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The accurate identification and characterization of lymph nodes
by imaging has important therapeutic and prognostic signifi-
cance in patients with newly diagnosed cancers. The presence
of nodal metastases limits the therapeutic options and also
generally indicates worse prognosis in patients. Thus, it be-
comes crucial to have this information before commencing ther-
apy. Current cross-sectional imaging modalities rely on insen-
sitive size and morphologic criteria and, thus, lack the desired
accuracy for characterizing lymph nodes. This is mainly be-
cause metastases can be present in non-enlarged lymph nodes
and not all enlarged nodes are malignant. PET has overcome
some of these limitations but is still constrained by current
resolution limits for small nodal metastases. This has fueled the
development of targeted techniques for nodal imaging and
characterization as outlined in this article. In the past few years,
studies have shown that these newer imaging techniques can
bridge some of the limitations of existing imaging for nodal
characterization and thereby provide the much-needed staging
information before the initiation of therapy.
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Once detected, most primary tumors are staged using
the American Joint Committee on Cancer classification (1)
to assess the local extent and size of the primary tumor (T),
regional lymph node involvement (N), or distant metastasis
(M). Evaluating the nodal status and staging of lymph nodes
is important as nodal metastases in many types of primary
cancer limit the therapeutic options and are al so essential for
determining the prognosis. In prostate cancer, for example,
patients with nodal metastases are excluded from radical
prostatectomy as a curative option and, instead, receive
adjuvant therapy to achieve disease control (2). The number
of lymph nodes infiltrated with malignant cells also has an
impact in predicting a patient’s survival outcome. For ex-
ample, in breast cancer, involvement of 1-3 lymph nodes
places a patient in N1 status with a 10-y survival rate of
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>50%. However, involvement of =10 lymph nodes places
a patient in stage 111B or stage 1V with a 10-y survival rate
of <25% (3). Thus, it is important to accurately stage the
lymph nodes in patients who are undergoing staging for
primary cancer by means of either imaging modalities be-
fore surgery, asdiscussed in this article, or invasive surgical
procedures. In certain malignancies in which imaging has a
low accuracy, intraoperative exploration followed by frozen
biopsy is used to sample lymph nodes at the time of primary
tumor excision. Although this procedure of surgical staging
with lymphadenectomy and careful histologic evaluation of
the lymph nodes is considered as the gold standard in
patients with various malignancies—for example, prostate
cancer—this technique is invasive and limited by surgical
field for nodal sampling. Moreover, this technique has lim-
ited accuracy—for example, as reported by Davis (4), in
histologic analysis of intraoperative frozen section of lymph
nodes, false-negative results as high as 33% have been
reported in pelvic node analysis in prostate cancer patients.
This necessitates the development of robust imaging tech-
niques for nodal assessment before surgery.

Prior to the era of cross-sectional imaging, bipeda lym-
phography was the standard test for assessing and staging
lymph nodes in the abdomen and pelvis. This technique
evaluated and characterized lymph nodes based on changes
in internal architecture (5). However, the procedure was
invasive, laborious, and unable to consistently display
lymph nodes above the level of the second lumbar vertebrae
and outside the retroperitoneum. Lymphography has been
effectively replaced by cross-sectional imaging, CT, and
MRI. These modalities are routinely performed to assess the
primary tumor and can readily display the lymph node along
the drainage pathways of the tumor with much greater ease
than lymphography.

The focus of this article is to briefly describe the evolu-
tion of imaging techniques from conventional anatomic
modalities to molecular techniques in functional and phys-
iologic assessment of lymph nodes.

ULTRASOUND (US)

Although widely available and easy to use, US has in-
herent limitations for imaging the lymph node groups in
mediastinum, retroperitoneum, and deep pelvis. However, it
has proven to be useful in assessment of cervical lymph
nodes in patients with various head and neck carcinomas
(6—8). Normal cervical nodes appear sonographically as
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FIGURE 1. US appearance of normal lymph node. Image
shows flattened hypoechoic cigar-shaped structure (arrow).

somewhat flattened hypoechoic structures with varying
amounts of hilar fat (9) (Fig. 1). They may show hilar
vascularity but are usually hypovascular (10). Malignant
infiltration alters the US features of the lymph nodes, re-
sulting in enlarged nodes that are usually rounded and show
peripheral or mixed vascularity (11) (Fig. 2). Using these
features, US has been shown to have an accuracy of 89%—
94% in differentiating malignant from benign cervical
lymph nodes (12). In patients with thyroid cancer, for ex-
ample, preoperative US evauation of the cervical lymph
nodes is not only accurate for detection of lymph node

FIGURE 2.
shows enlarged round lymph node with mixed cystic and solid
components in patient with metastatic papillary thyroid carci-
noma.

