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Iron oxide contrast agents

Magnetic resonance imaging (MRI) of the CNS is
usually performed with gadolinium (Gd; Magne-
vist®)-based contrast agents, which are low-
molecular weight extracellular chelated agents
with a short half-life, giving rapid and transient
imaging of brain and spinal cord permeability.
Superparamagnetic iron oxide (SPIO) and ultras-
mall superparamagnetic iron oxide (USPIO) nan-
oparticle magnetic resonance contrast agents have
also shown excellent potential for imaging in the
CNS. These iron oxide-based agents include the
clinically approved SPIO agent ferumoxides (Feri-
dex IV, Endorem®) (1,21, the investigational
USPIO agent ferumoxtran-10 (Combidex®; Sin-
erem®) (34, and the newer USPIO agent feru-
moxytol [5.6]. The agents consist of an iron oxide
core with a variable coating that determines cellu-
lar uptake and biologic half-life. In the CNS, feru-
moxtran-10 has been most widely investigated in
brain tumors [7-9]. It is completely coated with
native dextran, which protects against opsoniza-
tion and endocytosis, and bestows a long plasma
half-life of 24-30 h 2.4). On magnetic resonance
(MR) scans, the iron oxide agents demonstrate
concentration-related signal loss on T2- and T2*-
weighted sequences. On T1-weighted sequences,
lower concentrations of ferumoxtran-10 increase
signal intensities, similar to that seen on Gd
enhancement, while higher concentrations of fer-
umoxtran-10 will cause profound signal loss on
T1-weighted images [10]. In addition, iron oxide
particles can be identified at the light and electron
microscopic levels, allowing pathologic evaluation

of these CNS MRI agents.
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Background: Ultrasmall superparamagnetic particles of iron oxide are magnetic
resonance contrast agents that are gaining use in the CNS. These agents accumulate in
phagocytic cells such as reactive astrocytes and macrophages. Aim: We aimed to describe
the use of ferumoxtran-10, an ultrasmall superparamagnetic particle of iron oxide, in brain
tumor imaging and detail the results in a series of 55 patients with intracranial tumors.
Results: In 19 out of 34 glial tumors, ferumoxtran-10 enhanced as much as (n = 9) or more
than gadolinium (n = 10). In the nonglial tumors group, seven out of 22 tumors enhanced
as much as (n = 2) or more than gadolinium (n = 5). Conclusion: Ferumoxtran-10-
enhanced magnetic resonance can add information to gadolinium-enhanced magnetic
resonance, especially in identifying the inflammatory component and blood-brain barrier
compromize involved in infiltrating malignant brain tumors.

MRI of brain tumors using iron oxide
contrast agents: preclinical data

Initial studies evaluated iron oxide particle
delivery to normal brain after direct inoculation
or blood-brain barrier (BBB) disruption [10,11].
Transvascular delivery of ferumoxtran-10 with
osmotic BBB opening resulted in increased T1
signal enhancement throughout the disrupted
hemisphere [12]. These studies demonstrated
global delivery of iron oxide particles through-
out the disrupted hemisphere as well as neuro-
nal uptake without evidence of toxicity. These
studies also showed that dextran-coated iron
particles could be imaged reliably by MRI and
would have utility in demonstrating areas of
BBB dysfunction.

Several studies demonstrated enhancement on
MRI in rat glioma models after intravenous
administration of iron oxide particles [9,13,14].
The authors
enhanced MRI in several rat brain tumor
models [12).  Significant
observed after intravenous administration of fer-
umoxtran-10 in the LX-1 small-cell lung cancer
(SCLC) xenograft model. These tumors show
significant uptake of iron particles into cells both
within the tumor and in the brain around the
tumor, and are particularly prominent around
the necrotic areas. Most of the iron-loaded cells
appear to be macrophages, but some cells show

evaluated  ferumoxtran-10-

enhancement was

processes suggestive of astrocytes. In contrast, lit-
tle enhancement was seen in either the U87 gli-
oma model, or in a second SCLC intracerebral

model. Therefore,

enhancement and uptake was dependent upon

tumor ferumoxtran-10
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intracerebral tumor type. Based on the histo-
pathology of each tumor it is hypothesized that
areas of necrosis or even apoptotic cell death
with macrophage or reactive astrocyte infiltra-
tion or gliosis, are necessary for ferumoxtran-10
imaging of brain tumors. The mechanism for
ferumoxtran-10 MR enhancement appears to be
leakage across a damaged BBB followed by intra-
cellular trapping by phagocytic cells (astrocytes,
macrophages) in and around the tumor rather
than by tumor cells themselves (8,15,16].

