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Abstract. The ability to predict the response to chemoradiation
therapy (CRT) by contrast-enhanced CT would be valuable for
managing esophageal squamous cell carcinoma. The purpose
of this study was to evaluate the usefulness of Perfusion CT to
predict the response to CRT in patients with esophageal
squamous cell carcinoma. Thirty-one consecutive patients with
esophageal squamous cell carcinoma underwent Perfusion CT
before CRT. We retrospectively investigated the correlations
between Perfusion parameters and the response to CRT.
Clinicopathological markers and blood flow were compared in
terms of survival. There were 21 clinical responders and 10
non-responders. Clinical responders showed significantly
higher pre-CRT blood flow (P=0.0004), significantly higher
pre-CRT blood volume (P=0.03) and a significantly shorter
pre-CRT mean transit time (P=0.002) than non-responders.
For pre-CRT blood flow, accuracy was 90.3% for detection of
clinical responders when the cut-off point was set at 50 ml/
100 g/min. Patients with high blood flow tumors survived
significantly longer than those with low blood flow tumors
(P=0.006). Multivariate analysis identified blood flow as a
significant independent prognostic factor (P=0.01). Therefore,
Perfusion CT may help to identify patients with advanced
esophageal squamous cell carcinoma who will benefit from
CRT.

Introduction

Despite improvements in surgical techniques, a rapid fatal
recurrence is common in patients with locally advanced
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esophageal cancer. Because surgical resection alone rarely
results in long-term survival, efforts are now being focused on
combined multimodality treatment in an attempt to improve
the operative resectability and the outcome. Chemoradiation
therapy (CRT) is one of the most commonly used modalities
for esophageal cancer. CRT followed by esophagectomy
has become a widespread treatment protocol since several
favorable pilot studies were reported (1-5). In our department,
CRT using cisplatin and 5-fluorouracil has been used since
1991 and non-responders showed a significantly lower 5-year
survival rate than responders (6). It would therefore be useful
to predict the response to CRT so that non-responders can
avoid the side effects associated with intensive therapeutic
regimens. However, there are still no methods for predicting
which tumors will respond to CRT.

Perfusion CT is a new technology that allows the
measurement of tumor vascular physiology. Both tissue and
vascular enhancement by contrast materials can be measured
and traced over time and mathematic models for contrast
material exchange have been developed to quantify tissue
blood flow, blood volume, mean transit time and capillary
permeability fraction (7-14). Morphologic and physiologic
changes in tumor blood vessels may have a major effect on the
treatment of various solid tumors, particularly regarding drug
delivery and the effectiveness of radiation therapy (15-17).
However, to our knowledge, no data concerning the
relationship between the Perfusion CT measurements and the
response to CRT in esophageal cancer have yet been reported.
Therefore, we analyzed the Perfusion CT measurements
in patients with primary esophageal squamous cell carcinoma,
and assessed whether Perfusion CT could be used to predict
the response to CRT in esophageal squamous cell
carcinoma.

Materials and methods

Patient population. The institutional review board approved
this prospective study and informed consent was obtained
from each participant. Thirty-one consecutive patients with
advanced esophageal squamous cell carcinoma who underwent
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CRT at Chiba University Hospital from March 2004 to June
2006 were enrolled in this study. The subjects included 30 men
and one woman, with a mean age of 65.8 (range 49 to 80)
years. The diagnosis of squamous cell carcinoma of the
esophagus was histologically confirmed from biopsy
specimens obtained before CRT. Moreover, the patient
eligibility criteria included the following; (i) age limit of 80
years and Karnofsky performance status of 70% or greater;
(ii) white blood cell count >4000 cells/mm?3, haemoglobin
>10 g, platelet count >100 000/mm?* and creatinine <1.5 mg/dl.

Treatment plan. The chemotherapy schedule consisted of
cisplatin 15 mg/m?/day by intravenous administration and
5-fluorouracil (SFU) 500 mg/m?*day by continuous intravenous
infusion for 5 days. A radiotherapy dose of 2 Gy per day was
initiated on day 1 of chemotherapy and continued daily for
5 days a week for 4 weeks, totalling 40 Gy. The target was the
entire esophagus as well as the supraclavicular lymph nodes
for upper and middle-third lesions. Of the 31 patients, 21 were
treated with an additional 20 Gy of radiotherapy (to be a
definitive CRT) and 10 were treated by transthoracic
esophagectomy. Resection of the esophagus and proximal
stomach was performed by a combined right thoracic
abdominal and cervical approach. Resection included excision
of the para-esophageal, para-carcial, left gastric and celiac
lymph nodes.

