI be Recommended for the Accurate Clinical Staging of Base
of Tongue Carcinoma?, Asian Pac J Cancer Prev, 2007;8:
310–14.

8. Yuen AP, Lam KY, Wei WI, et al., A comparison of the
prognostic significance of tumor diameter, length, width,
thickness, area, volume, and clinicopathological features of oral
tongue carcinoma, Am J Surg, 2000;180:139–43.

9. Po Wing YA, Lam KY, Lam LK, et al., Prognostic factors of
clinically stage I and II oral tongue carcinoma-A comparative
study of stage, thickness, shape, growth pattern, invasive front
malignancy grading, Martinez-Gimeno score, and pathologic
features, Head Neck, 2002;24:513–20.

10. Lam P, Au-Yeung KM, Cheng PW, et al., Correlating MRI and

histologic tumor thickness in the assessment of oral tongue
cancer, AJR Am J Roentgenol, 2004;182:803–8.

11. Mukherji S K, Isaacs DL, Creager A, et al., CT detection of
mandibular invasion by squamous cell carcinoma of the oral
cavity, AJR Am J Roentgenol, 2001;177:237–43.

12. Imaizumi A, Yoshino N, Yamada I, et al., A potential pitfall of
MR imaging for assessing mandibular invasion of squamous cell
carcinoma in the oral cavity, AJNR Am J Neuroradiol, 2006;27:
114–22.

13. Stambuk HE, Karimi S, Lee N, et al., Oral cavity and oropharynx
tumors, Radiol Clin North Am, 2007;45:1–20.

14. Thabet HM, Sessions DG, Gado MH, et al., Comparison of
clinical evaluation and computed tomographic diagnostic
accuracy for tumors of the larynx and hypopharynx,
Laryngoscope, 1996;106:589–94.

15. Lell MM, Greess H, Hothorn T, et al., Multiplanar functional
imaging of the larynx and hypopharynx with multislice spiral
CT, Eur Radiol, 2004;14:2198–2205.

16. Zbaren P, Becker M, Lang H, Pretherapeutic staging of
laryngeal carcinoma. Clinical findings, computed tomography,
and magnetic resonance imaging compared with
histopathology, Cancer, 1996;77:1263–73.

17. Hsu WC, Loevner LA, Karpati R, et al., Accuracy of magnetic
resonance imaging in predicting absence of fixation of head
and neck cancer to the prevertebral space, Head Neck, 2005;
27:95–100.

18. Loevner LA, Ott IL, Yousem DM, et al.,Neoplastic fixation to the
prevertebral compartment by squamous cell carcinoma of the
head and neck, AJR Am J Roentgenol, 1998;170:1389–94.

19. Yousem DM, Gad K, Tufano RP, Resectability issues with head
and neck cancer, AJNR Am J Neuroradiol, 2006;27:2024–36.

20. Evans RM HS, Oral cavity and oropharynx. In: Ahuja AT, King
AD, Hasselt CA (editor), Imaging of head and neck cancer,

London: GMM Limited, 2003;69–88.
21. Som PM, Brandwein MS, Lymph nodes. In: Som PM, Curtin HD

(editor), Head and Neck Imaging. 4th ed, St. Louis, Missouri:
Mosby, 2003;1865–1934.

22. Yousem DM, Motta AC, Case Review Head and Neck Imaging.
2nd ed, Philadelphia: Mosby, 2006. 

23. Van Den Brekel MW, Lymph node metastases: CT and MRI, Eur
J Radiol, 2000;33:230–38.

24. Mukherji SK, Atlas of Head and Neck Imaging: The extracranial
Head and Neck, New York: Thieme, 2004.

25. Mack MG, Balzer JO, Straub R, et al., Superparamagnetic iron
oxide-enhanced MR imaging of head and neck lymph nodes,
Radiology, 2002;222:239–44.

26. Brix G, Lechel U, Glatting G, et al., Radiation exposure of
patients undergoing whole-body dual-modality 18F-FDG PET/CT
examinations, J Nucl Med, 2005;46:608–13.

27. Schmidt GP, Baur-Melnyk A, Herzog P, et al., High-resolution
whole-body magnetic resonance image tumor staging with the
use of parallel imaging versus dual-modality positron emission
tomography-computed tomography: experience on a 32-
channel system, Invest Radiol, 2005;40:743–53.

28. Herborn CU, Unkel C, Vogt FM, et al., Whole-body MRI for
staging patients with head and neck squamous cell carcinoma,
Acta Otolaryngol, 2005;125:1224–9.

29. Takahara T, Imai Y, Yamashita T, et al., Diffusion weighted
whole body imaging with background body signal suppression
(DWIBS): technical improvement using free breathing, STIR and
high resolution 3D display, Radiat Med, 2004;22:275–82.

30. Lichy MP, Aschoff P, Plathow C, et al., Tumor detection by
diffusion-weighted MRI and ADC-mapping – initial clinical
experiences in comparison to PET-CT, Invest Radiol, 2007;
42:605–13.

Radiotherapy and Imaging

A S I A - P A C I F I C  O N C O L O G Y  &  H A E M A T O L O G Y66

Hirunpat_subbed.qxp  25/3/09  10:54 am  Page 66


	AP_Onc_63_hr
	AP_Onc_64_hr
	AP_Onc_65_hr
	AP_Onc_66_hr