Clinical trials using ferumoxtran-10 to

image brain tumors

The superparamagnetic iron oxide agents, particu-
larly ferumoxtran-10, are gaining clinical use for
tumor imaging, both systemically and in the brain.
They can be useful in differentiating between
malignant and benign lymph nodes 34,17}, as well
as in MR angiography and perfusion imaging of
the brain and heart [56,18-20. In reactive brain
lesions, the iron oxide agents may detect active
inflammatory or demyelinating lesions after iron
uptake in perivascular macrophages [21-23]. More
recently, several studies have looked at ferumox-
tran-10-enhanced MRI of brain tumors. Early
studies demonstrated the prolonged enhancement
of brain tumors after USPIO administration when
compared with standard Gd [7). Delayed MRI
(2448 h) following administration of ferumox-
tran-10 has been reported to show additional areas
of enhancement in brain tumors that were not
observed with Gd, particularly in areas where reac-
tive inflammatory cells were present (8,16]. Pro-
longed enhancement of brain tumors (up to 7
days) in patients was associated with progressive
accumulation of ferumoxtran-10 in reactive astro-
cytes and macrophages rather than tumor
cells (8.16]. In a companion study ferumoxtran-10
was compared with Gd-enhanced MR to assess its
potential in the evaluation of a variety of CNS
inflammarcory lesions [24]. Ferumoxtran-10 showed
different enhancement patterns in a variety of
CNS inflammatory lesions in comparison with
Gd. In particular, some cases of lymphomas and
ischemic lesions became more clearly enhanced.
These observations and preclinical data suggest
that ferumoxtran-10-enhanced MR added to the
usual Gd-enhanced MR may identify those part(s)
of the lesion that contain both reactive inflamma-
tory changes and a BBB defect, thereby helping
differentiate portions of a lesion with and without
inflammatory reaction. This may have implica-
tions for targeting of diagnostic biopsies and the
planning of surgical resections [25].

The following exploratory study is the
authors’ most recent clinical trial, which evalu-
ates the use of ferumoxtran-10-enhanced MRI of
brain tumors.

Methods

Patients

This is a prospective descriptive study of 55
patients with 56 intracranial lesions collected
from December 1999 to October 2004. The
study was approved by the authors’ Institutional
Review Board and conducted with an Investiga-
tional New Drug from the US Food and Drug
Administration (FDA). All patients provided
informed consent. The inclusion criteria were
patients who were stable and had an intracranial
neoplasm  (non-neoplastic lesions will be
reported elsewhere). No patients were experi-
encing rapid progression of their tumors.
Patients with a history of allergies to iron, iron
overload or any advanced-stage diseases were
excluded, as were pregnant or lactating females.
Also excluded were patients with pacemakers,
ferromagnetic aneurysm clips or psychiatric dis-
orders. The patients were classified in two
groups based on the type of tumor, glial tumors
(n = 34) and nonglial tumors (n = 22).

Procedures

Each patient had a complete physical exam with
basic hematologic and metabolic blood work, as
well as serum iron, serum ferritin and iron-bind-
ing capacity. The baseline Gd MRI was obtained
within 28 days before the ferumoxtran-10 exam.
Each patient then received an infusion of feru-
moxtran-10 over 30 min and was monitored for
2h. The post-ferumoxtran-10 MRI  was
obtained 24 h after the infusion; the imaging
time was based on a previous timing study [s].
Patients undergoing surgical procedures had the
infusion 24-48 h before surgery and the post-
ferumoxtran-10 MR was obtained before sur-
gery. One follow-up visit was scheduled 30 days
after the infusion. In all cases where surgery was
performed, tumor cells colocalized with iron
staining; most of the iron particles were seen
inside the inflammatory cells, some particles
were seen in tumor cells.

