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Evaluation of Neck and Body
Metastases to Nodes with
Ferumoxtran L0- enhanced
MR Imaging: Phase III Safety
and Efficacy Studyl

The accurate and reproducible detection of metastasis to lymph nodes has a substantial
effect on the prognosis and treatment plans for patients with underlying malignant
tumors. Contrast material-enhanced computed tomography (CT) and conventional mag-
netic resonance (MR) imaging are limited in the detection of metastatic disease in normal-
sized lymph nodes. The sensitivity of current node size criteria in the detection of
metastasis is very limited. To reduce the false-negative diagnosis rate, a smaller size
criterion has to be applied at the expense of speciicity. In reality, 5-10-mm-diameter
lymph nodes without necrosis or extracapsular spread that are visible at CT or MR imaging



are in this indeterminate category and
would meet such a criterion. Radiologists
often describe the presence of lymph
nodes without adequately addressing
their origin or clinical importance. Thus,
the current imaging-based diagnosis of
nodal metastasis is inadequate.

Ferumoxtran 10 (Combidex; Advanced
Magnetics, Cambridge, Mass) is a con-
trast agent consisting of ultrasmall super-
paramagnetic iron oxide particles that
can enhance depiction of the normal
function of the reticuloendothelial sys-
tem at MR imaging. A lymph node with
normal phagocytic function takes up a
substantial amount of iron oxide parti-
cles and therefore markedly reduces the
signal intensity (SD following intrave-
nous administration of iron oxide agents
secondary to the magnetic susceptibility
and T2 shortening effects of the iron ox-
ide particles. Although tumoral uptake of
ultrasmall iron oxide particles in intra-
cranial tumors has been demonstrated
(1-3), a metastatic lymph node incorpo-
rates iron oxide particles much less than
a normal lymph node and maintains a
relatively high SI. These differences in SI
between normal and metastatic nodes
can be easily detected visually.

The earlier works of Weissleder et al
(4-6) and Lee at al (7) greatly contrib-
uted to the development of ultrasmall
supe{paramagnetic iron oxide agents. Sev-
eral investigators (8-13) have reported the
efficacy of iron oxide agents in the differ-
entiation of metastatic and normal lymph
nodes in animal models. Ferumoxtran 10
is also referred to as AMI 227, AMI Code
7227, BMS 180549, Combidex, Sinerem
(in Europe), and dextran-coated ultrasmall
superparamagnetic iron oxide agent.

The oblectives of this study were to
determine the safety and efficacy of feru-
moxtran 10 for diagnosis of lymph node
metastases from head and neck, chest,
breast, abdominal, and pelvic carcinomas
and to determine the clinical usefulness
of this agent in the nodal staging of these
cancers.

MATERIALS AND METHODS

Study Design

This was an open-label multicenter study
involving 26 investigators ftom 22 institu-
tions. Patients with primary malignan-
cies who were suspected of having nodal
metastases received ferumoxtran 1O (2.6
mg of iron per kilogram of body weight)
intravenously and underwent MR imag-
ing before and 24-36 hours after feru-
moxtran 10 administration. Histopatho-
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logic correlation of metastases to lymph
nodes (hereafter, lymph node metasta-
ses) was performed after surgery or percu-
taneous biopsy.

Study Subjects

Of the total of 152 patients who re-
ceived ferumoxtran 10, flve were ex-
cluded from the study: two who received
less than 807o of the conect dose, one
who did not undergo MR imaging, one
who was imaged incorrectly, and one
who did not meet the study recruitment
criteria. The remaining 147 patients were
evaluable. For blinded interpretation of
the MR images, the images obtained in
six healthy subjects from a previous dose-
ranging study (14) were included for as-
sessment of truly normal cases; thus, a
total of 153 subiects were included in this
study. The 147 evaluable patients included
29 patients with head and neck cancer,32
with lung or mediastinal cancer, 23 with
breast cancer, 26 with abdominal cancer,
and 39 with pelvic cancer. Two patients
had abdominal and pelvic cancers.

Patient inclusion criteria were age
older than 18 years, a confirmed primary
cancer, and the possibility of nodal me-
tastases. At least one lymph node had to
be visible on the precontrast MR images.
Pregnant or lactating women and pa-
tients with lymphoma or small cell lung
cancer were excluded. Patients who had
undergone radiation treatment of the
area of interest within the previous 6
months also were excluded. Our entire
study was approved by the institutional
review board at each participating insti-
tution, where all patients signed in-
formed consent forms.

Physical Characteristics and
Administration of Ferumoxtran l-0

The physical characteristics of feru-
moxtran 10 have been described in detail
(8,12,15,16). Briefly, ferumoxtran 10 was
provided in the form of a lyophilized
powder consisting of ultrasmall super-
paramagnetic iron oxide particles cov-
ered with low-molecular-weight dextran.
The iron oxide core is a form of nonstoi-
chiometric magnetite and is 4.3-6.0 nm
in diameter; in a solution, the total par-
ticle diameter is 17-21. nm. Ferumoxtran
10 consists of biodegradable iron oxide
particles that are metabolized in the same
way as nonmagnetic iron dextran com-
pounds; it enters the normal body iron
pool in the metabolic pathway through
transferrin, ferritin, hemosiderin, and he-
moglobin.

To administer ferumoxtran 10, we di-
luted the agent with 50 mL of saline and
infused it through a 5-pm filter at a rate
of 4 ml/min. A dose of 2.6 mg of iron per
kilogram was chosen on the basis of re-
sults of a phase II dose-ranging study
(14) .

MR Imaging

MR imaging was performed in three
patients with a 0.2-T MR imaging unit, in
one patient with a 1.0-T unit, and in the
remaining 143 patients with a 1.5-T unit.
The basic MR imaging protocol included
the acquisition of transverse Tl-weighted
spin-echo (580/11 [median repetition time
msec/echo time msecl, 256 >< 192 matrix,
one to two signals acquired) and trans-
verse T2-weighted fast spin-echo (4,000/
IO2, echo train length of eight to 16,
256 x 1.92 matrix, two signals acquired)
images in 130 patients and the acquisi-
tion of conventional T2-weighted spin-
echo images in 17 patients. Transverse
T2*-weighted gradient-echo images (2661
lO2,20" flip angle, two signals acquired)
were acquired in all 147 patients. The
section thickness was 4 mm for imaging
the head and neck and 5 mm for imaging
the other body regions. The field of view
was 18-20 cm for the head and neck and
34-42 cm for the other parts of the body.

