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Abstract
Objectives To assess whether extracellular volume (ECV) fraction with equilibrium contrast-enhanced multidetector computed
tomography (MDCT) predicts outcomes for unresectable pancreatic adenocarcinoma patients treated with chemotherapy
Methods Sixty-seven patients (42 men, 25 women; mean age, 67.5 years; range, 45-83 years) with histologically confirmed
surgically unresectable pancreatic adenocarcinoma underwent contrast-enhanced MDCT before systemic chemotherapy. Tumour
contrast enhancement (CE) and ECV fraction were calculated using region-of-interest measurement within the pancreatic
adenocarcinoma and aorta on unenhanced and equilibrium phase-enhanced CT. The effect on survival variables including age,
sex, tumour location, tumour size, TNM stage, carbohydrate antigen (CA) 19-9, carcinoembryonic antigen (CEA), tumour CE
and tumour ECV fraction was determined on univariate and multivariate analyses using Cox proportional hazards regression
model.
Results Median overall survival was 10.5 months. On univariate analysis, elevated serum CA19-9 (hazard ratio (HR), 1.00; p =
0.006) and CEA (HR, 1.02; p = 0.011) levels were found to be associated with a negative effect on overall survival. Increasing
tumour CE (HR, 0.98; p < 0.001) and ECV fraction (HR, 0.97; p = 0.001) were associated with a positive effect. Multivariate
analysis revealed that only tumour ECV fraction was an independent predictor of overall survival (HR, 0.97; p = 0.012).
Conclusions ECV fraction with equilibrium contrast-enhanced MDCT could be a useful imaging biomarker for predicting patient
survival after chemotherapy for unresectable pancreatic adenocarcinoma.
Key Points

o Tumour aggressiveness and response to therapy are influenced by the extravascular extracellular space.

* Extracellular volume (ECV) fraction can be quantified with equilibrium contrast-enhanced CT.

* Patients with higher tumour ECV fraction had better prognosis after chemotherapy.
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Introduction

Pancreatic adenocarcinoma is the most frequent and le-
thal form of pancreatic cancer. It represents the fourth
leading cause of cancer-related deaths in the most de-
veloped countries [1, 2]. It is a highly lethal disease
with a 5-year survival rate of < 10% [2, 3]. Only
margin-negative surgical resection may be a potentially
curative treatment for this condition. Despite recent ad-
vances in diagnostic techniques, > 80% of patients are
diagnosed at an advanced, surgically unresectable stage
[2]. Recent developments in chemotherapy have helped
improve the prognosis of patients with unresectable pan-
creatic adenocarcinoma [4, 5]. However, we experienced
much variability regarding treatment outcomes even
with the use of identical chemotherapy regimens in dif-
ferent patients. While some patients show improvement
in survival, others do not improve and have increased
toxicity. Therefore, identifying reliable preoperative im-
aging biomarkers for surgically unresectable pancreatic
adenocarcinoma is a key imperative that may help adapt
treatment approaches.

Dynamic contrast-enhanced CT and MR imaging al-
low for quantitative estimation of various haemodynam-
ic parameters such as volume transfer constant, extra-
vascular extracellular volume fraction and intravascular
space fraction. These indices reflect the structural and
vascular features of the target tissue and have been used
as prognostic biomarkers for various cancers [6—10].
The extravascular extracellular volume fraction in malig-
nant pancreatic solid lesions quantified by dynamic
contrast-enhanced MR imaging significantly correlates
with fibrosclerotic stroma, which confers treatment re-
sistance and promotes malignant growth and metastasis
[11, 12]. However, the use of dynamic contrast-
enhanced CT and MR imaging is technically demanding
and requires multiple repeat studies that are difficult to
perform for routine clinical studies.

The extracellular volume (ECV) fraction is the sum
of the extravascular extracellular volume fraction and
intravascular space fraction. In recent studies, ECV frac-
tion determined by equilibrium contrast-enhanced CT or
MR imaging was associated with cardiac [13, 14] and
hepatic fibrosis [15—17]. Benjaminsen et al [18] reported
that ECV fraction in human melanoma xenografts, mea-
sured by contrast-enhanced MR imaging, was positively
correlated with extravascular extracellular volume frac-
tion determined by histological analysis. We speculated
that ECV fraction of the tumour tissue quantified with
equilibrium contrast-enhanced CT or MR imaging that
can be easily integrated into routine examinations is an
important prognostic parameter for patients with malig-
nant diseases. To our knowledge, the clinical relevance
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of ECV fraction with equilibrium contrast-enhanced CT
or MR imaging as an imaging biomarker for patients
with cancer has not been reported.