Contrast agents

Gd-DTPA or an equivalent was used at a
standard clinical dose (0.1 mmol/kg). Feru-
moxtran-10 was administered intravenously, at
a dose of 2.6 mg/kg, diluted in 50 or 100 ml of

normal saline infused over 30 min to minimize
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Table 1. Comparison of ferumoxtran-10 and gadolinium chelate.

Feature

Basic element
Molecular composition

R1 (mmol-sec)!

R2 (mmol-sec)!
Elimination plasma half-life
Relative size of the particle
Permeability to intact BBB

Clinical significance of the
enhancing area

Signal change on T1
sequence

Signal change on T2

Ferumoxtran-10

Iron oxide [1]
Iron oxide coated with dextran [1]

23 [1]

53 [1]

24-30 h [1]

Approximately 30 nm [1]

Minimal

Imaging sites of BBB abnormality mainly
in the presence of inflammatory cells

High signal at low concentrations, low
signal at higher concentrations [10]

Low signal

Gadolinium (Magnevist®)
Gadolinium

Gadolinium chelated with
diethylenetriamine pentaacetic
acid

4.5

5.7

1.6h

0.357 nm

Minimal

Detects abnormalities in BBB
and vascularity

High signal

sequence

Distribution
reactive astrocytes

Optimal contrast time

Intracellular in macrophages and

From 24 h to 7 days after the

Extracellular

Within 27 min after injection

infusion [7,8]
Imaging dose 2.6 mg of Fe/kg diluted in 100 ml 0.1-0.3 ml/kg
(infusion) (0.1-0.3 mmol/kg)
Rate of administration Infused over 30 min 10 ml/min or as bolus at
10 ml/15 s
Excretion Stored with the body’s iron reserve Renal

Relevant features of the two contrast agents used in this study. There are differences in size, half-lives, clinical
significance of the enhanced areas, distribution (plasma half-life) and side effects. Gd is safe and can be given in
multiple doses. Ferumoxtran-10 is given slowly to avoid pseudo-allergic reactions. A particle of ferumoxtran-10 is

almost 100-times bigger than a Gd chelate.
BBB: Blood-brain barrier; Fe: Iron; Gd: Gadolinium.

the possibility of adverse events. The main

characteristics of these two agents are

summarized in Table 1.

Imaging technique & image evaluation

Images were obtained using the standard tech-
nique for brain imaging with a 1.5 T general
electric magnet [8,16]. All patients underwent
MRI with a Gd-based agent (Omniscan or an
equivalent) at least 24 h but no more than 28
days before ferumoxtran-10 infusion. Before Gd
administration, spin-echo (SE) T1-weighted,
fast SE T2-weighted and proton density
sequences were performed and the (SE) T1-
weighted sequence was repeated after Gd con-
trast administration. Patients were imaged 24 h
after ferumoxtran-10 administration with the
same sequences as the unenhanced and Gd-
enhanced studies. Additionally, gradient-recalled
echo (GRE) T2*-weighted and in some cases dif-
fusion-weighted images (DWI) sequences were
performed for the ferumoxtran-10 studies.

Images were obtained with a 23 cm field of
view and a 256 x 192 matrix. A neuroradiolo-
gist (Gary Nesbit), a radiologist (Sandor Man-
ninger) and two neurosurgeons (Edward A
Neuwelt and Tulio P Murillo) compared the
feromuxtran-10- and Gd-contrasted images in
a consensus evaluation. All sequences were eval-
uated by each individual; however, the case
presentations are all T1-weighted images since
T1 images clearly delineate the borders of the
tumor, and are therefore easier to compare with
Gd images.

One or more region(s) of interest (ROI) were
chosen from the T1 Gd-enhanced MR (the
main lesion seen on the scan). ROIs were quali-
tatively, not quantitatively, chosen. The same
ROI was examined on the T1 ferumoxtran-10
scan and compared visually in volume, signal
intensity and additional lesions observed dis-
tant to the ROI. Based on this qualitative com-
ferumoxtran-10

parison, the images were

classified as:
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Table 2. Demographic data and treatment history.

