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Abstract

Following the submission of this article to Cancer Imaging, unfortunately the European manufacturer of ferumoxtran-
10 (Guerbet) has withdrawn the product pending further phase III studies. This is secondary to the view of the
Committee for Medicinal Products for Human Use that the phase III data did not provide adequate statistical
demonstration of the product’s efficacy.

Magnetic resonance lymphography holds much promise for the non-invasive evaluation of lymph nodes. The tech-
nique utilizes ultrasmall superparamagnetic particles of iron oxide and has been shown to be highly sensitive and
specific in the diagnosis of malignant lymph nodes. This article reviews the technique and the performance of
magnetic resonance lymphography in studies to date; alternative newer methods of nodal assessment such as fluor-
odeoxyglucose-positron emission tomography/computed tomography and diffusion-weighted magnetic resonance
imaging are also discussed, with emphasis on gynaecological malignancies.

Keywords: Ultrasmall particles of iron oxide; nanoparticles; lymph node metastases; magnetic resonance imaging; diffusion-weighted
imaging; PET/CT; cervical cancer; endometrial cancer; vulval cancer; treatment planning.

Introduction Other new techniques such as fluorodeoxyglucose
(FDG)-positron emission tomography(PET)/computed
tomography and diffusion-weighted imaging (DWI) in
nodal assessment are also discussed.

Computed tomography (CT) and magnetic resonance
imaging (MRI) are the present mainstay of nodal imaging
and non-invasive nodal staging but the inherent pitfall of
these techniques remains their reliance on nodal size as
the main diagnostic criterion. In recent years, magnetic
resonance lymphography (MRL) using ultrasmall super- Why is nodal assessment important
paramagnetic particles of iron oxide (USPIO) has in cancer management?
emerged as a promising new technique for evaluation

of lymph nodes!''. There is wide-ranging debate on the Accurate knowledge of the metastatic involvement of

role of surgical lymphadenectomy in patients with endo- regional and distant lymph nodes is crucial in determin-

. . 4] . . .
metrial cancer and thus the need for non-invasive staging 1N& the prognostic status™. In patients with cervical
becomes ever more important!>3!, cancer, survival rates for surgically treated stage IB to

In this article, the importance of accurate nodal evalu- 1IA disease drop from 85-90% tg]SO—SS% in the pres-
ation of gynaecological malignancies is highlighted, the ence of lymph node involvement . Similarly, in vulval
technique and interpretation of MRL are reviewed and ~cancer, the 5-year survival rate is 90% when no nodes are
the potential use of MRL in clinical practice is discussed. ~involved, compared with approximately 50% in a patient
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with positive nodes!'®. Nodal status also has an important
impact on planning treatment.

Selecting the primary treatment modality

In cervical cancer, small volume disease confined to the
cervix is usually treated surgically. If there is disease
beyond the cervix (including cases of suspected nodal
involvement), primary chemoradiation is the treatment

of choice!”l.

Radiotherapy planning

In patients treated with primary chemoradiation, precise
mapping of involved nodes can direct the radiotherapy
field contour to reduce toxicity to the normal surround-
ing tissues, such as small bowel and bladder!®!.

Operative planning

Knowledge of the sites of lymph node involvement may
guide the extent of lymph node dissection, thus reducing
the time of surgery, complication rates and associated
morbidity. It may also guide lymph node sampling,
particularly if nodes are found to lie outside the
standard nodal dissection field. Furthermore, if there
is no nodal involvement, unnecessary radical surgery
can be avoided’.

Why is there a need for non-invasive
nodal assessment?

The gold standard for nodal assessment is surgical lym-
phadenectomy. However, this results in prolonged surgi-
cal time and increases morbidity from associated
complications such as lymphoedema. The patient out-
comes and surgical complications have been evaluated
recently in a large randomized study in the United
Kingdom, in which 1408 patients with stage I, surgically
treatable endometrial carcinoma were randomized into
either having standard surgery (hysterectomy, bilateral
salpingo-oophorectomy, peritoneal washings, para-aortic
lymph node palpation) or surgery plus lymphadenect-
omym. The study revealed that there is no significant
benefit in overall or recurrence-free survival with pelvic
lymphadenectomy. These results corroborated the find-
ings from a similar randomized trial by Benedetti ez al."*!
that involved 514 patients with stage I endometrial car-
cinoma. Surgical lymphadenectomy requires highly spe-
cialist surgical input, which may not be available at all
centres!>1°!, Thus, a non-invasive method for nodal
detection is particularly important for determining prog-
nosis and treatment planning.

