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Computed tomography perfusion examination is helpful
in evaluating the extent of oropharyngeal and oral cavity
cancer

Agnieszka Trojanowska, Luiza Grzycka-Kowalczyk!, Piotr Trojanowski,
Janusz KlatkaZ, Andrzej Drop!

115t Department of General Radiology Medical University of Lublin, Lublin, Poland
2(Chair and Department of Otolaryngology Head and Neck Surgery, Medical University of Lublin, Lublin, Poland

Author’s address: Agnieszka Trojanowska, 15t Department of General Radiology Medical University of Lublin, Jaczewskiego 8
Str, 20-954 Lublin, Poland, e-mail: agnieszka30(@yahoo.com

Source of support: Financial disclosure: this study was entirely financed by the State Committee of Scientific Research
grant number NN 402 436833

Background:

Material/Methods:

Results:

Conclusions:

Key words:

PDF file:

Background

Summary

Squamous cell cancer (SCC) of the head and neck, like other malignancies, should be reported with
regard to TNM classification and treated accordingly. Sole anatomic imaging has its drawbacks, as
early lesion detection often remains challenging, non-neoplastic processes can mimic malignancies
and there are doubts concerning the extent of tumour.

The purpose of this study was to perform assessment of head and neck squamous cell cancer and
surrounding tissue, in order to examine the relationship between perfusion measurements derived
from CT perfusion imaging (CTP) and histologic evaluation of resected tissue.

We prospectively evaluated 21 primary SCC of the oral cavity and oropharynx, using contrast
enhanced CT of the head and neck followed by CTP examination at the level of tumour. Blood flow
(BF), blood volume (BV), mean transit time (MTT), and permeability (PS) values were calculated
with use of manually drawn regions of interest (ROIs) over the lesions and on the contralateral side.
Results were compared with histologic analysis of resected tissue.

CTP was possible in all twenty one patients, but one did not undergo surgery. Of the remaining
twenty, four had retromolar trigone cancer, nine had tongue cancer and seven had tonsil cancer.
We found significant differences between infiltrated and healthy tissue. Differentiation was most
reliable by using blood flow (BF), permeability surface (PS) and blood volume (BV).

CTP shows promise in distinguishing benign and malignant processes, primarily by means of BE, BV
and PS.
squamous cell cancer * oropharyngeal cancer * CT perfusion © functional imaging
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cases inflammatory response cannot be differentiated

from tumour itself, what leads to over-interpretation and

Computed tomography and magnetic resonance imag-
ing are routinely used to diagnose and stage cancer of the
head and neck. Evaluation of sole anatomic imaging has
drawbacks, as early lesion detection remains difficult and
benign processes can mimic malignancies. Also in many

upstaging of the disease [1].

Morphological imaging with computed tomography (CT)
and magnetic resonance (MRI) allows precise detection of
pathology, but neither method can accurately differentiate
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benign from malignant process. Tissue biopsy for patho-
logic confirmation is invasive, associated with a risk of
haemorrhage and infection, and may be limited by sam-
pling error. Metabolic imaging with single photon emis-
sion CT (SPECT) and photon emission tomography (PET)
can help this differentiation, but they are expensive, less
available and have low spatial resolution. Ultrasound (US)
and US-guided fine-needle aspiration cytology (FNAC) have
been extensively used in clinical practice, but this tech-
nique is invasive and operator-dependent with high inci-
dence of false negative results [2].

To overcome these limitations several techniques of func-
tional imaging have been introduced. One of them is CT
perfusion imaging (CTP). This technique is based on visu-
alisation of areas of hyper-perfusion which are the result
of neoangiogenesis in tumour and this feature accompanies
most malignancies.

Neoangiogenesis is characteristic for every neoplasm.
When visualised on functional imaging, it might be used
to discriminate benign structures from aggressive lesions,
enabling early detection of malignancy, prediction of tumour
behaviour and the assessment of response to therapy.

The purpose of this study was to assess the value of CTP in
oropharyngeal and oral cavity cancer in order to evaluate
possible infiltration of surrounding structures. In addition,
CTP values for different head and neck structures were
compared.

