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Cell Carcinoma of the Head and Neck Treated
during the Course of Concomitant
Chemoradiotherapy

BACKGROUND AND PURPOSE: Concomitant chemoradiation is a promising therapy for the treatment of
locoregionally advanced head and neck carcinoma. The purpose of this study was to prospectively
evaluate early changes in primary tumor perfusion parameters during concomitant cisplatin-based
chemoradiotherapy of locoregionally advanced SCCHN and to evaluate their predictive value for
response of the primary tumor to therapy.

MATERIALS AND METHODS: Twenty patients with locoregionally advanced SCCHN underwent perfu-
sion CT scans before therapy and after completion of 40 Gy and 70 Gy of chemoradiotherapy. BF, BV,
MTT, and PS of primary tumors were quantified. Differences in perfusion and tumor volume values
during the therapy as well as between responders and nonresponders were analyzed, and ROC curves
were used to assess predictive value of the baseline and follow-up functional parameters.

RESULTS: The tumor volumes at 40 Gy and at 70 Gy were significantly lower compared with baseline
values (P = .014 and P = .007). In the 6 nonresponders, measurements after 40 Gy showed a nonsignif-
icant trend of increased BF, BV, and PS values compared with the baseline values (P = .06). In 14
responders, a significant reduction of BF values was recorded after 40 Gy (P = .04) and after 70 Gy (P =
.01). In responders, BV values showed a reduction after 40 Gy followed by a plateau after 70 Gy (P = .04),
whereas in nonresponders there was a nonsignificant elevation of the BV. Baseline BV predicted short-
term tumor response with a sensitivity of 60% and specificity of 100% (P = .01). After completion of 40
Gy of concomitant chemoradiation BV was a more significant predictor than were BF and MTT.

CONCLUSIONS: The results suggest that in advanced SCCHN the perfusion CT monitoring might be of

predictive value for identifying tumors that may respond to cisplatin-based chemoradiotherapy.

ABBREVIATIONS: AUC = area under the curve; BF = blood flow; BV = blood volume; CECT =
contrast-enhanced CT; LR = likelihood ratio; MTT = mean transit time; PCT = perfusion CT; PET =
positron-emission tomography; PS = permeability surface area product; ROC = receiver operating
characteristic; ROl = region of interest; SCCHN = squamous cell carcinoma of the head and neck;
VEGF = vascular endothelial growth factor

quamous cell carcinoma of the head and neck reflects a

complexity of genetic, biologic, histopathologic, and clin-
ical heterogeneity.' Because the primary pattern of failure in
SCCHN islocoregional, surgery and radiation therapy are rec-
ognized as key treatment modalities in early tumors. In loco-
regionally advanced tumors, however, improved treatment
outcome was observed when adding platinum-based chemo-
therapy concomitantly to irradiation, which translated to an
absolute survival benefit of 4% at 5 years.>”

PCT studies may delineate SCCHN™? and predict response
to radiation therapy®’ as well as to induction chemothera-
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py.*? However, the studies published thus far are solely based
on the admission of PCT examinations (and their predictive
value to specific clinical end points) and have not assessed the
value of PCT as a therapeutic monitoring tool, nor they have
assessed perfusion changes after completion of the therapy in
patients treated exclusively with induction chemotherapy.®®
Thus, the time course of changes in tumor parameters during
concomitant chemoradiotherapy has not been investigated
yet. Studying dynamics of tumor parameters might be of im-
portance to understand the therapy-induced functional
changes in the tumor tissue, to help distinguish therapy-in-
duced alterations in responders and nonresponders, and to
establish and validate PCT as a monitoring imaging technique.

In the present study we addressed these issues by prospec-
tively examining patients with locoregionally advanced
SCCHN before, during, and after the completion of concom-
itant chemoradiotherapy. Our primary end point was to test
the hypothesis that PCT can detect changes in perfusion pa-
rameters during the course of the therapy. The secondary end
points were the predictive value of the perfusion-associated
parameters as measured at different time points during the
therapy, as well as the correlation between the functional and
morphologic CT changes.



