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Abstract

Purpose: To confirm the feasibility of breath-hold DCE-
MRI and DWI at 3T to obtain the intra-abdominal
quantitative physiologic parameters, Ktrans, kep, and
ADC, in patients with untreated pancreatic ductal
adenocarcinomas.
Methods: Diffusion-weighted single-shot echo-planar
imaging (DW-SS-EPI) and dynamic contrast-enhanced
(DCE) MRI were used for 16 patients with newly
diagnosed biopsy-proven pancreatic ductal adenocarci-
nomas. Ktrans, kep, and apparent diffusion coefficient
(ADC) values of pancreatic tumors, non-tumor adjacent
pancreatic parenchyma (NAP), liver metastases, and
normal liver tissues were quantitated and statistically
compared.
Results: Fourteen patients were able to adequately hold
their breath for DCE-MRI, and 15 patients for DW-SS-
EPI. Four patients had liver metastases within the 6 cm of
Z axis coverage centered on the pancreatic primary
tumors. Ktrans values (10-3 min-1) of primary pancreatic
tumors, NAP, liver metastases, and normal liver tissues
were 7.3 ± 4.2 (mean ± SD), 25.8 ± 14.9, 8.1 ± 5.9, and
45.1 ± 15.6, respectively, kep values (10-2 min-1) were
3.0 ± 0.9, 7.4 ± 3.1, 5.2 ± 2.0, and 12.1 ± 2.8, respec-
tively, and ADC values (10-3 mm2/s) were 1.3 ± 0.2,

1.6 ± 0.3, 1.1 ± 0.1, and 1.3 ± 0.1, respectively. Ktrans,
kep, and ADC values of primary pancreatic tumors were
significantly lower than those of NAP (p < 0.05), while
Ktrans and kep values of liver metastases were significantly
lower than those of normal liver tissues (p < 0.05).
Conclusions: 3T breath-hold quantitative physiologic
MRI is a feasible technique that can be applied to a
majority of patients with pancreatic adenocarcinomas.
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adenocarcinoma

There is much interest in the use of quantitative imaging
as a surrogate biomarker in oncologic applications [1–3],
both as a measure of pharmacodynamic tumor response
and also as a prognosticator of clinical outcome (both
tumor response and patient survival). Two physiologic
magnetic resonance imaging (MRI) techniques, dynamic
contrast-enhanced MRI (DCE-MRI) and diffusion-
weighted imaging (DWI) have been actively utilized as
imaging biomarkers for many extra-abdominal cancers
in human subjects, but there has been limited application
for intra-abdominal diseases mainly due to motion.
More recently, high-field-strength MR scanners have
allowed performing these types of sequences with im-
proved temporal resolution, lowering the incidence of
motion artifacts [4], although increased susceptibilityCorrespondence to: Hyunki Kim; email: Hyunki@uab.edu
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artifacts and the limitation of maximum specific
absorption rate (SAR) are still concerns [5].

DCE-MRI represents a non-invasive measure of tu-
mor microvasculature and encompasses a pharmacoki-
netic model using signal intensity changes over time
following MR contrast injection. To accurately calculate
the concentration of MR contrast in vivo, pre-contrast
T1 maps must be obtained. However, since T1 maps and
DCE-MR images are acquired at different time points,
while internal organs move in coordination with
breathing, accurate image co-registration is essential.
Also, the dynamic change of the contrast concentration
in an aortic region (i.e., arterial input function (AIF))
must be determined to quantitate pharmacokinetic
parameters such as Ktrans and kep values. Ideally, the AIF
is measured with a 1–2 s sampling rate [6]. Ktrans repre-
sents the transfer rate of an MR contrast from blood
plasma to the extravascular extracellular space (EES) per
unit volume of tissue, while kep represents the reverse
transfer rate of the MR contrast from the EES to blood
plasma.

