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18F-FDG PET is an established functional imaging modality for
the evaluation of human disease. Diffusion-weighted MRI (DWI) is
another rapidly evolving functional imaging modality that can be
used to evaluate oncologic and nononcologic lesions throughout
the body. The information provided by '8F-FDG PET and DWI
can be complementary, because the 2 methods are based on
completely different biophysical underpinnings. This article will
describe the basic principles, clinical applications, and limitations
of DWI. In addition, the available evidence that correlates and
compares '8F-FDG PET and DWI will be reviewed.
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PET, using the radiotracer '8F-FDG, is an established func-
tional imaging modality for a variety of oncologic and non-
oncologic (e.g., inflammatory and infectious) applications
(1-3). The contribution of '®F-FDG PET to medicine has been
unmatched by any other functional imaging modality (4). At
present, there is also growing interest in the application of dif-
fusion-weighted MRI (DWI) in the body (5-7). DWI allows
visualization and quantification of the mobility of water mole-
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cules and has many potential clinical applications. Importantly,
although '8F-FDG PET and DWI are both functional imaging
modalities and provide a high lesion-to-background contrast,
they are based on completely different biophysical and bio-
chemical underpinnings. Therefore, the information provided
by the 2 imaging modalities may be regarded as complemen-
tary. Given the developing applications of DWI, the increasing
use of multimodality imaging (8), and the expected advent of
fully integrated PET/MRI systems (9), knowledge of the char-
acteristics, possibilities, and limitations of DWI technique is
becoming increasingly important. This is true for both the imag-
ing specialists and the clinicians who use these modalities. This
article will review the basic principles, clinical applications,
and limitations of DWI. Furthermore, the available evidence
that correlates and compares '8F-FDG PET with DWI will be
reviewed.

BASIC PRINCIPLES OF DWI

Diffusion

DWI is sensitive to the random (Brownian) motion of
water molecules. In biologic tissue, the presence of impeding
barriers (e.g., cell membranes, fibers, and macromolecules)
interferes with the free displacement (diffusion) of water
molecules. Consequently, the signal intensity in DWI
depends on the separation and permeability of these
impeding boundaries (/0). Pathologic processes that alter
the physical nature of the restricting barriers in biologic
tissue affect the diffusivity of the water molecules, which
can be visualized and quantified using DWI (/0). The first
successful clinical application of DWI was in diagnosing
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acute ischemic stroke (/7). In acute ischemic stroke, failure
of the Na*K™* adenosine triphosphatase pump leads to a net
displacement of water from the extracellular to the intracel-
lular compartment, which manifests as a precipitous drop in
water mobility (/7). However, DWI may also be useful for
the evaluation of other disease processes, including onco-
logic and a wide variety of nononcologic (e.g., inflammatory,
infectious, and traumatic) lesions (6,/17). It is important
to realize that DWI originates from T2-weighted imaging,
a sequence that can detect disease because most lesions
exhibit a prolonged T2 relaxation time. However, unlike
T2-weighted imaging, DWI can suppress many unwanted
background signals of normal structures that demonstrate
perfusion, flow, or considerable diffusion (e.g., signals of
gastrointestinal contents, blood vessels, and cerebrospinal
fluid) and highlights lesions that exhibit impeded diffusivity.
In other words, DWI detects lesions by exploiting both their
prolonged T2 relaxation time and their impeded diffusivity
and provides a high lesion-to-background contrast; in this
respect, DWI outperforms conventional MRI sequences such
as T2-weighted imaging (5-7). An impeded diffusivity can
be encountered in 2 clinical situations. First, an increase in
cellularity in tumors and cellular swelling in inflammatory or
infectious lesions may lead to a decrease in extracellular
volume, where increased tortuosity of the extracellular space
leads to reduced water mobility. Second, abscesses and
thrombi are believed to impede the diffusivity of water mol-
ecules because of their hyperviscous nature. On the other
hand, necrosis and apoptotic processes may lead to loss of
cell membrane integrity and a decrease in cellularity. This, in
turn, increases the amount of diffusion across the cell mem-
brane and the proportion of water molecules in the extrac-
ellular space, where water mobility is less impeded. All these
processes can be evaluated using DWL

Development of DWI: From the Brain to the
Entire Body

Until recently, the main organ of interest for DWI was
the brain. Important technologic advances, including the
development of echoplanar imaging, high-gradient ampli-
tudes, multichannel coils, and parallel imaging, have
extended the applications of DWI outside the brain. In
particular, the introduction of parallel imaging, which
allows a reduction of echo time, echo train length, and
k-space filling time, led to substantially reduced motion
artifacts and image distortions (5—7). Because DWI is sen-
sitive to the motion of water molecules over a few micro-
meters, bulk tissue motion was initially thought to be a
serious impediment when performing DWI of the chest
and upper abdomen. Therefore, respiratory motion compen-
sation techniques (i.e., breath-hold or respiration-gated
acquisitions) were thought to be necessary for DWI of
moving organs. However, in a breath-hold acquisition, only
thick slices (typically 8-9 mm) can be obtained, limiting
lesion detectability and preventing multiplanar reformats
and 3-dimensional renderings. In addition, considerable
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scan prolongation under respiratory gating would be a seri-
ous impediment for whole-body scanning. This perceived
limitation of DWI in the body has been overcome by the
demonstrated feasibility of DWI under free breathing,
which is also known as the concept of diffusion-weighted
whole-body imaging with background body signal suppres-
sion (DWIBS) (5-7). Details about this concept are
reported elsewhere (7). Advantages of DWI under free
breathing over breath-hold and respiration-gated acquisi-
tions include the possibility of obtaining thin slices (typi-
cally 4 mm) and its efficient imaging time (data can be
acquired during the entire respiratory cycle). Depending
on the scan parameters, a typical whole-body DWI exami-
nation can now be achieved in less than 30 min, at a clin-
ically acceptable resolution (e.g., 160 x 256 matrix, voxel
size of 2.5 X 3.6 X 4.0 mm) (5-7).

