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BACKGROUND AND PURPOSE: Current organ-preservation regimens for upper aerodigestive tract
squamous cell carcinoma (SCCA) require endoscopic procedures under general anesthesia to evaluate
the tumor response. The purpose of our study was to determine whether CT perfusion (CTP)
parameters correlate with response to induction chemotherapy as assessed by endoscopy under
general anesthesia.

METHODS: Nine patients with advanced (stage 3 or 4) SCCA of the oropharynx were enrolled in a
nested phase 2 prospective trial in which induction chemotherapy was used to assess the tumor
response. Patients underwent direct laryngoscopy and CTP before and 3 weeks after one cycle of
induction chemotherapy. The outcome variables were the surgeon’s estimate of tumor volume during
endoscopy with biopsy under anesthesia and CTP parameters (capillary permeability (CP), blood
volume (BV), blood flow (BF), and mean transit time (MTT)). Wilcoxon rank sum analysis was used to
correlate the baseline values of BF and BV with response to induction chemotherapy. Comparison of
agreement between the reduction in tumor volume and change in CTP parameters was performed by
using kappa estimates.

RESULTS: Seven of 9 patients demonstrated �50% tumor volume reduction, representing positive
response to induction chemotherapy. In the responder group, the following changes in mean pre- and
postinduction chemotherapy values were noted: mean BF, 114.2 mL/100 g /min (preinduction) to 45.1
mL/100 g/min (postinduction); mean BV, 5.11 mL/100 g to 3.1 mL/100 g; mean CP, 25.6 mL/100 g /min
(preinduction) to 18.3 mL/100 g / min (postinduction); mean MTT, 4.9 seconds (preinduction) to 8.0
seconds (postinduction). In the nonresponder group, the following changes were noted: mean BF, 56.9
mL/100 g/min to 75.9 mL/100 g/min; mean, BV 2.7 mL/100 g to 4.71 mL/100 g; mean CP, 24.1 mL/100
g/min to 23.7 mL/100 g/min; mean MTT, 4.3 seconds to 5.34 seconds. Higher baseline (pretherapy)
values of BV showed significant correlation with endoscopic tumor response (P � .05). Reduction in
the BV (by �20%) on follow-up studies also showed substantial agreement with clinical response as
assessed with endoscopy (kappa � 0.73). The agreement between decreased BF, decreased CP, and
increased MTT and clinical response was fair (kappa � 0.37).

CONCLUSION: These preliminary results show that deconvolution-based CTP technique offers poten-
tial for noninvasive monitoring of response to induction chemotherapy in patients with oropharyngeal
cancers. Percentage reduction of BV is significantly correlated to endoscopic response to induction
chemotherapy, though we acknowledge that the data correspond to short-term outcomes and long-
term durability of response cannot be established. Nevertheless, validation of the use of deconvolution
CTP parameters as predictors of tumor response may permit replacement of an invasive diagnostic
procedure conducted under anesthesia currently used to assess response with noninvasive perfusion
CT imaging.

The treatment of squamous cell carcinoma (SCCA) arising
in the oropharynx has been evolving over the past decade.

The former standard of care in the United States was surgery
followed by radiation therapy. This approach led to survival
rates between 25% and 50% in stage 3 and 4 disease. In addi-
tion, patients experienced significant difficulty with speech
and swallowing after these procedures. In Europe, radiation
was the standard of care. The survival rates were lower with
single-technique therapy, but the patients tended to have bet-

ter function with respect to speech and swallowing. Chemo-
therapy was introduced as both a radiosensitizer and as an
induction regimen.1,2 Chemotherapy was shown to improve
survival. Induction chemotherapy has been used in the treat-
ment of laryngeal and oropharyngeal carcinomas.3,4 This ap-
proach continues to be used at present and involves adminis-
tration of a single dose of chemotherapy as a technique to
determine whether the tumor is responsive to chemotherapy.
If the tumor is not responsive, the patient undergoes an alter-
native therapy such as surgery and radiation therapy. The un-
derlying concept is based on the knowledge that SCCA is het-
erogeneous and, as a result, may respond differently to certain
treatment regimens.