One of the important issues with respect to abdominal
DCE-MRI is the tradeoff between breath-hold and free-
breathing techniques. The motion of abdominal organs
can be minimized by suspending respiration, but pan-
creatic cancer patients cannot typically perform breath-
holds longer than 30 s. Thus, breath holding after inha-
lation must be repeated at intervals during the entire
length of the DCE-MR image acquisition, and severe
motion artifact is often observed when patients exhale.
However, the wash-in of a gadolinium-based MR con-
trast agent within abdominal organs usually occurs
approximately 20 s after the initiation of IV contrast
administration [7, 8]; therefore, the wash-in rate may be
monitored with high accuracy without the need for image
co-registration if a breath-hold technique is employed.
During free breathing, abdominal organs move contin-
uously but slowly and regularly. The displacement of
target regions in free-breathing DCE-MR images can be
compensated using an automated image co-registration
technique, if temporal resolution is sufficiently high [9].
Quantitative DCE-MRI has been recently evaluated for
patients with pancreatic adenocarcinomas in both
breath-hold [10] and free-breathing modes [8]; signifi-
cantly lower Ktrans and kep values of pancreatic tumors
were observed when compared with those of non-tumor
adjacent pancreatic parenchyma (NAP) regardless of
breathing mode, although the absolute values of the
perfusion parameters were largely different between the
two studies.

DWI is a method that measures hindered water dif-
fusion in tissues, affected by cellular micro-viscosity,
organelle, membrane, and molecular interaction. The
magnitude of water diffusion is quantitatively repre-
sented with the apparent diffusion coefficient (ADC). In
general, neoplastic tissues have impaired water diffusion,

which is reflected by lower ADC values [11]. In the
abdomen, ADC values have been used to differentiate
benign from malignant lesions in the liver [12, 13] as well
as to differentiate intra-pancreatic accessory spleens
(IPAS) from pancreatic adenocarcinomas [14]. ADC
values of pancreatic tumors are significantly lower than
those of benign pancreatic tissues [15].

The purpose of this study was to confirm the feasi-
bility of breath-hold DCE-MRI and DWI at 3T to ob-
tain the intra-abdominal quantitative physiologic
parameters, Ktrans, kep, and ADC, in patients with un-
treated pancreatic ductal adenocarcinomas. Also, the
relative values of the lesions (pancreatic tumors or liver
metastases) to reference tissues (NAP or normal liver
tissue) were further investigated as more reliable mea-
sures.

Materials and methods

This prospective pilot study received approval from the
full-convened institutional review board of our institu-
tion. All subjects signed informed consent, and the health
insurance portability and accountability act was strictly
observed.

Subjects

Sixteen subjects (14 white, 2 African American), ten men
and six women with a mean age of 64 years, were ac-
crued. All subjects had newly diagnosed, biopsy-proven
pancreatic adenocarcinomas, and agreed to undergo pre-
treatment MRI. Collected clinical data included tumor
stage, grade, primary tumor location, single longest axis
size measurement, and the presence of pancreatitis
(as determined by histology in the surgically resected
specimens).

MRI

All subjects were examined on a single 3T clinical MR
system (Philips Achieva, Philips Medical Systems, Best,
the Netherlands). Routine anatomic pancreatic MRI
included localizers, respiratory-triggered turbo spin echo
(TSE) fat-suppressed images through the upper abdo-
men, T1-weighted 3-dimensional (3D)-spoiled gradient
echo (GRE) fat-suppressed breath-hold images at end
inspiration, and MR cholangiopancreatography using
high resolution 3D respiratory triggered TSE. Breath-
hold DW single-shot echo-planar imaging (DW-SS-EPI)
was performed with two b values of 0 and 700 s/mm2

with following parameters: repetition time/echo time
(TR/TE) = 3666/65 ms, field of view (FOV) = 38 9

26 cm, number of excitation (NEX) = 1, thickness/
gap = 4/1 mm, and matrix = 128/102 (interpolated to
256 9 256). DW images with the higher b value were
acquired in three orthogonal directions. A total of 24
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slices (4 images per slice) were obtained during 20 s of
breath-hold. T1 maps were created by performing three
separate breath-hold 3D-spoiled gradient echo T1-
weighted axial sequences with flip angles of 5, 10, and
15�, respectively, with following parameters: TR/TE =
5/2.3 ms, FOV = 40 9 40 cm, NEX = 1, thickness/
gap = 6/0 mm, matrix = 192/154 (interpolated to 256 9

256), and SENSE factor = 2. A total of 10 slices were
obtained during 20 s of breath hold for imaging with each
flip angle. DCE-MRI employed 3D fast field echo se-
quence; the same acquisition parameters as those for cre-
ating T1 maps were used, but with a fixed flip angle of 15�.
A total of 92–96 images were continuously acquired with
temporal resolution of 2.1 s after intravenous injection of
0.1 mmol/kg of gadoteridol (Bracco Diagnostics Inc.,
Princeton,NJ)with 20-ml saline flush at the rate of 2 mL/s.
During DCE-MRI, patients were instructed to perform
breath-hold in maximal end inspiration for as long as
possible, and then repeat similar breath-holds as feasible.