The purpose of this study was thus to assess whether ECV
fraction with equilibrium contrast-enhanced multidetector
computed tomography (MDCT) predicts outcomes for
unresectable pancreatic adenocarcinoma patients treated with
chemotherapy.

Materials and methods
Patient population

The institutional review board of our hospital approved
this retrospective study; the requirement for informed
consent was waived off. Between January 2009 and
December 2016, 1,902 consecutive patients underwent
quadriphasic CT (including unenhanced, pancreatic pa-
renchymal, portal venous and delayed phases) for the
evaluation of suspected pancreatobiliary diseases based
on previous ultrasonography or CT. These patients were
retrospectively identified through a review of our CT
database and records at the Department of Radiology.
The following inclusion criteria were used to select the
study population: (i) pathological diagnosis of pancreatic
ductal adenocarcinoma; and (2) unresectable tumour
treated with first-line gemcitabine and S-1 combination
chemotherapy. Of these, 442 patients were diagnosed
with pancreatic ductal adenocarcinoma based on histo-
pathological examination of surgical or biopsy speci-
mens. Seventy-two patients with unresectable tumours
received 1,000 mg/m” gemcitabine intravenously over
30 min on days 1 and 8, and 40 mg/m? S-1 orally twice
daily on days 1-14, every 3 weeks. This cycle was
repeated until disease progression was detected or unac-
ceptable toxicity was observed. As a result, 72 patients
met our inclusion criteria. Two patients who underwent
chemotherapy (n = 1) or surgical resection (n = 1) prior
to CT were excluded. We also excluded three patients
because of inadequate follow-up (< 6 months). The final
study population consisted of 67 patients (42 men, 25
women; mean age, 67.5 years; range, 45-83) (Fig. 1).
Data pertaining to the following clinical and biochemical
variables were retrieved (by YF with 24 years of experience in
abdominal radiology): age; sex; treatment and follow-up;
haematocrit level; and serum levels of tumour markers includ-
ing carbohydrate antigen (CA) 19-9 and carcinoembryonic
antigen (CEA), which were measured within 1 week of the
CT (mean, 0.8 days; range, 0—6 days). Two radiologists (HH
and KT with 12 and 15 years of experience in abdominal
radiology, respectively) retrospectively determined the tumour
location, size and TNM stage according to International Union
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Fig. 1 Flow diagram for 67
patients with unresectable

Patients who underwent pancreatobiliary contrast-enhanced CT

(n=1902)

pancreatic adenocarcinoma
treated with gemcitabine and S-1
combination chemotherapy

Patients with histologically confirmed pancreatic adenocarcinoma

(n=442)

Patients treated with gemcitabine and S-1 combination chemotherapy

Against Cancer (UICC) classification of pancreatic adenocar-
cinoma on CT (n = 67), MR imaging (n = 53) and '*F-
fluorodeoxyglucose positron emission tomography (FDG-
PET) (n = 46) by consensus. Apart from knowledge of the
final diagnosis (pancreatic adenocarcinoma), both observers
were blinded to clinical information, including tumour
markers, and patient outcomes. Local tumour extension be-
yond the pancreas was diagnosed when no normal pancreatic
tissue was observed between the tumour and the peritumoral
structures. Tumorous involvement of the coeliac axis or supe-
rior mesenteric artery was considered if more than one-half of
the circumference of the artery was found contiguous with the
tumour [19]. The presence of lymph node metastases was
defined as lymph nodes with a short-axis diameter of > 10
mm [20].

CT imaging technique

CT was performed using 64-detector row CT scanners
(Aquilion; Toshiba Medical Systems, Tokyo, Japan). All
scans began at the top of the liver and went through to the
end of the pancreas. Imaging parameters for all phases were as
follows: tube voltage, 120 kVp; gantry rotation speed, 0.5 s;
maximum allowable tube current, 440 mA; detector row con-
figuration, 64 x 0.5 mm; table increment, 26.5 mm/rotation;
matrix, 512 x 512; and reconstructed into 3-mm-thick axial
sections with a standard soft-tissue kernel (FC 13). On the
basis of a preset noise index of 11.5 HU for a 3-mm slice
thickness, the tube current was automatically modulated
(Volume Exposure Control, Toshiba Medical Systems) during
CT across the anatomical regions. Pancreatic parenchymal and
portal venous phase scans were obtained using a 20- and 48-s
delay after the aortic enhancement exceeded 150 HU com-
pared to baseline, respectively. Scan delay for the equilibrium

(n=72)
Excluded patients (n=5)
* Treatmentpriorto CT (n=2)
* Inadequate follow-up (n=3)
Final study population
n=67)

phase was fixed at 180 s after intravenous injection of 1.7 ml/
kg body weight of nonionic contrast material with an iodine
concentration of 350 mgl/ml (Iomeron; Eisai, Tokyo, Japan)
at a fixed duration of 25 s.

