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Summary

Strategy for diagnosis of hepatic metastasis :role of
Sonazoid-enhianced ultrasonography

Sonazoid, a new ultrasound contrast agent, is likely
to dramatically change the procedures for diagnosis
and treatment of liver diseases. Visualizing microbub-
bles nondestructively, Sonazoid allows prolonged
enhancement. clear vascular imaging, and stable post
vascular imaging. Sonazoid is expected to help the
qualitative diagnosis and characterization of hepatic
tumors and contribute much to improving the accu-
racy of assessment of treatment efficacy. This article
discusses the future role of Sonazoid-enhanced ultra-
sonography in-diagnostic imaging of hepatic metasta-
ses and assessment of the efficacy of chemotherapy and
other treatments.

Ryuzo Sekiguchi et al

Diagnostic Imaging Division
Tochigi Cancer Center
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Diagnostic performance of diffusion-weighted
magnetic resonance imaging in esophageal

cancer

Abstract The purpose of this study
was to assess the value of diffusion-
weighted magnetic resonance imaging
(DWI) in detecting esophageal cancer
and assessing lymph-node status,
compared with histopathological re-
sults. DWI was prospectively per-
formed in 24 consecutive patients with
esophageal cancer, using the diffu-
sion-weighted whole-body imaging
with background body signal sup-
pression (DWIBS) sequence. DWIBS
images were fused with T2-weighted
images, and independently and blindly
evaluated by three board-certified
radiologists, regarding primary tumor
detectability and lymph-node status.
Apparent diffusion coefficients
(ADCs) of the primary tumor and lymph
nodes were also measured. Average
primary tumor detection rate was
49.4%, average patient-based sensitivity

and specificity for the detection of
lymph-node metastasis were 77.8 and
55.6%, and average lymph-node group-
based sensitivity and specificity were
39.4 and 92.6%. There were no inter-
observer differences among the three
readers (P<0.0001). Mean ADC of
detected pn'mal;y tumors was 1.26=
0.29%10"* mm®/s. Mean ADC of
metastatic lymph nodes (1.46=
0.35x107° mm?/s) was significantly
higher (P<0.0001) than that of non-
metastatic lymph nodes (1.15+

0.24 mm?/s), but ADCs of both groups
overlapped. In conclusion, this study
suggests that DWI only has a limited
role in detecting esophageal cancer and
nodal staging.

Keywords Esophageal cancer -
Diffusion-weighted magnetic
resonance imaging - Staging

Introduction

The incidence of esophageal cancer has increased dramati-
cally over the past 25 years in the United States as well as in
several Western European countries [1, 2]. This has been
attributed mostly to the increasing frequency of adenocarci-
noma, particularly in pre-existing Barrett’s esophagus [1, 2].
After a diagnosis of esophageal cancer has been made with
upper endoscopy and biopsy, accurate staging is crucial for
determining prognosis and treatment planning [3].
Subsequent diagnostic work-up usually includes a
combination of endoscopic ultrasonography (EUS) and

computed tomography (CT) [3]. EUS is highly effective for

discrimination of stages T1 and T2 from stages T3 and T4

Published online: 27 January 2009

[4]. CT plays an important role in assessing the extent of
invasion of surrounding structures by the primary tumor
and in detecting distant metastases [3]. "*E-fluoro-2-
deoxyglucose positron emission tomography (FDG-PET)
or combined FDG-PET/CT may be of additional value in
the detection of distant metastases [6, 7].

EUS, CT, and FDG-PET(/CT) are of relatively limited
value, however, in the detection of locoregional lymph-
node involvement [3—7], whereas the presence and number
of lymph-node metastases are important independent
predictors for the likelihood of developing systemic disease
and long-term survival [3], and the presence of lymph-node
metastases may require neoadjuvant chemotherapy or
chemoradiotherapy [8]. Furthermore, although EUS com-



bined with fine-needle aspiration (FNA) of suspicious
lymph nodes may currently be the most accurate preoper-
ative method for determining nodal status, it is invasive and
cannot be performed in the area of the primary tumor
because of the risk of tumor seeding [3, 9]. Therefore, there
is a need for an alternative imaging method for lymph-node
evaluation in patients with esophageal cancer.