Part of the challenge in the logistics of this approach is
determining the best way to assess the response to treatment.
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The gold standard is direct laryngoscopy with biopsy under
general anesthesia. Endoscopic assessment of tumor volume
under general anesthesia is performed, first as baseline for ac-
curate tumor staging and subsequently for the assessment of
response to therapy. Development of an alternative, effica-
cious, noninvasive method for assessment of tumor response
could spare the patients the risk of repeated general anesthesia
and invasive operative procedure. One such approach is ana-
tomic imaging with CT or MR, but these can be difficult to
interpret because of treatment-associated soft tissue edema.

Deconvolution-based CT perfusion (CTP) is a fast and ro-
bust imaging technique that is increasingly used as a clinical
tool to help evaluate intracranial vascular disorders and as a
research tool to help characterize intracranial mass lesions.5-7

This technique can assess physiologic parameters such as
blood flow (BF), blood volume (BV), mean transit time
(MTT), and capillary permeability surface area product (CP)
and provides data that can be useful in the detection and char-
acterization of entities such as tumor, infection, inflamma-
tion, and infarction.5 By using this technique, previous inves-
tigators have recently demonstrated increased BF, BV, CP, and
reduced MTTs in head and neck SCCAs compared with adja-
cent normal structures.8

Tissue perfusion and local oxygen delivery are known to
influence tumor response to nonsurgical therapies.9,10 By us-
ing a dynamic method for measuring CTP, Hermans et al
demonstrated that CT-determined tumor perfusion is an in-
dependent predictor of local control in head-and-neck cancer
treated by definitive radiation therapy, with or without adju-
vant chemotherapy.11 The purpose of our study was to deter-
mine whether CTP parameters correlate with clinical response
to induction chemotherapy as assessed by endoscopy under
general anesthesia.

Methods

Patients
Nine patients with advanced (stage 3 or 4) SCCA of the orophar-

ynx were enrolled in a prospective trial in which response to neoad-

juvant chemotherapy was assessed. Inclusion criteria for this study

were staged disease according to the American Joint Committee on

Cancer criteria, no evidence of distant metastasis, surgically resectable

tumor, chest CT scan with no evidence of metastasis or second pri-

mary, white blood cell count �3500/ mm3, platelet count �100,000/

mm3, creatinine clearance �60 mL/min3500/ mm3, bilirubin �1.5

mg%, and age �18 years. Patients with prior head and neck malig-

nancy, history of head or neck irradiation, prior chemotherapy, med-

ical contraindication to chemotherapy, surgery, or radiation, and

positive pregnancy test were excluded. All patients were informed of

the investigational nature of the study and signed a written consent

for participation in accordance with institutional guidelines.

Our study group included 6 men and 3 women. Patient ages

ranged from 49 to 72 years (average age, 56.3 years). The primary sites

included tonsil (n � 2), base of tongue (n � 5), vallecula (n � 1), and

glosso-tonsillar sulcus (n � 1). The tumors were staged according to

the tumor node metastasis (TNM) system and included stage 3 (n �

2) and stage 4 (n � 7) lesions. Local staging included T2,2 T3,3 and T44

tumors. CTP studies were performed 1 day before endoscopy and

biopsy under anesthesia. The mean interval between the baseline and

follow-up studies was 26.5 days (range, 22–31 days).

Study Plan
For longitudinal prospective assessment, all patients in this study

were examined with CT scans of the neck, CTP studies, and endos-

copy under anesthesia before undergoing induction chemotherapy

(baseline). Tumor margins were marked or tattooed during endos-

copy by using an injected India ink suspension. Endoscopic tattooing

is a means of permanently labeling a site by intramural injection of a

pigment and facilitates site identification when viewed from the lu-

minal surface. Imaging studies were performed 1 day before the en-

doscopic assessment. Induction chemotherapy comprised Cisplatin

(100 mg/m2) on day 1 and 5-Fluorouracil (1000 mg/m2) daily

for 5 days. All patients were enrolled for a follow-up imaging and

endoscopic assessment, 3– 4 weeks after the start of induction

chemotherapy.