Image analysis

Attenuation values on unenhanced CT and the equilibrium
phase of enhanced CT for all pancreatic adenocarcinomas
were independently obtained by two radiologists (YK and
RH with 15 and 17 years of experience in abdominal radiol-
ogy, respectively) who did not attend the reading sessions and
were blinded to clinicopathological data; however, the radiol-
ogists were aware of the location and size of pancreatic ade-
nocarcinoma. Circular or oval regions of interest (ROIs) were
placed as large as possible within the pancreatic adenocarci-
noma (mean size, 162.2 mm?; range, 40-747 mm?) and the
aorta at the level of the pancreatic adenocarcinoma (approxi-
mately 100 mm?). An attempt was made to place the ROIs in
identical sites for unenhanced and equilibrium phase CTs for
each patient. The values measured by the two observers were
averaged to represent each ROIL. The contrast enhancement
(CE) and ECV fraction of pancreatic adenocarcinoma were
calculated using the following equation: CE (HU) =
AHUmor and ECV fraction (%) = (I — haematocrit) x
(AHU o/ AHU,ora) % 100, respectively, where AHU ymor
and AHU,, are HU in equilibrium phase minus HU before
contrast agent administration of the tumour and the aorta,
respectively.

Statistical analysis

Intraclass correlation coefficient (ICC) was calculated to eval-
uate inter-observer agreement for CE and ECV fraction (ICC
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=0.00-0.20, poor correlation; ICC = 0.21-0.40, fair correla-
tion; ICC = 0.41-0.60, moderate correlation; ICC = 0.61—
0.80, good correlation; ICC = 0.81-1.00, excellent correla-
tion) [21].

Patient survival was determined from the date of CT to the
date of most recent follow-up examination or date of death.
The last date of data collection was July 2017. Overall surviv-
al curves were generated using the Kaplan—-Meier method.
The effect on survival of variables including age, sex, tumour
location, tumour size, TNM stage, serum CA 19-9 and CEA
levels, and CE and ECV fraction of the primary lesion was
assessed on univariate and multivariate analyses using Cox
proportional hazards model. Pearson correlation analysis ex-
amined possible multicolinearity between tumour CE and
ECV fraction before the multivariate analysis.

Receiver-operating characteristic curve analysis was per-
formed to determine the optimal cut-off values of tumour
CE and ECV fraction for predicting 1-year outcome of pa-
tients. The sensitivity and specificity of tumour CE and ECV
fraction were calculated by using the cut-off values, which
were identified by determining the value where the sum of
sensitivity and specificity was maximal. The Kaplan—Meier
method with the log-rank test was generated to assess overall
survival in subjects with tumour CE and ECV fraction above
and below the optimal ROC-derived cut-off values.

Continuous variables were expressed as the mean =+ stan-
dard deviation. P values < 0.05 were considered indicative of
a statistically significant difference. All statistical analyses
were performed using JMP version 9 software (SAS
Institute Japan, Tokyo, Japan).

Results
Patient characteristics

Lesions were located in the head (n=37), body (n =22) or tail
(n = 8) of the pancreas; maximum diameter ranged from 10
mm to 74 mm (mean, 38.4 mm; median, 36 mm). According
to the UICC classification, 16 patients were in Stage IIA, 3
patients in Stage [IB, 11 patients in Stage IIl and 37 patients in
Stage I'V. Serum levels of tumour markers CA 19-9 and CEA
were elevated in 54 patients (80.6%) and 28 patients (41.8%),
respectively. The CE and ECV fraction of pancreatic adeno-
carcinoma were 39.4 + 17.3 HU (range, 9-80 HU; median,
36.8 HU) and 29.9 £ 13.6% (range, 7.6—62.4%; median,
28.1%), respectively. Inter-observer agreement was excellent;
ICCs for CE was 0.94 and that for ECV fraction was 0.93.