US appearance of malignant lymph node. Image
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metastases but also has been shown to alter the operative
procedure in these patients, facilitating complete resection
of disease and potentially minimizing locoregiona recur-
rence (13). Wunderbaldinger et a. (14) evaluated cystic
lymph node metastases in patients with papillary thyroid
carcinoma and found, in most cases, that metastatic lymph
nodes had thickened outer wall, internal echoes, internal
nodularity, and septations.

Endoscopic US (EUS) has also been used to assess re-
gional lymphadenopathy in esophageal, pancreatic, and rec-
tal carcinomas. In a recent study, Saltzman (15) stated that
EUS was the most accurate technique for the locoregional
(T and N) staging of esophageal cancer, and optimal staging
strategies for esophageal cancer should use EUS fine-needle
aspiration with either CT or PET scans (15).

CROSS-SECTIONAL IMAGING

Current cross-sectional imaging modalities such as CT
and MRI are noninvasive, have high patient acceptance, and
require a short examination time. Because of these proper-
ties, these modalities have become the cornerstone for im-
aging various primary tumors. The assessment of lymph
nodes using these modalities relies on lymph node anatomy
rather than function and physiology. On cross-sectional
imaging, a normal lymph node usually measures <1 cm in
size, has a smooth and well-defined border, and shows
uniform, homogeneous density or signa intensity. Most
benign nodes have a central fatty hilum, which has a dis-
tinctive feature on CT and MRI (Figs. 3 and 4). Based on its
anatomic location, the shape of a normal lymph node may
vary. Usually normal nodes tend to have an ova or cigar
shape. The primary yardstick for nodal staging by CT and
MRI is lymph node size (Table 1), with the additional
ability to assess for nodal morphology, signal intensity

FIGURE 3. Benign node with fatty hilum. Contrast-enhanced
axial image of lower abdomen shows 9-mm aortocaval node
(arrow) with central fatty hilum.
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FIGURE 4. Axial T2-weighted image of lower abdomen shows
8-mm aortocaval node (arrow) with central fatty hilum (arrow-
head).

changes, and dynamic gadolinium contrast enhancement on
MRI. However, using size as the primary differentiating
factor between benign and malignant nodes has limitations.
It is difficult to establish a specific threshold value separat-
ing benign from malignant nodes, as a low size threshold
provides higher sensitivity with low specificity and a higher
size threshold lowers the sensitivity but improves specificity
(22-24,26-28). A traditional size approach frequently over-
looks metastasis, particularly when the metastasis involves
only microscopic or partial infiltration of the lymph node.
The specificity-of-size criterion also deteriorates because of
benign inflammatory or infectious lymph node enlargement,
leading to incorrect characterization of abenign lymph node
as malignant. Based on the size criterion aone, MRI is no
different (29) or dightly worse (30) than CT in the assess-
ment of regiona lymph node metastasis.

Clinical studies on cancer staging based on lymph node
size using CT and MRI have had controversia results but,
in general, the accuracy has been low (Table 2). Gagliardi et
al. (25) found that in rectal cancer MRI has 67% sensitivity,
71% specificity, and 69% accuracy in detecting malignant
lymphadenopathy. In evaluating uterine cancer, Bipat et al.
(26) considered performance of CT and MR by reviewing
57 high-quality studies from 1985 to 2002 and concluded
that sensitivity of MRI and CT for detecting lymph node
involvement was 60% and 43%, respectively. Therefore, it
has been concluded that lymph node size is not a reliable
parameter for the evaluation of metastatic involvement
(31-33).