Patients with �50% reduction in tumor volume after induction

chemotherapy (as measured on endoscopy) were classified as re-

sponders and received concomitant chemoirradiation therapy. Pa-

tients with �50% reduction in tumor volume were classified as non-

responders and underwent surgery and radiation therapy.

Blinding
The oncologist and the surgeon performing the endoscopy were

blinded from the results of CT and the CTP. The radiologist evaluat-

ing the imaging studies was blinded from the results of endoscopy and

biopsy.

Imaging Studies
All perfusion CT scans were obtained on a multidetector scanner

(Lightspeed Ultra; General Electric Medical Systems, Milwaukee,

Wisc). CT of the neck along with CTP was performed by using the

following technique. A “localizer” noncontrast CT was obtained

through the known primary site. The area of interest for measuring

perfusion was centered on the largest area of gross anatomic abnor-

mality identified on the noncontrast localizing images. Four adjacent

5-mm sections were selected at the level of the tumor. Fifty milliliters

of nonionic contrast (300 mg/mL) were injected at 4 mL/s. At 5 sec-

onds into the injection, a cine (continuous) acquisition was initiated

by using the following parameters: 120 kV, 60 mA, 4 � 5 mm sections,

1 second rotation for duration of 50 seconds. The 1-second images

were reformatted at 0.5-second intervals, and the 5-mm sections were

reformatted into 10-mm-thick sections.

After completion of the perfusion acquisition, intravenous con-

trast was administered at 2 mL/s, and the routine neck study was

obtained by using 2.5-mm contiguous sections (120 kV, 180 mA,

0.8-second rotation) performed from the skull base to the thoracic

inlet. The perfusion data were postprocessed by using the commer-

cially available Perfusion-2 software package on an Advantage Win-

dows workstation (General Electric Medical Systems, Milwaukee,

Wisc). A region of interest was placed in the internal carotid artery

and internal jugular vein to generate contrast enhancement curves.

The data were processed into maps that represented CP, BV, BF, and

MTT. A single observer, who was aware of the primary tumor site,

subsequently obtained regions of interest (25–30 mm2) through the

primary tumor by using the following method. The tumor was local-

ized on the contrast-enhanced CT by the radiologist. Specifically, the

radiologist identified the level at which the tumor cross-section was

largest. A user-defined region of interest was drawn freehand incor-

porating as much of the solid portions of the tumor as possible and

omitting the necrotic regions. Care was taken to avoid encroaching on

tumor boundaries to exclude peritumoral hyperemia.
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Data and Statistical Analysis
For all statistical analyses, we initially calculated the difference

between the posttreatment and the pretreatment CTP parameters

(CP, BV, BF, and MTT). Treatment was defined as one cycle of in-

duction chemotherapy.

We initially assumed that a reduction of �50% of tumor volume,

as assessed by endoscopy, represented the standard of reference for

tumor response to induction chemotherapy. To determine a statisti-

cally significant difference in CTP parameters between responders

and nonresponders, the Wilcoxon rank sum test, a nonparametric

test for nonpaired data, was employed. We ranked the absolute value

of the difference between the posttreatment and pretreatment CTP

parameters. Statistical significance was set at P � .05.

To account for the potential imperfection of the standard of ref-

erence as a true marker for response, we determined the agreement

between endoscopic and CTP detection of response by using the

kappa statistic.12,13 Comparison of agreement between endoscopic

response as defined by a �50% reduction in tumor volume and re-

sponse was defined in each of the CTP parameters as follows: (1) CTP

response as �20% reduction in BF; (2) CTP response as �20% re-

duction in BV; (3) CTP response as �20% reduction in CP; and (4)

CTP response as �20% prolongation of MTT, was performed to test

the independent agreement of each parameter with the endoscopic

assessment of response. We chose 20% as the threshold, on the basis

of graphic representation of the distribution of CTP values. Strength

of agreement was rated as poor (�0), slight (0 – 0.20), fair (0.21– 0.4),

moderate (0.41– 0.6), substantial (0.61– 0.8), or almost perfect (0.81–

1.00).