Definition of response to treatment. Re-evaluation of the
primary tumor was performed by CT, endoscopy and
gastrography 3 to 4 weeks after the completion of CRT. EUS
and PET were not used for response evaluation. The response
to treatment was evaluated according to the General Rules
for Esophageal Cancer proposed by the Japanese Society for
Esophageal Disease and was categorized as either a complete
response, partial response, stable disease, or progressive
disease (18). This evaluation was based on a comparison of
pre-CRT and post-CRT imaging study findings. Complete
response was defined as the disappearance of all signs and
symptoms of the tumor. Partial response was defined as a
=50% decrease in tumor volume. Stable disease was defined
as a <50% decrease or <25% increase in tumor volume.
Progressive disease was defined as no significant change in
tumor mass or a >25% increase in tumor volume. However,
one patient whose esophageal stenosis was so high that
passage of barium and endoscopy were impossible was
evaluated according to the improvement of degree of
stenosis. Patients who showed a response, complete or partial,
were categorized as clinical responders. The remaining
patients with either stable or progressive disease were
categorized as clinical non-responders.

Imaging studies. Perfusion CT was performed using a 16-
section multi-detector row CT scanner (Light Speed Ultra; GE
Medical Systems, Milwaukee, WI). First, CT scanning was
performed without an oral or intravenous contrast medium to
localize the tumor. The tumor was localized in the non-
enhanced CT scan and four adjacent 5-mm sections were
selected at the level of the tumor for cine imaging. A dynamic
study of this area was performed at a static table position
during intravenous rapid bolus injection (5 ml/sec) of 40 ml
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Table I. Patient characteristics.

Characteristic No.
Location

Upper/Middle/Lower 13/13/5
T stage

T3/T4 7/24
N stage

NO/N1 3/28

iomeprol containing 300 mg iodine per ml (Iomeron 300;
Bracco, Milan, Italy). The following parameters were used:
1-second gantry rotation time, 120 kV, 60 mA, 5-sec scanning
delay from the start of injection, 40-sec duration of transverse
data acquisition (four sections per gantry rotation) with breath
holding and 5-mm reconstructed section thickness. The
Perfusion data were transferred to an image processing
workstation (Advantage Workstation 4.1; GE Medical
Systems) and then were analyzed using a software (CT
Perfusion 3.0; GE Medical Systems), based on the
deconvolution method. The parameters generated by the
software were blood flow (in ml per 100 g of wet tissue per
min), the blood volume (in ml per 100 g of wet tissue), the
mean transit time (in sec) and the permeability surface area
product (in ml per 100 g of wet tissue per min). For the
derivation of functional maps of these Perfusion parameters,
the arterial input curve of the contrast medium concentration
is required and we obtained this arterial input curve from a
ROI in the aorta. If the tumor was so high that we could not
obtain a ROI of the aorta, we obtained the arterial input curve
from a ROI in the carotid artery. The ROI was drawn
freehand incorporating as much of the solid portion of the
tumor as possible and omitting the necrotic areas by two
gastrointestinal radiologists who did not know any
information other than the tumor location and the mean of
the Perfusion parameter was calculated. Care was taken to
avoid encroaching on tumor boundaries, in order to exclude
peritumoral hyperemia.

After the completion of Perfusion CT, 100 ml of
intravenous contrast was administered at 3 ml/s and a routine
CT scan of the thorax and upper abdomen was obtained using
1.25-mm contiguous sections (delay of 60 sec, 120 kV, 180
mA, 0.5-sec gantry rotation). These images were sent to the
workstation and the maximum tumor wall thickness was
measured in the axial plane at the same height for pre-CRT
and post-CRT comparison by one gastrointestinal radiologist
who was unaware of any clinical information concerning the
patients.

Statistical analysis. The Perfusion parameters before CRT
were compared between clinical responders and non-
responders and we compared pre-CRT Perfusion parameters
with the contraction rate of the maximum tumor wall
thickness. Statistical analysis was performed with Mann-
Whitney U test for comparisons of the two data sets and
Spearman-rank correlations were used to assess the
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Figure 1. Kaplan-Meier survival according to treatment response. The survival of the responder group was significantly better than that of the non-responder
group (P=0.007).

A

Pre-CRT Post-CRT

Figure 2. (A) The tumor showed high blood flow (102 ml/100 mg/min) before CRT. (B) The tumor showed a short mean transit time (2.8 sec) before CRT.
(C) The clinical response of the tumor to CRT was categorized as responder.
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Post-CRT

Pre-CRT

Figure 3. (A) The tumor showed low blood flow (32 ml/100 mg/min) before CRT. (B) The tumor showed a long mean transit time (12.1 sec) before CRT.