The low accuracy reported with size parameters
prompted the evaluation of nodal morphology on CT and
MRI and signa intensity changes and dynamic enhance-
ment parameters on MRI. The addition of morphologic
criteria to the evaluation of lymph nodes seeks to exploit
changes to the normal ovoid lymph node shape that arise
from tumor infiltration. These changes could include either
amore rounded shape, in which the long-to-short axis ratio
decreases, or eccentric cortical hypertrophy (16,34). A com-
monly used size threshold in the pelvis accounts for this
change in morphology, using 10 mm in short-axis diameter
for ovoid lymph nodes while using a smaller threshold (8
mm) as a cutoff for rounded lymph nodes (34). In a study of
4,043 axillary lymph nodes in the setting of breast cancer,
the use of either eccentric cortical hypertrophy or a long-
axis diameter of >10 mm plus a long-to-short-axis ratio of
<1.6 resulted in a sensitivity of 79% and a specificity of
93% for the detection of lymph node metastasis, with nearly
al false-negative axillae demonstrating metastatic lymph
nodes measuring <10 mm (16).

Severa studies have investigated the utility of dynamic
contrast-enhanced MRI for differentiating normal from met-
astatic lymph nodes (35,36). Simple comparison of signal
intensity after intravenous gadolinium administration has
not been effective in differentiating benign from malignant

TABLE 1
Summary of Literature Indicating Upper Size Limit for Benign Lymph Nodes According to Anatomic Site
on Cross-Sectional Imaging

Lymph node
Reference Maximum short-axis Maximum long-axis
Anatomic site Author No Year diameter (mm) diameter (mm)
Axillary Yoshimura et al. (76) 1999 NA 10
Internal mammary Kinoshita et al. (17) 1999 NA 5
Pelvic Vinnicombe et al. (18) 1995 10 NA
Mediastinum Ingram et al. (719) 1989 10 NA
Jugulodigastric region Van den Brekel et al. (20) 1990 11 NA
Nonretropharyngeal nodes Van den Brekel et al. (20) 1990 10 NA
Lateral retropharyngeal Van den Brekel et al. (20) 1990 5 NA
Inguinal Hawnaur et al. 21 2002 10 NA

NA = not applicable.
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TABLE 2
Summary of Published Clinical Trials with CT/MRI

Reference No. of CT/MRI
Author No. Year patients Region Sensitivity (%) Specificity (%) Accuracy (%)
Kau et al. (22) 1999 70 Head and neck 65/88 47/41 NA
Dwamena et al. (23) 1999 2,226 Lung 60/—* 77/— 75/—*
Pieterman et al. (24) 2000 102 Lung 75/—* 66/—* 69/—*
Gagliardi et al. (25) 2002 28 Pelvic —*/67 —*/71 —*/69
Bipat et al. (26) 2003 NA Uterine cervical 43/60 Both >90 NA
Anzai et al. 27) 2003 147 All body regions 54 82 68
Antoch et al. (28) 2003 27 Lung 70/—* 59/—* 63/—*

*This modality was not evaluated.
NA = not applicable.

lymph nodes (37). Rather, this approach relies on analysis
of enhancement kinetics of the lymph node after bolus
administration of gadolinium chelate agent and evaluates
aterations in lymph node microcirculation such as flow
characteristics, blood volume, microvascular permeability,
and increased fractional volume of the extravascular extra-
cellular space. Fischbein at al (36) evaluated cervical lymph
nodes in 21 patients with squamous cell carcinoma of the
head and neck. They found a significantly longer time to
peak, lower peak enhancement, lower maximum slope, and
slower washout slope in tumor-involved lymph nodes com-
pared with normal lymph nodes. The authors concluded that
in the malignant lymph node there is a decreased transfer of
contrast material to the tissue and a reduced volume of
extracellular space. They aso indicated the difficulty in
standardization of acquisition parameters to obtain repro-
ducible data. In a study of mediastinal lymph nodes in 9
patients with bronchogenic carcinoma, Laissy et al. (38)
found peak enhancement in metastatic lymph nodes within
60—80 s after gadolinium enhancement, with a slow wash-
out thereafter. In contrast, reactive lymph nodes showed a
gradual increase in contrast enhancement without a peak
value in the first 6—8 min.