Median age Gender Prior radiation  Prior chemotherapy
Male Female Yes No Yes No

Glial tumors™
GBM 54 10 4 5 9 7
Oligodendrogliomas 52 10 1 1 10 7 4
Anaplastic 54 4 0 3 1 1 3
astrocytoma
Oligoastrocytoma 45 1 1 0 1 1
Low-grade glioma 33 2 0 0 1 1
Intermediate-grade 57 1 0 0 1 0 1
glioma*
Nonglial tumors
Lymphoma 57.5 6 2 1 7 3 5
Metastases 47.5 1 3 2 2 3 1
PNET 35.5 1 1 1 1 1 1
Meningioma 47.5 0 2 1 1 0 2
Epidermoid 30 0 1 0 1 0 1
Hamartoma 47 0 1 0 1 0 1
Hemangioblastoma 36 1 0 1 0 0 1
Pineocytoma 27 0 1 0 1 1 0
Pituitary adenoma 54 1 0 0 1 0 1
Squamous cell 50 1 0 0 1 0 1
carcinoma
Subtotal 39 17 15 41 25 31

*One of the 55 patients had two lesions.

*The definite pathology of this case was not available, which is the reason why he was not put into one of the

mentioned categories for gliomas.

GBM: Glioblastoma multiform; PNET: Primitive neuroectodermal tumors.

* Less: if the signal intensity or volume of
enhancement in the ROI was less compared

with the Gd scan

* Equal: degree and pattern of enhancement
was similar with both agents

* More: if ferumoxtran-10 showed a higher sig-
nal or a larger area of enhancement compared
with Gd or additional areas not seen on the

Gd MR

If a patient had two or more lesions each with dif-
ferent degrees of enhancement, then the lesion that
best enhanced with ferumoxtran-10 was selected.

Results

In total, 56 intracranial tumors in 55 patients
(38 males and 17 females) were classified in two
groups — glial tumors (n = 34) and nonglial
tumors (n = 22). Demographic and treatment
history are presented in Table 2. One patient in
the glial tumor group had two different tumors.
All patients had a histologically proven diagnosis.

No adverse events related to ferumoxtran-10
were observed in any of these patients. The histo-
logic description of some of these surgical cases
has been published and therefore will not be dis-
cussed in this review [16]. Some of these patients
were either receiving or had received radiation
and or chemotherapy at the time of the study as
detailed in Table 2. The 15 patients who received
radiation therapy completed this therapy before
they were enrolled in this study.

Opverall, the authors found T2 and T2*
images were less informative in the brain than
T1 images. The GRE T2* scans show increased
apparent volume of iron due to the iron-induced
magnetic susceptibility artifact or blooming, and
the T2 images gave a mottled appearance. T2*
images also tend to give a larger volume of tumor
than seen histologically (s,15,16]. The T1 images
more clearly delineated the borders of the tumor.

In the glial tumor group (Table 3) are; glioblast-
oma multiforme (GBM; n = 14), oligodendro-
gliomas with different degrees of malignancy

Therapy (2005) 2(6)
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Table 3. Composition of the T1 signal intensity obtained using

ferumoxtran-10 and gadolinium in glial tumors*.

Total

By tumor type

GBM
Oligodendrogliomas
Anaplastic astrocytoma
Oligoastrocytoma
Low-grade glioma

Intermediate-grade glioma

By treatment history
None

RT only

CT only

Both RT and CT

Fermoxtran-10 contrast compared

with Gd.

Less Same More Total
15 9 10 34
6 2 6 14
5 4 2 11
2 0 2 4
0 2 0 2

1 1 0 2

1 0 0 1

5 5 4 14
3 0 0 3
5 4 2 11
2 0 4 6

*One patient in this series had both a pilocytic astrocytoma and an oligoastrocytoma.
CT: Chemotherapy; GBM: Glioblastoma;, RT: Radiotherapy.

www.future-drugs.com

(n = 11), anaplastic astrocytomas (n = 4), oligo-
astrocytomas (n = 2) and pilocytic astrocytomas
(n=2; referred to as low-grade glioma). One
patient had two tumors, an oligoastrocytoma and
a pilocytic astrocytoma. In 19 out of 34 cases in
this group, ferumoxtran-10 enhanced the same or
more than Gd; in ten of those, ferumoxtran-10
enhanced more. Furthermore, in four cases of
GBM, ferumoxtran-10 enhanced additional areas
that were not seen with Gd (Figure 1 shows a typi-
cal case). Figure2 is a pilocytic astrocytoma that

enhanced less with ferumoxtran-10; the case
illustrates the behavior of a tumor with a leaky
BBB but few reactive inflammatory cells.

