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sion weighting. At relatively low b-values, signal in-
tensity in the isotropic DWI is dominated by fast-
diffusing water molecules, whereas at higher b-
values, signal intensity is contributed largely by
slow-diffusing water molecules. The decrease in
ADC observed at higher-b-value DWI in our series
may have been somewhat affected by the higher
sensitivity to slow-diffusion water molecules. Be-
cause many different b-values are necessary for
biexponential model fitting, EPI is difficult time-
wise and line scanning with multiple b settings may
be superior. However, the line scanning technique
is available only in a limited number of facilities
and allows only a limited number of slice loca-
tions.”

Our study has some limitations. First, our gold
standard was biopsy. The size and location of small
malignant lesions, which were undetectable on T>-
weighted images and/or gadolinium-enhanced dy-
namic images, were unclear, and accurate ROI set-
ting for such lesions is not possible. Therefore, we
excluded such lesions as malignant lesions. Com-
parison of the MR results with total histological
specimens following radical prostatectomy is re-
quired before more realistic conclusions can be
drawn. Second, we analyzed normal and malignant
tissues in the peripheral zone; future studies will be
needed to further consider the transition zone.

Conclusion

ADC measurement using a high (2,000 s/mm?)
compared with standard (1,000 s/mm?) b-value in a
monoexponential model offers little diagnostic ad-
vantage for discriminating malignant from normal
prostate tissue under the same imaging conditions.
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Abstract

This study aimed to assess the effect of diffusion-weighted image (DWI) quality on abdominal apparent diffusion coefficient (ADC)
measurements and the usefulness of anisotropic images. Twenty-six patients (10 men and 16 women; mean, 58.1 years) who underwent DW
imaging and were diagnosed not to have any abdominal diseases were analyzed. Single-shot spin-echo echo-planar DW imaging was
performed, and one isotropic and three orthogonal anisotropic images were created. ADCs were calculated for liver (four segments), spleen,
pancreas (head, body, tail) and renal parenchyma. Image quality for each organ part was scored visually. We estimated the coirelation
between ADC and image quality and evaluated the feasibility of using anisotropic images. ADCs and image quality were affected by motion
probing gradient directions in the liver and pancreas. A significant inverse correlation was found between ADC and image quality. The r
values for isotropic images were —46, —.48, —.70 and —.28 for the liver, spleen, pancreas and renal parenchyma, respectively. Anisotropic
images had the best quality and lowest ADC in at least one organ part in 17 patients. DWIs with the best quality among isotropic and

anisotropic images should be used in the liver and pancreas.
© 2008 Elsevier Inc. All nights reserved.

Keywords: Abdomen; Apparent diffusion coefficient; Diffusion weighted; Image quality; Magnetic resonance imaging

1. Introduction

Recently, diffusion-weighted (DW) magnetic resonance
(MR) imaging and measurement of apparent diffusion
coefficients (ADCs) have been applied to the abdomen.
The results suggest that measuring ADCs can be useful in the
evaluation of diffuse liver [1-3], pancreatic [4] and renal
diseases [5,6], as well as in the characterization of focal
hepatic [2,7-9]. pancreatic [10] and renal lesions [11].

However, image quality has suffered from blurring due to the
long readout interval and from artifacts because of a high
susceptibility to resonance offsets. In addition, various artifacts

* Corresponding author. Tel.: +81 78 382 6104; fax: +81 78 382 6129
E-mail address: yoshikawa08 | 6@aol.com (T. Yoshikawa).

0730-725X/$ - see front matter € 2008 Elsevier Inc. All rights reserved.
doi:10.1016/.mri.2008.04.009

caused by cardiac motion and air in the lung and intestines were
found to degrade image quality and diminish the reliability of
ADC values in the abdominal field. Recent developments in
MR units and imaging techniques have improved the quality of
DW images (DWIs). However, problems still exist, especially in
the left lobe of the liver and the pancreas in spite of the use of
parallel imaging technique [12].

Two previous reports suggested that the use of a single
motion probing gradient (MPG) direction has the potential to
improve DWI quality [2,13]. However, they evaluated the
differences in ADCs between isotropic and anisotropic DWIs
restricted to the liver and focal hepatic lesions of patients, or to
the liver, spleen, and kidney of young, healthy volunteers.
Furthermore, to our knowledge, no study evaluating the
correlation between abdominal ADCs and quality of DWIs
has been described.
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The purpose of this study was to evaluate the effect of
DWI quality on ADC measurements and the feasibility of
using anisotropic imaging for the assessment of DWI and
ADC measurements in the abdomen.

2. Materials and methods

2.1. Patients

During a 10-month period from March 2005 to December
2005, 282 consecutive patients (185 men and 97 women;
mean age, 60.7 years) suspected of having abdominal
diseases underwent MR imaging with a standard protocol
of our hospital that included DW imaging. The patients with
obvious abdominal disorders were excluded from the study
population. Twenty-six patients without evidence of diffuse
or focal disease on abdominal MR images and 6- to 12-
month follow-up examinations were eligible for this study
(10 men and 16 women; age range, 32-71 years; mean age,
58.1 years). Our institutional review board exempted this
retrospective study from requiring its participants to submit
an informed consent.

2.2. Imaging technique

All MR studies were performed with a 1.5-T super-
conducting imaging system (Gyroscan Intera; Philips
Medical Systems, Best, The Netherlands). A body coil was
used for signal transmission and a four-element phased-array
body multicoil was used for reception.

All patients underwent breath-hold single-shot echo-
planar DW imaging [repetition time (TR)/echo time (TE)
=1500/66, matrix size=96x96 (reconstructed to 256%256),
field of view=400—450 mm, number of excitations=2 (for
each MPG direction), b values=0 and 600, EPI factor=33
(i.e., the number of gradient-recalled echoes per spin echo),
slice thickness/gap=6/2 mm, 30 transverse slices, parallel
imaging factor=3, bandwidth=32.2 kHz, selective presatura-
tion using inversion recovery (SPIR) for fat saturation] in
addition to a routine abdominal imaging protocol including
T\-weighted dual fast gradient-recalled echo (TR/TE=126/
2.3, 4.6 ms, FA=70°, matrix size=256x%196, field of
view=280-350 mm, number of excitations=1, slice thick-
ness/gap=8/0 mm, 30 transverse slices, parallel imaging
factor=2) and T>-weighted respiratory-triggered fast spin
echo (TR/effective TE=2500/80 ms, echo train length=9,
matrix size=256%196, field of view=280—350 mm, number
of excitations=2, slice thickness/gap=8/0 mm, 30 transverse
slices, SPIR for fat saturation, parallel imaging factor=2).
The MPG pulses were applied in three orthogonal directions
called P/, M’ and S’, which are defined as P'=(—0.5x, y, z),
M'=(x, —0.5y, z) and S'=(x, ), —0.5z), with x pointing from
floor to ceiling, y from left to right when standing in front of
the magnet and z from feet to head. Anisotropic DWIs were
created for each MPG direction and were referred to P/, M’
and S’ images, respectively. Isotropic DWIs were also created
and were referred to as I images. Phase encode direction was

set anteroposteriorly in all sequences. For DWI, 15 sections
were obtained during a breath-hold of 15 s; hence, two
sequential acquisitions were required to encompass the upper
abdomen. Saturation bands were not used for DWT.