Visual Resemblance Between 8F-FDG PET and DWI

I8F.FDG PET and DWIBS have visual similarities that
stem from several sources. As mentioned previously,
images are acquired under free breathing using the concept
of DWIBS. This allows the acquisition of thin axial slices
that can be used for multiplanar reformats and 3-dimensional
renderings, and therefore a whole-body DWI scan can be
acquired in a clinically acceptable time. Furthermore, the
possibility of multiple-signal averaging is beneficial in
increasing SNR, which is inherently low at higher diffusion
weightings. Another important feature of this technique is
the excellent suppression of unwanted background body
signals by means of a fat suppression prepulse and heavy
diffusion weighting (5-7). When applying gray-scale inver-
sion to the obtained DWIBS dataset, a high signal intensity
from low-water-mobility tissues or lesions appears in high
contrast to a weak signal intensity from background tissues,
resulting in images that remarkably resemble '8F-FDG PET
studies (Figs. 1-6).

Quantitative and Semiquantitative Evaluation of DWI

Diffusion in biologic tissue is quantified by means of an
apparent diffusion coefficient (ADC), because the presence
of natural impediments such as cell membranes, organelles,
and macromolecules interferes with the free displacement
of water molecules (6,10,11). The ADC is most frequently
calculated using an implicit monoexponential model, as
follows:

S(b)/So = exp(—b X ADC), Eq. 1
where S(b) is the signal magnitude with diffusion weighting
b, Sy is the signal magnitude with no diffusion weighting,
and b is the b-value (representing the degree of diffusion
weighting), which is calculated for a standard-gradient
pulse pair as follows:

b=y X G* XA —-3/3). Eq. 2

Here, v is the gyromagnetic ratio (42.58 MHz/T for hydro-
gen), G is the strength of the motion-probing gradients
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FIGURE 1. Comparison of pre- and
postchemotherapy '8F-FDG PET and
DWI in 44-y-old man with stage Il dif-
fuse large B-cell lymphoma. Coronal
maximum-intensity-projection '8F-FDG
PET (A) and coronal maximume-intensity-
projection gray-scale inverted DWI (B)
were performed before initiation of che-
motherapy. Both images show cervical,
bilateral supra- or infraclavicular, medi-
astinal, left axillary, paraaortic lymph
node, and splenic involvement (solid
arrows), along with cardiac involvement
(dashed arrow). '8F-FDG PET (C) and
DWI (D) at end of treatment show reso-
lution of all preexisting lesions. DWI is
limited in that discrimination between

normal and metastatic lymph nodes is still based on size criteria; left cervical lymph node (arrowhead 1) positive on '8F-FDG
PET cannot conclusively be identified as malignant on DWI. DWI also shows prominent bilateral inguinal lymph nodes
(encircled), which are normal according to '8F-FDG PET. DWI, with higher spatial resolution, shows 2 separate cardiac lesions,
whereas '8F-FDG PET shows only 1 large cardiac lesion. DWI also evaluates urinary tract better than does '8F-FDG PET, which
can obscure potential lesions because of 18F-FDG accumulation (arrowheads 2). Physiologic '8F-FDG uptake in large intestine
(arrow in C) should not be confused with persistent malignant lymphoma. (Reprinted with permission of (7).)

(MPGs), 8 is the duration of 1 motion-probing-gradient
pulse, and A is the interval between the leading edges of
the motion-probing-gradient pulses (6,70,11). From Equa-
tion 1, it can be seen that at least 2 images with 2 different
b-values have to be acquired to calculate an ADC. To obtain
a perfusion-insensitive ADC, it is recommended to acquire
the low b-value DWI dataset with a b-value of at least 100
s/mm? (12). The high b-value DWI dataset is often acquired
using a b-value between 500 and 1,000 s/mm?. For body
imaging, b-values greater than 1,000 s/mm? are generally
less optimal for ADC calculation because they yield inad-
equate SNR. It should be realized that the monoexponential
ADC is only a rough approximation of the true diffusion
coefficient, because diffusion exhibits multiexponential sig-
nal decay in biologic tissue (/3). Furthermore, the use of
different b-values can lead to considerable variability in the
calculated monoexponential ADC (/4). Other models, such
as the biexponential model and the stretched-exponential
model (15,16), are more suitable to describe the admixture
of multiple exponential signal decays, but they require data
acquisition with additional b-values (thus prolonging scan
time). Moreover, multiexponential analysis routines are
usually not available in standard clinical software packages.
A mean ADC is most frequently used for lesion character-
ization, but this index may be less suitable when a lesion
exhibits considerable intervoxel diffusion heterogeneity.
This disadvantage can be overcome using a minimum
ADC (ADC,;y), an index that is thought to reflect the area
with the highest cellularity (/7). Importantly, most lesions
have both an impeded diffusion and a prolonged T2 relax-
ation time, but the ADC does not exploit the latter for lesion
characterization. Furthermore, misregistration between
images with different b-values because of patient motion
or image distortion may impair the reliability of ADC