Results

Endoscopic Response
The estimate of tumor volume reduction was quantified by

visual assessment of tumor volume relative to area tattooed at
the time of baseline endoscopy (Table 1). Seven of 9 patients
showed �50% reduction in tumor volume after induction
chemotherapy (responders). These patients subsequently un-
derwent concurrent chemoirradiation therapy. Two patients
failed to show adequate response to chemotherapy and were
transferred to the surgery-radiation therapy arm (non-
responders).

Changes in CTP Parameters following
Induction Chemotherapy

The percent changes in perfusion parameters and endo-
scopic tumor volumes are presented in Table 1. The absolute
values of CTP parameters (BF, BV, CP, and MTT), before and
after therapy, are shown in Table 2. In general, variable degrees
of reduction in BF, BV, and CP values were observed in re-
sponders after induction chemotherapy. In the responder
group, the mean value of BF decreased from 114.2 mL/100
g/min (baseline) to 45.1 mL/100 g/min (postchemotherapy)
and the mean BV decreased from 5.11 mL/100 g (baseline) to
3.1 mL/100 g on follow-up (Fig 1). In contrast, mean value of
BF in the nonresponders increased from 56.9 mL/100 g /min
to 75.9 mL/100 g/min (BF value in patient 6 decreased from
55.46 mL/100 g/min to 31.76 mL/100 g/min, whereas the BF
value in patient 7 increased from 58.4 mL/100 g/min to 96.36
mL/100 g/min). Similarly, BV increased from a mean value of
2.7 mL/100 g to 4.71 mL/100 g (BV value in patient 6 decreased
from 3.2 mL/100 g to 2.94 mL/100 g, whereas BV value in patient
7 increased from 2.23 mL/100 g/min to 3.54 mL/100 g).

The MTT showed more variable changes. Six of the 7 re-
sponders showed increased values of MTT on follow-up. In
one responder (patient 1), MTT was reduced on follow-up
examination. Among the nonresponders, one patient showed
elevated (patient 6) and the other showed reduced value of
MTT (patient 7) on follow-up.

Correlation of Endoscopic Response with CTP Parameters
Responders had higher values of pretherapy BV compared

with the nonresponders. There was a statistically significant
correlation between higher values of BV and endoscopic tu-
mor response (P � .05) [Fig 2]. Lower pretherapy levels of BV
correlated with failed response to induction chemotherapy.
Responders also had a trend toward higher levels of baseline
BF compared with the nonresponders; however, correlation
between BF measurements and endoscopic tumor response
was not statistically significant (P � .14).

There is substantial agreement between endoscopic assess-
ment of response and �20% reduction in BV as a measure of
response (kappa � 0.73). The agreements between endoscopy
and reduction of BF and CP were fair (kappa � 0.37). Simi-
larly, prolongation of MTT showed fair (kappa � 0.37) agree-
ment with endoscopy.

Discussion
Tumor response to nonsurgical therapies is substantially

influenced by tissue perfusion and local oxygen delivery.9-11,14

The oxygen supply to a tissue is governed by its perfusion and
the arterial oxygen concentration.11 It is possible to measure
tissue oxygen with the help of oxygen sensitive electrodes, but
this technique is invasive and may not be suitable for assess-
ment of many head and neck cancers because of their deep
location.11 A noninvasive, quantitative method of assessment
of tissue perfusion may provide a measure of tissue oxygen-
ation and angiogenesis.8 In support of this hypothesis, a rela-
tionship between hypoxia and perfusion has been demon-
strated in both animal and human tumors.15,16

A variety of approaches have been used for the radiologic
assessment of tumor perfusion. These include contrast-en-
hanced dynamic CT,11 spin-labeling technique,9 blood oxygen

