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Breast imaging. Preoperative breast cancer

staging: comparison of USPIO-enhanced MR

imaging and 18F-fluorodeoxyglucose (FDC)

positron emission tomography (PET) imaging

for axillary lymph node staging—initial findings

Abstract Magnetic resonance (MR)
imaging after ultra-small super para-
magnetic iron oxide (USPIO) injec-
tion and 18F-fluorodeoxyglucose
positron emission tomography (FDG-
PET) for preoperative axillary lymph
node staging in patients with breast
cancer were evaluated using histo-
pathologic findings as the reference
standard. USPIO-enhanced MR and
FDG-PET were performed in ten pa-
tients with breast cancer who were
scheduled for surgery and axillary
node resection. T2-weighted fast spin
echo, T1-weighted three-dimensional
(3D) gradient echo, T2*-weighted
gradient echo and gadolinium-en-
hanced T1-weighted 3D gradient echo
with spectral fat saturation were eval-
uated. MR imaging before USPIO
infusion was not performed. The
results were correlated with FDG-PET
(acquired with dedicated PET camera,
visual analysis) and histological find-
ings. The histopathologic axillary
staging was negative for nodal malig-
nancy in five patients and positive in
the remaining five patients. There was
one false positive finding for USPIO-
enhanced MR and one false negative
finding for FDG-PET. A sensitivity
(true positive rate) of 100%, specific-

ity (true negative rate) of 80%, posi-
tive predictive value of 80%, and
negative predictive value of 100%
were achieved for USPIO-enhanced
MR and of 80%, 100%, 100%, 80%
for FDG-PET, respectively. The most
useful sequences in the detection of
invaded lymph nodes were in the
decreasing order: gadolinium-en-
hanced T1-weighted 3D gradient echo
with fat saturation, T2*-weighted 2D
gradient echo, T1-weighted 3D gra-
dient echo and T2-weighted 2D spin
echo. In our study, USPIO-enhanced
T1 gradient echo after gadolinium
injection and fat saturation emerged as
a very useful sequence in the staging
of lymph nodes. The combination of
USPIO-enhanced MR and FDG-PET
achieved 100% sensitivity, specificity,
PPV and NPV. If these results are
confirmed, the combination of USPIO
MR with FDG-PET has the potential
to identify the patient candidates for
axillary dissection versus sentinel
node lymphadenectomy.

Keywords Breast neoplasms .
Contrast media, comparative studies .
Lymphatic system, neoplasms .
Magnetic resonance (MR), contrast
enhancement

T. W. Stadnik (*) . S. Makkat
Department of Radiology,
Academisch Ziekenhuis Vrije
Universiteit Brussel,
Laarbeeklaan 101,
1090 Brussels, Belgium
e-mail: stadnik@vub.ac.be
Tel.: +32-2-4775319
Fax: +32-2-4775362

H. Everaert
Department of Nuclear Medicine,
Academisch Ziekenhuis Vrije
Universiteit Brussel,
Brussels, Belgium

R. Sacré . J. Lamote
Department of Surgery,
Academisch Ziekenhuis Vrije
Universiteit Brussel,
Brussels, Belgium

C. Bourgain
Department of Anatomopathology,
Academisch Ziekenhuis Vrije
Universiteit Brussel,
Brussels, Belgium



Introduction

Treatment strategy and outcome in patients with breast
cancer is dependent on axillary lymph node staging.
Lymph node status is one of the most important prognostic
factors in breast cancer [1]. To be of value for clinical
decision making, the accuracy of any imaging modality
used to assess axillary nodes must closely match that of
histopathologic findings.

The current assessment of lymph node metastases by
imaging is based mainly on measurement of nodal
dimensions, such as maximum short axis diameter [2, 3]
or ratios of maximum longitudinal to maximum short axis
diameter [4]. The enhancement pattern and shape are
further criteria with less importance.

Luciani et al. [5] found that the best discrimination
between pathologic and negative findings were the
presence of irregular contours, high signal intensity on
T2 and marked gadolinium enhancement.

Brown et al. [6] found that if a node was defined as
suspicious because of an irregular border or mixed signal
intensity, a superior accuracy was obtained and resulted in
a sensitivity of 85% and a specificity of 97%.

Superparamagnetic iron nanoparticles have been devel-
oped as contrast agents for magnetic resonance (MR)
lymphography [7–9].