Image analysis

For correcting motion in DCE-MR images, three image-
processing techniques were employed: unwarping, med-
ian filtering, and curve fitting [16]. For unwarping, the
boundary of a patient’s body above the paravertebral
muscle and abdominal aorta was determined in each
DCE-MR image. Then, the boundary in each DCE-MR
image was unwarped to match with the boundary in the
baseline image (acquired prior to gadoteridol injection),
and all pixels within the boundary were relocated
accordingly. Thereafter, median filtering and curve fitting
were applied to the entire body region including the par-
avertebral muscle and abdominal aorta. Assuming pa-
tients were able to do breath-hold for at least 20 s, median
filtering and curve fitting were applied for the signal curve
of each pixel from 20 s after obtaining the baseline image;
one-dimensional median filtering (window: 5) was applied
first, and then the best-fit 5th-order polynomial curve was
determined. T1 maps were also unwarped as described
above and co-registered with DCE-MR images.

Tofts’ two-compartment pharmacokinetic model was
employed to calculate volume transfer constant (Ktrans)
and reverse efflux rate constant (kep) [17]. The modified
general rate equation in a two-compartment model is

Ct tð Þ ¼ vpcp tð Þ þ Ktrans þ vpkep

� � Z
t

0

Cp t0ð Þdt0

� kep

Z t

0

Ct t
0ð Þdt0;

where Ct(t), Cp(t), and vp represent contrast concentra-
tion in tissue at t time, contrast concentration in blood

plasma at t time, and fraction occupied by blood plasma,
respectively. Cp(t), also known as arterial input function
(AIF), was obtained by measuring the change of gado-
teridol concentration within the abdominal aortic region.
Relaxivity of gadoteridol at 3T was estimated to 3.09
s-1 mM-1, as previously reported [18]. Two-dimensional
median filtering (window: 3 9 3) was applied for Ktrans

and kep maps to further reduce noise.
In DW image analysis, ADC values were calculated

by ADC ¼ lnðI1=I2Þ=ðb2 � b1Þ, where I1 was the intensity
of each pixel in DW images obtained with the lower b
value (b1), and I2 was that with the higher b value (b2);
the DW images with the higher b value in three orthog-
onal directions were averaged prior to calculating ADC
values. Two-dimensional median filtering (window:
3 9 3) was also applied for ADC maps to suppress noise.

The regions of interest (ROIs) such as pancreatic tu-
mors, non-tumor adjacent pancreatic parenchyma
(NAP), liver metastases, and normal liver tissues were
determined based on the signal-intensity difference
between the ROIs and background in diffusion-weighted
and contrast-enhanced MR images to retrieve diffusion
and perfusion parameters, respectively, by a board-cer-
tified radiologist specializing in abdominal imaging for
18 years. The boundary of each ROI was manually
drawn and segmented using ImageJ (version 1.47n;
National Institutes of Health, Bethesda, MD), and the
physiological parameters (Ktrans, kep, ADC) within each
ROI were averaged. The motion correction in DCE-MR
images and the quantification of physiological parame-
ters were implemented using computer software devel-
oped with Labview, version 2010 (National Instruments
Co., Austin, TX).

Statistical analysis

One-way ANOVA (analysis of variance) was performed
to compare the physiological parameters in four different
regions including pancreatic tumors, NAP, liver metas-
tases, and normal liver tissues, while Bonferroni correc-
tion was applied for multiple comparisons [19]. The
relative values of the lesions (pancreatic tumors or liver
metastases) to reference tissues (NAP or normal liver
tissues) were also compared using one-way ANOVA. p
values less than 0.05 were considered significant, and
data were presented as mean ± standard deviation. All
analyses were performed using SAS, version 9.2 (SAS
Institute Inc., Cary, NC).