The recently developed concept of diffusion-weighted
whole-body imaging with background body signal sup-
pression (DWIBS) allows diffusion-weighted magnetic
resonance (MR) imaging (DWI) and apparent diffusion

Table 1 Patient characteristics

coefficient (ADC) measurements throughout the entire
body [10, 11]. DWIBS highlights areas with restricted
diffusion, such as occurs in many primary and metastatic
tumors, while suppressing unwanted background body
signals [10, 11]. DWIBS also enables visualization and
ADC measurements of lymph nodes and may therefore be
of value in determining nodal status in patients with
esophageal cancer. The purpose of this study was therefore
to determine whether DWIBS is able to detect the primary
tumor and accurately assess nodal status in patients with
esophageal cancer.

Case Age Sex (M/F) Histology of (Main) primary ~ Tstage  Nstage  Metastatic lymph-node groups®
(years) primary tumor tumor location®
1 41 M SCC Lt T2 - -
2 63 M SCC Lt Tlb + 110, 1, 7
3 54 M SCC Mt T3 + 106rR, 1061L, 110
- 63 M SCC Mt T3 g 104L, 106rL, 107, 108, 110, 3, 7
5 57 M ScC I T3 + 110, 1,2, 7
Le Tia®
6 70 M scc Lt Tib® + 3
Mt* T1a®
82 F SCC Mt i 122 - -
72 M SCC i Tlb - -
9 64 F SCC Lt Tla - -
10 56 F SCC Mt T3 - -
11 70 M SCC Ut Tlb - -
12 75 M SCC Ut T4 + 106rR
13 76 M scc ut p 7 i - -
Mt® Tla®
14 60 M SCC Mt Tla - -
15 55 M SCC Lt T3 + 3
16 62 M SCC Lt T2 + 1,2
17 81 M SCC Mt T2 + 111, 1
18 62 v SCC Mt T3 - -
19 54 M AC Lt T3 + 112, 110, 111, 1, 2, 3, 7
20 73 M SCC Ut Tla - -
21 7l M SCC Mt Tlb - -
22 62 M SCC Lt Tib - -
23 60 M sScC Li Tla + 9
24 65 M SCC Mt Tib + 106rL

AC Adenocarcinoma, SCC squamous cell carcinoma, Lt lower thoracic esophagus, Mt middle thoracic esophagus, Ut upper thoracic
esophagus, T/a invasion to the lamina propria mucosae, or up to, but not beyond, the muscularis mucosae, T/b invasion to but not beyond
the submucosa, 72 invasion to but not beyond the muscularis propria, I3 invasion to the esophageal adventitia, 74 invasion to the adjacent

organs

*According to the guidelines for the clinical and pathological studies for carcinoma of the esophagus, formulated by the Japanese Society of

Esophageal Diseases [2]
irst primary tumor
“Second primary tumor



Subjects and methods
Study participants

This study was approved by the local institutional review
board, and written informed consent was obtained from all
included patients. From August 2004 to January 2005, 24
consecutive patients (20 men and 4 women; mean age
64.8 years; age range, 41-82 years) with biopsy-proven
esophageal cancer prospectively underwent MR imaging
before esophagectomy and radical (minimal two-field)
lymphadenectomy [12]. All resected specimens were
histopathologically analyzed. Three of 24 patients had
double tumors, therefore this study included a total of 27
primary esophageal cancers (26 squamous cell carcinomas
and 1 adenocarcinoma). Patient characteristics, including
histological T and N stage, are displayed in Table 1.