Table 1: Comparison of percentage change in CT perfusion
parameters with endoscopic reduction in tumor volume

Patient
No. Primary Site

CTP Parameters % Change

Endoscopic
Tumor

Volume
Reduction

(%)BF BV CP MTT
1 Tongue base �0.8 �54 �6 �48 70
2 Valeculla �96 �69 �64 69 100
3 Tonsil �64 �20 �41 49 50
4 Tonsil �66 24 �28 69 90
5 Tongue base �20 �24 10 18 50
6 Tongue base �43 �8 �3.6 30 0
7 Tongue base 40 37 3.4 �11 20
8 Tongue base �23 �29 �2 15 90
9 Glossotonsillar

sulcus
�82 �66 �56 72 70

Note:—Negative sign indicates reduction and positive values indicates interval increase in
the parameter value on follow-up study. Nonresponders are presented in bold italics.
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level– dependent imaging with MR,17 and dynamic contrast-
enhanced MR imaging.18,19 A CT-based method is advanta-
geous, because CT is the most widely used diagnostic radio-
graphic approach for assessing head and neck malignancies.
Deconvolution-based CTP is a fast and robust imaging tech-
nique that is increasingly being used in the evaluation of intra-
cranial vascular disorders.6 For a detailed discussion on the
physical principles and mathematical considerations for de-
convolution-based CTP technique, several excellent articles
have been published.5,6,20,21

The physiologic basis of contrast enhancement closely
matches that of tumor angiogenesis. Angiogenesis is associ-
ated with increased perfusion, BV, and permeability, all of
which result in increased contrast enhancement. The degree of
contrast enhancement is proportional to the intensity of neo-
vascularization associated with the tumor. Therefore, CTP pa-

rameters such as BF, BV, CP, and MTT serve as surrogate
measures for tumor angiogenesis.22

SCCAs of head and neck demonstrate significantly in-
creased values of BF, BV, and CP and decreased values of MTT
compared with normal structures.8 The elevated BF and BV in
these tumors are likely due to tumor neovascularity, which has
been demonstrated in several previous studies evaluating
SCCA of the upper aerodigestive tract with angiography23,24

and histochemistry analysis of the tumor specimens.25,26 It is
conceivable that higher levels of BF and BV may correlate with
better oxygen/drug delivery and therefore may predict the re-
sponse to radiation therapy or chemotherapy.

Measures of tumor perfusion assessed with dynamic CT or
MR have been recently shown to be helpful in predicting re-
sponse to radiation therapy.11,18 In a study by Hermans et al,11

the perfusion rate was shown to be an independent predictor

Table 2: Comparison of pretherapy and posttherapy values of BF (ml/100 g/min), BV (ml/100 g), CP (ml/100 g/min), and MTT (s)

Patient
No.

BF
Pretherapy

BF
Post

BV
Pretherapy

BV
Post

CP
Pretherapy

CP
Post

MTT
Pretherapy

MTT
Post

1 59.72 59.23 8.16 3.75 20.52 19.21 10.85 5.55
2 131.05 4.34 5.12 1.54 22.94 8.11 4.19 13.89
3 97.11 34.27 4.32 3.44 30.44 18.04 4.2 8.23
4 118.15 40.62 3.87 5.07 35.44 25.63 3.52 11.2
5 92.71 73.97 3.4 2.57 19.27 21.44 4.1 3.37
6 55.46 31.76 3.2 2.94 21.93 21.14 5.48 7.93
7 58.4 96.36 2.23 3.54 26.34 26.43 3.12 2.76
8 86.03 66.67 4.5 3.16 24.26 23.77 5.5 6.54
9 214.8 36.56 6.46 2.2 26.62 11.77 2.14 7.81

Note:—Post refers to posttherapy values. Nonresponders are presented in bold italics.

Fig 1. CTP in a patient with T2N2a carcinoma of the left valeculla before and after one cycle of neoadjuvant chemotherapy.