Results

Table 1 shows the characteristics of primary pancreatic
tumors according to disease stage at diagnosis. Six sub-
jects presented with synchronous liver metastases, three
had locally advanced tumors, and seven presented with
resectable disease. Nine subjects had pancreatic tumors
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in the head of the pancreas, two in the neck, two in the
body, and three in the tail. The range of single longest
axis tumor measurement was 1.4–4.8 cm, without sta-
tistical difference among disease stages. One of the sub-
jects with locally advanced pancreatic cancer was
successfully down staged by neoadjuvant chemoradia-
tion therapy and underwent surgical resection. Seven
among eight surgical specimens demonstrated tumor-
associated chronic pancreatic inflammation. The pre-
sence or degree of pancreatic inflammation in the
unresected subjects could not be determined histologi-
cally, as biopsy was directed toward the tumor. Fifteen
subjects held their breath successfully during DWI
(94%), and fourteen subjects coordinated repeated breath

holding successfully during DCE-MRI (88%). Two sub-
jects had liver metastases out of the Z axis longitudinal
field of view (limited to 6 cm) of the DCE-MR images.
Two liver metastases of each subject with DCE-MRI
evaluable metastatic pancreatic cancer were randomly
selected and analyzed (i.e., a total of eight liver metas-
tases were analyzed).

Figures 1 and 2 shows representative motion-cor-
rected DCE-MR images and parametric maps of a
59-year-old man with a resectable pancreatic adenocar-
cinoma and a 64-year-old man with multiple liver
metastases, respectively. Figure 1A, B (or Fig. 2A, B)
shows DCE-MR images (a) before (baseline image) and
(b) at 30 s after gadoteridol injection, when a constant
gray scale was applied. Figure 1C–E (Fig. 2C–E) pre-
sents the contrast concentration map at 30 s after gad-
oteridol injection, Ktrans map, and kep map, respectively.
Figure 1F (or Fig. 2F) shows contrast-enhancement
curves averaged in the abdominal aorta (i.e., AIF), NAP,
and pancreatic tumor (or normal liver tissue and
metastasis) indicated in each subfigure. The mean initial
peak of AIF in all 14 patients was 0.99 ± 0.18 mM,
while the dip after the initial peak was 0.69 ± 0.14 mM.

Figure 3A, B presents box plots of the Ktrans and
kep values of primary pancreatic tumors, NAP, liver

Table 1. Characteristics of primary pancreatic tumor according to
disease stage at diagnosis

Diagnosis Location of P tumor Size (cm) Pancreatitis

Head Neck Body Tail Yes No Unknown

Resectable PC 6 1 0 0 2.9±1.1 6 1 0
LA PC 1 0 1 1 3.7±1.0 1 0 2
MET PC 2 1 1 2 3.6±1.0 0 0 6

P tumor primary pancreatic tumor, PC pancreatic cancer, LA locally
advanced, MET metastatic

Fig. 1. Representative DCE-MR images, contrast concen-
tration map, and parametric maps of a 59-year-old man with
pancreatic adenocarcinoma. (A, B) DCE-MR images: A be-
fore and B at 30 s after contrast injection with constant gray
scale. The regions of tumor and non-tumorous adjacent
parenchyma are indicated with red dotted and green solid

lines, respectively. C Contrast-agent concentration map at
30 s after contrast injection. D Ktrans map. E kep map. F
Contrast-agent (CA) enhancement curves averaged in aorta
(i.e., arterial input function (AIF)), non-tumor adjacent paren-
chyma (NAP), and pancreatic tumor (P Tumor) before and
after motion correction.
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metastases, and normal liver tissues, respectively. Each
box represents the interquartile range, and the horizontal
line within the box represents the median value. The
whiskers attached on each box show the entire range of
all values. Both the Ktrans and kep values of primary
pancreatic tumors and liver metastases were significantly
lower than those of NAP or normal liver tissues
(p < 0.05), but the Ktrans and kep values of primary
pancreatic tumors were not statistically different from
those of liver metastases (p > 0.05). Figure 3C, D pre-
sents the Ktrans and kep values of pancreatic tumors (or
liver metastases) relative to those of NAP or normal liver
tissues; the relative Ktrans and kep values of primary
pancreatic tumors were significantly lower when normal
liver tissues were used as reference (p < 0.05).

Figure 4 shows representative DW images with b
values of 700 and 0 s/mm2 using a constant gray scale, in
addition to ADC maps of two different patients: a 50-
year-old man with a resectable pancreatic adenocarci-
noma and a 70-year-old man with multiple liver metas-
tases. Figure 5A demonstrates box plots of the ADC
values of primary pancreatic tumors, NAP, liver metas-
tases, and normal liver tissues. The ADC values of
pancreatic tumors were significantly lower than those of
NAP (p = 0.0022), but not different from those of

normal liver tissues and liver metastases (p > 0.05).
Figure 5B presents the ADC values of pancreatic tumors
(or liver metastases) relative to those of NAP or normal
liver tissues; no statistical significance was found among
groups.