2.3. Image analysis

All ADC maps were created from 1 and each anisotropic
image, and ADCs were calculated on a workstation with
standard software (Functool and Advantage Workstation
version 3.2; GE Medical Systems, Milwaukee, WT). ADCs
were measured for liver (four segments), spleen, pancreas
(head, body, tail) and bilateral renal parenchyma for each
image by using operator-defined region-of-interest (ROI)
measurements performed by the same radiologist. The ROI
was an oval of 100 mm”. Liver ROIs were located peripherally
in each segment, and the spleen ROI was placed centrally.
Vessels in the liver and spleen, as well as vessels, pancreatic
duct and common bile duct in the pancreas, were avoided as
much as possible. The ROI of the renal parenchyma was
placed peripherally in the posterior labrum. ADCs of the cortex
and medulla could not be measured separately because the
matrix sizes used for the DWI were so small that it was difficult
to distinguish these structures on the images. Mean ADCs were
calculated for each image and compared to evaluate changes in
ADC depending on the MPG direction.

Overall image quality including distortion and signal
inhomogeneity on isotropic and anisotropic images was
visually scored for each organ part on a three-point scale (1,
organ partially or completely disappeared; 2, organ appeared
heterogeneous; 3, organ appeared homogenous) on the same
workstation by two experienced radiologists, who were
blinded to the results of ADC measurements and recorded a
consensus opinion. The average image quality scores were
calculated and compared for each organ part. The number of
patients in whom anisotropic images showed better quality
than isotropic images was counted.

The relation between ADCs and image quality scores was
evaluated for isotropic, anisotropic and overall images for
each organ part.

2.4. Statistical analysis

Statistical analysis of the mean ADCs was done by one-
way analysis of variance and Scheffé criterion. Statistical
analysis of mean image qualities was done by the Kruskal-
Wallis test and Scheffé criterion. The correlation between
ADCs and image quality scores was estimated by means of
the Pearson’s correlation coefficient ().

All values were expressed as meanzstandard deviation.
For all tests used, a P value of less than .05 was considered
statistically significant.

3. Results

The left lobe of the liver was out of scan coverage in two
cases, and the same is true for the spleen in one case.
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Liver ADCs tended to be lower on the P’ image, except
for the left medial segment, and higher on the S’ image
(Fig. 1). In the right posterior segment, the difference was
significant. In the spleen, ADCs tended to be lower on P’ and
M’ images. ADCs in the pancreatic head and body tended to
be lower on P’ and M’ images, whereas ADCs in the
pancreatic fail tended to be lower on P’ and S’ images. The
right and left renal parenchyma showed different trends.

For each organ part, image quality scores were best on the
isotropic images (Fig. 2). However, anisotropic images had
better quality than isotropic images in two cases in the right
posterior lobe of the liver, in one case in the right anterior, in
two cases in the left medial, in four cases in the left lateral, in
one case in the spleen, in eight cases in the pancreatic head,
in nine cases in the body, in five cases in the tail, in none in
the right renal parenchyma and in one case in the left.

In the liver, image quality scores tended to be higher on
the P’ image and lower on the S’ image, except for the left
medial segment. In the spleen, scores tended to be higher on
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Fig. 2. Mean image quality scores for each abdominal organ part. Data are
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excellent). *P values are less than .05.

P’ and M’ images. In the pancreatic head and body, scores
tended to be higher on P’ and M’ images. In the pancreatic
tail, scores tended to be higher on P’ and S’ images and were
significantly worse on M’ images than on I images. The right
and left renal parenchyma showed different trends. In the
renal parenchyma, scores were significantly better on the
I images.

A significant inverse correlation was found between ADC
and image quality in each organ part, except for the M’
image in the spleen (Table 1). On the | images, excellent
correlations were found in the pancreas and good correla-
tions were found in the liver and spleen.

Anisotropic images had the best quality and lowest ADC
in at least one organ part in 17 patients. Typical cases are
shown in Figs. 3 and 4.

4. Discussion

Recent developments in MR units and imaging techni-
ques, such as high gradient performance and parallel
imaging, have improved the quality of DWIs [14]. However,
there are still problems in image quality, especially in the left
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Table |
Correlation between ADCs and image quality scores
r valuc P valuc
Liver
1 (n=100) —-460 <.0001
P’ (n=100) -.506 <.0001
M’ (n=100) -461 <.0001
S’ (n=100) -.507 <.0001
Overall (n=400) -462 <.0001
Spleen
I (n=25) - 483 <.05
P’ (n=25) —.469 <.05
M’ (n=25) -.057 >.05
S' (n=25) =727 <.0001
Overall (#=100) -376 <.0001
Pancreas
1 (n=78) =701 <.0001
P’ (n=78) -.581 <.0001
M’ (n=78) -.623 <.0001
S’ (n=78) -.690 <.0001
Overall (n=312) -.625 <.0001
Renal parenchyma
I (i=52) -.280 <.05
P’ (n=52) =703 <.0001
M’ (n=52) —-.621 <.0001
S’ (n=52) -.564 <.0001
Overall (1=204) -.451 <0001

‘I’ indicates isotropic DWIs. P/, M’ and S’ indicate anisotropic DWIs with
MPG directions of (—0.5x, y, z), (x. =0.5y, z) and (x, y, = 0.52), respectively.
n, number of measurement.

lobe of the liver and pancreas [12], which may decrease the
reliability of ADCs. Special techniques, such as pulse
triggering or cardiac gating, have also been introduced in
an attempt to improve image quality [13,14]. However, these
techniques are time-consuming and limit scan coverage. In
addition, the use of higher b values leads to a lower signal-
to-noise ratio, resulting in insufficient image quality. Other
simple techniques to improve image quality are warranted.

Isotropic images have been mainly used for abdominal
DWI assessment and ADC measurements in previous
researches. On the other hand, two groups of researchers
suggested that the use of anisotropic images has the potential
to improve the quality of DWI and the reliability of ADC.
Taouli et al. [2] reported that ADCs of normal and cirrhotic
liver tended to be higher on the images with y (phase-
encoding) MPG direction. Another study indicated a
tendency of ADCs of the liver, spleen and renal cortex to
be higher on anisotropic images with M’ MPG direction
[13]. However, these studies only evaluated the differences
in ADCs between isotropic and anisotropic images
restricted to the liver and focal liver lesions of patients
[2], or to the liver, spleen, and kidney of young, healthy
volunteers [13]. To our knowledge, no study evaluating the
correlation between abdominal ADCs and DWI quality has
been described.

In this study, we measured abdominal ADCs and scored
the quality of DWI on organ parts based on isotropic and
three orthogonal anisotropic images and assessed the effect

of DWI quality on calculated ADCs. ADCs and image
quality were affected by MPG directions in the liver and
pancreas, which are thought to have isotropic diffusion
because of their anatomical structures. Possible causes
include characteristics of the surrounding tissues, such as
air in the lung or intestine, which are considered to degrade
DWI quality and decrease the accuracy of ADC. The P’
images tended to show lower ADCs and to have better
quality scores in the right lobe and lateral segment of the
liver and the pancreatic head and body. In these organ parts,
the P’ images are thought to be less sensitive than M’ or §'
images to susceptibility artifacts from air in the lung or
intestine. Cardiac motion may affect the ADCs and image
quality in the medial segment of the liver. Our results suggest
that the use of anisotropic images can reduce the effect of
these factors. MPG direction did not affect ADCs and image
quality in the spleen, possibly due to the low ADC of this
organ resulting in high signal intensity on DWI. For
unknown reasons, ADCs of the right and left renal
parenchyma showed different trends. Small areas or number
of measurement sites might be possible explanations.
Differences in the characteristics of surrounding tissues
should be considered. Our results could not be exactly
compared to that of the two previous reports because the
measurement sites in the liver were unknown in one report
[13] and the MPG directions were different from those used
in this study in the other [2]. However, ADCs of the liver,
spleen and renal parenchyma showed similar trends to those
in the study of Murtz’s group.