WaoLe-Boby DWI anp '8F-FDG PET ¢ Kwee et al.

measurements. To overcome the limitations of the ADC,
a so-called lesion—to—spinal cord ratio (LSR) was recently
introduced, which is a semiquantitative measure that repre-
sents the ratio of lesion signal intensity to spinal cord signal
intensity (/8). The LSR takes into account both diffusion
and T2 relaxation time, does not suffer from image misre-
gistration issues, and has been shown to outperform the
ADC in differentiating lung cancer from benign lesions
(18). The LSR or a similar measure has the potential to
replace or complement the ADC for the characterization
of lesions. On the other hand, when quantitative diffusion
measurements are required (e.g., in the follow-up of
lesions, such as in the early prediction of response to ther-
apy (19-22)), ADC measurements may still be preferred.

CLINICAL APPLICATIONS AND LIMITATIONS OF DWI

General Diagnostic and Prognostic Capabilities

It is beyond the scope of this paper to systematically
review all applications of DWI. Rather, this section will
only briefly discuss a few of the most promising clinical
applications of this technique. As mentioned previously,
DWI provides a high lesion-to-background contrast. There-
fore, DWI is generally considered to be a sensitive imaging
modality for the detection of pathology. At present, it is
used mainly for the diagnosis of acute ischemic stroke (/7).
However, DWI is gaining widespread use in other areas as
well (mainly oncologic), such as in liver and prostate imag-
ing. Studies have shown that DWI is a reasonable alterna-
tive to contrast-enhanced MRI for the detection of liver
metastases (23). Furthermore, the combination of DWI
and contrast-enhanced MRI has been shown to yield the
highest sensitivity without loss in specificity, compared
with either of the techniques alone, for detecting liver metas-
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FIGURE 2. Comparison of '8F-FDG PET and DWI in 69-y-
old-woman with pathologically proven stage IA endometrial
carcinoma. Coronal maximum-intensity-projection color-scale
18F-FDG PET (A) and coronal maximum-intensity-projection
gray-scale inverted DWI (B) show endometrial cancer
(arrow). Relatively high 8F-FDG uptake and high signal
intensity on DWI in Waldeyer ring (arrowhead 1) are not to
be mistaken for disease. Furthermore, normal '8F-FDG
accumulation can be seen in intrarenal collecting system
and renal pelvis (arrowheads 2) and urinary bladder (arrow-
head 3), potentially obscuring disease. DWI does not have
this disadvantage but shows normal spleen (arrowhead 4)
and several normal lymph nodes (encircled) as high-signal-
intensity structures, which may limit its diagnostic perform-
ance in these organs. Red bone marrow shows normal high
signal intensity on DWI.

tases (24). Other studies have shown that the combination
of DWI and T2-weighted imaging is better than T2-
weighted imaging alone for the detection of prostate cancer
(25,26). Although the use of DWI in other areas is less well
established, its utility for primary tumor and metastasis
detection and staging in several major cancers is under
active investigation (27-33). Because of its high lesion-
to-background contrast, the additional value of DWI is
expected to lie in the detection of (small) lesions that
remain unnoticed on anatomic-based imaging and on func-
tional imaging techniques with low spatial resolution such
as SPECT and PET.

Another promising application is the use of quantitative
DWTI as a biomarker for the early assessment of response to
anticancer therapy. Pretherapy ADCs in responding lesions
have been reported to be significantly lower than those of
nonresponding lesions in several cancers (20-22). The bio-
logic basis for this finding remains unclear, but it can be
speculated that a higher ADC is observed in necrotic tissue
and in tissue with loss of cell membrane integrity, which
may correspond to a more aggressive phenotype. It has also
been reported that responding lesions show a significantly
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FIGURE 3. Comparison of '8F-FDG PET and DWI in 62-y-
old woman with pathologically proven ascending colon can-
cer and incidentally found breast carcinoma. Both coronal
maximum intensity projection '8F-FDG PET (A) and coronal
maximum intensity projection gray-scale inverted DWI (B)
show ascending colon cancer (solid arrows) and left-sided
breast cancer (dashed arrows). Normal '8F-FDG accumula-
tion is seen in intrarenal collecting system and renal pelvis
(arrowheads 1) and urinary bladder (arrowhead 2). Normal
physiologic '8F-FDG uptake in colon (arrowheads 3) may
potentially obscure lesions. Delayed '8F-FDG PET may, in
part, overcome this limitation. Although DWI generally does
not suffer from these drawbacks, normal spleen often exhib-
its relatively high signal intensity on DWI (arrowhead 4),
potentially obscuring disease in this organ.

higher increase in ADC early after initiation of therapy than
do nonresponding lesions (/9-22); this finding can be
attributed to changes in cell density, resulting from cyto-
toxic therapy—induced necrosis or apoptotic processes.
More studies with larger sample sizes are required to estab-
lish the utility of this technique in predicting overall sur-
vival or long-term disease-free survival.