Table 1: Demographic and clinical data

Sex/Age,

Patient Years TNM Tumor Site

1 M/74 T3N2b Oropharynx

2 M/52 T3N2c Oropharynx

3 M/49 T4N2b Oral cavity

4 M/69 T2N2c Hypopharynx

5 M/47 T4N2c Oropharynx and
oral cavity

6 M/59 T4N2c Oral cavity

7 M/52 T3N2b Oropharynx

8 M/66 T4N2a Oropharynx

9 M/65 T3NO Hypopharynx

10 M/56 TANO Hypopharynx

1 M/59 T4N3 Oropharynx

12 F/70 T4N1 Oropharynx and
oral cavity

13 M/60 T4N2c Oropharynx and
hypopharynx

14 /64 TAN2 Hypopharynx

15 M/62 T3NO Hypopharynx

16 M/40 T3N1 Oropharynx

17 M/64 T2N2b Oropharynx

18 M/70 TANZc Hypopharynx

19 M/63 T4N2b Hypopharynx

20 M/54 T4N2c Oral cavity

Materials and Methods

Patients and Examination Flowchart

After approval by the local national medical ethics committee, 20
patients (19 men and 1 woman), with ages from 40 to 74 years (me-
dian age, 61 years), prospectively entered the study. They were pre-
sented for imaging of histologically proved locally and/or regionally
advanced SCC of the oral cavity, oropharynx, and hypopharynx and
were treated with curative intent by using concomitant chemoradio-
therapy. None of the patients had systemic diseases at the time of
presentation. Demographic and clinical data are summarized in
Table 1.

After signing an informed consent form, each patient was exam-
ined 3 times during therapy with CECT, including PCT: 1) 0-7 days
before the begining of treatment to obtain the baseline values of per-
fusion parameters and volume of the primary tumor; 2) at 40 Gy of
concomitant chemoradiation (mean = SD, 36 = 3 days from the start
of chemoradiation); and 3) on the same day after completion of ther-
apy, ie, at 70 Gy (mean * SD, 59 * 4 days from the start of
chemoradiation).

Patients with decreases in tumor volume of 30% or more from
baseline as measured at the third CT examination were considered
early responders; patients with tumor shrinkage of less than 30% or
with increases in primary tumor volume were initially considered
nonresponders. The choice of the 30% cutoff value was justified by
recent evidence reporting that in serial imaging during radiation ther-
apy of locally advanced SCCHN, the patients with local control had a
median tumor volume reduction of 28%."°

Concomitant Chemoradiotherapy

A 3D conformational technique was used for radiation therapy plan-
ning.!' Patients were irradiated with a 6-MV linear accelerator pho-
ton beam and daily dose of 2 Gy, applied in 1 fraction, 5 times per
week. The total dose to the primary tumor and enlarged regional
lymph nodes was 70 Gy, with a buffer zone of 60 Gy around larger

nodal metastases, whereas clinically uninvolved lymphatic drainage
basins on the neck received 50 Gy. The spinal cord dose was limited to
50 Gy. During radiation therapy, cisplatin was administered in a dose
of 30 mg/m*wk. No antiangiogenic agents were added to the
treatment.

CT Imaging Protocol
PCT imaging was performed by using a 16-row multisection CT scan-
ner (Somatom 16; Siemens, Erlangen, Germany). The scan region was
based on the clinical information and the area with anatomic distor-
tion as seen on the noncontrast “scout” 5>-mm contiguous sections
(120 kV, 180 mA). The scanned region with PCT consisted of 4 adja-
cent 6-mm-thick sections. For lesions larger than 24 mm in diameter,
the levels with the largest tumor diameter were selected. The contrast
agent (Iomeron 400; Bracco, Milan, Italy) for perfusion imaging (40
mL of 400 mg/dL nonionic iodinated contrast agent) was injected at a
rate of 6 mL/s by using a power injector and a 16-G antecubital can-
nula. PCT scanning (100 mA, 80 kV, section thickness of 6 mm, ro-
tation time 1 second, matrix 512 X 512 mm) was initiated 6 seconds
after the injection start, and 4 contiguous sections of tissue were scanned
every second for 55 seconds The contrast agent administration was fol-
lowed by a power injection of 20 mL of saline (at the same injection
rate). The mean effective dose of PCT imaging was 6.4 = 0.3 mSv.
The dynamic study was followed immediately by a diagnostic ve-
nous phase neck study (section thickness of 3 mm [16 X 0.75 mm],
120 kV, 150 mA, rotation time 0.75 second, pitch 1.35, matrix 512 X
512 mm). This was acquired 80 seconds after intravenous contrast
injection (90 mL of the same contrast agent at a flow rate of 2 mL/s).
The follow-up studies were acquired with the same imaging parame-
ters and at the same tumor level by using preidentified anatomic land-
marks. The contrast agent was administered exactly as described above.