As for the feasibility study, anisotropic images had better
quality than their isotropic counterparts in the left lobe of the
liver and the pancreas in a significant number of patients.
The measured ADCs were lower on the ADC maps created
from these anisotropic images. These results indicate that
ADCs are affected by DWI quality, and images with better
quality have more accurate information on diffusion in the
tissues. Anisotropic images provide information in addition
to isotropic images. The use of anisotropic images was
thought to improve the reliability of ADCs. DWTs with the
best quality among isotropic and anisotropic images should
be selected for DWI assessment or ADC measurements in
the liver and pancreas. However, our study could not prove
the feasibility of using anisotropic images in the spleen and
kidney. In these organs, the use of anisotropic images
degraded image quality. In the kidney, quality was
significantly better on isotropic than on anisotropic images.
In addition, diffusion anisotropy has been proven in the
kidney [15,16]. Therefore, DWI assessments and ADC
measurements using anisotropic images should be avoided in
this organ. However, focal lesions such as neoplasms are
thought not to have anisotropy; therefore, our results would
be applicable to focal lesions, including those in the kidney.

Our study has several limitations. First, we evaluated a
small number of patients. Larger populations are needed to
confirm our results. Second, we did not evaluate pathological
conditions. Third, we did not obtain isotropic and anisotropic
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images separately because the sites of ADC measurement or
image quality scoring had to be matched among the images.
As a result, the numbers of anisotropic image signal
averaging were one third of those of isotropic images. This
may result in underestimation of the capability of anisotropic
images. In addition, only three MPG directions were
evaluated in our study. In this study, M’ (x, —0.5y, z), P’
(=0.5x, y,z) and 8’ (x, y, —0.5z) gradient pulses were applied
to shorten TE. However, anisotropic images in other MPG
directions might have better image quality and provide more
accurate ADCs. The determination of optimal MPG direc-
tions would be difficult, because the relative positions of
organ parts to the axis of the body or MR gantry vary from
patient to patient. Fourth, we used a breath-hold technique
only. Recently, a respiratory-triggered technique has been
applied to abdominal DWI and ADC measurements [7].
Finally, interobserver variance in ADC measurements and
the effects of ROI sizes in the brain have been addressed
[17]. It might affect our results, especially in small organs
such as the pancreas. It could affect ADC measurement in
focal lesions.

5. Conclusion

Abdominal ADCs are affected by DWI quality. DWIs
with the best quality among isotropic and anisotropic images
should be used in DWI assessments or ADC measurements
in the liver and pancreas.
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Non—Small Cell Lung Cancer:
Whole-Body MR Examination for
M-Stage Assessment—UTtility for
Whole-Body Diffusion-weighted
Imaging Compared with Integrated
FDG PET/CT

:Purpose:= To prospectively and directly compare the capability of
§ whole-body diffusion-weighted (DW) imaging, whole-hody

magnetic resonance (MR) imaging with and that without

¥t & DW imaging, and integrated fluorine 18 fluorodeoxyglu-
; cose (FDG) positron emission tomography (PET)/com-

4 puted tomography (CT) for M-stage assessment in non-
small cell lung cancer (NSCLC) patients.

Materialsand, The institutional review. hoard approved this study; in-
Methods: formed consent was obtained from patients. A total of 203
NSCLC patients (109 men, 94 women; mean age, 72
years) prospectively underwent whole-hody DW imaging,
whole-body MR imaging, and FDG PET/CT. Final diagno
sis of the M-stage in each patient was determined on the
hasis of results of all radiologic and follow-up examina-
tions. Two chest radiologists and two nuclear medicine
physicians independently assessed all examination results
s G and used a live-point visual scoring system to evaluate the
400 probability of metastases. Final diagnosis based on each of
the methods was made by consensus of two readers. Re-
ceiver operating characteristic (ROC) analysis was used to
compare the capability for M-stage assessment among
whole-body DW imaging, whole-body MR imaging with
and that without DW imaging, and PET/CT on a per-
patient basis. Sensitivity, specificity, and accuracy were
compared with the McNemar test.

Area under ROC curve (A.) values of whole-body MR
imaging with DW imaging (A, = 0.87, P = .04) and inte-
grated FDG PET/CT (A, = 0.89, P = .02) were signifi-
cantly larger than that of whole-body DW imaging (A, =

B e 0.79). Specificity and accuracy of whole-body MR imaging
i 7 #8 with (specificity, P = .02; accuracy, P < .01) and that

==  without DW imaging (specificity, P = .02; accuracy, P =
; @ .01) and integrated FDG PET/CT (specificity, P < .01;
SeR L accuracy, P < .01) were significantly higher than those of

whole-body DW imaging.
Conclusion: Whole-hody MR imaging with DW imaging can he used for
. M-stage assessment in NSCLC patients with accuracy as

voond as that of PET/CT.

© RSNA, 2008
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THORACIC IMAGING: M-Stage Assessment in Non—Small Cell Lung Cancer

ung cancer 15 fh? most common

cause of cancer-related death

among both men and women
worldwide (1). Non-small cell lung can-
cer (NSCLC) accounts for 80% of all
lung cancers, and small cell lung cancer
accounts for the remainder (2). The
treatment regimen for NSCLC depends
on preoperative TNM staging, with cur-
ative surgical resection possible for the
early stages and chemoradiotherapy,
chemotherapy, or best supportive care
considered advisable later
stages, depending on the patient's per-
formance status (3,4). Accurate tumor
staging is therefore essential for choos-

ing the appropriate treatment strategy,

for the

because it provides prognostic informa-
tion and influences treatment options
for patients with NSCLC.

Advances in Knowledge

® When compared with integrated
fluorine 18 fluorodeoxyghicose
(FDG) PET/CT on a per-patient
basis, interobserver agreement
and mean reading time of whole-
body MR imaging with diffusion-
weighted (DW) imaging were al-
most the same.

® A comparison of capability for
M-stage assessment with the in-
chision of brain metastases
showed that diagnostic accuracies
of whole-body DW imaging was
significantly lower than that of
integrated FDG PET/CT.

® A comparison of capability for
M-stage assessment with the ex-
clusion of hrain metastases
showed that diagnostic accuracy
of whole-body DW imaging and
whole-body MR imaging without
DW imaging were significantly
lower than that of integrated FDG
PET/CT.

m [f whole-body DW imaging is
adopted as an adjunct for whole-
body MR examination, the diag-
nostic capability of whole-hody
MR imaging for M-stage assess-
ment can be improved, especially
when evaluation of brain metasta
ses at whole-hody MR imaging is
not included.

644

Whole-body positron emission to-
mography (PET) with fluorine 18 fluoro
deoxyglucose (FDG) has rapidly be-
come accepted as the standard noninva-
sive modality for staging lung cancer in
patients. Although PET has heen shown
to be superior to computed tomography
(CT) for the staging of lung cancer, in
reality PET and CT are complementary
modalities whose combined diagnostic
value is superior to that of either study
alone (5). In addition, technologic ad-
vances have promoted integrated
PET/CT as the new modality in the ar-
senal of cancer staging. Given the nov-
elty of PET/CT, the number of studies
involving the comparison of PET and
PET/CT of NSCLC is still limited but is
growing. Studies (6-8) have revealed
the superior accuracy attained with in-
tegrated PET/CT over that with PET
alone for overall staging and diagnosis
of NSCLC.

Whole-hody magnetic resonance
(MR) imaging has been put forward as
another whole-body technique for the
assessment of distant metastases in pa-
tients with lung cancer, as well as those
with breast cancer, malignant mela-
noma, and pediatric and other malig-
nancies (9-14). Advantages of whole-
body MR imaging include no need for
ionizing radiation exposure, informa-
tion from various sequences without
and with administration of contrast me-
dia, improved temporal resolution due
to a newly developed parallel imaging
technique, a moving table scheme

Implications for Patient Care

m Whole-body MR imaging with
DW imaging can be used for M-
stage assessment of patients with
non-small cell lung cancer with
accuracy as good as that of inte-
grated PET/CT.

m When whole-body DW imaging is
adopted as an adjunct for whole-
body MR examination, the diag-
nostic capahility of whole-body
MR imaging for M-stage assess-
ment can be improved, especially
when evaluation of brain metasta-
ses at whole-hody MR imaging is
not included.