Table 2 summarizes the mean values of the physio-
logic parameters (Ktrans, kep, and ADC) of pancreatic
tumors, NAP, liver metastases, and normal liver tissues.
Of interest, the coefficient of variance (CV) in kep values
of the four tissues was 33.2%, which was lower than that
in Ktrans value (55.7%). Table 3 summarizes the mean
values of the physiologic parameters of pancreatic
tumors (or liver metastases) relative to those of NAP or
normal liver tissues.

Discussion

The Ktrans and kep values of primary pancreatic tumors
were significantly lower than those of NAP, which was
consistent with recently reported results [8, 10]. However,
the mean values showed large difference among studies.
Table 4 presents the comparison of three independently
performed DCE-MRI studies. All three studies employed
Tofts’ two-compartment pharmacokinetic model
to retrieve the perfusion parameters, but the mean

Fig. 2. Representative DCE-MR images, contrast concen-
tration map, and parametric maps of a 64-year-old man with
multiple liver metastases arising from pancreatic adenocar-
cinoma. (A, B) DCE-MR images: A before and B at 30 s after
contrast injection with constant gray scale. The liver metas-
tasis and normal liver tissue are indicated with red dotted and

green solid lines, respectively. C Contrast-agent concentra-
tion map at 30 s after contrast injection. D Ktrans map. E kep

map. F Contrast-agent (CA) enhancement curves averaged in
aorta (i.e., arterial input function (AIF)), normal liver tissues
(liver), and liver metastases (liver MET) before and after
motion correction.
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Ktrans value of pancreatic tumors in the current study was
about sixfold smaller than that reported by Kim et al. [8]
and about 240 fold smaller than that reported by Yao
et al. [10]. The absolute values of the perfusion param-
eters may vary according to imaging parameters, con-
trast agents, and quantification methods [20], and that
may explain the difference. In fact, it has been reported
that commercially available perfusion analyzers yield
different values with the same dynamic images [21, 22].
Furthermore, the physiochemical properties of a contrast
agent affect the perfusion parameters as well. Gadoteri-
dol (Prohance) has low viscosity (1.3 cP) relative to the
other gadolinium-based MR contrast agents [23]; thus, it
can be more easily mixed with blood before reaching the
abdominal area, which may explain the lower initial peak
of AIF (about 1 mM in average) than that of gadopen-
tetate dimeglumine (Magnevist) (about 6 mM in aver-
age) [6]. Therefore, it seems pertinent to standardize
DCE-MRI protocols to improve the reproducibility of
the quantitated values. Alternatively, relative values may
be utilized to assess tissue vasculature more reliably. We
described the relative Ktrans and kep values of the lesions
compared with reference tissues such as NAP or normal
liver tissues. The relative Ktrans value of pancreatic tumor

to NAP in this study (32%) was comparable with those of
the two previous studies (14 and 44%). However, since
NAP can have inflammation, fibrosis, and acinar cell
loss [24], unaffected normal liver tissue may serve as a
more reliable reference.

The ADC values of primary pancreatic tumors in this
study (1.3 ± 0.2 9 10-3 mm2/s) were comparable with
the values reported by Matsuki et al. [25],
1.4 ± 0.2 9 10-3 mm2/s in eight patients with resectable
pancreatic adenocarcinomas. Also, the ADC values of
NAP in our population (1.6 ± 0.3 9 10-3 mm2/s) were
similar to those (1.5 ± 0.1 9 10-3 mm2/s) reported in 14
patients with pancreatic exocrine dysfunction by Balci
et al. [26]. In the current study, the mean ADC value of
liver metastases was 1.1 ± 0.1 9 10-3 mm2/s, which was
about 17% lower than that of normal liver tissues
(1.3 ± 0.1 9 10-3 mm2/s), but no statistical significance
was found (p = 0.1078). Bruegel et al. [27] also reported
similar results; the mean ADC value of liver metastases
was 1.2 ± 0.3 9 10-3 mm2/s, and that of normal liver
tissues was 1.2 ± 0.2 9 10-3 mm2/s, although the pri-
mary sites of the metastases comprises various abdomi-
nal organs including the pancreas. However, all the
studies were performed on 1.5 T units. At the higher