Image Analysis

Image analysis was performed by 2 radiologists experienced in head
and neck tumors. All PCT images were analyzed on separate worksta-
tions by using commercial deconvolution-based CT perfusion soft-
ware (Perfusion 3.0; GE Healthcare, Milwaukee, Wisconsin) and the
body tumor perfusion algorithm. The arterial input function for the
image postprocessing was placed ipsilateral to the tumor internal ca-
rotid artery. The generated maps were BF, BV, MTT, and PS. A free-
hand ROI was then drawn around the primary tumor periphery in
each section by using an electronic cursor. Special attention was paid
not to include large feeding vessels, readily recognizable necrotic tis-
sue (low-attenuation nonenhancing areas within tumors), and sur-
rounding normal tissue. By viewing a cine loop of the perfusion
source images of the tumor margins, the degree of any patient move-
ment or false tumor registration during acquisition were noticed. A
ROI-based evaluation in the contrast-enhanced diagnostic CT was
used for gross primary tumor volume calculation (tumor volume =
ROI X section thickness) where readily necrotic tumor parts were
excluded. The mean values for the 4 tumor functional parameters and
the gross primary tumor volume for each patient were acquired after
averaging the values of each section following the summation-of-
areas technique. To minimize recall bias, the 2 observers analyzed all
studies 3 weeks after the image acquisition.

Statistical Analysis

The continuous variables are presented as means * SD. After accept-
ing normality by using the Kolmogorov-Smirnov test, a t test for
paired samples was used to analyze the differences in PCT and tumor
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Fig 1. BF maps at admission (A) and after the completion of 40 Gy (B) of concomitant cisplatin-based chemoradiotherapy in a responder with squamous cell carcinoma of the oropharynx
(arrows). Note the significant reduction of the tumor volume at 40 Gy, accompanied by lower BF values. Serial BV imaging at the baseline (C) and after 40 Gy (D) of concomitant
chemoradiation in a nonresponder with squamous cell carcinoma of the hypopharynx. The BV maps demonstrate clearly the increase of BV in the tumor site during the follow-up
(arrowheads).

Table 2: Perfusion parameters (mean = SD) in the pooled patients as well as separately in responders and nonresponders at 0, 40, and 70 Gy

of concomitant chemoradiotherapy.

0 Gy 40 Gy 70 Gy
Pooled Pooled Pooled
Patients Responders Nonresponders Patients Responders Nonresponders Patients Responders Nonresponders
BF (mL/min/100 g) 704 =79 726 *9.1 69.7 =74 762 +191 675+59 87.7 = 23.1 66.1 =28.1 53.0 =151 87.8 = 30.1
BV (mL/100 mL) 6119 64x14 73*28 69+22 51+10 85*32 65+29 50+14 8324
MTT (s) 82+39 76%x32 93 =41 78+27 69=+24 9140 9927 96 +27 101 £ 42
Permeability 140+48 141+33 13156 167 £82 136 %50 20.7 =91 182119 159=*79 21.3 = 6.1

(mL/min/100 g)

volume values as measured during the therapy. Changes in functional
and static CT values between responders and nonresponders were
tested by a ¢ test for unpaired samples. To detect any relationship
between tumor volume and PCT parameters, Spearman correlation
coefficients were calculated. ROC curves were calculated to assess the
predictive value of the baseline and follow-up functional and mor-
phologic parameters for the tumor response to chemoradiation. The
mentioned thresholds were optimized between sensitivity and speci-
ficity. All of the tests were 2-sided, and the results were considered
significant at a probability level below 5%. The results were analyzed
and graphs performed by using a commercially available statistical
package (MedCalc 10.0.0.0 for Windows; MedCalc Software, Mari-
akerke, Belgium).

Results

Sixty PCT examinations followed by 60 routine CECT exam-
inations were performed without serious motion artifacts that
could hamper the diagnosis and quantification of the perfu-
sion-associated parameters. No adverse effects were observed
after contrast agent administrations and PCT acquisitions. All
patients completed the chemoradiotherapy according to the
protocol. Fourteen patients were classified as early responders
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and 6 patients as early nonresponders. The illustrative exam-
ple of a responder and a nonresponder are shown in Fig 1.