Of the 34 lesions in this group, 20 had been
treated with chemotherapy and/or radiation,
and 14 were not previously treated. Of the ten
lesions that exhibited more enhancement with
ferumoxtran-10, two had been managed with
chemotherapy alone, four with chemotherapy
and radiation and four with neither (40%). Of
the nine lesions where both contrast agents
showed similar degree of enhancement, four had
been treated with chemotherapy only and five
had not been treated with either chemotherapy
or radiation (55%). Finally, of the 15 lesions
where ferumoxtran-10 showed less enhance-
ment than Gd, five had been treated with
chemotherapy only, three with radiation alone,
two with both modalities and five had not been
treated with either (33%).

In the nonglial tumor group (Table 4), there was
more histologic variation than the other series (ten
types of tumors). The tumors that enhanced more
(five out of 22) with ferumoxtran-10 were lym-
phoma (three out of eight cases of lymphoma), a
primitive neuroectodermal tumor and a brain
metastasis from breast carcinoma (Figure 3). Two
other lesions, one lymphoma and one squamous
cell carcinoma, enhanced about the same as Gd.
The remaining patients (15 out of 22), including
both meningomas, three of the metastases and the
other primitive neuroectodermal tumors (PNET),
all showed less enhancement with ferumoxtran-10

than Gd.

Figure 1. A 53-year-old man with a right temporal lobe glioblastoma multiforme
(white arrow).

(A) T1-weighted. (B) T1-weighted with gadolinium. (C) T1-weighted 24 h post ferumoxtran-10 infusion.
Additional lesions are observed (white arrow). This is an example of more enhancement.
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Figure 2. A 14-year-old male, with a pilocytic astrocytoma of the optic chiasma
(white arrows).

adenomas are similar. Gd: Gadolinium.

(A) T1-weighted. (B) T1-weighted with Gd. (C) T1-weighted 24 h post-ferumoxtran-10 infusion. Since there
is almost a complete absence of blood-brain barrier, pilocytic astrocytomas enhance with Gd; because these
lesions lack reactive cells, they only enhance modestly with ferumoxtran-10. Meningiomas and pituitary

Of these 22 lesions, ten had prior treatment
with chemotherapy and/or radiation; two of
these had radiation alone, four chemotherapy

The

remaining 12 lesions (55%) did not receive either

alone and four with both modalities.

radiation or chemotherapy. Of the five lesions
that enhanced more with ferumoxtran-10, two
had been treated with chemotherapy alone and
three with both chemotherapy and radiation.
The two lesions that enhanced similarly with
both agents had not been irradiated or treated

Table 4. Comparison of the T1 signal intensity obtained using

ferumoxtran-10 and gadolinium in nonglial tumors.

Total

By tumor type
Lymphoma

Metastases
Meningioma

PNET

Epidermoid
Hamartoma
Hemangioblastoma
Pineocytoma

Pituitary adenoma
Squamous cell carcinoma
By treatment history
None

RT only

CT only

Both RT and CT

Ferumoxtran-10 contrast compared

with Gd.
Less Same More Total
15 2 5 22
4 1 3 8
3 0 1 4
2 0 0 2
1 0 1 2
1 0 0 1
1 0 0 1
1 0 0 1
1 0 0 1
1 0 0 1
0 1 0 1
10 2 0 12
0 0 2
0 2 4
0 3 4

CT: Chemotherapy; PNET: Primitive neuroectodermal tumors; RT: Radiotherapy.
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with chemotherapy. The 15 lesions that were seen
to enhance less with ferumoxtran-10 compared
with Gd were predominately cases where no
treatment had been administered (ten out of 15);
in two out of 15 cases radiation had been admin-
istered, in two out of 15 chemotherapy and in
one case both treatments had been given.

Discussion

CNS lesions such as malignant brain neoplasms,
strokes, demyelinating diseases and infections
often exhibit inflammatory reactions in and
around the affected brain. The reactive area usu-
ally has a defective BBB, as well as macrophages
and reactive astrocytes between the degenerated,
necrotic and/or neoplastic cells. Histologic eval-
uation of brain tissue from areas with inflamma-
tory reaction can demonstrate variable and
nonspecific changes, and can complicate the
diagnosis by making tumors appear as demye-
linating processes, infection or degenerative
lesions [16]. Gd-enhanced MR will detect those
areas with abnormal BBB, but the presence of
reactive cells and astrocytes cannot currently be
evaluated with imaging studies. The USPIO
agent ferumoxtran-10 permits the visualization
of the inflammatory (phagocytic) components of
lesions on delayed MRI and can also be detected
in the tissue from surgical specimens using stains
for iron.