Survival

Follow-up periods in the entire study cohort ranged from 6.9
to 103.4 months (median, 45.7 months), while median
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duration of follow-up among the eight survivors was 19.9
months (range, 12.3—76.2 months). Fifty-nine patients experi-
enced cancer-related death between 0.7 to 38.9 months (me-
dian, 9.6 months). Median overall survival was 10.5 months
(95% confidence interval (CI): 8.8—12.8).

Univariate and multivariate analyses

Table 1 lists the results of univariate and multivariate analyses.
Univariate analysis showed no significant influence of patient
age (p = 0.509), sex (p = 0.879), tumour location (p = 0.127),
tumour size (p = 0.177) or TNM stage (p = 0.181) on patient
survival. On univariate analysis, elevated serum CA19-9 (haz-
ard ratio (HR), 1.00; 95% CI: 1.00—1.00; p = 0.006) and CEA
levels (HR, 1.02; 95% CI: 1.00-1.03; p=0.011) were found to
be associated with poor patient survival. Increasing tumour
CE (HR, 0.98; 95% CI: 0.96-0.99; p < 0.001) and ECV frac-
tion (HR, 0.97; 95% CI: 0.95-0.99; p = 0.001) were associat-
ed with a positive effect on overall survival. Tumour CE and
ECV fraction were significantly correlated (correlation coeffi-
cient = 0.93, all p < 0.001), and thus the tumour CE was
excluded from multivariate analysis due to multicollinearity.
On multivariate analysis, only tumour ECV fraction showed
an independent predictor of overall survival in patients with
unresectable pancreatic adenocarcinoma treated with chemo-
therapy (HR, 0.97; 95% CI: 0.95-0.99; p = 0.012).

The optimal cut-off values were 43.0 HU for tumour CE
and 28.0% for tumour ECV fraction to differentiate patients
who survived more than 1 year (n = 32) from those who did
not (n = 35). For predicting 1-year survivor, sensitivity and
specificity were 65.6% (21/32) and 85.7% (30/35) with tu-
mour CE, and 75.0% (24/32) and 77.1% (27/35) with tumour
ECV fraction, respectively. Patients with higher tumour CE
survived longer than those with lower tumour CE (p <0.001),
when stratified by the cut-off value (43.0 HU). Median sur-
vival time for patients with tumour ECV fraction of > 28.0%
was 15.2 months (Fig. 2), as opposed to 8.4 months for pa-
tients with tumour ECV fraction of < 28.0% (Fig. 3). The
difference between groups divided by the cut-off value of
28.0% was significant (p < 0.001) (Fig. 4).

Discussion

Equilibrium contrast-enhanced CT or MR quantification of
ECV fraction is used to explore heart [13, 14] and liver fibro-
sis [15-17] and to assess amyloid protein deposition in the
heart, liver and spleen [22-24]. However, no attempts have
been made to employ ECV fraction for oncological assess-
ment. In this retrospective study, we measured tumour ECV
fraction using equilibrium contrast-enhanced CT examination
before chemotherapy in patients with unresectable pancreatic
adenocarcinoma. We found that a simple quantitative CT
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Table 1 Overall survival in
patients with unresectable Variable Patients Univariate analysis Multivariate analysis
pancreatic adenocarcinomas
Hazard ratio P Hazard ratio P
Age (years) 0.99 (0.96-1.02) 0.509 0.99 (0.96-1.03) 0.712
Sex 0.879 0.731
Male 42 1.0 1.0
Female 25 0.96 (0.55-1.62) 0.90 (0.49-1.63)
Tumour location 0.127 0.398
Head 37 1.0 1.0
Body to tail 30 1.50 (0.89-2.51) 1.32 (0.69-2.54)
Tumour size (mm) 1.95 (0.73-4.98) 0.177 0.99 (0.97-1.02) 0.555
TNM stage 0.181 0.765
I 19 1.0 1.0
11 11 1.36 (0.58-3.04) 1.19 (0.47-2.93)
v 37 1.76 (0.96-3.38) 1.33 (0.62-2.89)
CA 19-9 (U/ml) 1.00 (1.00-1.00) 0.006 1.00 (1.00-1.00) 0.260
CEA (ng/ml) 1.02 (1.00-1.03) 0.011 1.00 (0.97-1.03) 0.971
CE (HU) 0.98 (0.96-0.99) <0.001 - -
ECV fraction (%) 0.97 (0.95-0.99) 0.001 0.97 (0.95-0.99) 0.012

CA carbohydrate antigen, CEA carcinoembryonic antigen, CE contrast enhancement, ECV extracellular volume

Numbers in parentheses represent 95% confidence intervals

Statistically significant results from Cox proportional hazard model

estimate of tumour ECV fraction helped predict outcomes of
patients with unresectable pancreatic adenocarcinoma treated
with chemotherapy. Our study makes a strong case for wider
application of the equilibrium techniques beyond its tradition-
al use for assessment of myocardial and liver fibrosis and
amyloidosis. The good inter-observer agreement regarding
evaluation of ECV fraction within tumour underlines the po-
tential for its application to malignant tumours.