Descriptive and Comparison Analysis of Perfusion
Parameters and Tumor Volume

Compared with the baseline examination (25.3 * 10.4 mL),
responders showed a significant reduction in the primary tu-
mor volume after 40 Gy (14.2 = 5.4 mL; P = .014) and after 70
Gy (12.8 = 6.5 mL; P = .007) of chemoradiation, whereas the
difference between the tumor volume at 40 and 70 Gy did not
reach the level of statistical significance.

After stratifying the patients into 2 groups according to
their response to chemoradiotherapy (Table 2), at 40 Gy and at
70 Gy, a weak significant trend of reduction in the BF values
was recorded in responders after 40 Gy (P = .04), which was
more pronounced after 70 Gy (P = .01). In contrast, in non-
responding patients the BF values showed a nonsignificant
trend of elevation at 40 Gy (compared with the baseline values,
P = .06) and did not change any further.

Whereas in responders the dynamics of changes in the BV
values showed a reduction after 40 Gy, which was still constant



Table 3: ROC curve analysis of PCT parameters for early response (tumor volume shrinkage =30%) to concomitant chemoradiotherapy

Value Criterion AUC P Sensitivity, % Specificity, % Positive LR Negative LR
Baseline BF >70.4 0.54 A 57.3 80.0 3.0 0.6
BF (40 Gy) =744 0.82 .03 90.0 80.0 4.4 02
Baseline BV =50 0.83 .01 59.5 100 0.4
BV (40 Gy) =69 0.80 .02 80 5.2 0.0
Baseline MTT =90 0.60 .8 74 60 1.8 0.5
MTT (40 Gy) =92 0.83 .04 60 24 0.0
Baseline PS >10.0 0.63 R 60 2.2 0.0
PS (40 Gy) =126 0.80 .06 100 04

Note:—The values of the provided criteria are the cutoff thresholds for predicting the defined early response. The statistically significant values (P =.05) are set in boldface italics; the
values approaching statistical significance (P = .06) are set in lightface italics. Values for BF are in mL/min/100 g; for BV, mL/100 mL; for MTT, seconds; and for PS, mL/min/100 g.

after 70 Gy (P = .04), in nonresponders there was a dose-
dependent nonsignificant elevation of the tumor BV observed.

The MTT in responders showed a slight temporary reduc-
tion at 40 Gy, which was followed by a rebound as measured at
70 Gy, nearly reaching the MTT values in the nonresponders.
These changes in the MTT, however, were not statistically sig-
nificant compared with the baseline values.

The PS values in the responders were almost stable after 40
Gy and nonsignificantly increased after 70 Gy (P = .08),
whereas in nonresponders they presented an elevation at 40
Gy, which was continued also after 70 Gy (0 Gy versus 70 Gy,
P = .03). The descriptive statistics of the perfusion-associated
parameters measurements as obtained at 3 time points are
summarized in Table 2.

Correlation Analysis

Regarding the interaction between morphologic and func-
tional parameters in the pooled patient population (20 pa-
tients), a relationship existed also between baseline tumor vol-
ume and follow-up tumor volume at 40 Gy (r = 0.82, P =
.001) and at 70 Gy (r = 0.6, P = .03). Interrelationship was
evident also between baseline tumor volume in the responders
and the follow-up volume at 40 Gy (r = 0.93, P = .001) as well
asat 70 Gy (r = 0.79, P = .03).

The tumor volume correlated only with the PS values at 40
Gy (r=10.57, P = .04) as well as at 70 Gy (r = 0.72, P = .006).
In the responders, the tumor volume and PS values showed a
significant negative correlation at 0 Gy (r = —0.74, P = .04),
40 Gy (r = —0.73, P = .05), and 70 Gy (r = —0.84, P = .03).

With regard to the BF values during the follow-up, statis-
tically significant correlation was found between the BF value
at 40 Gy and at 70 Gy (r = 0.82, P = .0004), whereas baseline
BV values correlated with the BV values at 40 Gy (r = 0.51, P =
.06) and at 70 Gy (r = 0.78, P = .004). However, no association
was found between MTT values as measured at different time
points during the therapy.