PET

With advanced innovations in functional imaging tech-
niques, PET has great importance in lymph node imaging—
primarily with the glucose analog 8F-FDG, which is avidly
taken up by cells with increased rates of glycolysis. 8F-
FDG is phosphorylated to 8F-FDG-6P, which is trapped in
tumor cells that are relatively deficient in glucose-6-phos-
phatase during the time interval in which images are ac-
quired. Numerous studies have demonstrated that 8F-FDG
PET imaging has significantly improved the radiol ogic stag-
ing of some malignancies, especialy lung cancer (Table 3).
Pieterman et al. (24) demonstrated that the radiologic sen-
sitivity and specificity of 18F-FDG PET was superior to CT
in detecting malignant lymph nodes and staging of lung
cancer. In their study, the sensitivity and specificity of PET
was 91% and 86% compared with that of CT at 75% and
66% in detecting mediastinal metastases. However, the im-
age resolution of PET is relatively low, which has been
prohibitive in anatomic accuracy. The implementation of
PET and CT fusion either by dual PET/CT or computer
registration has evolved to overcome this obstacle (41,42).
With fusion imaging, the accuracy of staging has improved.
The superimposition of CT with high spatial resolution

TABLE 3
Summary of Published Clinical Trials with PET for Lymph Node Assessment
Reference No. of PET
Author No. Year patients Region Sensitivity (%) Specificity (%) Accuracy (%)
Kau et al. 22) 1999 70 Head and neck 87 94 *
Dwamena et al. (23) 1999 514 Lung 79 91 92
Pieterman et al. (24) 2000 102 Lung 91 86 87
Greco et al. 89) 2001 167 Breast 94.4 86.3 89.8
Vesselle et al. (40) 2002 118 Lung 80.9 96 90.7
Antoch et al. (28) 2003 27 Lung 89 89 89

*Not measured.
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FIGURE 5. A 57-y-old woman with chest pain after lobectomy
for lung cancer 4 mo earlier. (A) Axial CT scan shows mixed soft
tissue and fluid in left pleural space. Prevascular and axillary
lymph nodes were interpreted as normal. (B) Axial dual PET/CT
scan shows increased uptake in soft-tissue mass as well as
small prevascular and axillary lymph nodes, indicating recurrent
disease with metastatic nodal spread.

improves the localization of areas of increased uptake
within lymph nodes (Fig. 5). Lardinois et a. (41) reported
an increase in accuracy of lung cancer staging with dual
PET/CT compared with CT or PET interpreted alone. Ac-
cording to Aquino et a. (42), computer registration of CT
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and PET datasets improved the specificity of mediastinal
lymph node staging of lung cancer by better displaying
lymph node metastases and aiding in detection of regions of
1BE-FDG accumulation due to physiologic (esophagus and
blood pool) or inflammatory (atherosclerotic vessels)
causes.

BE-FDG PET has also been established in detecting the
presence of recurrent malignancy. Posttherapy imaging is
challenging because of anatomic distortion from surgery
and radiation therapy. Areas of scar tissue may mimic or
obscure early recurrence. 8F-FDG PET has been useful in
the surveillance of patients after treatment (43—45). Aquino
et a. (46) found that image fusion of PET and CT improved
the localization of recurrent thoracic disease in patients with
lung cancer who received radiation therapy and surgery
compared with PET interpretations without fusion. 8F-FDG
PET has improved the sensitivity and specificity of radio-
logic staging and restaging of lymphoma compared with
gallium scintigraphy and CT (Fig. 6). According to Buch-
mann et a. (47), PET was significantly superior to CT in
detecting tumor in patients with untreated lymphoma, espe-
cially above the diaphragm. In their study group, informa-
tion from PET studies led to a change in therapy in 8%.
Filmont et al. (48) reported that 8F-FDG PET altered the
clinical management of 35% of their patients with non-
Hodgkin's lymphoma. They also reported that PET was
significantly better at predicting disease-free survival than
conventional imaging.