Interpretation of MR Images

To reduce observer bias and minimize
interobserver variability, teams of radiol-
ogists and oncologists who were not in-
volved in patient enrollment interpreted
the MR images. Four teams-each con-
sisting of one radiologist and one oncol-
ogist, both blinded to the clinical histo-
ries and histopathologic results-were
involved in image interpretation. Two
teams interpreted the head and neck MR
images independently, and the other two
teams interpreted the MR images of the
other body regions. The radiologist eval-
uated each lymph node visualized on the
images for the presence or absence of met-
astatic disease. The oncologist assigned the
nodal stage in each patient during the
reading session by using the information
provided by the radiologist.

MR images, without identifying mark-
ings, were displayed on a computer screen
at Bio-lmaging Technologies, Newton,
Pa. The readers interpreted the precon-
trast images twice: by using size criteria
alone (ie, size-based diagnosis) and by us-
ing size criteria with other imaging features
(ie, subjective reader diagnosis). Lymph
node size was measured by using an elec-
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No. Post Dose Description Diagnosis

#l No blackening ofnode or node is
hyperintense to surrounding tissue;
heterogeneous or homogenous
architecture

Metastatic

4a Node has central high signal with
darkening along the peripheral rim;
heteroseneous architecture

Metastatic

#3 Partial darkening whereby more than
50% ofthe node has area ofhigh
signal intensity ; heterogeneous
architecture

Metastatic

#4 Less than 50% ofnode has high signal
intensity; heterogeneous architecture

Possibly
Metastatic

F5 Node having an overall dark signal
other than a central or hilar area of fat
seen on Tl sequence; heterogeneous
architecture

Non-metastatic

#6 Node having an overall dark sigual
with speckles of subtle granularities;
homosenous architecfu re

Non-metastatic

Node having an overall dark signal
intensity; homogenous architecture

Non-metastatic

Figure L. Diagnostic guidelines for ferumoxtran 10-enhanced MR imaging. A lymph node with
an area of high Sl-encompassing the entire node or a portion of it-was considered metastatic.
A node with fatty hilum, complete signal void, and speckles of granularity without a definite
focus of high SI was considered nonmetastatic.

tronic caliper. A node larger than 10 mm
in short-axis diameter was considered
metastatic according to the size criteria.
For subjective reader diagnosis, the radi-
ologists were asked to determine the pres-
ence or absence of metastasis by using all
features on the precontrast MR images
that they considered relevant. Although
this reading protocol may simulate the
clinical reading of MR images without
iron oxide contrast material, it, unlike
the size criteria protocol/ has not been
validated in large clinical studies.

Diagnostic guidelines (Fig 1) were used
to evaluate the iron oxide-enhanced MR
images. The team of blinded readers ini-
tially evaluated the precontrast images
alone; then they evaluated the pre- and
postcontrast MR images together (ie,
paired MR images). At least 2 weeks later,
the blinded readers interpreted the post-
contrast MR images alone. To reduce re-
call bias, the order of case presentations
in each MR image interpretation session
was randomized.

Efficacy Evaluation

The diagnostic performance of feru-
moxtran 1O-enhanced MR imaging was
analyzed on a node (ie, node by node)
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and patient level. Nodelevel analysis in-
cluded the evaluation of all lymph nodes
seen by the blinded readers on both the pre-
and postcontrast MR images with which
there was histopathologic confirmation
at surgery or biopsy. Only those nodes for
which there was histopathologic correla-
tion (with exception of the nodes in the
six healthy subjects, which were consid-
ered nonmetastatic for purposes of anal-
ysis) were included in this analysis. The
diagnostic performance of ferumoxtran
10-enhanced MR imaging in each pa-
tient, regardless of whether the patient
had metastatic disease, also was analyzed
separately (ie, patient-level analysis).

Quantitative Analysis

SI was measured by calculating mean
region of interest SI values and SDs for
the lymph nodes, noise, and muscle seen
on pre- and postcontrast MR images.
These calculations were performed by the
onsite investigators at each institution. A
region of interest was placed to cover a
whole node. Median percentage changes
in SI were calculated as follows: (postcon-
trast median value - precontrast median
value)/(precontrast median value).

Nodal Staging

The oncologists assigned the nodal stage
in each subiect on the basis of the MR
image interpretations made by the radi-
ologists. No additional clinical informa-
tion, except primary tumor site, was pro-
vided to help determine nodal stage. The
oncologists determined the nodal stage
on the precontrast, paired, and postcon-
trast MR images by using the American
Joint Committee on Cancer staging sys-
tem. The MR results were correlated with
the final histopathologic nodal stages.

Safety Evaluation

Safety evaluation was performed in the
initial 752 patients who received feru-
moxtran 10 injections. A physical exam-
ination was performed by a physician at
each institution before and after intrave-
nous administration of ferumoxtran 10.
Vital signs (ie, systolic and diastolic blood
pressures, heart rate, respiratory rate, and
body temperature) were recorded before
and immediately, 15 minutes, 3O min-
utes, and t hour after the ferumoxtran 1O
inlection was started. Vital signs were
also checked when the patient returned
for postcontrast MR imaging 24-36 houn
after ferumoxtran 10 administration. Blood
testing and urinalysis were performed before
and 24-36 hours after ferumoxtran 1O ad-
ministration. Blood tests included com-
plete blood count, blood chemistry, elec-
trolyte, hepatic function, clotting function,
and iron metabolism measurements.

Any abnormal vital signs or unex-
pected blood test results were followed
up until they returned to baseline values.
All adverse events were documented and
followed up clinically until the patient's
condition returned to baseline status.

Statistical Analysis

For efficacy data evaluation, the McNe-
mar test was used to assess differences
between the pre- and postcontrast MR
images and between the precontrast and
paired MR images at node- and patient-
level analyses. Nodal staging data also
were analyzed by using the McNemar
test. The Wilcoxon signed rank test was
used to analyze the median values of
lymph node SI on the pre- and postcon-
trast MR images. For safety data evalua-
tion, the Wilcoxon signed rank test was
used to analyze changes in vital signs and
in laboratory flndings. P < .05 was con-
sidered to indicate a significant differ-
ence in all statistical analyses.