Studies of patients with head and neck, urologic, and
pelvic cancers have confirmed the potential for improved
detection of lymph node metastases by using USPIO-
enhanced MR imaging when compared with nonenhanced
or gadolinium-enhanced MR imaging [10–12].

The improved sensitivity and specificity (82 and 100%,
respectively) of USPIO-enhanced MR was also reported in
preoperative assessment of axillary lymph nodes in patients
with breast cancer [13].

In another study, Stets et al. [14], using a lymph node
diameter of >6 mm and visual assessment of signal change
on T2-weighted spin echo, achieved 81% sensitivity and
92% specificity.

Additionally, 18F-fluorodeoxyglucose positron emis-
sion tomography (FDG-PET) imaging is also increasingly
used in the staging of patients with metastatic disease.

Therefore, the aim of our prospective study was to
evaluate USPIO-enhanced MR imaging and FDG-PET
imaging for preoperative axillary lymph node staging in
patients with breast cancer by using histopathologic
findings as the standard of reference.

Materials and methods

Study design

This study was designed as a prospective, nonrandomized
phase III off-license comparative trial of USPIO-enhanced
MR imaging and FDG-PET imaging with a standardized

protocol. Ten units of Sinerem (Guerbet, Roissy, France)
were available for this trial. Women scheduled for mastec-
tomy with axillary lymph node resection were considered
to be enrolled in the study.

This selection bias with respect to the usual sentinel node
procedure in breast cancer treatment was accepted in order
to allow an optimal correlation between MR imaging, PET
and pathology.

Exclusion criteria were a generally accepted contraindi-
cation for MR imaging, strong allergic disposition to
gadolinium and/or to dextrans or drugs containing iron
salts, as well as impossibility to obtain PET (for technical
or accessibility reasons). The institutional review board
approved the study, and written informed consent was
obtained from all patients. The USPIO injection was
performed only after final confirmation by the surgeon to
perform axillary lymph node resection. The post-USPIO
MR could be performed in all recruited patients and by
October 2004 all ten studies could be completed.

MR imaging

The iron oxide nanoparticles coated in low molecular
weight dextran (Sinerem, Guerbet, Roissy, France) were
administered intravenously 24–36 h prior to MR imaging
as a slow drip infusion (2.6 mg of iron per kilogram of body
weight, diluted in 100 ml of 0.9% saline solution). The
flow rate was adjusted approximately to 3 ml/min.

All MR examinations were performed with a 1.5-T
magnet (Intera; release 8; Philips Medical Systems, Best,
The Netherlands).

A double loop surface array coil was positioned on the
axillary area with the patient in the supine position. The
following sequences were performed in the transverse
plane:

– T2-weighted 2D spin-echo images (repetition time ms/
echo time ms, >3,500/90; echo train length, 18; section
thickness, 3 mm; field of view, 260 mm; matrix,
256×256; voxel side, 1×1 mm; number of acquisitons,
three; imaging duration, 5 min).

– T1-weighted 3D gradient echo (repetition time ms/
echo time ms, >670/4,6; echo train length, 1; section
thickness, 3 mm; field of view, 260 mm; matrix,
256×256 voxel side, 1×1 mm; number of acquisitons,
three; imaging duration, 6 min).

– T2*-weighted 2D gradient echo (repetition time ms/
echo time ms/flip angle, 120/15/25; echo train length,
1; section thickness, 3 mm; field of view, 260 mm;
matrix, 256×256; voxel side, 1×1 mm; number of
acquisitons, two; imaging duration, 6 min).

After i.v. injection of gadolinium [0.1 mmol of
gadopentetate dimeglumine (Magnevist; Schering, Berlin,
Germany) per kilogram of body weight], a T1-weighted 3D
gradient echo with spectral fat saturation (repetition time
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ms/echo time ms, >1,200/4,6; echo train length, 1; section
thickness, 3 mm; field of view, 260 mm; matrix, 256×256;
voxel side, 1×1 mm; number of acquisitons, two; imaging
duration, 8 min) was also performed.

We tried to minimize the breathing artefacts by applying
an oblique saturation pulse on underlying lung and heart.

We did not attempt to perform combined axillary lymph
nodes and breast MR imaging (including dynamic pre- and
postgadolinium acquisition).

PET imaging

Patient preparation and tracer administration

Patients were fasted for at least 6 h. Prior to tracer
administration, an intravenous line was inserted and the
blood sugar level was checked. Activities ranging from
370 to 536 MBq/kg 18F-FDG, were administered
(average 464±56 MBq). Ten minutes after tracer
administration, 40 mg furosemide was given and
patients were hydrated with 1 l of 0.9% saline solution
over 50 min.