(C) The clinical response of the tumor to CRT was categorized as non-responder.

relationship between Perfusion parameters and the tumor
contraction rate. Univariate analysis for survival was
performed using the log-rank test. The influence of blood flow
and clinicopathological variables on survival was assessed by
Cox's proportional hazards model. Survival curves were
calculated by the Kaplan-Meier method. P-values were
calculated for each comparison. P<0.05 was considered to
indicate a statistically significant difference.

Results

Thirty-one consecutive patients underwent CRT. Their
characteristics are listed in Table I. T stage and N stage,
according to UICC, were determined by CT/EUS.

Response to treatment and prognosis. Overall responses,
such as complete and partial responses, were observed in
21 patients (68%), with no response in the remaining 10
patients (32%). The survival of the responder group was
significantly better than that of the non-responder group
(P=0.007) (Fig. 1).

Pre-CRT Perfusion parameters: clinical responders versus
non-responders. There were significant differences in pre-CRT

blood flow (P=0.0004), pre-CRT mean transit time (P=0.002),
and pre-CRT blood volume (P=0.03) between clinical
responders and non-responders. Patients who had tumors with
a high initial blood flow, a short initial mean transit time, or a
high initial blood volume, showed a good response to CRT
initial blood flow (Fig. 2), a long initial mean transit time, or
a low initial blood volume, showed a poor response to CRT
(Fig. 3). Permeability surface area product, however, did not
show a statistically significant difference (Table II).

Correlation between pre-CRT Perfusion parameters and
contraction rate of tumor wall thickness. We investigated the
correlation between pre-CRT Perfusion parameters and the
contraction rate of the maximum wall thickness of the tumor.
The tumor contraction rate showed a significant correlation
with blood flow (r=0.53, P=0.003) and mean transit time
(r=-0.48, P=0.009) (Fig. 4), but no relationship with blood
volume (r=0.31, P=0.10) or permeability surface area product
(r=-0.05, P=0.79).

Prediction of the response to CRT by pre-CRT blood flow.
There was a highly significant difference in pre-CRT blood
flow between clinical responders and non-responders (Fig. 5).
For pre-CRT blood flow, when the cut-off point was set at



Contraction rate (%)

ONCOLOGY REPORTS 18: 901-908, 2007 905
SPANDIDOSPerfusion parameters in clinical responders and non-responders.
E) PUBLICATIONS
Perfusion parameter Responders Non-responders P
Blood flow (ml/100g/min) 90.17+49.5 3591+14.73 0.0004
Blood volume (ml/100g) 5.82+2.97 4.00+1.32 0.03
Mean transit time (sec) 7.38+3.71 12.3+4.5 0.002
Permeability-surface area product (ml/100 g/min) 12.29+6.55 11.47+3.15 0.87
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Figure 4. Tumor contraction rate was significantly correlated with blood flow (P=0.003) (A) and mean transit time (P=0.009) (B).
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Figure 5. There were significant differences in pre-CRT blood flow
(P=0.0004).

50 ml/ 100 g/min, accuracy was 90.3%, sensitivity was
90.5% and specificity was 90.0% for the detection of clinical
responders (Table I1I).

Prognostic relevance and multivariate analysis. Using uni-
variate analysis, blood flow showed a significant association
with survival (P=0.006) (Table IV). The association of other
clinicopathological factors, such as age, tumor location, T
stage, N stage, tumor size and treatment were negligible. To

Table III. Prediction of clinical response to CRT.

Responders Non-responders
Blood flow =50 ml/100 g/min 19
Blood flow <50 ml/100 g/min 2 9

determine the independent prognostic value of various
parameters for patients' survival, a Cox's regression model
was constructed using blood flow, T stage, N stage and tumor
size (Table V). As a result, blood flow was an independent
prognostic factor (P=0.01; hazards ratio, 6.18; 95% CI, 1.48-
23.68). Fig. 6 shows survival curves according to blood flow
by Kaplan-Meier analysis. Patients with high blood flow
(=50 m1/100 g/min) tumors survived significantly longer than
those with low blood flow (<50 ml/100 g/min) tumors
(P=0.006).

Discussion

Recently, the effectiveness of CRT for locally advanced
esophageal squamous cell carcinoma has become clear. Stahl
et al (19,20) reported that the overall survival rate was
significantly higher in clinical responders than in non-
responders and that preoperative CRT improved local
progression-free survival. Therefore, CRT is expected to serve
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Figure 6. Kaplan-Meier survival according to blood flow. Survival was significantly better in the high blood flow group than in the low blood flow group

(P=0.006).