Ferumoxtran lo-enhanced MR lmaglng of Metastases to Nodes . 779



TABLE 1
Sensitivity, Specificity, and Accuracy of MR lmaging in All Body Regions on a Node Level

MR Evaluation
No. of Lymph

Nodes Sensitivity (o/o) Specificity (o/o) Accuracy (o/o)

Reader 1
Precontrast imaging with size criteria
Precontrast imaging with reader assessment
Paired imaging
Postcontrast imaging only

Reader 2
Precontrast imaging with size criteria
Precontrast imaging with reader assessment
Paired imaging
Postcontrast imaging only

Readers 1 and 2 (average)*
Precontrast imaging with size criteria
Precontrast imaging with reader assessment
Paired imaging
Postcontrast imaging only

1 7 3
1 7 3
173
169

1 5 8
1 5 8
157
1 4 7

. : :

s4 (43t7e)
e4 (74179)
83 (66180)
8s (66t78)

s4 (4s183)
88 (73l83)
83 (7o184)
84 (67 180)

82 (771e4)
38 (36194)
76 (71193)
8s  (77191)

81 (61t7s)
64 (4817s)
77 (s6173)
84 (s6167)

82
5 1
77
85

69 (1201173)
64 (1101173)
79 (137 1173)
8s (1431169)

67 (10611s8)
77 (121 l1 s8)
80 (12611s7)
84 (1231147)

68
71
80
85

54
91
83
85

Note.-Numbers in parentheses are numbers (of nodes) on which percentages are based. According to precontrast MR imaging size criteria, nodes with
a short-axis diameter of greater than 10 mm were considered metastatic. Blinded subjective reader diagnoses were based on all MR imaging features.
Postcontrast MR imaging had higher sensitivity and accuracy than precontrast MR imaging with size criteria (P < .001) and higher specificity than
precontrast MR imaging with subjective reader assessment (significance defined as P < .05 at one-sided McNemar test).

* Average of reader I and reader 2 values.

RESULTS

Histopathologic Correlation

Of the 147 evaluable patients, 33 un-
derwent biopsy and 101 underwent sur-
gery. Thirteen patients underwent nei-
ther biopsy nor surgery because of their
refusal, technical diffrculty, an unstable
clinical condition, or the discovery of a
distant metastasis. The histopathologic
nodal stages in the 134 patients who un-
derwent biopsy or surgery were as fol-
Iows: N0 in 59, Nl in 25, N2 in 30, and
N3 in seven patients. The nodal stage in
13 patients was NX. Three hundred sev-
enty-one lymph nodes were visible on
pre- and postcontrast MR images and
were corelated with the histopathologic
findings by the onsite investigators.
These lymph nodes included 108 meta-
static nodes, 146 normal nodes, and 22
inflammatory nodes. Nineteen lymph
nodes with indeterminate histopatho-
logic flndings and 76 lymph nodes that
were visible on MR images were not re-
moved. Thus, there was specific his-
topathologic correlation for 276 lymph
nodes in the unblinded clinical phase of
this study. Only those nodes that were
seen by the blinded reader both before
and after ferumoxtran 10 administration
and that could be accurately correlated
with the histopathologic findings were
included in the analysis.

Efficacy Evaluation

Overall diagnostic accuracy.---:lhe sensi-
tivity, specificity, and accuracy of the
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blinded MR imaging-based diagnoses
made at node-level analysis by using
(a) size criteria at precontrast MR imaging,
(Zf sublective reader assessment at pre-
contrast MR imaging, (c) paired pre- and
postcontrast MR imaging, and (d) post-
contrast MR imaging only are shown in
Table 1. The sensitivity achieved by using
size criteria was low (5470), but specificity
was high (820lo). Subjective reader assess-
ment resulted in increased sensitivity, to
9lo/o, but decreased specificity, to 517o.
These findings indicate that the blinded
readers tended to diagnose more of the
small nodes as metastatic.

The overall accuracy of both precon-
trast MR imaging evaluations (ie, with
size criteria and reader assessment) was
approximately 7oo/o. Postcontrast MR im-
aging led to improved sensitivity and
specificity-both increased to B5o/o-and
consequently to improved accuracy, to
85o/o. There was a significant difference in
sensitivity between size criteria (at pre-
contrast MR imaging) and postcontrast
MR imaging (P < .001). Similarly, the
specificity of subiective reader assess-
ment (at precontrast MR imaging) signif-
icantly improved after ferumoxtran 10
administration (P < .006).

Node-level positive and negative predictive
values.-The positive predictive values
(PPVs) and negative predictive values
(NPVs) of size criteria and subiective
reader assessment at precontrast MR im-
aging, postcontrast MR imaging alone,
and paired MR imaging are shown in Ta-
ble 2. For size criteria at Drecontrast MR

imaging, PPV was 74o/o and NPV was 650/o.
With postcontrast MR imaging, both PPV
(840/o) and NPV (84olo) improved.

Receiver operating characteistic analysis
in all body regions.-A receiver operating
characteristic curve for size criteria was
created by using a node size cutoff of
every 5 mm (Fig 2a). These data showed
high sensitivity and low specificity at 5-
and 10-mm cutoffs and high speciflcity
and low sensitivity at 15- and 20-mm
cutoffs. The area under the receiver oper-
ating characteristic curve for size criteria
was O.762 (average of 0.756 for reader 1
and O.769 for reader 2).

The receiver operating characteristic
curve for postcontrast MR imaging cre-
ated on the basis of the diagnostic guide-
lines in Figure 1 revealed improved diag-
nostic performance (Fig 2b) compared
with that of size criteria alone. The area
under the curve was 0.829 (average of
0.814 for reader 1 and 0.844 for reader 2).

Diagnostic accurncy of MR imaging of
each anatomic region.--:lhe efficacy of
ferumoxtran l0-enhanced MR imaging
of each anatomic region is illustrated in
Figure 3. Results, particularly those ob-
tained at precontrast MR imaging, varied
among the anatomic regions. The overall
accuracy of postcontrast MR imaging of
the head and neck was 93o/o (average of
94o/o 147 of 50 nodesl and 92o/o [33 of 36
nodesl for readers I and2, respectively), a
significant improvement from the accu-
racy achieved at precontrast MR imaging:
690lo (average of 760/o [47 of 62 nodes]
and 61.0lo [28 of 46 nodes] for readers 1

Anzai et al



TABLE 2
PPV and NPV of MR lmaging in All Body Regions on a Node Level

MR Evaluation No. of Lymph Nodes PPV (o/o) NPV (%)

Reader 1
Precontrast imaging with size criteria
Precontrast imaging with reader assessment
Paired imaging
Postcontrast imaging only

Reader 2
Precontrast imaging with size criteria
Precontrast imaging with reader assessment
Paired imaging
Postcontrast imaging only

Readers 1 and 2 (average)*
Precontrast imaging with size criteria
Precontrast imaging with reader assessment
Paired imaging
Postcontrast imaging only

1 7 3
1 7 3
1 7 3
169

1 5 8
1 5 8
157
1 4 7

72 (43160)
s6 (741132)
7s (66188)
83 (66180)

76 (4sls9)
73 (73110O)
80 (70187)
86 (67 178)

68 (77 1113)
88 (36/41)
84 (7"t l8s)
87 (7718e)

62 (61 tee)
83 (48/s8)
80 (s6170)
81 (s6/6e)

65
86
82
84

74
65
78
84

Note.-Numbers in parentheses are numbers (of nodes) on which percentages are based. MR imaging and postcontrast MR imaging had higher PPV
than precontrast MR imaging with either size criteria or subjective reader assessment. However, there was no substantial difference in NPV between pre-
and postcontrast MR imaging.