Imaging acquisition and reconstruction

Imaging was performed with patients in the supine position
and arms placed above the head.

Whole body images corrected for attenuation were
acquired with a LSO PET camera (Ecat Accel, Siemens)
60 min after tracer administration according an interleaved
protocol. Emission data were obtained in 3D mode over
3 min per bed position. For transmission, 68Ge sources
(3×74 MBq; decay corrected) were used and data were
acquired in 2D mode over 2 min per bed position.

Emission data were reconstructed iteratively (OSEM
two iterations, 16 subsets), corrected for scatter and a post-
reconstruction filter (6 mm Gauss) was applied. Filtered
backprojection was used for the transmission, the con-
structed attenuation map was subsequently segmented into
regions with similar attenuation factors. This segmented
image was then forward projected to obtain attenuation
correction factors for each line of response.

Image analysis

The MR images were analyzed in consensus by two
radiologists (T.S. and B.V.) experienced in the respective
modality. The PET images were analyzed by H.E.

The MR and PET readers were blinded to each other.
All MR images were analyzed with a workstation

(AutoRad Diagnostic 4.2 Eastman Kodak).
The classification of the lymph nodes as non-malignant

or malignant was based only on the pattern of nodal

enhancement after USPIO administration following a
modification of method described by Koh et al. [15].

The nodal size was not used in the classification of
lymph nodes as nonmalignant or malignant.

The lymph nodes recognized on USPIO MR were
categorized in three patterns:

1. Normal morphology with uniform or central signal
drop (categorized as normal) (Figs. 1a, 2, 3).

2. Normal morphology without or with partial signal drop
(categorized as total or partial invasion) (Figs. 1b, 5, 6).

3. Focal or global volume increase without or with partial
signal drop (categorized as total invasion or partial
invasion) (Figs. 1c, 4).

The performance of each sequence was assessed by
comparing the number of pathological and normal lymph
nodes recognized on a given sequence with the histology
results on a patient basis.

For this evaluation the radiologists were blinded to the
other sequences.

Surgery and histopathologic correlation

Surgery was performed in the range of 0 to 6 days. For the
purpose of histopathologic correlation, a lymph node was
regarded as positive for malignancy when tumor cells were
present at light microscopy.

Fig. 1 a–c Patterns used for categorizations of lymph nodes as
normal or invaded. a Normal morphology with uniform or central
signal drop (categorized as normal). b Normal morphology without
or with partial signal drop (categorized as total or partial invasion).
c Focal or global volume increase without or with partial signal drop
(categorized as total invasion or partial invasion)
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Because a node-to-node correlation between MR imag-
ing and histological findings is difficult after axillary
dissection, the statistical parameters were calculated on a
patient basis (i.e., the result was considered as negative or
positive for lymph node invasion independently of the
number of invaded lymph nodes). Furthermore this corre-
lation is impossible for PET imaging.

Statistical analysis

The Bayesian parameters of sensitivity, specificity, positive
and negative predictive values, and diagnostic accuracy
were calculated on a patient basis.

The number of invaded and normal lymph nodes
provided by histopathologic evaluation was used to
evaluate the performance of each sequence in detection
of invaded and normal lymph nodes.

The closest match was assigned 4 points and the lowest, 1.

Results

The mean age of the study participants was 56 years and
the age range was 41–74 years. The mean tumor size on
histological analysis was 1.7 cm (range 1–3 cm).

On histological analysis, there were 5 patients with
invaded axillary lymph nodes (in total 62 invaded and 38
normal lymph nodes)(diffuse invasion in all five, with
concomitant micrometastes in two) and five without
invasion (in total 62 normal lymph nodes).

On USPIOMR there was one false positive result and no
false negative.

On FDG-PET there was one false negative result and no
false positive.

The sensitivity, specificity, positive and negative
predictive values calculated on a patient basis were,
respectively, 100%, 80%, 80%, 100% for USPIO MR
and 80%, 100%, 100%, 80% for FDG-PET. For these ten
patients, the combination of USPIO MR with FDG-PET
provided an overall accuracy of 100%.