Material and Methods

We prospectively examined 21 consecutive patients (17
male patients, 4 female patients, mean age 54 years, age
range 34-82 years) with oral cavity or oropharyngeal squa-
mous cell cancer, proven on biopsy. Patients were previous-
ly untreated and did not undergo any treatment or therapy
except for biopsy. Of the 21 tumours (one in every patient),
11 were located in oral cavity (retromolar trigone, anterior
tongue, floor of the mouth) and 10 were located in orophar-
ynx (tonsils and tongue base). All patients were scheduled
for surgery. Since one patient refused surgical treatment,
twenty were left for further analysis. The detailed charac-
teristics of patients is presented in Table 1.

Tumour was planned to be removed with at least 5-mm
margins of healthy tissue. In addition, structures in the
vicinity of tumour, suspected for malignant infiltration,
were resected and separately sent for histopathological
evaluation. For structures, which were suspected for infil-
tration on imaging studies and clinically unchanged, the
intra-operative surgical evaluation was deciding.

CT imaging technique and post-processing

Standard contrast-enhanced head and neck study followed
by CTP exam was obtained by using a multi-detector scan-
ner (VCT, GE Medical Systems, Milwaukee, WI). First, 80
mL of a non-ionic iodinated contrast agent (iodixanol, 320
mg/mL; Visipaque, GE Healthcare) was injected at a rate
of 1 mIL/second and images were acquired with 100s delay,
from the skull base to the thoracic inlet with 1.25-mm

contiguous sections. CTP was performed 5-10 minutes
later. For perfusion study patients received an injection
of 40 ml of the same contrast agent at 4.5 mL/s and were
scanned to acquire 16 contiguous 5-mm-thick slices (8 cm
coverage) for 50 seconds at the predetermined levels of
interest. The level of interest represented the tumour and
in all cases it was possible to include the whole tumour. In
patients with no defined lesion on the regular enhanced CT
scans, perfusion images were obtained through the areas
that were clinically suspicious.

The data was post-processed by using a commercial soft-
ware package based on a deconvolution-based technique
(Perfusion 3, Advantage Windows 4.2 workstation; GE
Medical Systems). ROIs were placed in carotid artery and
in the internal jugular vein manually, to generate contrast-
enhanced curves. The data was then processed into maps
that represented blood flow (BE, in mL per 100 g per min-
ute), mean transit time (MTT, in seconds), blood volume
(BV, in mL per 100 g) and capillary permeability surface
product (PS, in mL per 100 g per minute).

Image analysis

For the evaluation of the tumour, a freehand ROI through
the lesion or suspected lesion was drawn, using base
image; other ROIs were placed on surrounding structures
like muscles, salivary glands, fat, on the side of the tumour
and on contralateral side. The mean values of BE BV, MTT
and PS were obtained separately for tumour and contra-
lateral unaffected structures - like salivary glands, para-
spinous muscles, muscles of mastication, muscles of the
floor of the mouth, sternocleidomastoid muscle, base of the
tongue, subcutaneous fat, parapharyngeal space.

Surgery and histology

Tumours were staged using the TNM classification
(International Union Against Cancer, 2002) and excised
based on the consensus between clinical findings (endo-
scopic evaluation) and imaging findings.

Resected tumour underwent standard histopathological
analysis.

Statistical analysis

Differences between malignant lesions and normal struc-
tures were assessed.

We calculated the difference between CTP parameters (BY,
BE, MTT, PS) within structure suspected for malignant
infiltration and contralateral unaffected structure.

The tumour ROIs were hand drawn, for all anatomic sec-
tions where tumour was visible. Representative parameters
values were then averaged across the sections.

Perfusion parameters from contralateral structures were
similarly obtained.

Statistical analysis was performed by using the Student
t-test for comparison of two data sets and P values were
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Table 1. Information about patients with SCC of oral cavity and oropharynx, scheduled for surgery and examined in CTP.