* Average of reader 1 and reader 2 values.

P o o.z=
o

-!l 0.4

= u .o

E
o

O  n r
t t  v *

--+- Reader 1
--l- Reader 2

and 2, respectively) with size criteria and
80o/o (average of B2o/o [5I of 62 nodes]
and 78o/o [36 of 46 nodes] for readers 1
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--*- Reader 1
--'r- Reader 2

0.2 0.4 0.6 0.8

1 - Specificity

and 2, respectively) with subiective
reader assessment. The overall accuracy
of postcontrast MR imaging was 83o/o (av-

erage of 85o/o 127 of 32 nodesl and 82o/o

[28 of 34 nodes] for readers I and 2, re-
spectively) in the abdomen and pelvis,
82o/o (avenge of 8oo/o [45 of 56 nodes]
and 85o/o [49 of 58 nodes] for readers 1
arjd 2, respectively) in the breast, and
73o/o (average of 77o/o [24 of 3L nodes]
and 680/o [13 of 19 nodes] for readers 1
and 2, respectively) in the chest and me-
diastinum (Fig a).

The patterns of diagnostic accuracy for
the breast and the head and neck region
were similar: Iow sensitivity and high
specificity with size criteda, high sensi-
tivity and low specificity with subjective
reader assessment, and improved sensi-
tivity and specificity with postcontrast
MR imaging. Conversely, the precontrast
MR imaging results for the lung and me-
diastinum and the abdomen and pelvis
indicated relatively high sensitivity and
low speciflcity of size criteria (Fig 3).

Subjective reader assessment at pre-
contrast MR imaging for the chest and
abdomen-pelvis had high sensitivity but
very limited specificity. Ferumoxtran 10-
enhanced MR imaging, however, had
fairly constant sensitivity and specificity
(>80o/o) in the abdomen and pelvis with
the same readers.

Patient-Ievel analysis.-The diagnostic
accuracy of postcontrast MR imaging was
also analyzed on a patient basis. Patient-
level analysis involved the patients who
had undergone surgery or biopsy. The
histopathologic findings in all nodes that
were removed were correlated with the
characteristics of all nodes that were vis-
ible at MR imaging. The sensitivity, spec-
ificity, PPV, and NPV of MR imaging at

0.2

0 0.2 0.4 0.6 0.8
1 - Specificity

a. b.

Figure 2. (a) Receiver operating characteristic curves for size criteria at precontrast MR imaging.
Area under the curue for size criteria is 0.763. Threshold 1: Lymph nodes larger than 20 mm in
diameter are considered metastatic. Threshold 2: Lymph nodes larger than 15 mm in diameter are
considered metastatic. Threshold 3: Lyrnph nodes larger than 10 mm in diameter are considered
metastatic. Threshold 4: Lymph nodes larger than 5 mm in diameter are considered metastatic.
(b) Receiver operating characteristic curves for postcontrast MR imaging-based diagnostic guide-
lines (see Fig 1). The area under the curue for postcontrast MR imaging was 0.829. Threshold 1:
All lymph nodes assigned a guideline (#1-#7) in Figure I are considered nonmetastatic. Threshold
2: All lymph nodes assigned under category 1 are considered metastatic, but nodes assigned under
categories 2-7 are considered nonmetastatic. Threshold 3: All lymph nodes assigned under
category 1 or 2 are considered metastatic; those assigned under categories 3-7 are considered
nonmetastatic. Threshold 4: All l1nnph nodes assigned under categodes 1-3 are considered
metastatic; those assigned under categories 4-7 are considered nonmetastatic. Threshold 5: All
lymph nodes assigned under categories 1-4 are considered metastatic; those assigned under
categories 5-7 are considered nonmetastatic. Threshold 6: All lymph nodes assigned under
categories 1-5 are considered metastatic; those assigned under category 6 or 7 are considered
nonmetastatic. Threshold 7: All l1nnph nodes assigned under categories 1-6 are considered
metastatic; those assigned under category 7 are considered nonmetastatic.
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Pre-Dose (Size Dx) Pre-Dose (Readers Dx) Paired Post-Dose
B R I 62 62 63 50
B R 2 46 46 47 J O

a.

Sen sitiv ity Specificity A ccuracy

Sensi t iv i ty Sp€ci f ic i ty Accuracy

Pre-Dose (Size Dx) Pre-Dose lReaders Dx) Paired Post-Dose
B R I 26 26 zo I
BR2 28 28 28 l 9

b.

Sen$Wity Specificity Atruracy

Sensitivity Specificity A ccuracy

Pre-Dose (Size Dx) Pre-Dose (Readers f)xl Paired Post-Dose
B R l 28 28 29
BR2 J J J J 34

d.

Figure 3. Bar graphs show sensitivities, specificities, and accuracies of size ffiteria at precontrast (Pre-Dose) MR imaging (light gray bar), reader
assessment at precontrast MR imaging (white bar), paired MR imaging (black bar), and postcontrast (Post-Dose) MR imaging only (dark gray bar) in
(a) head and neck, (b) chest and mediastinum, (c) breast, and (d) abdomen and pelvis. Diagnostic performance improved in all regions except the
chest and mediastinum. Ferumoxtran 10 performed best in the head and neck region, yielding sensitivity of 960/o, specificity of 87o/o, and overall
accuracy of 93olo (average of two btinded readers [BR]). The numbers of lymph nodes depicted at MR imaging in each rigion are listed at the bottom
of each figure. D.r - diagnosis.

patient-level analysis are shown in Tables
3 and 4. The sensitivity of paired MR im-
aging (B5o/o) was higher than that of size
cdteria (77o/o) (P < .05) (Table 3). The read.
ers were able to correctly identify most pa-
tients who had at least one lymph node me-
tastasis, regardless of whether they were
evaluating pre- or postcontrast MR im-
ages. Therefore, there was no significant
improvement in sensitivity with feru-
moxtran 10 administration, as compared
with the sensitivity of subiective reader
assessment (at precontrast MR imaging).

In contrast, specificity was signifi-
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cantly higher when the readers evaluated
the postcontrast MR images (75o/o) than
when they used subjective assessment of
the precontrast MR images (39o/o) (P <
.001). The results were similar for all body
regions combined and for individual body
regions. Evaluation of the postcontrast
MR images yielded the highest PPV. NPV
was fairly consistent among the precon-
trast, paired, and postcontrast MR im-
ages; values ranged from 690/o to 817o.