Ohnoetal

and/or multiple body-array coils, and
suggested utility of MR imaging in vari-
ous organs compared with CT and nu-
studies. In addition,
some investigators (15-20) have sug-
gested that the diagnostic capability of
MR imaging is equal to or better than
that of standard radiologic examina-

clear medicine

tions including contrast material-en
hanced CT, bone scintigraphy, and/or
FDG PET for the assessment of brain,
hone, hone marrow, and adrenal gland
metastases in oncology patients. More-
over, it has been suggested that diffu-
sion-weighted (DW) imaging could be
useful for the assessment ol primary
malignancy (21,22) and lymph node
and/or distant metastases (23,24), as
well as for detection of additional be-
nign and/or malignant tumors (235,26).
although DW imaging is widely utilized
for evaluation of cerebral abnormalities
(27-30). Diffusion is a physical property
that describes the microscopic random
movement of molecules in response Lo
thermal energy. Also known as brown-
ian motion, diffusion may be affected hy
the biophysical properties of tissues,
such as cell organization and density,
microstructures, and microcirculation.
However, Lo our knowledge, no direct
comparison has been made between the

Published online before print
10.1148/radiol. 2482072039
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A, = area under ROC curve

DW = diffusion-weighted
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use of whole-body MR imaging with DW
imaging and integrated FDG PET/CT in
patients with NSCLC.

In this study, we attempted to vali-
date the hypothesis that whole-hody MR
imaging with DW imaging has potential
as an alternative technique for the de-
tection of distant metastases in patients
with NSCLC with a capability similar to
that of integrated FDG PET/CT. How-

ever, in oncology patients, utilization of

FDG PET or PET/CT has been limited to
assessment of brain metastases in rou-
tine clinical practice. Therefore, direct
comparison of the diagnostic accuracy
for M-stage assessment with the inclu-
sion of and with the exclusion of bramn
metastases is important for the deter-
mination of the actual utility of whole-
body MR examinations. To this end, we
prospectively amd directly compared the
capability of whole-body MR imaging
with and that without D\V imaging with
that of integrated FDG PET/CT for M-

stage assessment with the inclusion of

and with the exclusion of brain metasta-
ses in patients with NSCLC and deter-
mined the utility of whole-body D\V im-
aging as a component of whole-body MR
examination for detection of metasta-

ses.

Materials and Methods

Protocol, Support, and Funding

This prospective study was approved by
the mstitutional review board of Kobe
University lospital and was partly sup-
ported by Eizai (Tokyo, Japan) (Y. Ohno,
K.S.), Philips Medical Systems (Best, the
Netherlands) (Y. Ohno, K.S.), and the
Knowledge Cluster Initiative of the Minis-
try of Education, Culture, Sports, Science
and Technology, Japan.

Subjects

All patients were envolled after they had
been properly informed and had con-
sented to participate in this study. A
total of 227 consccutive patients (118
men, 109 women; mean age, 73 years),
who were referred ro our hospital with
a dingnosis of NSCLC at pathologic ex-
amination and who were considered
candidates for surgical resection, un-

Radiology: Volume 248 Number 2—Augus! 2008

derwent prospective whole-body MR
imaging with and that withour DW im-
aging, integrated FDG PET/CT, and
conventional radiologic imaging before
treatment. All studies were performed
in random order within 3 wecks of diag-
nosis and hefore treatment. Follow-up
examinations were performed for more
than 12 months aflter treatment.

The eventual study group of 203 pa-
tients (mean age, 72 years; age range,
47-85 years) comprised 109 men
(mean age, 72 vears; age range, 47-81
years) and 94 women (mean age, 72
years; age range, 49 -85 vears) hecause
24 patients were excluded due to insuf-
ficient or no follow-up examinations af-
ter treatment. The final diagnosis of
NSCLC was made on the basis of find-
ings fromn histologic examinations of
specimens obtained by using transhron-
chial or CT-guided biopsy or on the ba-
sis of pathologic findings of resected
specimens obtained at surgical resece-
tion at our hospital. There were 176
patients with adenocarcinomas, 19 with
squamous cell carcinomas, and eight
with large cell carcinomas.

Whole-Body MR Imaging

MR imagmg was performed with two
1.5-T superconducting magnets (Gy-
roscan Intera or Achieva; Phillips Medi-
cal Systems) by using a moving tabletop
and tabletop extender. A longitudinal
field of view of 2000 mim and a trans-
verse [ield of view of 530 mm were gen-
erated. For every examination, whole-
hody MR images were obtained in the
coronal and sagittal planes with a body
coil and a moving table. Four sequences
were performed for whole-body MR im-
aging. One was an in-phase Tl-weighted
gradient-echo sequence (repetition time
msec/echo time msec, 100/4.6; flip an-
gle, 75°; 256 X 128 matrix; 512 X 256

reconstruction matrix; number of sig-

nals acquired, two), performed hoth
with and without administration ol con
trast media. The second was an op-
poscd-phase T1-weighted gradient-echo
sequence (100/2.3; [lip angle, 75°%;
256 x 128 matrix; 512 x 256 recon-
struction matrix; nuinher of signals ac-
quired, two) without contrast media.
The third was a sequentially reordered

Ohnoetal

half-Fourier multishot short inversion
time inversion rvecovery (STIR) turbo
spin-echo sequence (3200/60/inversion
time msec, 150; echo train length, 165;
256 X 128 marrix; 512 X 256 recon
struction matrix; number of signals ac-
quired, two). The fourth was a sequen-
tially reordered half-Fourier single-shot
STIR spin-ccho echo-planar imaging se-
quence (5759/70/180; echo train
length, 141; b values, 0 and 1000 sec/
mm?; 256 X 128 matix; 512 X 256
reconstruction matrix; numher of sig-
nals acquired, four) for DW imaging.
Coronal and sagittal whole-hody MR
studies were performed at seven contig-
uous stations with 32-56 consecutive
8-mm sections acquired at each station.
The breath-holding technique was used
for performing dual-phase T1-weighted
gradient-echo and STIR sequences in
the thorax, with eight sections accuired
in the coronal and sagittal planes for
cach breath hold. During contrast-cn-
hanced whole-body MR examination, a
standard dose (0.1 mmol. per kilogram
of hody weight) of contrast material (ga-
doteridol, PuroHance; Eizai) was ad-
ministered intravenously through an an
tecubital vein. All whole-hody MR ex-
aminations were performed within less
than 90 minutes (imean, 75.8 minutes:
examination time range, 60-90
utes). Images acquired in matching po-

min-

sitions were automatically aligned to
generate a seamless whole-hody coro-
nal and sagittal image with the aid of
commercially available software (View
Forum; Philips Medical Systems) and
were subjected Lo an interactive work-
station review,

Integrated FDG PET/CT Examination for
Initial Staging and Follow-up Examination

All patients fasted for at least 6 hours
before intravenous administration of
FDG at a rate of 3.3 MBq/kg. and im-
ages were obtained from the skull to the
midthigh 60 minutes after completion of
the injection. All FDG PET/CT examina-
tions were performed with a coinmer-
cially available PET/CT scanner (Dis-
covery ST: GE Healtheare, Milwaukee,
\Vis). The axes of the multicletector CT
and PET

aligned so that the patient could be moved

systems  were mechanically
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from the multidetector CT to the PET
scanner gantry hy simply changing the po-
sition of the examination table. The re-
sulting PET and CT scans were coregis-
tered with hardware. CT was per-
formed [rom the head Lo the pelvic loor
according to a standardized protocol
with the following settings: 140 kV; 40
mA with auto mA; wbe rotation time,
0.6 second per rotation; detector colli-
mation, 16 X 1.25 mm; beam pitch,
1.675; seclion thickness, 3.75 mm; and
reconstruction pitch, 3.27 mm (to
match PET section thickness). Patients
maintained normal shallow respiration
during the acquisition of CT scans, and
no iodinated contrast medium was ad-
ministered. Immediately after unen-
hanced CT, PET was performed in the
identical transverse field of view. The
acquisition time was 2 minutes per table
position.