ROC Curve Analysis

The ROC curve analysis (Table 3) showed that among the
baseline values of studied perfusion parameters, only BV can
be used as a predictor of short-term tumor response with a
sensitivity of 60% and specificity of 100% (P = .01). At the
time point after completion of 40 Gy of concomitant chemo-
radiation, BF (sensitivity = 88.7%, specificity = 80%; P =
.03), BV (sensitivity = 100%, specificity = 90%; P = .02), and
MTT (sensitivity = 90%, specificity = 60%; P = .04) were
shown to be helpful for prediction of response of the primary
tumor to therapy.

Discussion

In our patients, although the tumor volume was reduced after
chemoradiation, interestingly, the morphologic changes were
not accompanied by variations in the functional parameters of
any statistical significance, presumably due to the different
trends in perfusion changes that were observed between indi-
vidual patients. This also justified our choice to define the
arbitrary criterion of early response and perform subanalysis
to detect significant changes in the subgroups of early re-
sponders and nonresponders. Baseline BV proved to be a pos-
sible predictor for initial tumor response (P = .01). This is in
agreement with the results reported by Zima et al in patients
receiving induction chemotherapy.” Baseline BF was not
found to hold a significant predictive role, opposed to the
observations in patients undergoing radiation therapy® or
postoperative chemoradiation,'* and we think that the reason
for these discrepancies might be the differences in treatment
regimens and the observed end points (ie, tumor volume re-
duction, locoregional control, or survival probability).

In the responders, the dynamics of BF, BV, and PS values
over the course of treatment showed either a pattern of signif-
icant constant reduction (BF), of significant initial reduction
followed by a plateau (BV), or nonsignificant fluctuations
(MTT and PS). These phenomena might be attributed to the
cytotoxic effects of x-rays to the vascular endothelium cells,"
whereas concomitantly administered low-dose cisplatin che-
motherapy per se has presumably no part in these processes.
Chemotherapy is characterized by relatively little antivascular
action in vivo, which is dose-dependent.'*'> When interpret-
ing the fluctuations of the perfusion-associated parameters
during the therapy course, hypoxia and intratumoral inflam-
mation, especially after irradiation, play major roles. Such pa-
rameters have an impact on the perfusion-associated param-
eters, which cannot be predictable, as hypoxia may lead to
perfusion decrease and inflammation may lead to high BV and
PS values. Under these circumstances, PET/CT with specific
tracers may serve as a surrogate in predicting short-term ther-
apy outcome. Balancing of both chemotherapy and radiation
therapy effects may have led to the observed pattern of changes
in functional parameters in the responders. Because the in-
creased permeability gives way to decreased vascular perfusion
and fibrosis,'® the further reduction of BF after 70 Gy seems
reasonable. Finally, the behavior of MTT values during the
therapy may reflect the changes in physiology that resulted
from the combined effect of chemotherapy and radiation ther-
apy; that is, a short reduction in MTT at 40 Gy, implying the
vasodilation secondary to release of inflammatory cytokines
caused by the radiation therapy, followed by subsequent pro-
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longation of MTT (at 70 Gy) as a result of tumor endothelial
cell apoptosis and fibrotic changes in the vessels and perivas-
cular interstitial space.'”

In the present study, the nonresponders demonstrated an
acute increase of BF, BV, and PS, which resembles the changes
that are described in lung cancer treated with radiation thera-
py.'® These changes were attributed to the up-regulation of
VEGF in tumor and stromal cells and to the expression of
endothelial nitric oxide that may have resulted in increased
perfusion, opening up of previously nonperfused vessels, and
in neoangiogenesis.'>*° However, VEGF promotes survival of
endothelial cells and thereby radiation resistance.”' Ionizing
irradiation may therefore contribute, through the induction
of the VEGF and its receptors in residual tumor cells, to unde-
sired effects. In the nonresponders, it seems that chemother-
apy might not offset these undesired effects and, therefore, the
patients did not experience local tumor shrinkage during con-
comitant chemoradiation. It is unknown whether late effects
of chemoradiation (4—6 weeks after completion) in these pa-
tients may take place and contribute to local tumor control.
The MTT values in the nonresponders showed a plateau dur-
ing the therapy that may be traced back to the fact that the
MTT is a “lumped” parameter and measures the transit time
of the contrast agent not only through the vasculature but
through the tissue voxel as well. Nonspecific changes in the
tissue voxel may “contaminate” this parameter and lead to
such results. Moreover, the applied postprocessing software is
based on the central volume theorem (in which MTT = BF/
BV) and, thus, an increase in both BF and BV does not result in
a change of MTT.