SI measurement.-The SI of the meta-
static and nonmetastatic lymph nodes on
precontrast Tl-weighted spin-echo MR

images increased after ferumoxtran 10
administration. The SI of lyrnph nodes on
precontrast T2-weighted spin-echo and
T2*-weighted MR images decreased after
ferumoxtran 10 administration, as shown
in Table 5. The metastatic nodes showed a
greater increase in SI on the T1-weighted
MR images than the nonmetastatic nodes
(P < .001). The SI decreases in the non-
metastatic nodes on the T2- and T2"-
weighted images were greater than those
in the metastatic nodes; the most notice-
able difference was measured on the T2"-
weighted images (P < .001).

Pre-Dose {Size Dx} Pre-Dose (Readers Dx) Paired Post-Dose
B R l 57 l l 55 56
B R 2 5 l 49 58

C .
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Effect ofiron oxide enhancement on nodal
staging.-The nodal stages assigned by
the oncologists solely on the basis of the
preconhast, paired, and postcontrast MR
image findings are shown in Table 6. The
correlations between histopathologic nodal
stage and MR imaging-based nodal stage
are shown in Table 7. There were signifi-
cant differences in the nodal stages as-
signed by both blinded oncologists be-
tween pre- and postcontrast MR imaging
and between precontrast and paired MR
imaging. Nodal staging based on precon-
trast MR imaging findings was accurate
in 23o/o and 330/o of cases. Staging accu-
racy improved to 34o/o and 460/o with
paired MR imaging. Similarly, the accu-
racy of precontrast nodal staging im-
proved from 24o/o and 34o/o to 45olo and
490lo, respectively, with contrast material
enhancement (P < .05).

In this highly artificial setting, there
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were many patients for whom the teams
of radiologists and oncologists were un-
sure of the nodal stage (NX) depicted on
the precontrast MR images: The lymph
nodes visible on the MR images had equiv-
ocal size and imaging characteristics. Of
these patients with NX nodes at precon-
trast MR imaging, more than 5oo/o re-
ceived a more def,nitive and accurate di-
agnosis with ferumoxtran l0-enhanced
MR imaging (Table 8). It is perhaps more
important that more than 7oo/o of pa-
tients with suspicious node(s) at precon-
trast MR imaging received an accurate
diagnosis of N0 nodes at postcontrast or
paired MR imaging.

Safety Data

Adverse events.-Overall, 43 (28o/o) of
152 patients had one or more adverse
events during the study (Table 9). The

most frequently reported adverse events
were headache, back pain, vasodilatation,
and urticaria, each of which occurred in
60/o of patients. None of the adverse
events was serious: Most were mild or
moderate in severity and of short dura-
tion.

Twenty (137o) patients received treat-
ment for adverse events: mostly acet-
aminophen for headache or other pain
and diphenhydramine primarily for urti-
caria. The ferumoxtran 10 infusion was
discontinued because of adverse events
in four patients. Two of these four pa-
tients had back pain, one had chest pain,
and one had infiltration at the injection
site. In six patients, the infusion was tem-
porarily suspended because of adverse
events and then continued to comple-
tion without recurrence of the adverse
events.

Physical examination.-Six of 152 pa-
tients had changes in physical examina-
tion results from the baseline findings at
the time of MR imaging performed 24-36
hours after ferumoxtran 10 administra-
tion. For four of these six patients, the
change in physical examination results,
including resolution of a restless foot in
one patient, resolution of chest crackles
in two patients, and stiff knees in one
patient, was thought to be unrelated to
ferumoxtran 10 infusion. Two of these
patients had resolving urticaria, which
was reported as an adverse event.

Vital signs.--:there was no signiflcant
change in body temperature from the
baseline temperature at any time in any
patient. The mean values for systolic
blood pressure, diastolic blood pressure,
and respiratory rate decreased steadily
from the baseline during the course of
the study (P < .05, Wilcoxon signed rank
test). The magnitude of these decreases
was small: by 2-3 mm Hg for blood pres-
sure and by 0.2-0.3 breaths per minute
for respiration rate. Heart rate decreased
by about one beat per minute during the
flrst 30 minutes after contrast material
administration and returned to baseline
by 24-36 hours.

Laboratory fesfs.-Overall, laboratory
tests revealed no effect of ferumoxtran 1O
on routine serum chemistry hematologic,
or urinalysis values. Because the principal
ingredient and active component of feru-
moxtran 10 is iron oxide, the iron metab-
olism data reflected the amount of iron
distributed in the body at contrast agent
administration, as expected. The amount
of iron oxide administered is less than
that in a unit of blood, and the changes
in stored iron levels caused by contrast
agent administration are not enough to

Figure 4. Lung cancer in 69-year-old man. Transverse (a) contrast-enhanced cr image and
(b) precontrast T1-weighted (1,176111, tlvo signals acquired, 256 x l9z matrix, 5-mm section
thickness, 36-cm field of view), (c) precontrast T2*-weighted gradient-echo (50/15, 25' flip angle,
two signals acquired, 256 x 192 matrix, s-mm section thickness, 36-cm field of view), (c) pre-
contrast T2*-weighted gradient-echo (50/15, 25" flip angle, two signals acquired, 2s6 x l9z
matrix, 5-mm section thickness, 36-cm field of view), and (d) postcontrast T2*-weighted gradient-
echo (50/15, 25' flip angle, two signals acquired, 256 x r92 malrix, s-mm section thickness,
36-cm field of view) MR images of the chest show right precarinal lymph node (arrow) approx-
imately 2 cm in diameter. In c, the precarinal lymph node is hyperintense. In d, there are no
significant changes in precarinal l1'rnph node SI. These findings indicate the presence of a
metastatic node. Tumor involvement was confirmed at surgery.
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MR Evaluation No. of Patients Sensitivity (o/o) Specificity (o/o) Accuracy (o/o)

TABLE 3
Sensitivitn Specificity, and Accuracy of MR lmaging in All Body Regions on a Patient Level

Reader 
'l

Precontrast imaging with size criteria
Precontrast imaging with reader assessment
Paired imaging
Postcontrast imaging only

Reader 2
Precontrast imaging with size criteria
Precontrast imaging with reader assessment
Paired imaging
Postcontrast imaging only

Readers 1 and 2 (average)*
Precontrast imaging with size criteria
Precontrast imaging with reader assessment
Paired imaging
Postcontrast imaging only

1 1 2
1 1 5
1 0 1
1 1 1

1 2 2
1 2 2
119
1 1 2

79 (461s8)
93 (s4ls8)
84 (46lss)
83 (48/58)

7s (47163)
87 (ssl63)
86 (s3/62)
84 (s116't)

se (321s4)
24 (13ts4)
6s (30146)
77 (41 I s3)

61 (36tse)
s4 (32tse)
67 (38/s7)
73 (37 ls1)

70 (78|"t12)
60 (67 1112)
7s (761101)
8 0 ( 8 9 / 1 i 1 )

68 (831122)
71 (871122)
76 (e1 /11e)
79 (881112)

90
85
84

A O

66
76
80

60
39
66
75

Note.-Numbers in parentheses are numbers (of patients) on which percentages are based. According to precontrast MR imaging size criteria, nodes
with a short-axis diameter of greater than 10 mm were considered metastatic. Blinded subjective reader diagnoses were based on all MR imaging
features. Paired MR imaging had significantly higher sensitivity than size criteria (P < .05). Postcontrast (alone) and paired MR imaging had significantly
higher specificity than the subjective assessment of blinded reader 1 (P < .001). Postcontrast MR imaging had significantly higher accuracy than the
subjective assessment of blinded reader 2 (P < .05).