Pt. Tumor (space) TNM Surgery

1 retromolar trigone T2NTMO middle mandibulotomy; RMND
2 retromolar trigone T3N2aMo middle mandibulotomy; RMND
3 retromolar trigone T4aN2cMO lateral mandibulectomy; BMRND
4 retromolar trigone T4aN2cMO ateral mandibulectomy; BMRND
5 tonsil (pharyngeal mucosal space) T2N2aMo intra-oral approach; BMRND

6 tonsil (pharyngeal mucosal space) T2N2aMo intra-oral approach; BMRND

7 tonsil (pharyngeal mucosal space) T2N2aMo intra-oral approach; BMRND

8 tonsil (pharyngeal mucosal space) T2N2aMo intra-oral approach; BMRND

9 tonsil (pharyngeal mucosal space) T2N2cMO intra-oral approach; RMND
10 tonsil (pharyngeal mucosal space) T4aN2cMO middle mandibulotomy; RMND
1 tonsil (pharyngeal mucosal space) T4aN2cMO middle mandibulotomy; RMND
12 floor of the mouth T2N2bMO middle mandibulotomy; BMRND
13 floor of the mouth T2N2cMO visor flap; BMRND

14 tongue (anterior 1/3) T2N2cMO intra-oral approach; BMRND
15 tongue (anterior 1/3) T4aN2cMo middle mandibulotomy; BMRND
16 tongue (anterior 1/3) T4aN2cMO middle mandibulotomy; BMRND
17 tongue (anterior 1/3) T4aN2cMo middle mandibulotomy; BMRND
18 tongue base T2N2cMO middle mandibulotomy; BMRND
19 tongue base T4aN2cMO middle mandibulotomy; BMRND
20 tongue base T4aN2cMO middle mandibulotomy; BMRND

RMND - radical modified neck dissection; BMRND — bilateral modified radical neck dissection.

calculated for each comparison. Statistical significance was
set at P<.05.

Results

The perfusion parameters of 20 patients with squa-
mous cell cancer of the oral cavity and oropharynx were
compared.

There was a significant difference in blood flow, blood
volume and permeability surface (p<0.05) between
tumour and contralateral unaffected tissue (Figures 1, 2),
with very high values of BF, BV and PS in the tumour
(Tables 2, 3, Figure 3). No significant difference was
observed with regard to mean transit time.

Discussion

The morphologic information obtained on imaging studies
like CT or MRI concerning squamous cell cancer is often
insufficient and difficult to interpret, because of highly
infiltrative character of tumour, concomitant oedema and
accompanying inflammation.

Squamous cell cancer is characterised by increased angio-
genic activity and neovascularity, therefore perfusion

CT will have a potential role in visualising the extent of
tumour and in monitoring its activity, often before it pro-
ceeds in a gross anatomical distortion [3,4].

A variety of approaches have been used for the radiologic
assessment of tumour perfusion. These include contrast-
enhanced dynamic CT, spin-labelling technique, blood
oxygen level — dependent imaging with MR and dynamic
contrast- enhanced MR imaging [5]. A CT-based method is
advantageous, because CT is the most widely used diag-
nostic radiographic approach for assessing head and neck
malignancies [6]. Deconvolution-based CTP is also a fast
and robust imaging technique that is increasingly being
used in the evaluation of intracranial vascular disorders [7].

The physiologic basis of contrast enhancement closely
matches tumour angiogenesis.

There is an established relationship between malignant
infiltration, or tumour growth, and contrast enhancement
on CT scans, because the basis of contrast enhancement
results from the physiologic effects of tumour angiogen-
esis [8]. Angiogenesis is associated with increased perfu-
sion, what is seen as an elevation of the value of the fol-
lowing parameters: BV, BE, PS. It seems that CT perfu-
sion of the head and neck would become a valuable tool
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Figure 1. A case of retromolar trigone cancer with floor of the mouth infiltration. (A) One ROI (black arrow) is manually placed over infiltrated
mylohyoid muscle on the left side and another ROI is automatically created through symmetry axis (purple line) on the contralateral
mylohyoid muscle. (B-D) Values of perfusion are significantly higher in tumour (BF=135.4 ml/100 g/min, BV=7.6 ml/100 g, PS=23.4
ml/100 g/min) than in contralateral unaffected muscle (BF=26.9 ml/100 g/min, BV=2.7 mI/100 g, PS=7.8 mI/100 g/min).

Table 2. (T perfusion results in 20 patients with SCC of the oral cavity
and oropharynx — tumour measurements.

Mean

Parameter + standard deviation Range

BF (ml/100 g/min) 105.6+41.5 40.3-193
BV (ml/100 g) 6.7+2.5 3.2-14.
MTT (sec) 6.7+4.6 1.5-223

PS (ml/100 g/min) 18.7£5.5 6.6-32.3

in differentiating normal tissue from malignant process.
Gandhi et al. [9] demonstrated increased values of PS, BE
and BV in head and neck SCC, compared with values for
normal adjacent structures. Similarly, Rumboldt et al [10]
were able to differentiate malignant from non-malignant
lesions of the head and neck with CT perfusion parameters.