Limitations

An impeded diffusion can be seen in both malignant and
nonmalignant (e.g., inflammatory and infectious) lesions
(34,35). Therefore, the specificity of DWI may be subopti-
mal. An impeded diffusion can also be seen in several
normal structures (Table 1). It should be noted that the
number and signal intensity of visualized normal tissues
on DWI varies per individual and is also dependent on
the applied imaging protocol. As can be seen from Table
1, the evaluation of several areas may be difficult at DWI.
For example, the normal Waldeyer ring and the spleen usu-
ally have a high signal intensity on DWI (Figs. 1-3), as a
result of which pathology may be obscured in these organs.
Another important area in which DWI may have diagnostic
difficulties is in the evaluation of lymph nodes. DWI high-
lights both normal and pathologic lymph nodes (Figs. 1 and
2). Normal lymph nodes already have a relatively impeded
diffusion (mainly because of their high cellularity), and
pathologic (e.g., malignant, inflammatory, or infected)
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FIGURE 4. Comparison of '8F-FDG PET/CT, DWI, and
short-inversion-time inversion recovery (STIR) in 69-y-old
man with pathologically proven NSCLC and mediastinal
lymph node metastasis. Axial 8F-FDG PET/CT (A) shows
high '8F-FDG uptake of primary lung cancer (solid arrow)
and mediastinal metastasis (dashed arrow). Axial DWI (B)
clearly demonstrates primary lung cancer (solid arrow), but
mediastinal lymph node metastasis exhibits only faint signal
(dashed arrow), probably because of pulsatile aortic motion.
STIR turbo spin-echo imaging (C) clearly shows high signal
intensity of both primary lesion (solid arrow) and metastatic
mediastinal lymph node (dashed arrow). Thus, conventional
MRI (STIR) may increase sensitivity of DWI alone in media-
stinal area.

lymph nodes may have increased cellular density or
necrotic areas, further impeding or increasing diffusion,
respectively. Although it has been reported that the ADCs
of various causes of lymphadenopathy are significantly
different from each other (36—38) and that the ADCs of
metastatic and nonmetastatic lymph nodes may also show
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FIGURE 5. Comparison of '8F-FDG PET and DWI in 78-y-
old man with pathologically proven stage TA urothelial cell
carcinoma of urinary bladder. Coronal maximum-intensity-
projection color-scale '8F-FDG PET (A) does not show uri-
nary bladder lesion, most likely because it is obscured by
normal '8F-FDG accumulation. Sagittal and axial '8F-FDG
PET images (not shown) could not depict lesion either. In
contrast, lesion was easily depicted on coronal limited-
volume maximume-intensity-projection gray-scale inverted
DWI (B, arrow). Axial gray-scale inverted DWI (C) shows that
lesion in right lateral wall of urinary bladder (arrow) does not
invade muscular layer. Axial T2-weighted MRI (D) and ultra-
sound examination (E) confirm lesion (arrows).

significant differences (39-47), the ADCs of normal
lymph nodes and those of different nodal pathologies
or conditions overlap. Furthermore, because of the sus-
ceptibility of echoplanar imaging—based DWI to image
distortions, its insufficient spatial resolution, and partial-
volume-averaging effects, inter- and intraobserver repro-
ducibility in ADC measurements may be limited, causing
unreliable evaluation of normal-sized lymph nodes (42).
Combining DWI with ultrasmall superparamagnetic par-
ticles of iron oxide may improve the diagnostic perform-

FIGURE 6. Comparison of '8F-FDG PET and DWI in 40-y-
old woman with 2 metastatic foci in left iliac wing from breast
carcinoma. Coronal maximume-intensity-projection '8F-FDG
PET (A) shows only lesion (arrow), whereas coronal maximum-
intensity-projection gray-scale inverted DWI (B) reveals 2
lesions in left iliac wing (arrows). Normal high signal intensity
is seen in spleen (arrowhead 1), nerve roots and ganglia
(arrowheads 2), and testis (arrowhead 3) on DWI.
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TABLE 1. Visualized Normal Tissues on DWI Using

b-Value of 1,000 s/mm? (Always or Commonly Seen)
per Organ System

Structures

Brain, spinal cord, peripheral
nerves

Organ system
Nervous

Cardiovascular —

Respiratory —

Gastrointestinal Salivary glands, gallbladder, small
intestinal and colorectal contents

Lymphatic Waldeyer ring (tonsillar and adenoidal
tissue), spleen, lymph nodes
Genitourinary Kidneys, adrenal glands, prostate,

testis, penis, endometrium, ovaries

Musculoskeletal Bone marrow

ance of DWI alone in discriminating malignant from non-
malignant lymph nodes; this application is currently being
investigated (43).