For a total of 62 invaded lymph nodes reported on
histological analysis, 42 were classified as invaded on
gadolinium-enhanced T1-weighted 3D gradient echo with
fat saturation, 35 on T2*-weighted 2D gradient echo, 31 on

Fig. 2 a–d Ductal invasive breast carcinoma with normal axillary
lymph nodes on histology, USPIO MR and FDG-PET. Solid arrow
lymph node regarded as normal, open arrows blood vessels.
a USPIO-enhanced T2-weighted 2D spin-echo image. There is no
clear signal difference between the lymph node, blood vessels and
muscle. b USPIO-enhanced T1-weighted 3D gradient echo. The
signal intensity decrease with respect to the muscle is more obvious.
The blood vessels are hyper intense (inflow enhancement).
c USPIO-enhanced T2*-weighted 2D gradient echo. The signal
intensity decrease is obvious. The blood vessels may be mistaken for
invaded or fatty lymph nodes. d USPIO and gadolium-enhanced T1-
weighted 3D gradient echo with spectral fat saturation. The normal
lymph nodes are “switched-off” on this sequence. The blood vessels
are hyperintense

Fig. 3 a–d The same patient as in Fig. 2; lymph node regarded as
normal with fatty sinus. Solid arrow normal lymph node, open
arrows blood vessels. a USPIO-enhanced T2-weighted 2D spin-
echo image. b USPIO-enhanced T1-weighted 3D gradient echo. The
differentiation between fatty lymph node and blood vessels is
problematic. c USPIO-enhanced T2*-weighted 2D gradient echo.
The differentiation between fatty and centrally invaded lymph node
is problematic. d USPIO and gadolium-enhanced T1-weighted 3D
gradient echo with spectral fat saturation. The normal fatty lymph
node is also “switched-off” on this sequence. The blood vessels are
hyper intense
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T1-weighted 3D gradient echo and 20 on T2-weighted 2D
spin echo.

On FDG-PET, nine lesions were reported for a total of 59
invaded lymph nodes on histological analysis (four
patients, one false negative result).

The most useful sequences in the detection of invaded
lymph node were in the decreasing order:

– Gadolinium-enhanced T1-weighted 3D gradient echo
with fat saturation

– T2*-weighted 2D gradient echo
– T1-weighted 3D gradient echo
– T2-weighted 2D spin echo

For a total of 100 normal lymph nodes reported on
histological analysis, 79 were classified as normal on T2*-
weighted 2D gradient echo, 59 on T1-weighted 3D
gradient echo, 51 on gadolinium-enhanced T1-weighted

Fig. 4 a–e Ductal invasive breast carcinoma with invaded axillary
lymph nodes on histology, USPIO MR and FDG-PET. Solid arrow
invaded lymph node. a USPIO-enhanced T2-weighted 2D spin-echo
image. The invaded lymph node is slightly more intense than the
muscle. b USPIO-enhanced T1-weighted 3D gradient echo. The
signal intensity increase with respect to the muscle is more obvious.
c USPIO-enhanced T2*-weighted 2D gradient echo. The invaded
lymph node is nearly isointense with the fat and therefore may be
overlooked. d USPIO- and gadolium-enhanced T1-weighted 3D
gradient echo with spectral fat saturation. The invaded lymph node
shows important enhancement (switched-on). (e) FDG-PET shows
pathological uptake of tracer (black arrow)

Fig. 5 a–e Lobular invasive breast carcinoma with normal axillary
lymph nodes on histology and FDG-PET. Two lymph nodes were
categorized as invaded on USPIO MR. Solid arrow false positive
lymph node, open arrows true negative lymph nodes. a USPIO-
enhanced T2-weighted 2D spin-echo image. The lymph nodes are
more intense than the muscle. b USPIO-enhanced T1-weighted 3D
gradient echo. There are two “bright” lymph nodes (solid arrows)
and two with signal intensity drop. c USPIO-enhanced T2*-
weighted 2D gradient-echo. There is one “bright” lymph node
(solid arrow) and three with signal intensity drop. d USPIO- and
gadolium-enhanced T1-weighted 3D gradient-echo with spectral fat
saturation. There are two “bright” lymph nodes (solid arrows) and
two with signal intensity drop. (e) Photomicrograph of histological
specimen shows important inflammatory infiltration of the node by
histiocytes (hematoxylin-eosin stain; original magnification, ×5.)
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3D gradient echo with fat saturation and 39 on T2-
weighted 2D spin echo.