* Average of reader 1 and reader 2 values.

cause iron overload in a patient with nor-
mal iron levels.

As expected, the mean values for se-
rum iron, total iron binding capacity,
and percentage saturation increased sig-
nificantly (P < .05) from baseline in the
24-36 hours following contrast agent ad-
ministration. The mean serum ferritin
level increased minimally and the mean
serum transferrin level decreased mini-
mally during this 24-36-hour period. All
significant changes from baseline re-
flected the distribution of and metabo-
lism induced by iron from ferumoxtran
10.

DISCUSSION

Results of this study, which to our knowl-
edge involved the largest series of pa-
tients who received ferumoxtran 10 in-
iection, showed that ferumoxtran 10 is
safe and efficacious for the detection of
nodal metastasis at MR imaging. Iron ox-
ide-enhanced MR imaging had higher
sensitivity and specificity for differentiat-
ing metastatic from normal nodes than
both objective size criteria and sublective
radiologist assessment (both at precon-
trast MR imaging). Ferumoxtran 10 per-
formed best in the head and neck, yield-
ing an overall accuracy of 93o/o.

Nodal staging improved significantly
with iron oxide enhancement, with
which a substantial number of patients
in whom precontrast MR imaging find-
ings indicated NX received an accurate
diagnosis of N0 or N positive. Moreover,
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many of the patients with questionable
nodal metastasis received an accurate di-
agnosis of N0 at postcontrast MR imag-
ing; these cases reflected increased diag-
nostic confidence. In addition, there was
a significant difference in SI between the
metastatic and nonmetastatic lymph
nodes on T2-, T2*-, and Tl-weighted MR
images.

Several reports (17-23) have addressed
the efficacy of ferumoxtran 10 for MR
imaging of the head and neck, chest, ab-
domen, and pelvis. In a phase II trial of
ferumoxtran 10, the diagnostic perfor-
mance of MR imaging with this agent,

which yielded a sensitivity of 95o/o and a
speciflcity of 84o/o in the head and neck,
was higher than that of conventional MR
imaging (17). These results are close to
those achieved in the present phase III
clinical trial: sensitivity of 960/o (average
of 960/o [25126] and960/o [24125] for read-
ers 1 and 2, respectively) and specifrcity
of 87o/o (average of 92o/o [2ZlZ4) and 82o/o
[9/1 1] for readers I and 2, respectively) at
postcontrast MR imaging of the head and
neck. Results of a study (21) of head and
neck cancer showed higher diagnostic
performance at MR imaging performed
with ferumoxtran 10 than at MR imaging

TABIE 4
PPV and NPV of MR lmaging in All Body Regions at Patient-Level Analysis

MR Evaluation No. of Patients PPV 1o7o; NPV 1o7o;

Reader 1
Precontrast imaging with size criteria
Precontrast imaging with reader assessment
Paired imaging
Postcontrast imaging only

Reader 2
Precontrast imaging with size criteria
Precontrast imaging with reader assessment
Paired imaging
Postcontrast imaging only

Readers I and 2 (average)*
Precontrast imaging with size criteria
Precontrast imaging with reader assessment
Paired imaging
Postcontrast imaging only

1 1 2
1 1 2'I 01
1 1 1

1 2 2
1 2 2
119
1 1 2

68 (46168)
s7 (s4tes)
74 (46162)
80 (48/60)

67 (47170)
67 (ssl82)
74 (s3172)
78 (s1 l6s)

73 (32144)
76 (13t17)
77 (30139)
80 (41 /51 )

6e (t6ls2)
80 (32140)
81 (38t47)
79 (37 147)

68
62
74
79

71
78
79
80

Note.-Numbers in parentheses are numbers (of patients) on which percentages are based.
Patient-level analysis revealed that PPV was improved approximately 1Oo/e2Oo/o with iron oxide-
enhanced MR imaging. There was no substantial difference in NPV.

* Average of reader 1 and reader 2 values.
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TABLE 5
Sl Measurements in Metastatic and Nonmetastatic Lymph Nodes

Median Sl
Median Change

No. of Precontrast 24-36-hour from Precontrast
MR Sequence Nodes MR Postcontrast MR Sl (o/o)

Metastatic nodes
T1-weighted SE 92 134
T2-weighted SE 89 136
T2*-weighted 89 78

Nonmetastatic nodes
Tl-weighted SE 150 190 2O1
T2-weighted SE 136 154
T2"-weighted 123 74

Note.-Statistically significant difference in Sl changes between metastatic and nonmetastatic
lymph nodes (P < .001, Wilcoxon signed rank test) was observed in all sequences. SE : spin echo.

1 6 5
1 0 3
70

+'18.4
-23 .0
- 1 4 . 9

+ 2 . 3
-48.2
-57 .9

83
4 1

performed without it. A study (20) of ab-
dominal and pelvic malignancies re-
vealed ferumoxtran 10-enhanced MR
imaging to have 93%o sensitivity and
1o0o/o specificity. In a study (18) to inves-
tigate the efficacy of iron oxide contrast
agents in patients with urologic and pel-
vic cancers, a sensitivity of 1000/o and a
specificity of 809o were reported. A sensi-
tivity of 88o/o and a specificity of 77o/o
were achieved in a European phase III
clinical trial of ferumoxtran 10 (30).

The nodal staging of cancer has a ma-
jor influence on therapeutic decisions.
When an imaging examination depicts a
single suspicious metastatic node, bi-
opsy, surgical resection, radiation ther-
apy, chemotherapy, or a combination of
all of these treatments is performed. The
dilemma occurs when the lymph nodes
seen at imaging or physical examination
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appear normal (24-26). Some patients
with such findings, who are judged to
have N0 disease, have metastatic nodes,
and some of them do not. In the studies
(27,28) to reevaluate size criteria for head
and neck cancer, 39olo of patients with N0
disease at ultrasonography had meta-
static nodes at surgery.