In this study, 56 intracranial lesions diag-
nosed with Gd-enhanced MR (1.5 T scanner)
were imaged 24 h following ferumoxtran-10
administration. The scans were compared with
particular focus on selected regions where feru-
moxtran-10 showed additional enhancement
compared with Gd, indicating an inflammatory
component associated with the lesion. Figure 4

Therapy (2005) 2(6)
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showed ferumoxtran-10 enhancement were the
more aggressive histologies: lymphoma, PNET
and metastasis. Malignant tumors in general
enhanced the same or more than Gd but differ-
ent patterns were observed. Malignant CNS
tumors are highly infiltrative and promote the
development of abnormal vasculature as they
proliferate. This abnormal vasculature, added to
variable degrees of BBB leakiness that allow mac-
romolecules into the interstitial space, make
these lesions amenable to enhancement with fer-
umoxtran-10. In malignant brain tumors the Gd
MR study should be cautiously interpreted
because the enhancing areas on MR may not
represent the limits of the lesion. Histologic
observations in patients with GBM have shown
that some areas have a tumor but do not enhance
with Gd, that neoplasms can be present in tissue
obtained from areas with T2 abnormalities
around the enhancing tumor, and that malig-
nant cells can be found distant to the enhancing
tumor [30]. The GBM, anaplastic gliomas and
oligodendrogliomas in this case series were
observed to be variably enhancing. Of the 56
lesions in the series, 15 showed greater enhance-
ment with ferumoxtran-10; ten of these were
glial and five nonglial tumors. The fact that feru-
moxtran-10 images showed additional patho-
logic areas not detectable in Gd-contrasted MR
in malignant gliomas supports the hypothesis
that these tumors extend outside areas of Gd
enhancement and appropriate therapies need to
aim at large areas, even the brain as a whole,
rather than focal abnormalities [16].

Expert commentary

Ferumoxtran-10 is a promising agent in neuro-
logic diagnosis and surgery. The findings in this
study suggest that in malignant gliomas and
lymphomas, ferumoxtran-10 can demonstrate
additional pathologic areas not seen in Gd-
enhanced MR. Such an enhancement likely rep-
resents an inflammatory reaction with BBB leak-
iness, due to both BBB abnormalicy and
phagocytic cells. Ferumoxtran-10 could be use-
ful in surgical interventions for malignant
tumors in three ways. First, image-guided neuro-
surgery or stereotactic biopsy may be better
directed with the combined information pro-
vided by the two contrast agents. Second, addi-
tional targets (lesions) may be visualized in less
compromising locations for stereotactic biopsy
or resection. And finally, if gross resection is per-
formed, the prolonged enhancement (up to
7 days) of ferumoxtran-10 can aid intra- and

postoperative assessment by MR during or after
surgery without further administration of the
contrast agent [15].

The clinical potential of iron oxide contrast to
assist in the diagnosis of neurologic disease is
based on its ability to identify biologic events that
cannot be distinguished with Gd. Two condi-
tions are required to view enhancement with fer-
umoxtran-10; an abnormal BBB and the
presence of phagocytic inflammatory and reactive
cells to endocytose the contrast (i.e., macrophages
and reactive astrocytes). Since different mecha-
nisms produce the MR signal changes, Gd- and
ferumoxtran-10-enhanced MR scans may com-
plement each other to identify more lesions
and/or characterize an inflammatory component
in tumors, vascular and demyelinating disease.
Therefore, MRI with ferumoxtran-10 is poten-
tially useful for differential diagnosis of clinically
ambiguous patients. Inflammatory reactions
exist, not only in brain tumors (8,13}, but in demy-
elinating lesions [31,32) and also ischemic CNS
lesions [33,34]. These conditions show variable
degrees of BBB damage, and factors such as the
onset and evolution of the disease have a consid-
erable impact on the barrier’s permeability. An
acute demyelinating process, for example, will
exhibit more of a change in the barrier’s permea-
bility than a subacute or chronic demyelination,
even in the same patient. Demyelinating lesions
(35,361, strokes [37], infections and some neoplasms
may share similar clinical [38] and radiologic
features [39.40] especially during the acute phase
due to the
reactions [37,41,42]. These similarities can compli-