Tumour vascularity is a key determinant of the biological
aggressiveness of a neoplasm and appears to be associated
with unfavourable outcomes in patients with pancreatic ade-
nocarcinoma [12, 25]. Hypoxic regions with acidic environ-
ment caused by poor tumour blood supply are known to be
resistant to chemotherapy [26]. CT is a widely accepted tech-
nique for detection, diagnosis, initial staging and treatment
surveillance of pancreatic adenocarcinoma [27, 28].
Contrast-enhanced CT has been used for assessment of tu-
mour vascularity in the context of several tumours.
Pancreatic ductal adenocarcinomas tend to exhibit a
hypovascular pattern during the arterial to portal venous
phase. However, some pancreatic adenocarcinomas do not
show hypovascular findings [29, 30]. Kim et al [30] reported
that isoattenuation of pancreatic adenocarcinoma during the
pancreatic parenchymal and portal venous phases of enhanced
CT was associated with better survival outcomes after
curative-intent surgery as compared to those associated with
usual hypoattenuation. In a study by Fukukura et al [31], pan-
creatic adenocarcinoma that showed lower CE during all

phases (including the pancreatic parenchymal, portal venous
and delayed phases after contrast material administration)
were associated with significantly shorter survival as com-
pared to those that showed higher CE; the association held
true both for patients who underwent curative-intent surgery
and those who did not. In our study, patients with higher
tumour CE survived longer after chemotherapy than those
with lower tumour CE during the equilibrium phase, which
is consistent with the results of the previous study [31].
However, CE within the tumour depends not only on tumour
vascularity (including blood flow, blood volume, permeability
and extracellular extravascular components), but also on the
CT scanning protocol and patient characteristics [31].
Tumour aggressiveness and response to therapy are influ-
enced by the extravascular extracellular volume fraction of the
malignant tissue [18]. Dynamic contrast-enhanced CT and
MR imaging have been employed to quantify the extravascu-
lar extracellular volume fraction and to predict the response to
chemotherapy or prognosis in patients with various cancers
such as orpharyngeal or hypopharyngeal cancer, rectal cancer,
ovarian cancer and osteosarcoma [6-9]. ECV fraction, com-
prising intravascular space and extravascular extracellular vol-
ume fractions, can be quantified with equilibrium contrast-
enhanced CT or MR imaging, which can be easily integrated
into routine examination. In a study by Bandula et al [23],
estimates of the extravascular extracellular volume fraction
in the liver and skeletal muscle determined by dynamic
contrast-enhanced MR imaging were consistent with ECV
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Fig. 2 A 68-year-old woman with pancreatic adenocarcinoma (TNM
stage IV) who survived for 21.9 months after chemotherapy. Axial
unenhanced (a) and equilibrium phase contrast-enhanced CT (b) show
regions of interest placed on a tumour measuring 36 mm in diameter
(black circles) in the pancreas head and the aorta (black dotted circles).
Tumour contrast enhancement and extracellular volume fraction were
61.8 HU and 38.8%, respectively

fraction determined by equilibrium MR imaging. We
employed equilibrium CT to determine tumour ECV fraction,
which was estimated as the ratio of enhancement of pancreatic
adenocarcinoma to that of the aorta multiplied by the differ-
ence of 1 minus the haematocrit value [16, 17]. The measure-
ment of ECV fraction using CT has been previously validated
in that equilibrium CT was as reliable as equilibrium MR
imaging for measuring ECV fraction and that they correlated
well with the fibrosis burden of the myocardium [14]. CT
offers several advantages over MR imaging; these include
wider availability of equipment, higher spatial resolution and
a simple linear relationship between attenuation and iodine
concentration in contrast to the nonlinear effect of hydrogen
on relaxivity following administration of gadolinium.