Axial CT image (A) through the level of the tumor, color maps of BF (B ), and BV (C) were acquired before the start of therapy (baseline). Note a large tumor in the valeculla (arrows) before
the start of therapy and a metastatic left cervical node (arrowhead ). This tumor showed a high level of BF (131.5 mL/100 g/min) and BV (5.12 mL/100 g). Postinduction chemotherapy CT
image through the level of the tumor (D ), color maps of BF (E ) and BV (F ) at approximately similar anatomical level are also shown. A marked reduction in tumor size was noted after
the chemotherapy (arrows). Also the perfusion maps demonstrate decrease in BF and BV. Quantitatively, there was 96% reduction in BF and 63% reduction in BV. Direct laryngoscopy
showed nearly complete resolution of the tumor (patient 2).
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of local outcome in patients who underwent radiation for the
treatment of their cancer. To the best of our knowledge, this is
the first report of the role of tissue perfusion in assessment of
response to induction chemotherapy.

The induction chemotherapeutic regimen included 5-flu-
orouracil and cisplatin. Miller et al summarized the criteria for
consideration as an anti-angiogenic agent as (1) in vitro cyto-
toxicity to endothelial cells at lower doses than required for
cancer cells; (2) in vitro interference with endothelial cell func-
tion without cell death; (3) in vitro interference with specific
steps of angiogenesis; and (4) in vivo evidence of antiangio-
genic activity.27 In vitro studies of endothelial cell cultures
demonstrated cisplatin’s dose-dependent increase in endothe-
lial cell death even in the presence of vascular endothelial
growth factor (VEGF), a proangiogenic protein expressed by a
number of human tumors.28 Furthermore, a recent study by
Lennernas et al evaluated elements of microvascular prolifer-
ation, microvessel segment length, and microvessel pattern
formation to elucidate the antiangiogenic properties of cispla-
tin and fluorouracil. Although cisplatin and fluorouracil did
not decrease VEGF-induced microvascular proliferation,
these cytotoxins inhibited VEGF-induced changes in mi-
crovessel segment length and microvessel pattern formation.29

Antiangiogenic effects of fluorouracil and cisplatin may ac-
count for the measured changes in CTP parameters in re-
sponders.

In our study, CT determined pretherapy BV showed a sig-
nificant correlation with endoscopic response. All the re-
sponders showed BVs �3.4 mL/100 g, whereas the nonre-
sponders demonstrated BV levels of 3.2 and 2.23 mL/100 g,
respectively. Reduction of BV on follow-up studies by �20%
had a substantial correlation with �50% reduction in tumor
volume compared with posttreatment alterations in other CP
parameters. There appears to be more heterogeneity in pre-
and posttreatment CTP parameters in nonresponders. In
these 2 patients, variability of direction of CTP parameter
change after induction chemotherapy likely reflects different
pathologic processes. Furthermore, in at least one patient (6),
BF values suggested response not confirmed on endoscopy,

representing a false-positive. This has practical implications
for the adoption of noninvasive CTP techniques in evaluating
treatment response. Nevertheless, no test is perfect, and these
preliminary results suggest that BV may represent a surrogate
marker for tumor volume response to the induction chemo-
therapy. An association between tumor metabolism, tumor
angiogenesis, and microvascular attenuation has been previ-
ously observed in cerebral gliomas.30 We hypothesize that a
similar association between metabolic requirements of SCCA
and BV may exist.

Although this was a prospective, nested trial, there are only
enough subjects to draw preliminary conclusions, particularly
in the nonresponse group. In light of the encouraging trends,
further prospective studies in a larger patient population are
warranted. We determined the tumor perfusion parameters
from a single level by using a large region of interest. There-
fore, these results may not be representative of entire tumor.
Continued developments in the multisection technology and
analysis software, however, may enable examination of entire
tumor volume in the near future.11 We have used cervical
internal carotid for the arterial input artery, whereas the
branches of external carotid artery supply these tumors. The
internal carotid artery was chosen because it was reliably iden-
tified on all scans in direct cross-sections. In addition, a pre-
vious study had demonstrated that there was no significant
difference in BF, BV, MTT, or CP when the values were calcu-
lated by using either the ICA or ECA.31