All integrated PET/CT examinations
were performed within 60 minutes. The
CT data were resized froma 512 X 512
matrix to a 128 X 128 matrix to match
the PET data so that the scans could he
fused and CT-based transmission maps
could be generated. PET data sets were
reconstructed iteratively with an or-
dered-subsets expectation maximiza-
tion algorithm and segmented attenua-
tion correction (two iterations, 21 sub-
sets) and with CT data. Coregistered
scans were displayed by means of com-
mercially available software (IFusion
Viewer; Nihon Medi-Physics, Nishi-
nomiya, Japan).

Conventional Radiologic Examination and

Final Diagnosis of M Stage

The conventional radiologic examina-
tions for M-stage assessment performed
during the initial and the follow-up ex-
aminations included brain MR imaging
with

dium,

administration of contrast

contrast-enhanced whole-body

me-

CT, and bone scintigraphy.

The final M stage and metastasis of a
given site were determined on the basis
of the results of conventional radiologic,
integrated FDG PET/CT, and whole-
body MR examinations and on the basis
of pathologic results from endoscopic,
CT-guided, or surgical biopsies, as well
as on the basis of results of follow-up

646

examinations performed for more than
12 months in every patient. The lesions
suspected of being metastases on the
basis of initial radiologic examination
results were diagnosed as metastases
when the tissues were proved to he
metastatic at pathologic examination or
the lesions became larger during the fol-
low-up periods or decreased in size al-

ter treatment. The Jesions suspected of

being metastases on the basis of initial
radiologic examination results and that
could not be diagnosed as metastatic
sites at pathologic examination were ob-
served for more than 12 months and
diagnosed as nonmetastatic sites when
no change in size was observed during
the follow-up period of more than 12
months or during treatment periods.
The final determination of M stage and
metastasis of a given site was made hy
consensus at a attended
by diagnostic radiologists, radiation on-
cologists, pathologists, oncologists, and

conlerence

surgeons with more than 11 years of

experience (range, 11-28 years).

Image Analysis
All images were interpreted by means
of a picture archiving and communica-
tion system (ShadeQuest;
Electric, Tokyo, Japan).

To determine the diagnostic capa-
bility of whole-body MR imaging with
and that without DW imaging for the

Yokogawa

assessment of M stage in patients with
NSCLC, all whole-hody DW images and
whole-body MR images obtained with
and those ohtained without DW imag-
ing were prospectively and indepen-
dently interpreted by two chest radiol-
ogists, one with 6 years (11.K.) and the
other with 14 years of experience (Y.
Ohno), in random order. Both readers
were blinded to all information about
the results of integrated FDG PET/CT
and conventional radiologic examina-
tions. For the assessment of the capa-
bility of whole-body D\ imaging, pre-
contrast DW images in coronal and sag-
ittal planes (total of two sequences)
were interpreted. For the assessment
of the capability of whole-body MR im-

aging without DV imaging, pre- and

postcontrast in-phase Tl-weighted
gradient-echo, precontrast opposed-

phase T1-weighted gradient-echo, and
precontrast STIR turbo spin-echo im-
ages in coronal and sagittal planes (Lotal
of eight sequences) were interpreted.
For the assessinent of the capability of
whole-body MR imaging with DW imag-
ing, pre- and postcontrast in-phase T1-
weighted gradient-echo, precontrast
opposed-phase T1-weighted gradient-
echo, precontrast STIR turbo spin-
echo, and precontrast DWV images in
coronal and sagittal planes (total of 10
sequences) were interpreted. The pres-
ence or absence of metastases in the
head and neck, thorax, ahdemen and
pelvis, and bone was assessed indepen-
dently by the same radiologists. The
prohability of the presence of metasta-
ses on a per-patient basis was then eval-
uated with the following five-point visual
scoring system: a score of 1 indicated
that metastasis was delinitely absent; a
score of 2, probably absent; a score of
3, equivocal; a score of 4, probably
present; and a score of 5, definitely
present. The final determination of M
stage on a per-patient basis was made
by consensus of the two readers, and
sites of metastases were recorded.
Reading time of each MR study hy each
of the readers was recorded. This time
was measured from the start of inter-
pretation of images by using the picture
archiving and communication system
until the recording of whether a meta
static lesion was present or ahsent at a
given site was linished.

To compare the diagnostic capahil-
ity of whole-body MR imaging with
and that without DW imaging with in-
tegrated FDG PET/CT for M-stage as-
all FDG PET/CT studies
were prospectively and independently
interpreted by two nuclear medicine
physicians with 4 and 8 years of expe-

sessment,

vience, respectively (Y. Onishi and
M.N.). Both readers were blinded to
all information about the results of
whole-body MR and conventional ra-
diologic examinations. The presence
or ahsence of metastases in the head
and neck, thorax, abdomen and pel-
vis, and hone was assessed indepen
dently by the same readers. The proh-
ability of the presence of metastases
on a per-patient basis was then evalu

Radiology: Volume 248: Number 2
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ated with the same five-point visual
scoring system used for whole-hody
MR imaging. The [inal determination
of M stage on a per-patient basis was
made by consensus of the two readers,
and sites ol metastases were re-
corded. Re;u“llg time of each FDG
PET/CT study hy each of the readers
was recorded, which was measured
from the start of interpretation of im-
ages by using the picture archiving and
communication system until the re-
cording of whether a metastatic lesion

was Dre

ent or absent at a given site
was finished.

Statistical Analysis

A k slatistic was used Lo determine the
interobserver agreement for whole-
body DV imaging, whole-hody MR im-
:|gir|g with and that without DW i1lmg-
ing, and integrated FDG PET/CT on a
[u\l‘-])n!imll bas

s. Because the P values
were exploratory in nature, no Bonfer-
roni correction was made. Interob-
server agreement was considered to be
slight when x was less than 0.21, fair
when k ranged [rom 0.21 to 0.40, mod-
erate when k ranged from 0.41 to 0.60,
substantial when x ranged from 0.61 to
0.80, and almost perfect when  ranged
from 0.81 to 1.00 (31).

To compare the relative conve-
nience of a given modality for diagnosis,
the recorded reading times for both
readers for each examination were av-
eraged (o determine the mean reading
time of each examination per subject.
The mean reading times for M-stage as-
sessment were then compared among
whole-body DW imaging, whole-body
MR imaging with and that without DW
imaging, and integrated FDG PET/CT
by using analysis of variance followed by
Tukey honestly significant difference
multiple comparison testing.

To determine the feasible threshold
value and eapability for M-stage assess-
iment with the inclusion of brain metas-
rtases, receiver U|)L‘!'Elli|l].1 Lllill‘zu‘[L'!‘i:ati('
(ROC) analysis was used to compare
the diagnostic capability of whole-hody
DAV imaging, whole-body MR imaging
with and that without D\V imaging, and
integrated FDG PET/CT on a per-pa-
tient basis. This was followed by a sta-

tistical (‘unl[ml‘isnll of spl]si[i\'it)‘_ S]')(!(‘i-
ficity, and accuracy by means of the Me-
Nemar test.

To determine the [easible threshold
value and capability for M-stage assess-
ment with the exclusion of brain metas-
tases, ROC analysis was used to com-
pare the diagnostic capability of the four
methods on a per-patient hasis. This
was [ollowed by a statistical comparison
of sensitivity, specificity, and accuracy
hy means of the McNemar test.