When, if ever, is observing patients
who have NO disease without administer-
ing medical treatment for nodal disease
considered acceptable management?
How reliable should an ilnaging exami-
nation be to be considered clinically ac-
ceptable? These questions have yet to be
answered definitively. Some investigators
(29) have reported that the NPV in a pop-
ulation with a high prevalence of the dis-
ease being evaluated has to exceed 90olo-
95ol0. The NPV of iron oxide-enhanced
MR imaging was not that high in this

study. The false-negative rate was not
negligible. We need to further investigate
the false-negative cases and the potential
reasons why ferumoxtran 1O-enhanced
MR imaging did not depict some meta-
static lymph nodes. Some false-positive
diagnoses of nodes are expected because
granulomatous disease or infection can
reduce the phagocytic activity of lymph
nodes, mimicking metastatic nodes. Such
false-positive nodes appear to be more of
a problem in patients with chest or me-
diastinal disease. In two studies of the
efficacy of ferumoxtran 10 at MR imaging
of lung cancer/ the specifrcities were dif-
ferent: 80o/o in one study (22) and 380/o in
the other (23).

In this study, we evaluated a subiective
diagnostic method, reader assessment at
precontrast MR imaging, and compared
it with iron oxide-enhanced MR imaging.
Reader assessment-based diagnoses might
closely reflect how radiologists perform
in their practices. As demonstrated in Ta-
bles 1 and 2, the radiologists performing
these subjective interpretations tended to
diagnose metastasis in nodes that were
smaller than those that they diagnosed as
metastatic by using size criteria. Because
these blinded readers lowered their
threshold for the diagnosis of metastatic
nodes, speciflcity was sacrificed. Without
a definitive diagnostic study, "overdiag-
nosing" may be a practical trade-off to
avoid excluding treatment from some pa-
tients with cancer. Overdiagnosing met-
astatic nodes in some patients with can-
cer may cause less harm than missing
metastatic nodes, but it results in large
numbers of patients with N0 lesions un-
dergoing unnecessary treatment for pos-
sible metastatic disease.

At both pre- and postcontrast MR im-
aging, node-level analysis yielded better
results than patientJevel analysis. The
sensitivity of paired MR imaging was
higher than that of precontrast MR imag-
ing size criteria, and the specificity of
postcontrast MR imaging was signifi-
cantly improved (P < .001) compared
with that of precontrast MR imaging-
based reader assessment at patientlevel
analysis and thus led to fewer false-posi-
tive cases. However, the NPV of postcon-
trast MR imaging was not significantly
improved compared with that of precon-
trast MR imaging. The European phase III
trial (30) also revealed that the specificity
and PPV for postcontrast MR imaging
were higher than those for precontrast
MR imaging; however, the sensitivity
and NPV of precontrast MR imaging were
high and did not improve following iron
oxide-based contrast material adminis-

TABLE 6
MR lmaging-based Nodal Staging in Patients: Blinded Evaluation of
Unmarked lmages

Nodal Stage*
Precontrast
MR lmages

Paired MR
rmages

Postcontrast
MR lmages

Reader 1
Total no. of patients
NX
NO
N 1
N2
N 3
Other

Reader 2
Total no. of patients
NX
NO
N 1
N2
N 3
Other

125
ss (44)
1 6 ( 1 3 )
21 (17)
22 (18)
6 (s)
s (4)

139
8 (6)

1 8 ( 1 3 )
5s (40)
48 (34)

8 (6)
2  ( 1 )

1 2 7
36 (28)
3e (31 )
22 (1 7)
20 (16)
s (4)
s (4)

1 3 8
7 (s)

4e (36)
40 (2e)
3s (2s)
4 (3)
3 (2)

' t27
2e (23)
46 (36)
1 e  ( 1 s )
2s (20)
3 (2)
s (4)

1 2 4
1 0 ( 8 )
s0 (40)
26 (21)
34 (27)
3 (2)
1  ( 1 )

Note.-Data are numbers of patients. Numbers in parentheses are percentages.
*  Subcategor ies under N1, N2, and N3 were combinec.
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TABLE 7
Agreement between MR lmaging-based and Histopathologic Nodal Stages in Patients

Percentage of Patients with Nodal Stage Agreement*

MR lmaging Croup
Precontrast
MR lmaging

Paired
MR lmaging

Postcontrast
MR lmaging P Valuel

Reader 1
Precontrast and paired imaging
Pre- and postcontrast imaging

Reader 2
Precontrast and paired imaging
Pre- and postcontrast imaging

23 (2s1108)
24 (241100)

33 (3el l  1 8)
34 (3s1104)

34 (3.71 
.108)

46 (s.4.1.118)

4s (4sl100)

49 (sl l1O4)

.o17
<.001

.o20

.023
* Percentages of patients for whom there was agreement between MR imaging-based nodal stage and histopathologic nodal stage. Numbers (ol
patients) used to calculate percentages are in parentheses.

t P values based on McNemar test results.

TABLE 8
Correlation of MR lmaging-based and Histopathologic Nodal Stages in Selected Patient Subgroups

Reader 
-l

Reader 2

No. of Patients with MR-Histopathologic No. of Patients with MR-Histopathologic
MR lmaging Nodal Stage Patients Stage Match* Patients Stage Match*

NX at precontrast MR, but
N0-N3 at paired MR 24

NX at precontrast MR, but
N0-N3 at postcontrast MR 28

Not N0 at precontrast MR, but
N0 at paired MR 20

Not N0 at precontrast MR, but
N0 at postcontrast MR 25

14 (58)

1 6 (s7)

14 (7O)

18 (72)

2

30

3 3

l (s0)

2 (67)

24 (8o)

24 (73)

* Numbers of patients in whom the paired and/or postcontrast MR imaging-based nodal stage matched the histopathologic nodal stage (ie, that
confirmed at surgery or biopsy). Note that 7Oo/o-8oo/o of patients whose precontrast MR imaging nodal stage was not N0 received a correct diagnosis
of nodal stage N0 with ferumoxtran 10-enhanced MR imaging. Numbers in parentheses are percentages.

tration. These results indicate that feru-
moxtran 10 greatly reduced the number
of false-positive cases/ but not the num-
ber of false-negative cases/ in this phase
III clinical trial.

One potential source of false-negative
cases was owing to the presence of a
nodal mass conioined with a primary tu-
mor. This might have been a case in
which the radiologist assigned a diagno-
sis of no nodal metastases but the pathol-
ogist obserued residual nodal structures
adiacent to the primary tumor and thus
assigned a diagnosis of conglomerated
metastatic nodes. This common problem
is independent of the use of iron oxide
contrast agents and is seen more often in
chest and mediastinal tumor cases. Im-
proved spatial resolution at imaging may
be required to resolve this problem in the
future. Since the NPV was not signifi-
cantly improved on a patient level in this
study, one could argue that the number
of unnecessary biopsies or surgical nodal
dissections does not decrease with the
use of ferumoxtran 10. Whether the use
of ferumoxtran 10 substantiallv affects
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the treatment of patients with cancer
needs to be specifically investigated in
large prospective clinical studies after
this agent becomes widely available.