In our study, patients with higher tumour ECV fraction
had a better prognosis than those with lower tumour ECV
fraction. Tumour ECV fraction was an independent predic-
tor of survival in patients with unresectable pancreatic
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Fig. 3 A 62-year-old man with pancreatic adenocarcinoma (TNM stage
IV) who died 7.4 months after chemotherapy. Axial unenhanced (a) and
equilibrium phase contrast-enhanced CT (b) show regions of interest
placed on a tumour measuring 20 mm in diameter (black circles) and
the aorta (black dotted circles). Tumour contrast enhancement and extra-
cellular volume fraction were 14.5 HU and 14.7%, respectively

adenocarcinoma treated with chemotherapy. Moreover,
we determined the optimal cut-off values of tumour ECV
fraction for predicting 1-year survivor. Patients with higher
tumour ECV fraction survived longer than those with low-
er tumour ECV fraction, when stratified by the cut-off val-
ue (28.0%). Our results suggested that tumour ECV frac-
tion may be useful for predicting 1-year survivor after che-
motherapy, with a sensitivity of 75.0% and specificity of
77.1%. Unravelling the mechanisms that underlie this as-
sociation represents a challenge. At this point, we can only
speculate on the possible mechanisms. Tumours with
higher extravascular extracellular volume fraction have
been shown to exhibit a higher uptake of anticancer drugs
as compared to that in tumours with lower extravascular
extracellular volume fraction [32-34]. Pancreatic adeno-
carcinoma is known to be a hypovascular tumour, which
is reflected by the small blood volume values in the tu-
mour. Thus, we presume that the contribution of the intra-
vascular space to the total attenuation in pancreatic



Eur Radiol (2019) 29:353-361

359

100

Fig. 4 Kaplan—Meier survival
curves for patients with pancreatic
adenocarcinomas disaggregated
by tumour extracellular volume
fraction (< 28.0% vs. > 28.0%)
determined on equilibrium
contrast-enhanced MDCT.
Patients with tumour extracellular
volume fractions of > 28.0%
(black solid line) survived longer
than those with tumour
extracellular volume fractions of
< 28.0% (grey solid line) (P <
0.001, log-rank test). Dotted lines
represent 95% confidence
intervals

Survivalrate (%)

- >28.0%
<28.0%

adenocarcinoma can be ignored. It is likely that under these
circumstances, ECV fraction value plays an important role
in the delivery of chemotherapeutic agents to pancreatic
adenocarcinoma as does extravascular extracellular vol-
ume fraction. However, a direct comparison of ECV frac-
tion from equilibrium imaging and the extravascular extra-
cellular volume fraction from dynamic contrast-enhanced
imaging has not yet been made in the context of this tu-
mour. Moreover, in this study cohort, histopathological
examination of the intratumoral extracellular component
could not be performed because all patients were
unresectable due to the advanced stage of the disease and
histopathological examination of biopsy specimens tends
to be affected by sample variability. Therefore, this issue
requires further investigation.

Some limitations of this study must be considered. First,
the sample size of patients was small and the study was retro-
spective. Second, we determined TNM stage according to the
UICC classification of pancreatic adenocarcinoma based on
preoperative CT, MR imaging and/or FDG-PET. However,
the accuracy of preoperative assessment of pancreatic adeno-
carcinoma based on CT, MR imaging or FDG-PET is likely to
be compromised by the presence of scattered local extension,
lymph node metastases, small hepatic metastases and perito-
neal seeding. The possibility that we may have underestimated
the TNM stage of pancreatic adenocarcinoma cannot be ruled
out. Third, we measured tumour ECV fraction using 3-min
delayed-phase CT. Three minutes may not be sufficient to
calculate ECV fraction because 10-min or longer delayed
phases were used previously in the literature [14—17].
However, the minimum scan delay for reliable estimation of
the ECV fraction has not been well defined. Yoon et al [35]
reported that the equilibrium phase at 3 min is a good

1 ] 1 I 1 I I
60
Time after CT examination (months)

80

compromise between clinical workflow and technical success
for the estimation of ECV fraction that may have the potential
to detect significant hepatic fibrosis. This issue requires fur-
ther investigation.

In conclusion, we examined prognostic factors in pa-
tients with unresectable pancreatic adenocarcinomas treat-
ed with chemotherapy. Pancreatic adenocarcinomas with
lower ECV fraction on equilibrium contrast-enhanced
MDCT were associated with reduced patient survival after
chemotherapy. Thus, pretreatment ECV fraction deter-
mined by equilibrium contrast-enhanced MDCT may pre-
dict overall survival in patients with pancreatic adenocar-
cinoma treated with chemotherapy and may be helpful in
the surveillance and management of patients with
unresectable pancreatic adenocarcinoma.
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