Urologic tumors have been particularly challenging in
BE-FDG PET. For example, Hain and Maisey (49) found
PET to have limited value in prostate cancer in differenti-
ating between benign hypertrophic hyperplasia and adeno-
carcinoma. C-Acetate and C-methionine have shown
potential as better agents for imaging prostate tumors. Ac-
cording to Oyama et al. (50), C-acetate improves the
detection of pelvic lymph nodes from prostate cancer com-
pared with 18F-FDG PET. 11C-Acetate detected lymph node
metastases in 5 patients compared with 8F-FDG, which
showed nodal disease 2 of the 5 patients. According to
Macapinlac et a. (51), C-methionine is superior to

FIGURE 6. Bilateral paraaortic nodes in
patient with known lymphoma, seen on
PET but only unilaterally on CT. (A) Axial
contrast-enhanced CT scan shows en-
larged right paraaortic node (arrow). (B)
Coronal PET image shows bilateral areas
of intense uptake suggestive of bilateral
paraaortic malignant nodes (arrows).
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FIGURE 7. A 62-y-old man with pancre-
atic cancer. (A) CT scan shows prominent
periportal lymph node (arrow). (B) Node did
not show increased '8F-FDG uptake. Cy-
tology was positive for metastatic adeno-
carcinoma.

1BE-FDG imaging for prostate cancer due to the higher
tumor-to-blood ratio and the earlier rapid uptake by tu-
mor for earlier imaging. Also, the plateau of tumor up-
take remains constant longer, alowing more uniform
whole-body imaging.

Numerous clinical studies have shown that 18F-FDG PET
has limitations in accurately identifying malignant lymph
nodes in the mediastinum. 8F-FDG is not a very selective
tracer for tumor imaging since cell types other than tumor
cells actively use glucose. For example, macrophages that
are found in inflammatory and infectious lesions can
demonstrate increased 8F-FDG uptake (52,53). Gupta et
al. (54) found in their patient study group alower sensi-
tivity in detecting mediastinal lymph node metastases
with PET due to the abnormal uptake of 8F-FDG in
lymph nodes involved with granulomatous disease or
silicosis. The authors therefore recommend mediastinos-
copy for pathologic correlation in any patients with ab-
normal lymph nodes on 8F-FDG PET.

Numerous studies have shown that lymph nodes involved
with bronchioloalveolar cell carcinoma and carcinoid tu-
mors can give rise to false-negative results with 8F-FDG
PET (55-58). False-negative outcomes may also arise in
lymph nodes that are <1 cm in diameter, are involved with
well- differentiated tumors (Fig. 7), are located in close
proximity to the primary tumor, or contain micrometastases
(59,60). Rasanen et al. (61) found 8F-FDG PET to be
limited in the detection of locoregional lymph node metas-
tases in esophageal carcinoma. Although the sensitivity in
detecting the primary tumor was 84%, the sensitivity in
detecting locoregional lymph nodes was 37% with 100%
specificity. In certain malignancies, such as breast carci-
noma and melanoma, surgical sentinel node biopsy has been

FIGURE 8. A 41-y-old woman with breast
cancer. (A) PET/CT scan shows abnormal
increased metabolism in right posterior cer-
vical lymph node (arrow). (B) Cancer was
missed on CT scan when it was interpreted
without PET information (arrow).
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shown to be far superior to PET in detecting early micro-
metastases in draining lymph nodes. Barranger (62) re-
ported a PET sensitivity of 20% in detecting sentinel lymph
node disease. Van der Hoeven (63) reported an even poorer
result, in which PET was falsely negative in all 18 patients
with positive nodes on sentinel node biopsy. PET, however,
was quite useful in detecting distant lymph node (Fig. 8),
soft-tissue, and skeletal metastases for these same neo-
plasms and is, therefore, till a powerful imaging resource
for staging.

1BE-FDG PET isjust the beginning in the ongoing devel-
opment of molecular imaging. Other radiopharmaceutical
agents are being explored for potential oncology imaging,
such as C-acetate, *C-methionine, and 8F-methyl choline
for prostate cancer (64). Preliminary results show that 8F-
fluorothymidine, which images proliferating cells, is useful
in detecting lung tumors (65,66). Studies are also under way
for PET molecular imaging probes to monitor gene therapy
(67,68).