In conclusion, a variety of clinical situations may benefit
from quantitative assessment of tumor perfusion in the future.
Potential applications include noninvasive in vivo assessment
of tissue hypoxia during radiation therapy, measurement of
response to therapies by using angiogenesis inhibitors and dif-
ferentiation of recurrent/residual tumor from posttreatment
changes.8 In particular, validation of the use of deconvolution
CTP parameters may permit replacement of an invasive diag-
nostic procedure conducted under anesthesia currently used
to assess tumor response with noninvasive perfusion-CT
imaging.

References
1. Calais G, Alfonsi M, Barbet E, et al. Randomized trial of radiation therapy

versus concomitant chemotherapy and radiation therapy for advanced stage
oropharynx carcinoma. J Natl Cancer Inst 1994;886:265–72

2. Domenge C, Hill C, Lefebvre JL, et al. Randomized trial of neoadjuvant che-
motherapy in oropharyngeal carcinoma. Br J Cancer 2000;83:1594 –98

3. Department of Veterans Affairs Laryngeal Cancer Study Group. Induction che-
motherapy plus radiation compared with surgery plus radiation in patients
with advanced laryngeal cancer. N Engl J Med 1991, 324:1685–90

4. Wolf GT, Bradford CR, Urba S, et al. Immune reactivity does not predict che-
motherapy response, organ preservation, or survival in advanced laryngeal
cancer. Laryngoscope 2002;112:1351–56

5. Cenic A, Nabavi DG, Craen RA, et al. A CT method to measure hemodynamics
in brain tumors: validation and application of cerebral blood flow maps.
AJNR Am J Neuroradiol 2000;21:462–70

6. Aksoy FG, Lev MH. Dynamic contrast-enhanced brain perfusion imaging:
technique and clinical applications. Semin Ultrasound CT MR 2000;21:462–77

7. Roberts HC, Roberts TP, Lee TY, et al. Dynamic, contrast-enhanced CT of
human brain tumors: quantitative assessment of blood volume, blood flow,
and microvascular permeability: report of two cases. AJNR Am J Neuroradiol
2002;23:828 –32

8. Gandhi D, Hoeffner EG, Carlos RC, et al. Computed tomography perfusion of
squamous cell carcinoma of the upper aerodigestive tract: initial results.
J Comput Assist Tomogr 2003;27:687–93

9. Schmitt P, Kotas M, Tobermann A, et al. Quantitative tissue perfusion mea-
surements in head and neck carcinoma patients before and during radiation

Fig 2. Graph showing the distribution of percent tumor response as a function of
pretreatment BV. The pretherapy BVs ranged between 2.23 and 8.16 mL/100 g and
endoscopic tumor response ranged between 0% and 100%.

AJNR Am J Neuroradiol 27:101– 06 � Jan 2006 � www.ajnr.org 105



therapy with a non-invasive MR imaging spin-labeling technique. Radiother
Oncol 2003;67:27–34

10. Ressel A, Weiss C, Feyerabend T. Tumor oxygenation after radiotherapy, che-
motherapy, and/or hyperthermia predicts tumor free survival. Int J Radiat
Oncol Biol Phys 2001;49:1119 –25

11. Hermans R, Meijerink M, Van den Bogaert W, et al. Tumor perfusion rate
determined noninvasively by dynamic computed tomography predicts out-
come in head-and-neck cancer after radiotherapy. Int J Radiat Oncol Biol Phys
2003;57:1351–56

12. Fleiss JL, Kingman A. Statistical management of data in clinical research. Crit
Rev Oral Biol Med 1990;1:55– 66

13. Carlos RC, Stanley JC, Stafford-Johnson D, et al. Inter-observer variability in
evaluating chronic mesenteric ischemia by gadolinium enhanced MR angiog-
raphy. Acad Rad 2001;8:835– 44