Our SI measurements indicated sub-
stantial T1 and T2 relaxation mecha-
nisms of ferumoxtran 10 in metastatic
and normal nodes. As we expected, the
T2 shortening effect was substantially
more apparent in the normal nodes. The
metastatic nodes had a greater increase in
SI than the normal nodes on Tl-weighted
spin-echo MR images. It has been shown
that ultrasmall superparamagnetic iron
oxide particles are taken up by peripheral
experimental gliomas in rodent models
(2,3). Uptake of ferumoxtran L0 in hu-
man brain tumors has also been reported
(1). Although the results of studies dem-
onstrate iron oxide particle uptake in the
cytoplasm of tumor cells, the degree of
uptake is variable among brain tumors
and much less than that in organs and
structures of the reticuloendothelial sys-
tem, such as lymph nodes. In our study,
the increased SI in metastatic lymph
nodes at T1-weighted MR imaging could

have been due to either the uptake of
iron oxide by tumor cells or a lack of
relative T2 shortening effect in the met-
astatic nodes.

The findings in this phase III clinical
trial demonstrate how nodal staging can
change with the use of ferumoxtran 10.
Blinded clinical oncologists working to-
gether with blinded radiologists were
asked to determine nodal stages on the
basis of the radiologists' reading of pre-
contrast, postcontrast, and paired MR
images. We found it interesting that the
nodes diagnosed as NX at precontrast MR
imaging were more definitively and accu-
rately staged with iron oxide enhance-
ment. These findings may have reflected
the radiologists' increased confidence in
their assessments regarding the presence
or absence of metastasis. More than 7oolo
of patients who received a diagnosis of N
positive (ie, having metastatic disease)
with precontrast MR received a diagnosis
of N0 (ie, no metastatic disease) with
postcontrast MR, which was proved to be
accurate at histopathologic correlation.
This effect of ferumoxtran 10 on nodal
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TABLE 9
Adverse Events Following
Ferumoxtran 1 0 Administration

Body System
No. of Patients

( n : 1 5 2 )

Body as a whole
Headache
Back pain
Abdominal  pain
Injection site reaction
Chest pain
Fever
Neck pain

Cardiovascular
Vasodilation
Hypertension
Tachycardia

Digestive
Nausea
Diarrhea
Cardiospasm

Hemic and lymphat ic
Ecchymosis

Musculoskeletal: loint
disorder

Nervous
Dizziness
Paresthesia
lnsomnia

Respiratory
Dyspnea
Rhini t is
Voice alteration

Skin and appendage
Urticaria
Pruritus
Rash

Special senses: taste
perversion

Overall no. of patients

28 (18.4)
e (s.e)
e (s.e)
s (3.3)
2  ( 1 . 3 )
2 (1 .3)
1 (0.7)
1 (0.7)

10  (6 .6 )
e (s.e)
1 (0.7)
1 (0.7)
e (s.e)
4 (2.6)
3 (2.0)
1 (0.7)
1 (0.7)
1 (0.7)

1 (0.7)
s  (3 .3 )
2  ( 1 . 3 )
2  ( 1 . 3 )
1 (0.7)
3 (2.0)
1 (0.7)
1 (0.7)
1 (0.7)

11  (7 .2 )
e (s.e)
4 (2.6)
2  ( 1 . 3 )

1 (0.7)
43 (28.3)

Note.-Patients mav have had one or more
events in more than one bodv svstem. Num-
bers in parentheses are percentiges.

staging should be further investigated in
large clinical studies.

The limitations of iron oxide-en-
hanced MR imaging in clinical practice
include the requirement to obtain images
at 24-36 hours after contrast material ad-
ministration. For fiscal and logistic rea-
sons, the acquisition of two MR images is
a maiot dtawback in cunent practice. The
results of this study did not show a sig-
niflcant difference in diagnostic perfor-
mance betlveen postcontrast only and
paired MR imaging, suggesting that it
might be sufficient to obtain postcontrast
images only. However, patients still have
to receive the iniection the day before,
similar to patients undergoing some nu-
clear medicine studies. To consider this
possible modification to the imaging pro-
tocol, it is necessary to further investigate
the iron oxide-enhanced MR imaging
appearances of primary tumors and other
anatomic structures. Iron oxide-based
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contrast material is administered by
means of drip infusion, which takes ap-
proximately 15-20 minutes to complete.
The necessity of a nurse's or physician's
presence at the time of infusion is also a
subject for future discussion.

One of the limitations of the study de-
sign was the inclusion, for purposes of
analysis, of patients who had undergone
biopsy. Percutaneous biopsy occasionally
involves sampling errors, which can
cause analysis erlors. Contrast-enhanced
CT has been the imaging modality of
choice for nodal metastasis detection in
the majodty of the body regions. Con-
trast-enhanced CT and iron oxide-en-
hanced MR imaging need to be compared
to further evaluate what additional value
this MR contrast agent has in the imag-
ing work-up of patients with cancer.

Several minor adverse events (280lo)

were associated with ferumoxtran 10 ad-
ministration in this study. This number
was higher than those previously re-
ported in the safety data from phase I and
II clinical trials of ferumoxtran 10 (15,31).
Most adverse events began within t hour
after contrast agent administration, were
mild to moderate in severity, and resolved
wltl'in 24 hours. The most frequent ad-
verse events were headache, back pain, ur-
ticaria, and vasodilatation, which were
treated with acetaminophen and/or di-
phenhydramine without substantial con-
sequences. These adverse events are some-
what similar to those related to the use of
ferumoxides (Feridex IV; Berlex Laborato-
ties, Wayne, NJ), which consists of larger
iron oxide particles. In the phase III trial
of ferumoxides (32), back pain was the
most frequent adverse reaction, occur-
ring in 4o/o of the subiects. Lumbar pain
has also been reported to be associated
with the intravenous administration of a
variety of colloids and emulsions. The
exact physiologic mechanism is not well
understood but is hypothesized to be oc-
clusion of microvascular structures of the
paraspinal muscles, renal artery spasm, or
allergic reaction.

In conclusion, ferumoxtran 10 is a safe
and effective MR imaging contrast agent
for the detection of nodal metastasis. MR
imaging enhanced with this iron oxide
agent yielded higher sensitivity and spec-
iflcity compared with objective size crite-
ria and subiective radiologist assessment
(both at precontrast MR imaging). Feru-
moxtran 10 administration facilitated
improved accuracy in the diagnosis of N0
disease. However, whether MR imaging
enhanced with this agent can facilitate
changes in treatment management and
help improve the clinical outcome of pa-

tients with cancer by enabling better

characterization of nodal status remains

to be determined.
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