NANOPARTICLE-ENHANCED MRI

The use of node-specific contrast agents can overcome
some of the limitations of cross-sectional imaging. Ultra-
small superparamagnetic iron oxide particles (USPIO)
([ferumoxtran-10] [Sinerem; Laboratoire Guerbet, Aulnay
sous Bois; and Combidex; Advanced Magnetics)]) are a
relatively new class of MRI contrast agents developed in the
1980s for intravenous MR lymphography (69,70). These
nanoparticles have been evaluated for improved detection of
lymph node metastases in various clinical trials (27,71-75).
Evaluation with nanoparticles requires 2 MR scans per-
formed 24 h apart. The first scan is used to evaluate the
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existence and location of the lymph nodes. Twenty-four
hours after the injection of the contrast agent, the second
MR scan is performed to evaluate contrast enhancement of
the identified lymph nodes.

After intravenous administration, ferumoxtran-10 ex-
travasates slowly from the vascular space into the interstitial
space and is then transported to lymph nodes through lym-
phatic vessels (Fig. 9). Once within the nodes, these nano-
particles bind to macrophages, producing a decrease in
signal intensity on T2- and T2*-weighted images. The de-
gree of signal intensity reduction is dependent on the dose
of ferumoxtran-10 and the pulse sequence used for MRI.
The recommended optimal dose at thistimeis 2.6 mg Fe per
kilogram (76), and the most appropriate pulse sequence for
evaluation of signal loss is the gradient-echo T2*-weighted
sequence. This sequence is more sensitive to the magnetic
susceptibility effects of ferumoxtran-10. If part of the node
or the entire node is infiltrated with tumor, there is lack of
ferumoxtran-10 uptake and these areas continue to retain
their high signal intensity after administration of the con-
trast material. The spectrum of nodal enhancement patterns
after ferumoxtran-10 administration depends on the nodal
tumor burden ranging from homogeneous darkening to
complete lack of ferumoxtran-10 uptake (Fig. 10). Reported
false-negative results are usually due to microscopic foci of
metastatic disease in small lymph nodes that are below the
detection threshold of current MR scanners, and false-pos-
itive results are mainly dueto reactive hyperplasia, localized
nodal lipomatosis, and insufficient dosage of ferumoxtran-
10. Despite these limitations, the reported accuracy of this
novel technique supersedes the conventional parameters
described earlier. Harisinghani et al. (71) reported a sensi-
tivity of 100% with a specificity of 95.7% in characterizing
lymph nodes in patients with prostate cancer. Anzai et al.
(27), reporting on the overall phase 1l multicenter trial in
evaluating various primary cancers, reported a sensitivity,
specificity, and accuracy of 85%, 85%, and 85%, respec-
tively, with postcontrast imaging alone and 83%, 77%, and
80%, respectively, with paired pre- and postcontrast MRI.
The results of their study did not show a significant differ-
ence in diagnostic performance between postcontrast only
and paired MRI, suggesting that it might be sufficient to
obtain only postcontrast imaging for lymph node evalua-
tion. Harisinghani et al. (77) aso have shown that there is
no statistically significant difference in evaluating lymph
nodes when comparing postcontrast images alone with com-
bined pre- and postcontrast images, and postcontrast images
aone suffice for lymph node characterization (77). A sum-
mary of various reported series on ferumoxtran-10—en-
hanced MRI is shown in Table 4.

OTHER NOVEL TECHNIQUES

Research is currently underway to develop “smarter”
agentsthat can aid in the visualization or detection of lymph
node metastases. A novel macromolecular near-infrared flu-
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FIGURE 9. Electron microscopy and modeling of ferumox-
tran-10. (A and B) Electron micrographs of superparamagnetic
hexagonal nanoparticle crystal measuring 3 nm on average (A,
bar = 10 nm; B, bar = 1 nm). (C and D) Molecular model of
surface-bound 10-kDa dextrans (overall mean particle size, 28
nm) and iron oxide crystal packing. (E) Mechanism of action.
Systemically injected long circulating particles gain access to
interstitium and are drained ubiquitously through lymphatic ves-
sels. Lymph flow disturbances or disturbances of nodal archi-
tecture by metastases lead to abnormal accumulation patterns,
detectable by MRI. (Reprinted with permission of (77).)