14. Nordsmark M, Overgaard J. A confirmatory prognostic study on oxygenation
status and loco-regional control in advanced head and neck squamous cell
carcinoma treated by radiation therapy. Radiother Oncol 2000;57:39 – 43

15. Goda F, Bacic G, O’Hara JA, et al. The relationship between partial pressure of
oxygen and perfusion in two murine tumors after X-ray irradiation: a combined
gadopentetate dimeglumine dynamic magnetic resonance imaging and in vivo
electron paramagnetic resonance oximetry study. Cancer Res 1996;56:3344–49

16. Groshar D, McEwan AJ, Parliament MB, et al. Imaging tumor hypoxia and
tumor perfusion. J Nucl Med 1993;34:885– 88

17. Robinson SP, Collingridge DR, Howe FA, et al. Tumor response to hypercapnia
and hyperoxia monitored by FLOOD magnetic resonance imaging. NMR
Biomed 1999;12:98 –106

18. Hoskin PJ, Saunders MI, Goodchild K, et al. Dynamic contrast enhanced mag-
netic resonance scanning as a predictor of response to accelerated radiother-
apy for advanced head and neck cancer. Br J Radiol 1999;72:1093–98

19. Hawighorst H, Knapstein PG, Knopp MV, et al. Uterine cervical carcinoma:
comparison of standard and pharmacokinetic analysis of time-intensity
curves for assessment of tumor angiogenesis and patient survival. Cancer Res
1998;58:3598 – 602

20. Cenic A, Nabavi DG, Craen R, et al. Dynamic CT measurement of cerebral
blood flow: a validation study. AJNR Am J Neuroradiol 1999;20:63–73

21. Wintermark M, Thiran JP, Maeder P, et al. Simultaneous measurement of
regional cerebral blood flow by perfusion CT and stable xenon CT: a valida-
tion study. AJNR Am J Neuroradiol 2001;22:905–14

22. Miles KA. Tumour angiogenesis and its relation to contrast enhancement on
computed tomography: a review. Eur J Radiol 1999;30:198 –205

23. Robbins KT, Storniolo AM, Kerber C, et al. Rapid superselective high-dose
cisplatin infusion for advanced head and neck malignancies. Head Neck 1992;
14:364 –71

24. Robbins KT, Fontanesi J, Wong FS, et al. A novel organ preservation protocol
for advanced carcinoma of the larynx and pharynx. Head Neck 1996;122:
853–57

25. Zatterstrom UK, Brun E, Willen R, et al. Tumor angiogenesis and prognosis in
squamous cell carcinoma of the head and neck. Head Neck 1995;17:312–18

26. Carrau RL, Barnes EL, Snyderman CH, et al. Tumor angiogenesis as a predictor
of tumor aggressiveness and metastatic potential in squamous cell carcinoma
of the head and neck. Invasion Metastasis 1995;15:197–202

27. Miller KD, Sweeney CJ, Sledge GW Jr. Redefining the target: chemotherapeu-
tics as antiangiogenics. J Clin Oncol 2001;19:1195–206

28. Kumar P, Benedict R, Urzua F, et al. Combination treatment significantly
enhances the efficacy of antitumor therapy by preferentially targeting angio-
genesis. Lab Invest 2005;85:756 – 67

29. Lennernas B, Albertsson P, Lennernas H, et al. Chemotherapy and
antiangiogenesis: drug-specific, dose-related effects. Acta Oncol 2003;42:294 –
303

30. Aronen HJ, Pardo FS, Kennedy DN, et al. High microvascular blood volume is
associated with high glucose uptake and tumor angiogenesis in human glio-
mas. Clin Cancer Res 2000;6:2189 –200

31. Rezai A, Gandhi D, Mukherji SK. CT perfusion studies of the neck, ICA versus
ECA as the input artery. Presented at: American Society of Head and Neck
Radiology Meeting, Rancho Mirage, Calif, October 2, 2003 (abstract 6)

106 Gandhi � AJNR 27 � Jan 2006 � www.ajnr.org