Table IV. Univariate analysis of pre-CRT blood flow and clinicopathological factors in survival of 31 patients treated with

CRT.
Variables No. MST (months) P
Blood flow <50 ml/100 g/min 11 90 0.006
=50 ml/100 g/min 20
Age <65 years 14 0.99
=65 years 17
Location Upper 13 0.71
Middle or lower 18 18.0
T stage T3 7 0.71
T4 24 18.0
N stage NO 3 6.0 0.95
N1 28 18.0
Tumor size <80 mm 21 18.0 0.85
=80 mm 10
Treatment CRT + surgery 10 14.0 0.26
CRT 21

as a means of further improving the therapeutic results in
advanced esophageal cancer. On the other hand, CRT has
many adverse effects such as bone marrow suppression and
esophagitis. In markedly effective cases, the merits of CRT are
great, but in ineffective cases, the cancer may progress during
the treatment period. Thus, reliable markers that can predict
the response to CRT are needed. Previous studies have
implicated various molecules as potential candidates for
markers of the CRT response in human esophageal cancer,
such as p53, CDC25B, metallothionein, vascular endothelial
cell growth factor and microvessel density (21-24). These

were all based on pathological analyses and there has been no
analysis using CT as a CRT response marker to date.

Axel (8) first described a method of assessing tissue
Perfusion using dynamic contrast-enhanced CT. Because of
the technical limitations of early CT scanners, this method was
not widely available. However, with the advent of spiral CT
and multi-detector row CT scanners, the technique has become
widely popular and new indications have emerged.

In the present study, we examined the usefulness of
Perfusion CT in patients with esophageal squamous cell
carcinoma who received CRT. Our study demonstrated that
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analysis of pre-CRT blood flow and clinicopathological factors in survival of 31 patients treated with

Variables Category Hazard ratio 95% CI P

Blood flow <50 vs. =50 ml/100 g/min 6.18 1.48-23.68 0.01
T stage T3 vs. T4 1.44 0.34-5.64 0.62
N stage NO vs. N1 2.73 0.27-27.58 0.40
Tumor size <80 mm vs. =80 mm 0.62 0.14-2.61 0.51
Location Upper vs. Middle or lower 0.69 0.22-2.16 0.52

tumors with a higher blood flow, a higher blood volume, or a
shorter mean transit time at pre-CRT might show a better
clinical response to CRT. For pre-CRT blood flow, accuracy
was 90.3% for detection of clinical responders if the cut-off
point was set at 50 ml/100 g/min. We found that patients with
high blood flow tumors survived significantly longer than
those with low blood flow tumors. In head and neck cancer,
Hermans et al (25) reported similar findings and concluded
that a low Perfusion rate predicted a poor response to
radiotherapy, based on dynamic CT study. In oropharyngeal
squamous cell carcinoma, Gandhi et al (26) demonstrated that
a higher blood volume before chemotherapy showed a
significant correlation with a better endoscopic tumor
response, using Perfusion CT. We assume that these results are
concerned with the tissue oxygen status and tumor
microcirculation. Basically, the tissue oxygen status has been
demonstrated to be a very important factor determining
radiosensitivity both in vitro and in vivo (27,28). Oxygen
delivery to tumor tissues appears to rely on a network of
microvessels, based on in vivo observations of vascular
geometry and blood flow in the tumor microcirculation. It is
well known that oxygen gradients exist in the microcirculation,
and it is further hypothesized that microvascular pathways
with a higher flow have higher oxygen content (29). Also,
Hemphill et al (30) reported that Perfusion CT assessment of
ROI surrounding an oxygen probe in the intraparenchymal
brain tissue showed a significant correlation between local
brain tissue oxygen tension and mean transit time, that is,
intraparenchymal brain tissue oxygen tension was negatively
and significantly correlated with mean transit time. On the
other hand, the tumor microcirculation is clearly an important
factor in drug delivery to cancer cells and the efficacy of drug
delivery can be high in highly vascularized tumors. Thus,
Perfusion CT has the potential to reflect the microvessel
density and the tissue oxygen status and we assume that these
data support our present observation that Perfusion parameters
will be favorable predictive and prognostic factors in patients
who have undergone CRT.

CT is the most common modality for evaluating cancer
patients. We showed the possibility that Perfusion CT could
predict the response to CRT in esophageal squamous cell
carcinoma before CRT. In the near future, we may be able to
determine who should undergo surgery without CRT and
who should undergo CRT before surgery, using Perfusion CT.
However, to obtain more conclusive results, a larger patient
population should be studied. Nevertheless, we hope that our

results will provide an important insight into selecting the
optimal therapeutic strategy for the treatment of esophageal
squamous cell carcinoma.
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