Our results show, that based on perfusion parameters, such
as blood flow, blood volume and capillary permeability it
is possible to differentiate between tumour (squamous cell
cancer) and healthy tissue in oropharynx and oral cavity.
We observed a significantly higher value of CT perfusion
parameters, such as BE, BV and PS, measured in squamous
cell cancer of the oral cavity and oropharynx, when com-
pared to contralateral unaffected tissue. Although further
prospective studies with larger patient populations are

Table 3. (T perfusion results in 20 patients with SCC of the oral cavity
and oropharynx — measurements in unaffected tissues,
contra-laterally to tumour.

Mean
Parameter + standard deviation Range
BF (ml/100 g/min) 41.4+25.1 14.5-106
BV (ml/100g) 3.6£1.5 1.8-6.7
MTT (sec) 9.7+5.1 1.5-21.6
PS (ml/100 g/min) 9.7+4.8 2.7-22.7

needed, in our opinion the potential for CT perfusion to
detect malignant lesion and to evaluate its extent is prom-
ising and warrants further investigations.

Compared with the reported values in the literature, our
measurements are little bit higher that parameters report-
ed by Bisdas et al. [11-13] and this may be attributed to
inclusion of necrotic tumoral areas in their evaluation,
while in our patients we did not evaluate large lesions with
visible necrotic foci.

Perfusion CT, except for helping in the delineation of
tumour, may have a very powerful role in predicting out-
come in head and neck cancer after radiotherapy. Results of
some recent studies prove, that microvessel density in the
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Figure 2. A case of right-sided floor of the mouth cancer with infiltration of sublingual space. (A) One ROl is placed over the tumour (arrows)
and another ROl is created through axis of symmetry (purple line) in contralateral sublingual space (outlined in green). (B—D)There
is significant hyperperfusion in the right sublingual space (BF=107.4 ml/100 g/min, BV=6.9 ml/100 g, PS=20.1 ml/100 g/min) in
comparison with the left side (BF=53.1 ml/100 g/min, BV=5.1 ml/100 g, PS=13.1 m|/100 g/min).
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Figure 3. Comparison of perfusion parameters between squamous
cell cancer and contra-lateral unaffected tissue (perfusion
values from healthy tissues are marked in grey and values
from SCC- infiltrated tissue are marked in black).

tumour and high median tumour perfusion value are inde-
pendent predictors of local failure [14].

However, Hermans [15] also suggests, that anatomic
tumour extent, which is to some extent reflected in the
tumour stage, and especially tumour bulk (as evaluated in
CT) may be more important predictors of cause-specific
survival than perfusion rate in the tumour.

Information about the tumour, obtained during perfu-
sion examination, are being widely used to assess tumour
response to treatment with antiangiogenic and vascular
disrupting agents [16,17], since angiogenesis is a classical
target of radiotherapy and chemotherapy.

Of course, perfusion studies have their shortcomings. In
many cases tumour perfusion assessment is limited to one
or two levels, what provides with average and unsatisfac-
tory evaluation of the whole mass of tumour. This tech-
nique is also connected with ionising radiation and admin-
istration of iodine contrast medium. In cases of suspected
lymph node metastases, the range of examination is not
wide enough to include all groups of lymph nodes which
should be evaluated [18].

Perfusion can be also evaluated based on MRI studies, but
when compared with perfusion-weighted MR, perfusion
CT is indeed more widely available and accessible, also
less time-consuming. In contrast to MR perfusion, CTP
has the major advantage of being able to assess all perfu-
sion parameters in a robust quantitative way and allows a
direct insight into vascular auto-regulation and neo-angio-
genesis [19].
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Summarising, it can be stated, that a variety of clini-
cal situations may benefit from quantitative assessment
of tumour perfusion in the future. Potential applications
include differentiation between infiltrated and healthy tis-
sue, non-invasive in vivo assessment of tissue hypoxia dur-
ing radiation therapy, measurement of response to thera-
py by using angiogenesis inhibitors and differentiation of
recurrent/residual tumour from post-treatment changes.
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