Fig. 3. Box plots showing perfusion parameters. A Ktrans and B
kep values of pancreatic tumors (P tumor), non-tumorous adja-
cent parenchyma (NAP), liver metastases (liver MET), and nor-
mal liver tissues (liver). C Ktrans and D kep values of pancreatic
tumors (or liver metastases) relative to those of non-tumorous

adjacent parenchyma (NAP) and/or normal liver tissues (liver).
Each box represents the interquartile range, the horizontal line
within the box represents the median value, and the whiskers
show the range of all values. p values were inserted when sta-
tistical significance was found between two groups.
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Fig. 4. Representative diffusion-weighted images of a 50-
year-old man with pancreatic adenocarcinoma and a 70-year-
old man with multiple liver metastases arising from pancreatic

adenocarcinoma at two b values of 700 and 0 s/mm2 with
constant gray scale, and ADC maps. The tumor regions are
indicated with red dotted lines.

Fig. 5. Box plots showing apparent diffusion coefficient
(ADC) values. A ADC values of pancreatic tumors (P Tumor),
non-tumorous adjacent parenchyma (NAP), and liver metas-
tases (liver MET), and normal liver tissues (liver). B ADC values
of pancreatic tumors (or liver metastases) relative to those of

non-tumorous adjacent parenchyma and/or normal liver tis-
sues. Each box represents the interquartile range, the hori-
zontal line within the box represents the median value, and the
whiskers show the range of all values. p values were inserted
when statistical significance was found between two groups.

Table 2. Physiological parameters of primary pancreatic tumors
(P tumor), non-tumorous adjacent parenchyma (NAP), liver metastases
(liver MET), and normal liver tissues (liver)

P tumor NAP Liver MET Liver

Ktrans (10-3 min-1) 7.3±4.2 8.1±5.9 45.1±15.6
kep (10-2 min-1) 3.0±0.9 5.2±2.0 12.1±2.8
ADC (10-3 mm2/s 1.3±0.2 1.1±0.1 1.3±0.1

Table 3. Physiological parameters of primary pancreatic tumors
(P tumor) or liver metastases (liver MET) relative to those of
non-tumorous adjacent parenchyma (NAP) and/or normal liver tissues
(liver)

P tumor/NAP P tumor/Liver Liver MET/liver

Relative Ktrans (%) 32±14% 26±21%
Relative kep (%) 45±17% 41±18%
Relative ADC (%) 81±14% 86±11%

750 H. Kim et al.: DCE-MRI/DWI of pancreatic adenocarcinoma



field strength, susceptibility artifacts and geometrical
distortions may be more problematic especially in DW-
SS-EPI.We found a 14.4% coefficient of variance in ADC
values, which is fairly comparable with what Braithwaite
et al. [28] reported at 3T (14.7%). Malyarenko et al.
reported that the reproducibility of ADC measurement at
the magnetic isocenter of clinical MR scanners (1.5 T or
3 T) was within 3%. However, microperfusion in a
tissue can affect ADC values when low b values (less than
300 s/mm2) are used [29]; thus, higher b values (more than
2 b values ideally) will be necessary to improve the
reproducibility of ADC measurement.

The importance of quantitative DWI and DCE-MRI
may lie in the early detection of response to therapy that
may enable precision medicine. These quantitative
physiologic measures have been utilized to detect early
tumor responses following chemo- and/or radiation
therapy for patients with various cancers [30–35], and
this may allow clinicians to tailor therapeutic strategies
for the individual patient. Also, the baseline values of
these physiologic parameters could be used to optimize
therapeutic strategy; for example, anti-angiogenic drugs
may be preferred in patients with well-perfused tumors
and anti-stromal drugs in patients with hypo-perfused
tumors.

In conclusion, 3 T breath-hold quantitative physio-
logic MRI is a feasible technique that could be applied to
a majority of patients with pancreatic adenocarcinomas.
We encountered limitations of patient incapability with
required breath holding in two patients, and the small Z
axis coverage is limiting with regard to full coverage of
the liver for metastasis evaluation. The standardization
of imaging protocols incorporating DCE-MRI is a nec-
essary step to improve the reproducibility of quantitative
measures for evaluation of therapeutic response. The
relative physiologic parameters proposed in this study
need further validation in patients receiving chemother-
apeutic treatment.

Grant support Research Initiative Pilot Award from the Department
of Radiology at UAB and NIH grant 2P30CA013148.
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