Another limitation of DWI is that the evaluation of
structures close to the heart, such as mediastinal lymph
nodes and the left liver lobe, may be compromised because
of signal loss and artifacts due to severe tissue motion
(33,44—46). Nevertheless, MRI is a versatile imaging
modality, and the addition of other sequences may improve
the evaluation of the mediastinal lymph nodes (24,47) (Fig.
4). Furthermore, combining DWI with cardiac triggering
may eventually solve the problem of cardiac motion—
induced signal loss.

Another drawback of DWI at high b-values is the lack of
anatomic information, because signals of many normal
structures are suppressed. Consequently, it may sometimes
be difficult to exactly localize lesions with an impeded
diffusion. The diagnostic performance of DWI alone can be
improved using correlative anatomic imaging (48).

Potential Complementary Roles of 18F-FDG PET
and DWI

The information provided by '8F-FDG PET and DWI can
be regarded as complementary, because they are based on
completely different biophysical and biochemical underpin-
nings. For example, '8F-FDG PET may improve the eval-
uation of areas in which DWI often is nondiagnostic, such
as structures close to the heart and the spleen. On the other
hand, DWI may be of additional value to '®F-FDG PET for
the evaluation of cancers that have a relatively indolent
course and have associated low levels of '3F-FDG uptake,
such as well-differentiated breast, lung, prostate, and neuro-
endocrine tumors; hepatomas; thyroid cancers; and certain
types of low-grade lymphomas. Furthermore, because the
attainable spatial resolution of DWI is considerably higher
than that of PET, the former may detect additional lesions
not seen on the latter. DWI may also be of additional value
for the evaluation of areas that have normal high levels of
background '8F-FDG accumulation. For example, normal
I8F_.FDG accumulation in the renal collecting system, ure-
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ters, and urinary bladder may obscure lesions in these loca-
tions (49), whereas DWI does not have this disadvantage
(Fig. 5). Because '3F-FDG PET and DWI provide different
biologic parameters, they may also provide valuable com-
plementary information in the characterization of lesions
and in the early assessment of anticancer therapy. However,
this is still a relatively unexplored domain that requires
further investigation.

CORRELATIVE AND COMPARATIVE INVESTIGATIONS
BETWEEN '8F-FDG PET AND DWI IN THE LITERATURE

Search Strategy and Selection Criteria

PubMed was searched for studies on the correlation or
comparison between '8F-FDG PET and DWI, using the
search strategy as shown in Table 2. Articles were included
if '8F-FDG PET and DWI were performed on the same
subjects and if the same lesions were analyzed by both
IBF_.FDG PET and DWI. Case reports and studies investi-
gating fewer than 25 subjects were excluded, regardless of
the total number of lesions analyzed. Of 332 potentially
relevant articles, 10 studies (31,32,50-57) fulfilled the
selection criteria.

Pulmonary Lesions and Lung Cancer

Mori et al. (50) prospectively performed both '8F-FDG
PET and DWI on 104 patients with 140 pulmonary nodules
or masses (106 malignant lesions and 34 benign lesions)
within a 2-wk interval. On '8F-FDG PET, a standardized
uptake value (SUV) contrast ratio between each lesion and
the contralateral lung (SUVRr) was measured, whereas on
DWI, the ADC,;, of each lesion was measured, using
region-of-interest analysis. '8F-FDG PET and DWI datasets
were evaluated by different observers who did not know the
clinical data. Of the 140 lesions, 118 were diagnosed his-
tologically after surgical resection, whereas the other 22
were diagnosed as old inflammation because their sizes
had been unchanged for more than 2 y on retrospective
review of chest radiography or CT. When optimal cutoff
values of SUV g and ADC,,;, were used for benign—malig-
nant discrimination, as determined by receiver operating
characteristic (ROC) analysis, the sensitivities of SUVcgr
and ADC,,;, measurements (70% and 72%, respectively)

TABLE 2. Search Strategy and Results from PubMed as

of December 12, 2009

Step Search string No. of articles
1 Fluorodeoxyglucose OR 48,943
2-fluoro-2-deoxy-d-glucose
OR FDG OR PET OR Positron
emission tomography OR PET
2 Magnetic resonance OR MR 433,871
imaging OR MRI OR Magnetic
resonance tomography OR
Nuclear magnetic resonance
OR NMR
3 Diffusion 109,642
4 Step 1 AND 2 AND 3 355
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were not significantly different (P = 0.85). On the other
hand, the specificity of ADC,,;, measurements (97%) was
significantly higher (P = 0.03) than that of SUVg mea-
surements (79%), as was attributable to the fact that the
former produced fewer false-positive results for active
inflammation than did the latter. Although the authors con-
cluded that DWI may be used instead of '8F-FDG PET to
distinguish malignant from benign pulmonary nodules or
masses with fewer false-positive results, cutoff SUVg and
ADC,;, values were determined by applying post hoc anal-
ysis of the obtained data and may have inflated the accuracy
of both SUV g and ADC,,;;, measurements. Mori et al. also
reported that SUV g and ADC,;, were inversely correlated
(R = —0.504, P < 0.001). However, the clinical implica-
tions of this correlation were not investigated.