The most useful sequences in the detection of normal
lymph node were in the decreasing order:

– T2*-weighted 2D gradient echo
– T1-weighted 3D gradient echo
– Gadolinium-enhanced T1-weighted 3D gradient echo

with fat saturation
– T2-weighted 2D spin echo

Discussion

The accuracy of any imaging modality used to assess
axillary nodes must closely match that of histopathologic
findings.

The Gray scale and power Doppler US may provide the
sensitivity, specificity, positive predictive value and neg-
ative predictive value in the range of 90% [16].

The reported accuracy of USPIO-enhancedMR (Sinerem,
Guerbet, Roissy, France and Combidex, Advanced Mag-
netics, Boston,Mass.) in the detection of normal and invaded
lymph node is superior to the results of morphologic
evaluation, but remains insufficient with respect to the
histopathologic findings.

Koh et al. [15] found a sensitivity of 66% (four of six),
a specificity of 96% (65 of 68), a positive predictive value
of 57% (four of seven), and a negative predictive value of
97% (65 of 67) in the evaluation of mesorectal lymph
nodes. Mack et al. [17] reported similar results in the
evaluation of head and neck lymph nodes, with the
sensitivity of 86% (59 of 69), a specificity of 100% (960
of 960), a positive predictive value of 100% (59 of 59),
and a negative predictive value of 99% (960 of 970).
Michel et al. [13] found a sensitivity of 82% (nine of 11),
a specificity of 100% (seven of seven), a positive pre-
dictive value of 100% (nine of nine), and a negative
predictive value of 82% (nine of 11) in the preoperative
breast cancer staging of 18 patients.

In our series of ten USPIO MRs, there was one false
positive result that reduced the specificity and positive
predictive value to 80%. This finding may be related to the
reduced timing of the USPIO MR (in this particular study
the time between the Sinerem injection and the USPIO MR
was reduced to 20 h).

The optimal time for the postcontrast imaging with
ferumoxtran-10 is 24–36 h, as established by early animal
and human studies [18, 19]. This time lag before
performing the postcontrast imaging is essential to allow
sufficient extraction of ferumoxtran-10 by normal func-
tioning macrophages within the nodes. If imaging is
performed prematurely, the lack of sufficient nodal uptake
within benign nodes may lead to erroneous characterization
as malignant nodes (Fig. 5a–d).

The history of the recent breast surgery that induced an
inflammatory infiltration of the lymph nodes (as confirmed

Fig. 6 a–e Lobular invasive breast carcinoma and ductal
carcinoma in situ (DCIS) with invaded axillary lymph nodes
on histology and on USPIO MR. False negative result of FDG-
PET. Solid arrow lymph node categorized as invaded, open
arrow lymph node categorized as normal. a USPIO-enhanced
T2-weighted 2D spin-echo image. There is no clear signal
intensity difference between the two lymph nodes. b USPIO-
enhanced T1-weighted 3D gradient echo. The smaller, anterior
lymph node is “bright,” while the more posterior lymph node is
much larger, with fatty sinus and shows signal intensity drop.
c USPIO-enhanced T2*-weighted 2D gradient-echo. The dif-
ference between the two nodes is less clear due to the motion
artefacts. d USPIO- and gadolium-enhanced T1-weighted 3D
gradient echo with spectral fat saturation. The anterior lymph
node is “bright” while the posterior one is “switched off”. e FDG-
PET shows no pathological uptake of tracer
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by the histology) may be another factor responsible for this
false positive result (Fig. 5e).

Indeed, in the study of Koh et al. [15] the reactive lymph
nodes were also responsible for three false positive results.

The reported accuracy of PET in the detection of normal
and invaded lymph node is variable. Lovrics et al. [20]
reported the sensitivity of 40% and the specificity of 97%
in 98 patients. He concluded that PET scanning cannot
replace histological staging in early stage breast cancer.
The low rate of false-positive findings suggests that PET
can identify women who can forego sentinel lymph node
biopsy and require full axillary dissection.

Byrne et al. [21] reviewed the articles related to the
assessment of the possible role of PET in the diagnosis and
staging of breast cancer. In axillary staging, sensitivities of
between 25 and 100% have been reported, but with a false
negative rate of up to 20%. He concluded that PET is not a
single diagnostic and staging tool that can replace current
surgical, histological and radiological staging.

In our series, there was one false negative result for FDG
PET with overall sensitivity and negative predictive value
of 80%.