MR imaging

All patients were examined with a 1.5-T MR system
(Gyroscan Intera, Philips Medical Systems, Best, The
Netherlands), using a four-element phased-array surface
coil (SENSE body, Philips Medical Systems, Best, The
Netherlands). A single-shot echo-planar imaging (EPI)
sequence with a short inversion time inversion recovery
(STIR) pre-pulse for fat suppression was used for DWIBS.
Applied sequence parameters for DWIBS were as follows:
repetition time (TR)/echo time (TE)/inversion time (TI)
10,191/74/180 ms, number of slices 60, slice thickness/gap
4/0 mm, cranio-caudal coverage 24 cm for each station,

field of view (FOV) 43 cm, rectangular FOV 80%,
A
!
24cm
-
4
24cm
|
v
Fig. 1 Both DWIBS and T2WI were acquired in two separate

stations. Separately acquired stations (craniocaudal coverage of
24 cm for each station) were merged (with an overlap of 40 mm) and
covered region from the supraclavicular artery to the upper
abdomen

Fig. 2 Example of ADC measurement of a lymph node (106rR,
right recurrent nerve lymph-node group [12]) in a 54-year-old man
with a T3 squamous cell carcinoma, which was histologically
proven to be metastatic. a Axial DWIBS image showing the lymph
node (arrow). Also note the normal high signal intensity of the
spinal cord (arrowhead). b Same axial DWIBS image, with a
manually placed circular/oval-shaped region of interest (ROI) in the
1iph node. ¢ The ROI was copied and pasted onto the ADC map,
nd the ADC of the lymph node was automatically calculated
1.16 mm?/s)

(

acquisition matrix 160, phase encode reduction 70%, half
scan factor 0.6, EPI factor (echo train length) 47, image
acquisiton in the axial plane, motion probing gradients
(MPGs) in three orthogonal axes, b values O and 1,000 s/
mm? (the highest b value was chosen based on practical
experience), 10 averages, parallel imaging [SENSitivity
Encoding (SENSE)] factor 2, image acquisiton under free
breathing, and voxel size 2.69x3.89x4.00 mm’. Total




Table 2 Detection rate of the primary tumor according to T stage for readers A, B, and C

T stage Reader A Reader B Reader C Average of readers A, B, and C
Tla 0% (0/7) 0% (0/7) 0% (0/7) 0% (0/7)

Tib 429 % (3/T) 28.6% (2/7) 28.6% (2/7) 33.3% (2.33/7)

T2 50.0% (2/4) 50.0% (2/4) 75.0% (3/4) 58.3% (2.33/4)

T3 100% (8/8) 87.5% (7/8) 100% (8/8) 95.8% (7.67/8)

T4 100% (1/1) 100% (1/1) 100% (1/1) 100% (1/1)

All 51.9% (14/27) 44.4% (12127) 51.8% (14/27) 49.4% (13.3327)

Tla Invasion to the lamina propria mucosae, or up to, but not beyond, the muscularis mucosae, T/b invasion to but not beyond the
submucosa, T2 invasion to but not beyond the muscularis propria, I'3 invasion to the esophageal adventitia, 74 invasion to the adjacent

organs

acquisition time for each station was 7 min and 8 s. DWIBS
images were displayed using gray-scale inversion.

Single-shot turbo spin-echo T2-weighted images
(T2WT) were also obtained for comparison and anatomical
correlation. Applied sequence parameters for T2WI were
as follows: TE 80 ms, number of slices 60, slice thickness/
gap 10/0 mm, cranio-caudal coverage 24 cm for each
station, FOV 35 cm, rectangular FOV 80%, acquisition
matrix 256, scan percentage (phase encode reduction)
100%, image acquisiton in the axial plane, one average,
image acquisition under breathholding.

Both DWIBS and T2WI were acquired in two separate
stations. Separately acquired stations were merged (with an
overlap of 40 mm) and covered the region from the
supraclavicular artery to the upper abdomen (Fig. 1).