Ohba et al. (57) examined whether DWI might be as
useful as '8F-FDG PET for discriminating between non—
small cell lung cancer (NSCLC) and benign pulmonary
nodules and for predicting the aggressiveness of NSCLC.
A total of 110 patients who had 124 pulmonary nodules
smaller than 3 cm (96 NSCLCs and 28 benign nodules) and
had undergone both '8F-FDG PET and DWI within a 2-wk
interval were retrospectively assessed. ADC,,;, and SUV g
measurements were done and analyzed as described previ-
ously (50). In addition, the ADC,;, and the SUV g were
compared between pathologic stage IA and stage IB or
more advanced stages; between tumors with and without
lymphatic, vascular, or pleural involvement; and between
well-differentiated and moderately or poorly differentiated
adenocarcinomas. Of the 124 nodules, 106 were diagnosed
histologically after surgical resection, whereas 18 were
diagnosed as old inflammation because their sizes were
found on retrospective review of chest radiography or CT
to have been unchanged for more than 2 y. Using optimal
cutoff values of SUVcg and ADC,,;, for benign—malignant
discrimination, as determined by means of ROC analysis, it
was shown that the sensitivity and specificity of SUV g
measurements (72% and 82%, respectively) were not signifi-
cantly different (P > 0.999 and P = 0.22, respectively) from
those of ADC,,;, measurements (73% and 96%, respec-
tively). Furthermore, unlike ADC,,;, measurements, SUV g
measurements were significantly different between NSCLC
at pathologic stage IA and IB or more advanced stages;
between NSCLC with and without lymphatic, vascular, and
pleural involvements; and between well-differentiated and
moderately or poorly differentiated adenocarcinomas (P <
0.01-0.001). The authors concluded that although DWI can
assess NSCLC as well as '8F-FDG PET does, it cannot
predict the aggressiveness of NSCLC (in particular of adeno-
carcinoma). However, study limitations include possible
selection bias due to the retrospective nature of the research
and the fact that optimal cutoff values of SUV g and ADC,,,
were obtained by means of post hoc analysis of the obtained
data. Setting cutoff values to optimize discrimination and
then applying them to the same data from which they
were derived is rarely of real clinical value, because these
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cutoff values will be applied to novel (different) datasets
in which they will most likely yield a lower diagnostic
performance.

Kanauchi et al. (52), to assess the role of DWI for
predicting tumor invasiveness, investigated 41 patients
with clinical stage JA NSCLC who underwent both '8F-
FDG PET/CT and DWI. A previous study had already
shown that the maximum SUV (SUV,.,) is an independ-
ent predictor of disease-free survival in NSCLC (58). All
tumors in the study of Kanauchi et al. were surgically
resected and histopathologically examined. Lung cancers
that exhibited nodal, lymphovascular, or pleural invasion
were defined as invasive. Nodules with low signal inten-
sity on DWI, comparable to or even lower than that of the
spinal cord (i.e., LSR = 1), were classified as positive on
DWI. Otherwise, they were considered negative on DWI.
The SUV,,,.x of DWI-positive patients (10.33 * 4.93) was
significantly higher (P < 0.001) than that of DWI-negative
patients (3.10 £ 4.21). Furthermore, multivariate analysis
(excluding SUV,.x) showed that DWI was a significant
independent predictive factor for invasive cancer (P =
0.005). The sensitivity of DWI for prediction of tumor
invasiveness was 90%, its specificity was 81%, its positive
predictive value was 60.0%, and its negative predictive
value was 96%. On the basis of these findings, the authors
speculated that, unlike the ADC (50), the LSR might be
a useful method for predicting tumor invasiveness in clin-
ical stage IA NSCLC. On the other hand, the results of
this study should be interpreted with caution, because it
was not clear whether patients were prospectively or ret-
rospectively included, the time interval between '3F-FDG
PET/CT and DWI was not described, and it was unclear
whether '8F-FDG PET/CT and DWI were separately eval-
uated without knowledge of the findings of the other imag-
ing modality and without knowledge of histopathologic
findings.

Nomori et al. (53) prospectively compared '8F-FDG
PET/CT and DWI for N-staging in 88 patients with NSCLC
who were scheduled to undergo pulmonary resection and
mediastinal lymph node dissection. On '8F-FDG PET, a
contrast ratio between each lymph node with a long axis
of more than 1 cm and the cerebellum (SUVcr) was mea-
sured, whereas on DWI, the ADC,,;, of each lesion was
measured, using region-of-interest analysis. '3F-FDG PET
and DWI datasets were evaluated by different observers.
The specificity of DWI for N-staging was significantly
higher (P = 0.002) than that of '8F-FDG PET/CT. These
findings were attributable to the fact that DWI produced
fewer false-positive results for lymphadenitis than did
I8F.-FDG PET/CT. Nonetheless, DWI was false-positive
in a few cases with granulation tissue in tuberculous or
nontuberculous lymph nodes. Nomori et al. concluded that
DWI can be used instead of '3F-FDG PET/CT for N-staging
of NSCLC, with fewer false-positive results than are
obtained with '3F-FDG PET/CT. Nevertheless, the study of
Nomori et al. suffered from the same limitations as those
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described previously for Mori et al. (50), most likely
because both studies used almost the same series of
patients. Furthermore, Nomori et al. failed to mention the
interval between '8F-FDG PET and DWI, and it was not
stated whether '3F-FDG PET and DWI datasets were sep-
arately evaluated without knowledge of the findings of the
other imaging modality and without knowledge of histopa-
thologic findings. In addition, the results of Nomori et al.
are applicable only to lymph nodes with a long-axis diam-
eter of more than 1 cm.