We sought to evaluate the predictive value of the perfusion-
associated parameters for the initial response. In accordance
with other authors investigating this issue in patients receiving
induction chemotherapy®” whose elevated BF and BV values
had a positive predictive role, our ROC analysis showed 100%
specificity for tumor response in those patients with baseline
BV = 5.0 mL/100 mL tissue. Moreover, our results add to the
recent observation that hyperemic tumors may respond better
than tumors with low BV (and, thus, oxygenation) to concom-
itant chemoradiation as assessed by perfusion-weighted MR
imaging'® or by PCT.'> Combined with new evidence suggest-
ing a significant positive correlation between microvascular
attenuation (which is supposed to be a local outcome predic-
tor) and BV values,**?’ our results highlight the potential role
of BV as a surrogate predictor for local outcome. Unlike the
baseline measurements, the reestimation of PCT parameters
at 40 Gy and at 70 Gy reveals that the decrease of vascularity
(BF and BV values) and the decrease of the degree of neovas-
cularization in the tumor (PS values) (attributable to the com-
bined action of chemotherapy and radiation) are significant
predictors for local tumor reduction. This emphasizes the
value of the functional imaging at an early time in the organ-
preserving treatment protocols in locally and/or regionally ad-
vanced SCCHN. The specific pattern of changes in functional
parameters may direct patients to an early salvage surgery or
provoke readjustment of the irradiation or chemotherapy
doses. However, the latter asks for significantly more reliable
estimations of radiation sensitivity of primary tumor and
nodal disease than those available at present. Tailoring radia-
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tion therapy dose to the degree of tumor sensibility would be
extremely beneficial for the patients, sparing them from dev-
astating treatment-related side effects. On the other hand, re-
duction of radiation dose or treatment intensity may lead to
disease reappearance after seemingly successful treatment,
when the predictive assay used was not accurate enough.

There are limitations in the present study that one should
be aware of when discussing its results. First, the number of
patients is low and does not allow firm conclusions. Further-
more, the estimation of the perfusion-associated parameters
was restricted to 2.4 cm, which is a known drawback of the
PCT imaging compared with perfusion-weighted MR imag-
ing, while the gross tumor volume calculation was based on
more sections. However, by placing the PCT sections in the
region of the largest tumor diameter we sought to minimize
this pitfall. Additionally, the restrictions in area coverage did
not allow us to estimate the gross nodal volume in all cases; this
was the reason for its exclusion from analysis. The different
perfusion characteristics between primary tumor and meta-
static nodes, as being assessed recently with perfusion-
weighted MR imaging,'® do not allow an extrapolation of our
results obtained from primary tumors to regional disease. Ad-
vanced stage is a union of both T stage and N stage, and thus
locoregional control seems to be better assessed by perfusion-
weighted MR imaging or PET/CT. The perfusion parameters
were calculated in ROIs that covered the whole tumor sec-
tions, which does not exclude microscopic necrotic foci and
may falsely average the significant spatial heterogeneity of the
tumor. Initial evidence on the estimation of maximum values
inside the ROI might help to address this problem in future
studies.'” Our hypothesis that PCT can detect changes in per-
fusion parameters during the course of the therapy implies a
good repeatability of the PCT, which was not assessed in our
patients, as this repeatability has previously proven to be sat-
isfactory to excellent.”* The design of our study did not allow
an estimation of locoregional tumor control after 1 or 2 years,
which is certainly a more reliable criterion of therapy effective-
ness and justifies the predictive value of the PCT. Nonetheless,
our next step is to follow these patients and evaluate the pre-
dictive role of PCT in our future studies.

In conclusion, we demonstrated that PCT is clinically fea-
sible for monitoring the effects of concomitant chemoradio-
therapy in locoregionally advanced SCCHN. The results sup-
port the hypothesis that PCT can detect the dynamics in
functional parameters during the course of the therapy and
that some of them might also be used to predict early tumor
response to applied therapy. Future studies may reinforce this
evidence and lead to creation of a predictive model that could
be of value in the clinical setting as a tool to tailor the therapy
according to patient-specific tumor perfusion characteristics.
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