Image analysis

DWIBS and T2WI were fused using free DICOM software
(OsiriX medical imaging software, OsiriX, Atlanta, GA,
USA). Three board-certified radiologists (Y1, TY, and SN,
with 25, 12, and 14 years of experience in MR imaging,
respectively), independently evaluated the DWIBS, T2WI,
and DWIBS/T2WI fusion images. The readers knew that all
patients had esophageal cancer, but were blinded to findings
of other imaging modalities (including EUS and CT), the
location of the cancer, and histopathological results. Image
interpretation regarding (1) detection of the primary tumor
and (2) assessment of nodal status was done as follows.

Detection of the primary tumor The healthy esophagus
does not show any high signal on DWIBS. Therefore, any
high signal in the esophagus on DWIBS that exceeded the
signal intensity of the surrounding background (lung or air)
was considered positive for the presence of a primary tumor.
The location of the primary tumor was classified into four
groups [upper thoracic esophagus (Ut), middle thoracic
esophagus (Mt), lower thoracic esophagus (Lt), and abdom-
inal esophagus (Ae)] by one of the authors (A.S.) afterwards,
according to guidelines for clinical and pathological studies
of carcinoma of the esophagus, formulated by the Japanese
Society of Esophageal Diseases [12].

Assessment of nodal status Lymph nodes were considered
metastatic if all of the following criteria were fulfilled: (1)
short axis diameter >5 mm, (2) long axis-to-short axis
diameter ratio >2, and (3) a signal intensity on DWIBS
higher than that of the spinal cord. The locations of
evaluated lymph nodes were classified into specific nodal
groups (1-9, 105, 107,108,110, 111, 112, 104L, 106rL, and
106rR) by one of the authors (A.S.) afterwards, according to
the previously mentioned guidelines [12]. This approach
was chosen because the efficacy of the current American
Joint Committee on Cancer staging system (which merely
classifies regional lymph-node status according to the
presence or absence of regional lymph-node metastasis) is
controversial and under debate [8].

Subsequently, ADCs of all detected primary tumors
were measured by means of region-of-interest (ROI)
analysis, using free DICOM software (OsiriX Medical

Table 3 Detection rate of the primary tumor according to primary tumor location

Location Reader A Reader B Reader C Average of readers A, B, and C
Ut 50.0% (2/4) 50.0% (2/4) 75.0% (3/4) 58.3% (2.33/4)

Mt 54.5% (6/11) 36.4% (4/11) 45.4% (5/11) 45.4% (5/11)

Lt 50.0% (6/12) 50.0% (6/12) 50.0% (6/12) 50.0% (6/12)

All 51.9% (14/27) 44.4% (12/27) 51.9% (14/27) 49.4% (13.33/27)

Lt Lower thoracic esophagus, Mt middle thoracic esophagus, Ut upper thoracic esophagus



4Fig. 3 A 54-year-old man with squamous cell carcinoma of the
middle thoracic esophagus. Axial DWIBS/T2WI fusion images at
the level of a the sternoclavicular joint, b upper mediastinum, and ¢
pulmonary artery. Abnormal high signal intensities along the ri
recurrent nerve (small arrow) and the left recurrent nerve- (arrow-
head) can be seen. Both recurrent nerve lymph-node groups were
dissected and proved to be metastatic after histopathological
examination. The primary tumor in the middle thoracic esophagus
is also depicted, which proved to invade the adventitia (T3) after
histopathological examination

Imaging Software, OsinX, Atlanta, GA, USA). Further-
more, circular/oval-shaped ROIs were also placed on all
visualized lymph nodes, and their ADCs were measured.
ADC measurements were done by a board-certified
radiologist (A.S.) with 4 years of experience in MR
imaging, independently and without knowledge of histo-
pathological results. Only ADC measurements of resected
lymph nodes were used for further analysis, in order to
obtain histopathological verification regarding nodal sta-
tus. An example of ADC measurement of a lymph node is
shown in Fig. 2.