Ohno et al. (37) prospectively compared whole-body
DWTI alone, whole-body DWI combined with conventional
whole-body MRI, and '8F-FDG PET/CT for M-stage
assessment in 203 NSCLC patients. All studies were per-
formed in random order within 3 wk of diagnosis and
before treatment. Masked MRI and '8F-FDG PET/CT data-
sets were qualitatively assessed by different observers. The
final M-stage and metastasis of a given site were deter-
mined on the basis of the results of conventional radiologic,
I8F_.FDG PET/CT, and whole-body MRI examinations and
on the basis of pathologic results from endoscopic, CT-
guided, or surgical biopsies, as well as on the basis of the
results of follow-up examinations performed on every
patient for more than 12 mo. The area under the ROC curve
of whole-body DWI (0.79) was significantly lower (P <
0.05) than that of '8F-FDG PET/CT (0.89). However, the
area under the curve of whole-body DWI combined with
conventional whole-body MRI (0.87) was not significantly
different from that of '8F-FDG PET/CT. The authors con-
cluded that whole-body MRI with DWI can be used for
M-stage assessment in patients with NSCLC with an accu-
racy as good as that of '8F-FDG PET/CT. This well-
designed study has only some minor limitations, among
which were the facts that histopathologic results were
(inevitably) not available for every patient and that diag-
nostic performance on a per-site basis was not assessed.

Takenaka et al. (32) prospectively compared the diagnos-
tic performance of whole-body DWI alone and whole-body
DWI combined with conventional whole-body MRI to !8F-
FDG PET/CT with respect to bone marrow metastasis
assessment in 115 patients with NSCLC. All studies were
performed in random order within 3 wk of diagnosis and
before treatment. Masked MRI and '8F-FDG PET/CT data-
sets were qualitatively assessed by different observers. The
reference standard was based on the results of initial and
follow-up bone scintigraphy, integrated '8F-FDG PET/CT,
and whole-body MRI examinations and pathologic exami-
nations from CT-guided or surgical biopsies (n = 52 sites),
as well as of follow-up examinations for more than 12 mo
(n = 973 sites) for every patient. On both a per-site and a
per-patient basis, the sensitivities of whole-body DWI alone
and whole-body DWI combined with conventional whole-
body MRI were not significantly different (P > 0.05) from
those of '8F-FDG PET/CT. However, on both a per-site and
a per-patient basis, the specificities of whole-body DWI
alone (93.7% and 78.9%, respectively) were significantly
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lower (P < 0.05) than those of '8F-FDG PET/CT (95.4%
and 85.6%, respectively). On the other hand, the specificity
on a per-site basis of the combination of whole-body DWI
with conventional whole-body MRI was significantly
higher (P < 0.05) than that of '8F-FDG PET/CT (95.4%),
with no significant differences in specificity (P > 0.05) on a
per-patient basis between the 2 modalities. Takenaka et al.
concluded that whole-body MRI with DWI is more specific
for bone marrow assessment in patients with NSCLC than
is 18F-FDG PET/CT. In addition, the use of whole-body
DWI as an adjunct to whole-body MRI without whole-body
DWI can improve the sensitivity of the whole-body MRI
examination. The limitations of this study are similar to
those previously described for the study of Ohno et al.
(31), given the similarities in study design.

Colorectal Cancer

Ono et al. (54) aimed to compare DWI with '8F-FDG
PET regarding detection of the primary tumor and detection
of lymph node metastases in patients with colorectal cancer.
A total of 25 patients who had 27 surgically proven colo-
rectal lesions and had undergone both DWI and '8F-FDG
PET were retrospectively reviewed. DWI and '8F-FDG PET
were performed within 9 d. Masked DWI and '8F-FDG
PET datasets were qualitatively assessed by different
observers. Diffusion-weighted images were interpreted in
combination with T2-weighted images. For the interpreta-
tion of '8F-FDG PET images, CT or ultrasound images
provided an anatomic reference. Of the 27 primary colo-
rectal lesions surgically excised, 23 (85.2%) were true-
positive on both DWI and '8F-FDG PET. Two lesions were
false-negative on DWI but true-positive on '8F-FDG PET,
and 2 were false-negative on both DWI and '8F-FDG PET.
With respect to metastatic lymph node detection, DWI and
I8F.-FDG PET had sensitivities of 80% (8/10) and 30.0%
(3/10), respectively, and specificities of 76.9% (10/13) and
100% (13/13), respectively. Ono et al. stated that their ini-
tial results may suggest that DWI is inferior to '8F-FDG
PET for the detection of primary colorectal cancer but
superior for the detection of lymph node metastases. How-
ever, important limitations of the study of Ono et al. are its
retrospective design, the small number of patients, and the
fact that the observers knew that all patients had a histo-
pathologic diagnosis of colorectal cancer.