orescent probe has been used in animal studies to visualize
lymph nodes after intravenous administration (pan-node
visualization) and subcutaneous administration (sentinel
node visualization). This method was suggested to poten-
tialy serve as a method for guiding dissection with inter-
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FIGURE 10. Spectrum of nod

magnetic nanoparticles. (A-C) Normal lymph node in left iliac
region on noncontrast MR image (A) and 24 h after intravenous
administration of ferumoxtran-10 (arrow) (B). Note homoge-
neous decrease in signal intensity due to ferumoxtran-10 accu-
mulation. (C) Corresponding histology (10X objective). (D-F)
Nonenlarged iliac lymph node completely replaced by tumor
(arrow). (D) Conventional MR image shows high-signal-intensity
lymph node. (E) Twenty-four hours after ferumoxtran-10 admin-
istration. Note that nodal signal intensity remains high. (F) Cor-
responding histology. (G-I) Micrometasases in retroperitoneal
node. (G) MR image shows high-signal-intensity lymph node.
(H) Ferumoxtran-10—enhanced MR image demonstrates 2
hyperintense foci (arrows) within node corresponding to
2-mm metastases. (I) Corresponding histology confirms pres-
ence of adenocarcainoma within node. (Reprinted with per-
mission of (77).)

ventiona radiologic and surgical procedures (80). Some
peptides and antibodies have also been studied for immu-
nohistochemical detection of lymph node metastases. Ad-
renomedullin (ADM) is an angiogenic factor that has also
been shown to be a mitogen and a hypoxia survival factor
for tumor cells. In one study, ADM peptide expression was
examined in a series of malignant breast tumors by immu-

nohistochemistry using anti-ADM monoclonal antibody
(81). It was shown that ADM peptide was widely expressed
in breast cancer and that the degree of expression was
associated with lymph node metastasis. Plasma ADM de-
tected by radioimmunoassay could also represent an inde-
pendent predictor of lymph node metastasis (81). Soma-
tostatin receptor (SS-R) scintigraphy successfully has
shown primary cancers and metastases in patients with a
variety of SS-R—positive tumors. In vitro studies have
shown that SS-Rs are present in lymph nodes from patients
with Hodgkin's disease. Some studies support the validity
of SS-R scanning as a powerful imaging technique for the
staging of patients with Hodgkin's disease (82).

CONCLUSION

The important role of the radiologist in oncologic imag-
ing is, first, to provide accurate pretreatment staging of the
tumor for planning medical, surgical, and radiation inter-
ventions and, second, to monitor response to therapy and
provide surveillance after curative treatment. Nodal staging
forms an integral part of this process. Although controversy
remains over the appropriate extent of preoperative imaging
to assess lymph node status in a patient with malignancy,
other factors should be considered based on the primary
tumor, including accuracy and sensitivity of the modali-
ties used for investigation, cost-effectiveness of each
modality, and availability. Experience of the radiologist
also plays a crucial role in acquisition and interpretation
of the images.

With advances in technology, there is an inclination to-
ward modalities that perform functional imaging of the
lymph nodes rather than simply providing a cross-sectional
view of the lymph node. PET/CT and MRI with nanopar-
ticles provide both anatomic and functional information and
are superior to modalities that provide solely anatomic or
functional information. The added information from func-
tional imaging of lymph node status will help optimize
patient care by pinpointing the smallest tumor spread to the
regional lymph nodes.

TABLE 4
Summary of Published Clinical Trials with USPIO
Reference No. of USPIO
Author No. Year patients Region Sensitivity (%) Specificity (%) Accuracy (%)
Anzai et al. (72) 1994 1 Ear, nose, and throat 95 84 *
Bellin et al. (78) 1998 30 Pelvis retroperitoneum 100 80 *
Taupitz et al. (73) 1999 50 Pelvis, abdomen 82 94 *
Taupitz et al. (74) 1999 35 Breast 64 94 *
Sigal et al. (79) 2002 81 Ear, nose, and throat 88 77 *
Anzai et al. 27) 2003 147 All body regions 83 77 80
Harisinghani et al. (77) 2003 80 Pelvis 90.5 95.7 *

*Not measured.
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