presence of inflammatory
cate accurate diagnosis and therapeutic decisions.
Despite the high sensitivity of the current imag-
ing tests and cerebrospinal fluid analyses, many
patients still require an invasive stereotactic
biopsy for a definite diagnosis. Even needle biop-
sies may be inconclusive if the sample is small or
the target chosen was not the most pathologic
part of the lesion [43]. The authors have observed
in related studies that some demyelinating lesions
did not enhance after ferumoxtran-10 or
enhanced less compared with Gd [24]. This obser-
vation has also been reported in preclinical mod-
els of demyelination [44.45) and may be helpful for
differential diagnosis.

Outlook
Although these clinical trials are promising,
more extensive and focused trials should be
undertaken to define where this new agent could
provide the most

clinically  important
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information, such as during image-guided neu-
rosurgery and stereotactic biopsies. Future clini-
cal studies of ferumoxtran-10 in CNS lesions
should also stratify patients who have or have not
had any kind of radio- or chemotherapy (includ-
ing steroids) to avoid the confounding the results
of natural lesion characteristics with therapy
related changes.

An exciting new USPIO agent is ferumoxy-
tol. It is an iron oxide monocrystalline nanopar-
ticle coated with a semisynthetic modified
carbohydrate with low-molecular weight and
formulated with mannitol. The main difference
between ferumoxytol and ferumoxtran-10 is the
coating. The modified carbohydrate design
makes ferumoxytol better tolerated for bolus
injections. Due to this modification and the fact
that USPIO particles can serve as blood pool

Highlights

Ferumoxtran-10 is an ultrasmall superparamagnetic iron oxide
nanoparticle that has shown excellent potential for imaging in the CNS.
Iron oxide nanoparticles can also be identified at the light and electron
microscopic levels.

Preclinical data and clinical results suggest that ferumoxtran-10 magnetic
resonance enhancement in brain tumors is due to leakage across a
damaged blood-brain barrier followed by intracellular trapping by
phagocytic cells (astrocytes, macrophages) in and around the tumor rather
than tumor cells themselves.

Initial clinical trials demonstrate that in approximately 10% of subjects,
additional areas of enhancement with ferumoxtran-10 in brain lesions can
be observed that were not seen with gadolinium, particularly in areas
where reactive inflammatory cells were present.

Potential uses for ferumoxtran-10 magnetic resonance imaging in brain
tumors include targeting additional areas for biopsy, aiding intra- and
postoperative magnetic resonance imaging without additional contrast,
and diagnosing clinically ambiguous lesions.

More extensive and focused trials should be undertaken.

Ferumoxytol is a new ultrasmall superparamagnetic iron oxide that will
permit magnetic resonance angiography and perfusion imaging of

CNS lesions.

Bibliography 3.

agents, it may be used for MR angiography and
perfusion of the brain. Ferumoxytol can be used
at early time points (seconds to minutes) to
image the vasculature by MRI without the rapid
vascular leak into CNS lesions that limit MRI
with Gd-based contrast agents. The authors are
currently accruing patients to a National Cancer
Institute-sponsored pilot clinical trial of feru-
moxytol MRI and MR angiography in brain
tumors. This agent will hopefully allow the
authors to assess the tumor, inflammatory com-
ponent and abnormal vasculature. This would
aid in developing new therapies targeted at
tumor angiogenesis.

Another exciting future direction would be
imaging with a cellular contrast agent consist-
ing of labeling inflammatory cells with feru-
conjunction with protamine
sulfate [26,46,47]. Labeling inflammatory cells
would allow tracking of their migration using
MRI, and may lead to eatlier detection and/or
different treatment modalities in subjects with
inflammatory, ischemic, and/or demyelinating
lesions. Although tracking of labeled inflamma-
tory cells has more clinical relevance for nontu-
mor CNS lesions, the ability to label tumor
cells with iron oxide particles and track their
migration using MRI would aid in developing
animal models of CNS metastases and new

moxides in

treatment modalities.
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