Uterine Cervical Cancer

Choi et al. (55) retrospectively investigated 236 patients
with uterine cervical cancer who had undergone both DWI
and '8F-FDG PET/CT within a 2-wk interval. Only 1 “rep-
resentative” lymph node with a short-axis diameter of 5 mm
or greater on T2-weighted images was selected per lymph
node station. Mean ADC and ADC,,;, of selected lymph
nodes were measured by an observer who was masked to
the '8F-FDG PET/CT findings. '3F-FDG PET/CT findings
were used as the standard of reference. Both mean ADC
and ADC i, (in 1073 mm?/s) in '8F-FDG PET/CT—positive
lymph nodes (0.756 % 0.172 and 0.6436 * 0.1348, respec-
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tively) were significantly lower (P < 0.001) than those of
I8F-FDG PET/CT-negative lymph nodes (1.019 * 0.238
and 0.8893 = 0.2074, respectively). The area under the
curve of ADC,,, (0.864) was significantly higher (P =
0.014) that that of mean ADC (0.836). The use of an opti-
mal cutoff value of ADC,,;, yielded a sensitivity of 86%, a
specificity of 80%, a positive predictive value of 69%, and a
negative predictive value of 91%. Despite the fact that the
study was retrospective, included only lymph nodes with a
short-axis diameter of 5 mm or greater, used post hoc deter-
mination of an optimal cutoff value, and lacked histopatho-
logic correlation, the results suggest a good correlation
between DWI with ADC measurements and '8F-FDG
PET/CT in nodal characterization.

Ho et al. (56) retrospectively assessed 33 patients with
uterine cervical cancer who had undergone both '8F-FDG
PET and DWI within a 2-wk interval. Regions of interest
were drawn on the primary tumor on '8F-FDG PET and
diffusion-weighted images to calculate SUV and ADC indi-
ces, respectively. The relative ADC,,;,,, defined as the ratio of
ADC;, to mean ADC, was significantly inversely correlated
in all study patients with the relative SUV,,,,«, defined as the
ratio of SUV,,,, to mean SUV (R = -0.526, P = 0.0017). A
significantly inverse correlation between relative ADC,;,
and relative SUV,,,.x was observed in patients with adeno-
carcinoma or adenosquamous carcinoma (R = —0.685, P =
0.0012) and those with well- to moderately differentiated
tumor (R = -0.631, P = 0.0050). No significant correlation
was demonstrated in patients with squamous cell carcinoma
or poorly differentiated tumor. The authors concluded that
the significantly inverse correlation between relative ADC,;,,
and relative SUV ., in primary cervical tumor suggests that
DWI and '8F-FDG PET/CT might play a complementary
role for the clinical assessment of this cancer type. Unfortu-
nately, the clinical implications of this correlation were not
explored. This study was also limited by its retrospective
design, the low number of patients, and the fact that it was
not explicitly stated whether '3F-FDG PET and DWI datasets
were separately evaluated without knowledge of the findings
of the other imaging modality.

General Whole-Body Oncologic Imaging

Stecco et al. (57) prospectively compared whole-body
DWI to BF-FDG PET/CT for staging of 29 oncologic
patients (malignant lymphoma: n = 15; lung cancer: n =
3; breast cancer: n = 3; gastrointestinal cancer: n = 3;
kidney cancer: n = 2; sarcoma: n = 1, primitive neuro-
ectodermal tumor: n = 1; prostate cancer: n = 1). Whole-
body DWI was evaluated by 2 independent observers who
were masked to the 'SF-FDG PET/CT findings. '®F-FDG
PET/CT was evaluated by another observer. Whole-body
DWI and '8F-FDG PET datasets were assessed according
to 40 predefined skeletal and visceral sites and subsites.
Using '8F-FDG PET/CT results as the standard of refer-
ence, whole-body DWI had region-based sensitivities of
89.1% (106/119) and 87.4% (104/119), specificities of
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98.5% (1,183/1,201) and 98.8% (1,187/1,201), and accura-
cies of 97.7% (1,289/1,320) and 97.8% (1,291/1,320) for
readers 1 and 2, respectively. The authors concluded that
whole-body DWI provided a high specificity and negative
predictive value. Limitations of this study are the small size
and heterogeneity of the patient population, the use of a
suboptimal DWI protocol that yielded suboptimal image
quality (an integrated body coil was used instead of surface
coils with parallel imaging capabilities), and the fact that
I8F-FDG PET/CT itself is an imperfect reference standard.

CONCLUSION

DWI is emerging as a promising functional whole-body
imaging modality that may eventually become comple-
mentary to '8F-FDG PET in several clinical applications.
Studies on the correlation and comparison between !8F-
FDG PET and DWI are still scarce, and most of these
studies suffer from several methodologic shortcomings.
Future well-designed prospective studies in various clinical
settings and in different institutions are necessary to pro-
vide more insight into the advantages and disadvantages of
DWI, compared with '8F-FDG PET, in terms of patient
tolerance and safety aspects, diagnostic and prognostic
capabilities, and cost-effectiveness.
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