A P value less than .05 was consid-
ered to indicate a statistically significant
difference for all analyses.

All whole-body MR and FDG PET/CT
examinations were completed suc-
cessfully without any adverse cffects
for any of the radiologic examinations.
Representative cases are shown in
Figures | and 2.

Details of patient characteristics are
shown in Table I. Of the 203 patients, 91
had stage 1 disease, 33 had stage Il dis-
ease, 39 had stage [ll disease, and 40 had
stage IV disease. Of the patients with
stage IV disease, 11 patients had only
bone metastases, seven patients had
only lung metastases, six patients had
only brain metastases, four patients
had only lymph node metastases, lour
patients had only adrenal gland metas-
tases, and four patients had only liver
metastases, while two patients had
lung, bone, and adrenal gland metasta-
ses, one patient had lung and hone me-
lastases, and one patient had liver and
abdominal lymph node metastases.
Morcover, 93 sites with metastases
were detected among the 203 patients
with NSCLC, comprising hone metasta-
ses (n = 29), lung inetastases (n = 26),
lvimph node metastases (n = 13), brain
metastases (n = 9), adrenal gland me-
tastases (n = 8), and liver metastases
(n = 8). In addition, 156 cases with
other findings were identified, including
renal cysts (n = 37), spondylosis (n =
25), benign pulmonary nodules excepl
primary lesions and lung metastases
(n = 25), liver cvsts (n = 22), heman-
giomas in the vertebrae (n = 13) and
liver (n = 11), adrenal gland adenomas
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(n = 7), compression fractures of the
vertebrae (n = 6), pancreatic eysts (n =
4), colon polvps (n = 3), normal cervi-
cal lymph nodes showing as high-signal-
intensity areas on DW images (n = 2),
and colon cancer (n = 1).

Table 2 shows the results on a per-
patient basis of the overall scores for
assessment of probability of the pres-
ence of metastases recorded by the two
readers on the basis of whole-hody DW
imaging, whole-hody MR imaging with
and that without DW imaging, and FDG
PET/CT. The
strated that interobserver agreernents

assessments demon-
were substantial.

Results of comparisons of mean
reading times for the four methocls are
shown in Figure 3. Results of analysis ol
variance revealed a significant differ-
cuce among the mean reading times of
the four methods (F = 108.1, P < .001).
Mean reading times for M-stage assess-
ment on whole-hody DW images (382.4
seconds * 177.4 [standard deviation])
and whole-body MR images obtained
without DW imaging (615.6 seconds =
284.3) were significantly shorter than
those on wimle-lmdy MR inl:lgcs oh
tained with DW imaging (916.8 sec-
onds = 426.8, P < .05) and integrated
FDG PET/CT images (881.6 seconds *
419.9, P < .05).

The results on a per-patient basis of
ROC analyses of whole-body D\V imag-
ing, whole-hody MR imaging with and
that without DW imaging, and FDG
PET/CT for M-stage assessment inclu-
sive of hrain metastases are shown in
Table 3 and Figwe 4. The threshold
value for the visual scoring system for
each method was set at 4. A_ values for
whole-body MR imaging with D\V imag-
mg (P = .04) and integrated FDG
PET/CT (P .02) were significantly
larger than that for whole-body DW im-
aging.

Tables 3 and 4 also show the results
on a per-patient basis of a comparative
analysis of the diagnostic capability, in-
cluding assessinent of hrain metastases,
of whole-body D\V imaging, whole-body
MR imaging with and that without DWW
imaging, and integrated FDG PET/CT:
lists of [alse-positive and lalse-negative
cases for the N-stage assessment in pa-
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tients with NSCLC identified by means  imaging with (specificity, P = .02; accu-  (specificity, P < .01; accuracy, P < .01)

of all four methods are included. When racy, P < .01) and that without DW  were significantly higher than those of

brain metastases were incuded, speci- imaging (specilicity, P = ,02; accuracy, whole-body DW imaging. With regard
hole-body MR P = .01) and integrated FDG PET/CT to false-positive and false-negative le-

sions, cases differed from lesion to le

ficity and accuracy of w

sion as well as [rom patient to patient.
The results on a per-patient hasis of
ROC analyses of w |1u!w|mri}' DW imag-
ing, whole-body MR imaging with and
that without DWW imaging, and FDG
PET/CT for M-stage assessment exclu
sive of hrain metastases are shown in

le 5 and Figure 5. The threshold

lue for the visual scoring system fo

cach of the methods was set at 4. A [o

integrated FDG PET/CT was signif

cantly larger than that for whole-body

MR imaging without DW imaging

(P = .03).

The results of a comparative analy

on a f‘(‘l '):L{ll‘!lt I‘r?i\!“ "l"ll(‘ ‘JI::L‘l!HH

caps ],,Ih‘l‘.‘ with the exclusion of
hrain metastasis assessment, of whole
hody DW nunaging, whole-body MR im
aging with and that without DW imag
ing, and integrated FDG PET/CT are

also shown in Table 5. Specificity and

accuracy of whole-body MR imaging

with DW imaging (specificity, P 02:
accuracy, P .02) and integrated FDG

cy,

PET/CT (specilicity, P < .01; accurac
P < .01) were significantly higher than
those of whole-hody DW imaging. Spec
ificity of whole-body MR imaging with
out DW imaging was significantly higher
than that of whole-hody DW imaging
(P 02). Accuracy of integrated FDG
PET/CT was ﬂ;;mfwu!-:!}.‘ ]1]",_’!!"?' than
that of whole-hody MR LlIl-.L‘iH"j without
D\V imaging (P < .01).

Our results demonstrate that whole-

C. he used for > assessment in pa
Figure 1: s. (a) Whole tients with with accuracy as
Jy DWir gnal intensity ood as that of integrated PET/CT. In
\arrows). 1 ore of 5. Lung addition, when whole-body DW imag
dSlASES C ng is adopted as an adjunct of whole

hody MR examination, the diagnostic

capability ol whe le-body MR examina

tion for M-srage assessment can be en

| 1anced, espel jally when evaluation of
¢ ; | yrain metastases at whole-hody MR im
rated FD = o} intake value 3 insheld unils | | \
| ging 1s not included. After tissue diag
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Figure2: Images in 77-year

mage (5759/70/180) in

t high signal intens

, 79°%)incoron

hows brain metasta
e-body DW imaging

1 Non—Small Cel

inoma and brain metastasis. Lefi: Whole-bo
coronal plane equivocally demo
y (arrow). Right: Contra

Id man with adenocarc

Lung Cancer

alrue-positive case at whole-body MR imz

nosis of NSCLC has been established,
attention should be focused on the de
termination of the extent of discase, o1
stage. M-stage assessment is therefore
nnportant for determining the appropni-
ate management of this disease, and in-
FDG
PET/CT or PET is currently in wide use.

tegrated and/or coregistered

A comparison of interohserve:
agreement and mean reading time for
all four methods showed that interob-
server agreements were almost the
sdaine Al'lli \leht.-.i‘.li.ﬂ on 4 |rl-J‘-]|.1l£('||l
basis. In addition, mean reading time
fu; \\ill)!{‘-l'll'll!_\ \H’. lgu.:“]\“"} \\iTI] |]\\
imaging was not signilicantly different
-ated FDG PET/CT,

while mean reading times for whole

from that of integ

body DW imaging and whole-body MR

DL 3 without DW imaging were sig

nificantly shorter than those forr whole
hody MR imaging with DW imaging and
integrated PET/CT. Therefore, whole-
hody MR examination as a comventional
screening tool lor M-stage assessiment
in patients with NSCLC may he consid

cred as COuiy llent to integrated FIDG

PET/CT in terms ol interobserver
agreement and time require
Radiology: Volume 248 Number 2—August 200

Our results of a comparison of capa
bility for M-sta

inclusion of brain metastases showed

e assessment with the

that A_ for whole-body DW imaging was
significantly smaller than that for whole
hody MR imaging with DW imaging and
sgrated FDG PET/CT. In addition,

specine

e

ity and aceuracy of whole-body
DW imaging were significantly lowel
than those of whole-body MR imaging
with and that withour DW imaging and
integrated FDG PET/CT. These findings
suggest that whole-body DW

imaging
should be considered a less specific and
accurate diagnostic tool than integrated
FDG PET/CT for M-stage assessment in
vith NSCLC. In

though false-positive and false-negative

patients addition, al-
cases dillfered from lesion to lesion and
from patient to patient, lung metastases
and pulmonary abnormalities and/m
brain metastases accounted [or the ma
jority of false-positive and/or false-nega
tive lesions identified with any of the
four methods.