Statistical analysis

Detection rate of the primary tumor, detection rates
according to T stage, and detection rates according to
(main) primary tumor location were calculated for each of
the three readers. Patient-based and lymph-node group-
based sensitivities and specificities (with 95% Cls) were
calculated for each of the three readers, using histopath-
ological results after radical lymph-node resection as the
standard of reference. Interobserver varability was
assessed using Fisher’s exact test, with the level of
statistical significant difference set at 0.05. Mean ADCs
(£SDs) of the primary tumor, metastatic, and nonmetastatic
lymph nodes were calculated. ADCs of metastatic and
nonmetastatic lymph nodes were compared using Mann-
Whitney’s U test, with the level of statistical significant

difference set at 0.05.

Results
Primary tumor detection rates were 51.8% (14/27), 44.4%
(12/27), and 51.8% (14/27), for readers A, B, and C,
respectively. Average detection rate was 49.4% (13.33/27).
Detection rates according to (main) primary tumor location
and T stage are displayed in Tables 2 and 3. None of the
Tla tumors were detected, while almost all of the T3 and
T4 tumors were detected (Table 2). Detection rates
according to (main) primary tumor location did not differ
greatly (Table 3).

Patient-based sensitivity and specificity for the detection
of lymph-node metastasis were 91.7% (11/12) and 33.3%
(4/12) for reader A, 75.0% (9/12) and 58.3% (7/12) for




«4Fig. 4 A 55-year-old man with squamous cell carcinoma of the
lower thoracic esophagus. Axial DWIBS/T2WI fusion images at the
level of a the supraclavicular region, b upper mediastinum, and ¢ left
ventricle. Abnormal high signal intensities can be seen in the left
supraclavicular region (arrowhead) and along the right recurrent
nerve (small arrow). In this case, both lymph-node groups proved to
be negative for malignancy after histopathological examination. The
primary tumor in the lower thoracic esophagus is also depicted,
which proved to invade the adventitia (T3) after histopathological
examination

reader B, and 66.7% (8/12) and 75.0% (9/12) for reader C.
Average patient-based sensitivity and specificity were
77.8% (9.33/12) and 55.6% (6.67/12). Lymph-node
group-based sensitivity and specificity were 51.5%
(17/33) and 90.0% (216/240) for reader A, 36.4%
(12/33) and 92.5% (222/240) for reader B, and 30.3%
33) and 95.4% (229/240) for reader C. Average lymph-
node group-based sensitivity and specificity were 39.4%
(13/33) and 92.6% (222.33/240). No statistically signifi-
cant differences were observed among the three readers
regarding (main) primary tumor detection and lymph-node
assessment (P<0.0001). )

Mean ADC of primary tumors was 1.26+0.26x10™ mm?/s.
Mean ADCs of metastatic and nonmetastatic lymph nodes
were 1.46+0.35 and 1.15+0.25x10™> mm?/s. Mean ADC of
metastatic lymph nodes was significantly higher that that of
nonmetastatic lymph nodes (P<0.0001).

Representative examples of DWIBS/T2WI fusion im-

1

ages are displayed in Figs. 3, 4, 5 and 6.

Discussion

Esophageal cancer is an important public health problem
worldwide with a generally poor prognosis. For both
squamous cell carcinoma and adenocarcinoma (the two
major histologic types of esophageal cancer), 5-year
survival is still about 10% in most Western countries [1,
2]. Accurate preoperative staging is important for appro-
priate patient management. In particular, preoperative
determination of nodal status is important, since the
presence and number of lymph-node metastases are
important independent predictors for the likelihood of
developing systemic disease and long-term survival [3],
and the presence of lymph-node metastases may require
neoadjuvant chemotherapy or chemoradiotherapy [8].
However, EUS, CT, and conventional MR imaging are
inaccurate in preoperative nodal staging because they rely
on insensitive and nonspecific nodal size criteria.
Schrdder et al. [5] retrospectively analyzed a total of
1,196 resected lymph nodes of 40 patients with squamous
cell carcinoma of the esophagus. The average size of 1,067
tumor-free lymph nodes was 5.1£3.8 mm in maximum
diameter, whereas the average size of 129 metastatic lymph
nodes was 6.7+4.2 mm. The big overlap in size between
both groups and the fact that no significant comrelation