The acquisition strategies may include or not a pre-
contrast MR study intended to evaluate the signal decrease
after USPIO injection. Several studies have demonstrated
significant signal decrease after USPIO injection in normal
lymph nodes on T2*-weighted gradient-echo sequences
and to a less extent on T1-weighted gradient-echo
sequences [11, 12, 17, 22–25].

However, this strategy implies the multiplication of MR
examinations. Furthermore, the very good accuracy in the
USPIO detection of normal and invaded lymph node was
also achieved in the studies without pre-USPIO MR [13].

Therefore, in our study the MR imaging was not
performed before the administration of USPIO.

If the gadolinium-enhanced MR of the breast may be
combined with USPIO-enhanced MR of the axillary lymph
nodes, one step preoperative breast cancer staging with MR
imaging becomes possible. Michel et al. [13] demonstrated
that USPIO administration shows no clinically relevant
interference with dynamic gadolinium-enhanced MR im-
aging of the breast. Thus, both USPIO-enhanced MR
imaging of the axilla and gadolinium-enhanced MR
imaging of the primary tumor can be performed within
the same imaging session.

Moreover, Luciani et al. [5] reported significantly higher
enhancement in the invaded lymph nodes than in those
with negative pathologic findings.

Therefore, we tried to evaluate if the additional
injection of gadolinium may be useful in the differenti-
ation of normal and invaded lymph node on USPIO-
enhanced MR imaging. In our experience, all lymph
nodes classified as malignant on T2*-weighted 2D
gradient echo and T1-weighted 3D gradient echo showed
enhancement on post-gadolinium T1 weighted 3D gradi-
ent echo with fat saturation. The lymph nodes classified as

normal were dark (Fig. 2a–d) or showed only a fine,
peripheral rim of enhancement (Figs. 3a–d, 5d white open
arrows), while the invaded lymph nodes showed im-
portant enhancement (Fig. 4a–d).

We speculate that the strong dephasing of protons
induced by USPIO particles is responsible for this behav-
iour on T1-weighted gradient-echo sequence.

In our experience, this behaviour has never been tested
nor reported in the literature.

As both invaded lymph nodes and vessels are similarly
high in signal intensity on T2*-weighted images, they
may be mistaken for one another. Hence, both T2- and/or
T1- and T2*-weighted imaging are performed for the
assessment of lymph nodes [15].

In our experience, the gadolinium-enhanced T1-weighted
3D gradient echo with fat saturation was superior to T2*-
weighted gradient echo in the detection of completely
invaded malignant lymph node. The completely invaded
lymph node may be overlooked on T2* gradient echo due to
the lack of contrast with the surrounding fat, while on
gadolinium-enhanced T1-weighted 3D gradient echowith fat
saturation, the pathological lymph node “switch on”.

A node-to-node comparison between USPIO-en-
hanced MR imaging and histopathologic findings was
not possible because of the block resection and the few
reference structures in the axilla. This correlation is
particularly difficult for small nodes. MR imaging-
guided axillary node biopsy should be considered in
the future [26]. Furthermore, this correlation is impos-
sible for FDG PET studies. Because in our study the MR
imaging was not performed before the administration of
USPIO, it is also not proven whether the USPIO
enhancement is necessary to ensure the high sensitivity
achieved by gadolinium-enhanced T1-weighted fat sat-
uration sequence.

In addition, the issue of the micrometastases represents a
significant problem with imaging, particularly with PET
scan. It is probably that the problem of the false negative
results in case of the micrometastases will not be solved
with MR imaging and PET.

Conclusions

1. The combination of USPIO-enhanced MR and FDG-
PET has the potential to accurately assess axillary
lymph node status and modify the preoperative
assessment of axillary lymph nodes in breast cancer,
including the indications for sentinel node lymphade-
nectomy. The combination of USPIO MR with FDG-
PET provided 100% sensitivity, specificity, PPV and
NPV. If these results are confirmed, the combination of
USPIO MR with FDG-PET has the potential to
identify candidate patients for axillary dissection
versus sentinel node lymphadenectomy. However,
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owing to the small number of patients, these data have
to be considered as “under investigation” until more
data are available.

2. In our study, USPIO-enhanced T1 gradient echo after
gadolinium injection and fat saturation emerged as a
very useful sequence in the staging of invaded lymph

nodes and should be included in the USPIO-enhanced
preoperative assessment of axillary lymph nodes.

This finding suggests that the gadolinium-enhanced MR
of the breast may be combined with USPIO-enhanced MR
of the axillary lymph nodes in one-step preoperative breast
cancer staging.
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