Results of pi eviously !--Jﬁr[ialwr! stud

ies hy many investigators |

ve sug-
gested no MR examinations of any type

Id have a l';-[ldh!!ll_\ for nodule detec

Table 1

Patient Characteristics

ameler Jalum
Age (y)
Mean 72
Range 47-85
Sex
Men 109
Women 94
Histologic findings
Adenocarcinoma 176
Squamous cell carcinoma 19
Large cell carcinoma 8
Stage
| ]|
I 33
1] 39
40
Brain metastases only 6
Lung metastases only 7
Liver metastases only 4
Adrenal gland m 4
Lymph node melas 4
Bone me 11
Lung, bone, and adrenal gland
metastases 2
Lung and bone metastases 1
Liver and lymph node
metastases 1
Other findings
Cervical normal lymph nodes
observed on DW image 2
Benign pulmonary nodules
25
Liver cysts 22
Hemangiomas in liver 1
Pancreatic cysls 4
Adrenal gland adenomas 7
J
vertebrae B
Spondylosis 29
3
1

Note—Unless otherwise indic
il palients

d, dala are numbers

tion similar to that ol CT. In addition,

]
integrated FDG |

'T/CT data ohtained
with FDG PET with free-breathing con-
ditions, as well as data obtained with C1

alone, have indicated their inferior ca
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pability for nodule detection compared
with that of routine CT examination
with breath holding at end inspiration
(32,33). Our results are therefore com-
patible with these previously published
results. In addition, with consideration
of their capability for detection of brain

metastases, detection of small metasta-

ses with whole-body DW imaging and
integrated FDG PET/CT may be difficult
because of the lower contrast ratio be-
tween normal cortex and brain metasta-
ses than that obtainable with contrast-

enhanced MR imaging and because of

the extremely high level of physiologic
tissue accumulation of FDDG in the cere-

Overall Interobserver Agreement on Metastatic Probability Scores on a Per-Patient
Basis for Whole-Body DW Imaging, Whole-Body MR Imaging with and That without

DW Imaging, and FDG-PET/CT

Probability Score
Parameter 1% 2 3 4 5 K
Whole-body DW imaging 0.68
Observer 1 59 52 46 26 19
Observer 2 60 56 56 17 14
Whole-body MR imaging without DW imaging 0.64
Observer 1 1 49 46 20 17
Observer 2 74 45 47 19 18
Whole-body MR imaging with DW imaging 0.66
Observer 1 72 47 43 20 21
Observer 2 75 44 43 18 23
FDG PET/CT 0.68
Observer 1 87 54 28 18 16
Observer 2 84 53 26 22 18

Note.—Unless otherwise indicated, data are numbers of lesions.

ng with and that without DW imaging, a

ages (881.6 d
with DW imaging. #=* =

1400 T
Z 1200 f
= 1
E 1000 - r
= - }
g’ 800 4 r
= |
o 600 r
4
S 400 1 = .
[}
= 204 ¢ |
| | 1
0
Whole-body Whole-body Whole-body Integrated
DWI MRI without MRIwith FDG-PETICT
DwWI Dwi

Figure 3: Graph of mean reading times for whole-body DW imaging
ntegrated ET/CT. |

(DWI), whole-body MR imag
ading times for M-stage
ind MR images obtained without
than those for whole-body MR im-
26.8, P < .05) and integrated FDG PET/CT im-
nt difference with whole-body MR imag

[
a4

Aging

650

bral cortex (20,34,35). Because there
seems to be no significant difference in
dingnostic accuracy among whole-hody
MR imaging with and that without D\V
imaging and integrated FDG PET/CT
and in the diagnosis of false-positive and
false-negative lesions and cases, whole
body MR imaging with and that without
DW imaging can be considered as effec-
tive as integrated FDG PET/CT for M-
stage assessment with the inclusion of
brain metastases.

In view of the aforementioned difli
culties at FDG PET or PET/CT for as-
sessment of brain metastases (20,34,
35), the guidelines for assessment of
TNM staging in NSCLC recommend
that contrast-enhanced CT or MR imag-
ing should be used instead of FDG PET
or FDG PET/CT for assessment of brain
metastases in routine clinical practice.
Direct comparison of the diagnostic ac-
curacy for M stage assessment with the
exclusion of hrain metastases of all four
methods is important for determination
of the actual utility of whole-body MR
examination. The results of our compar-
ison of the diagnostic capability for M
stage assessment with the exclusion of
brain metastases showed that A, for
whole-body MR imaging without DW
imaging was significantly smaller than
that for integrated FDG PET/CT.
ever, although the diagnostic perfor-

How-

mance of whole-body DV imaging for
M-stage assessment—regardless of
whether brain metastases are excluded
or not—was lower than that of inte-
grated FDG PET/CT, adoption of
whole-body DW imaging as one of the
sequences of whole-bodv MR examina-
tion can enhance the diagnostic accu-
racy of whole-body MR imaging, so that
it is no longer significantly different
from that of integrated FDG PET/CT.
These findings indicate that whole-body
DW imaging may be used to direct ra
diologists’ attention to areas of sus-
pected metastases but not for distin
guishing malignant from benign lesions
hy using visual assessment of signal in-
tensily, as was previously reported for
(36,37).

IFI‘.iI}JHIj_’

apparent diffusion coefficient

In MR

with DW imaging can be considered as

\'Hi({!(]\‘ll\‘ \\:I(ll{‘ ‘Illfi\

effective for M-stage assessment as in

Radiology: Volume 248. Number 2
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Table 3

Comparison of Diagnostic Capability on a Per-Patient Basis with Inclusion of Assessment of Brain Metastases of Whole-Body DW
Imaging, Whole-Body MR Imaging with and That without DW Imaging, and Integrated FDG PET/CT

Area under ROC
Curve (A,)

Modality

Whole-body DW imaging
Whole-body MR imaging without DW imaging  0.83
Whole-body MR imaging with DW imaging 0.87
Integrated FDG PET/CT 0.89

0.79"

Sensilivity (%)  Specificity (%)

Positive Predictive

Value (%

Negative Predictive

Value (%) Accuracy (%)

57.5(23/40)  B7.7 (143/163)'"
60.0 (24/40)  92.0 (150/163)
70.0 (28/40) 920 (150/163)
62.5(25/40)  94.5 (154/163)

Note.—Data in parentheses are numbers used to calculale percentages.

* Significantly different from whole-body MR imaging with DW imaging (P < .05).

f!-S»gr'.d:cﬁr!tr\,l different from integrated FDG PET/CT (P < .05)
* Significantly different from whale-body MR imaging without DW imaging (P < .05).

I3

53.5 (23/43)
64.9 (24/37)
£8.3 (28/41)
73.5 (25/34)

89.4 (143/160) 81.8 (166/203)* ™

90.4 (150/166) 85.7 (174/203)
92.6 (150/162) 87.7 (178/203)
91.1 (154/169) 88.2 (178/203)

2 =]
© T
o 4
2 s
3 5
o =]
¢ g
kL |
I V-
0 0.2 0.4 0.6 0.8 1 0
False-Positive Ratio
Figure4: Graph of ROC analyses of whole-body DW imaging (O), whole-body  Figure 5:
MR imaging with (M) and that without DW imaging (CJ), and integraled FDG MR imaging with () a
PET/CT (@) for M-stage assessment inclusive of brain metastases on a per-pa PET/CT (@) for M
tient basis in patients with NSCLC shows A, for whole-body MR imagingwithDW  tient basis in patients with NSCLC s
imaging (P = .04) and integrated FDG PET/CT (P= .02) as significantly larger
than that for whole-body DW imaging.

cantly larger than that for whole-body MR imaging without DW imaging (P = .03).

04 0.6

False-Positive Ratio

T as signifi-
D

A,for integrated FDG PET/

tegrated FDG PET/CT, provided that
brain metastases are excluded.

This study had certain limitations.
First. previous studies have indicated
that when a lung cancer reaches 5 mm
in diameter, it has undergone approxi-
mately 20 doublings and contains ahout
100 million cells (38), while angiogene
sis occurs in most tumors with a diame-
ter of 1-2 mm (39.40). These findings

suggest that we may have missed some
suspect metastatic sites that could not
be detected with any of the [our meth-
ods. Second, although we ensured that
the final M-stage and metastasis of a
given site were decided by consensus—
based on the results of standard imag-
ing; pathologic results from endoscopic,
CT-guided, or surgical biopsies; and re-

sults of follow-up examinations per-

formed for more than 12 months—at a
conference attended hy radiologists, ra-
diation oncologists, pathologists, on-
cologists, and surgeons with more than
10 years of experience, the final M stage
and metastasis ol a IL'_i\l'I] site could not
he diagnosed in every patient at patho
logic examination; some sensitivity and
specificity results of our study mayv have
heen biased because of incomplete

Radiology: Volume 248 Number 2—August 2008
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pathologic sampling. However, these
limitations might bias estimates of the
ahsolute accuracy of whole-hody MR
and integrated FDG PET/CT examina-
tions, and one might expect these hiases
bhoth
equally. Therefore, the difference be-

to allect modalities relatively
tween the modalities may he less af-

fected by such bias.

Third, to implement whole-body
MR imaging in routine clinical practice,
development of a workstation and per-
formance of further investigations for
the determination of feasible sequences
for whole-body MR imaging on a per-
site basis may be warranted. In addi-
tion, standardization of sequences for

M-stage assessment by using whole-

body MR imaging with DW imaging and
improvement of MR systems for whole
body examination are necessary Lo
adopt this method for routine clinical
practice and to substitute it for inte
grated FDG PET/CT.

Fourth, although interobserver
agreement, mean reading time, and di

agnostic capability for initial M-stage as-

False-Positive and False-Negative Cases Determined on a Per-Patient Basis with Whole-Body DW Imaging, Whole-Body MR Imaging
with and That without DW Imaging, and Integrated FDG PET/CT

Modalily

Whole-body DW imaging

Whole-body MR imaging without DW imaging

Whole-body MR imaging with DW imaging

Integrated FDG PET/CT

False-Posilive Lesions

Cervical lymph nodes (n = 2)
Pulmonary abnormalities (n = 6)
Hemangiomas in the liver (n = 3)
Adrenal gland adenomas (n = 1)
Hemangiomas in the vertebrae (n = 4)
Compression fractures (n = 4)
Pulmonary abnormalities (n = 6)
Hemangiomas in the liver (n = 3)
Compression fractures (n = 4)

Pulmonary abnormalities (n = 6)
Hemangiomas in the liver (n = 3)
Compression fractures (n = 4)

Pulmonary abnormalities (n = 5)
Adrenal gland adenomas (n = 2)
Compression fractures (n = 1)
Colon polyps (n = 1)

False-Negalive Lesions Other Findings
0 "

Brain metastases (n = 6)
Lymph node metastases (n = 1)
Lung metastases (n = 5)
Bone metastases (n = 4)
Liver metastases (n = 1)

Brain metastases (n = 1)

Lymph node metastases (n = 3)
Lung metastases (n = 5)

Bone metastases (n = 5)
Adrenal gland metastases (n = 1)
Liver metastases (n = 1)

Brain metastases (n = 1)

Lymph node metastases (n = 1)
Lung metastases (n = 5)

Bone metastases (n = 4)

Liver metastases (n = 1)

Brain metastases (n = 5)

Lung metastases (n = 4)

Bone metastases (n = 3)

Adrenal gland metastases (n = 1)
Liver metastases (n = 1)

Colon cancer (n = 1)

Comparison of Diagnostic Capability on a Per-Patient Basis with Exclusion of Assessment of Brain Metastases of Whole-Body DW
Imaging, Whole-Body MR Imaging with and That without DW Imaging, and Integrated FDG PET/CT

Maodality A, Sensitivity (%) Specificity (%)
Whole-body DW imaging 0.85 67.6 (23/34) 87.7 (143/163)*"
Whole-body MR imaging without DW imaging 0.81* 55.9 (19/34) 92.0 (150/163)
Whole-body MR imaging with DW imaging 0.85 67.6 (23/34) 92.0 (150/163)
Integrated FDG PET/CT 0.89 70.6 (24/34) 94.5 (154/163)

Note.—Dala in parentheses are numbers used to calculate per ges.

* Significantly different hole-body MR imaging without DW imaging (P < .05)

antly different from whaole-body MR imaging wilh DW imaging (P < .05)

* Significantly different from integrated FDG PET/CT (P < ,05)

Positive Predictive
Value (%)

Negative Predictive

Value (%)

Accuracy (%)

53.5 (23/43)

84.3 (166/197)™
85.8 (169/197)"
87.8 (173/197)
50.4 (178/197)

652

Radiology: Volume 248



R

>
=
-
£

THORACIC IMAGING: M-Stage Assessment in Non-Small Cell Lung Cancer

sessment were compared among whole-
hody DVV imaging, whole-hody NR im-
aging with and that without DW
imaging, and integrated FDG PET/CT,
of the

lil[“l!l](lS were nol (‘l)[l]]):’l]'(‘(i \-\‘il]l ll]()VlE

those ahove-mentioned four
of each or combined standard radiologic
examination. Results of a few studies
(41-43) suggest that integrated PET/CT
should be considered as having diagnos-
tic accuracy equal to or higher than that
ol conventional radiologic imaging or
PET alone in other malignancies. In ad-
dition, these study results also suggest
the limitation of im('g:':lrmi l’l-j'l';‘(':'l‘ and
the way for using it together with con-
ventional radiologic imaging in these
malignancies. Therefore, direct com-
parison among the above-mentioned
1‘““]‘ ]n?’li]”[]; ;lll(] St;‘l][!;l]‘(i l‘ii(“ﬂl()ﬂi('
examinations may also be warranted to
determine the real clinical importance
of whole-body MR imaging with D\V im
aging and integrated FDG PET/CT for
f\‘l-slzlgt- assessment in ]mlivllls with
NSCLC. We will plan a study in the near
future to prospectively and directly
compare clinical utility for M-stage as-
NSCILC
among whole-hody MR imaging, inte-
grated FDG PET/CT, standard radio-

logic examinations, and combinations of

sessment in patients with

techniques discussed in this article in a
I“]‘g“ Pll)\l)l‘l‘li\(‘ l‘(lll(’|‘|<

In conclusion, whole-body MR im-
aging with DW imaging can be used
for M-stage assessment in patients
with NSCLC with accuracy as good as
that of integrated PET/CT; in addi-
tion, when whole-body DW imaging is
adopted as an adjunct for whole-hody
MR in:;nﬁin;_{ without w hnlr“lmtl} DAV
imaging, the diagnostic accuracy of
whole-hody MR examination can be

improved.
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