The non-invasive assessment of nodes has largely
centred on CT and MRI, which provide good anatomical
localization but rely on size criteria and node morphol-
ogy to distinguish metastatic and benign nodes.
Morphologic criteria are helpful when present; a large

fatty hilum or dense -calcification is suggestive of
benign disease, whereas central necrosis and irregular
contour are more indicative of malignant involve-
ment!' 12! With respect to size criteria, the cut-off for
malignant nodal involvement varies depending on ana-
tomical location. In general, nodes less than 10 mm in
short axis diameter are considered benign in pelvic dis-
ease! 31 A size ratio may also be used, whereby if the
short axis diameter is less than 8 mm, the node is con-
sidered benign; if the short axis is greater than 10 mm, it
is considered malignant; if the short axis is between 8 and
10 mm, then the ratio of short axis to long axis is
measured. If the ratio is greater than 0.8 (in other
words a round node), then the node is considered
malignant! 141,

However, it has been shown that size criteria are unre-
liable. In cervical cancer, stages IB—IV, 80% of nodal
metastases are less than 10mm in short axis''®l.
Similarly, nodal metastases in prostate cancer are
mainly found in lymph nodes with short axis less than
8—10 mm, resulting in size and shape criteria producing
low sensitivities of 36—40%! 16171,

Thus, CT and MRI are limited in their ability to
detect metastatic disease in non-enlarged lymph nodes,
and (to some extent) in distinguishing metastatic
and benign enlarged lymph nodes. The reported
sensitivities of CT and MRI in pelvic malignancies
range from 40 to 87% with specificities between 64
and 100%!'%1%1,

For these reasons, alternative, accurate, reliable non-
invasive techniques have been sought to assess nodal
status. These newer imaging methods include PET-CT,
DWI-MRI and MRL.

FDG-PET/CT and DWI-MRI:
performance in nodal assessment of
gynaecological malignancies

FDG-PET/CT

In the late 1990s, PET with ['*F]JFDG emerged as a
novel imaging technique that allowed detection of
tumours based on metabolic activity. Its inherent pitfall
was its lack of anatomic detail. This was overcome by
integrating PET with CT. FDG-PET/CT is now a routine
imaging technique for a variety of tumours including
lymphoma and lung cancer. There have been several stu-
dies evaluating its potential role in nodal assessment of
gynaecological malignancies. Early reports were encoura-
ging. Reinhardt et al? performed a study comparing
the diagnostic accuracy of MRI with FDG-PET in the
detection of metastatic lymph nodes in 35 patients with
stage IB or II cervical cancer, prior to radical hysterec-
tomy and lymphadenectomy. On a patient basis, they
obtained sensitivities of 0.91 on FDG-PET and 0.73 on
MRI and specificities of 1.0 on FDG-PET and 0.83 on
MRI. On a patient basis, the positive predictive values
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(PPV) of PET and MRI were not statistically different
(1.0 versus 0.67) However, when the number of meta-
static nodal sites were compared, there was a significant
improvement in PPV using PET (0.90 on PET versus
0.64 on MRI, p<0.05). In a more recent study, 60
patients with early stage cervical cancer (stage
IA2—IIA) who were deemed not to have nodal metasta-
ses on MRI underwent preoperative FDG-PET™!!. Of 10
histologically confirmed nodal metastases, only one was
detected on FDG-PET. The metastatic focus within the
node measured 5x6 mm. The nodes that proved to be
false-negatives contained metastatic deposits up to
6x7mm in diameter. In contrast, Sironi e al.!**! found
that for overall patient-based assessment, FDG-PET/CT
had a sensitivity of 73%, specificity of 97% and PPV of
92% for detection of malignant nodes in early stage cer-
vical carcinoma. This group also found that the threshold
size for detection of metastatic nodes on FDG-PET/CT
was 5 mm; below this size, FDG-PET/CT became unreli-
able. A meta-analysis of publications evaluating the use of
FDG-PET in early cervical cancer showed a pooled sen-
sitivity and specificity of 79% and 99% compared with
72% and 96% for MRI'?3!. Conflicting results from stu-
dies performed in early stage cervical carcinoma imply
that FDG-PET/CT does not have a clear role in these
cases, most likely due to the presence of metastases in
small nodes in this subset of patients.

In advanced stage cervical cancer (higher than stage
IB), FDG-PET/CT has been found to have a more valu-
able role. These patients are more likely to have para-
aortic lymph node involvement and several authors
have reported improved sensitivities in the detection of
para-aortic nodal metastases using FDG-PET compared
with CT alone!?*%!,

There have been a small number of studies investigat-
ing the use of FDG-PET/CT in endometrial cancer.
Kitajima et al.*®! performed FDG-PET/CT in 40 patients
with stage I endometrial cancer, all of whom subse-
quently underwent pelvic lymphadenectomy with or with-
out para-aortic lymhadenectomy. They found that overall,
PET/CT was only moderately sensitive (53%) but very
specific (99.6%). The sensitivity for detection of nodes
less than 4 mm was 16.7% and this improves to 93.3% in
nodes larger than 10 mm. The same group have also
evaluated the accuracy of PET/CT using contrast-
enhanced CT with similar results[27].

DWI-MRI

Diffusion-weighted MRI is reliant on differences in
molecular water mobility in extracellular spaces and pro-
vides information about the cellularity of tissue. Studies
that have assessed the use of DWI-MRI for determination
of nodal status have yielded mixed results. Nakai et al.?®
did not observe a significant difference between benign
and malignant nodes at 1.5T. However, they did note
that DWI-MRI can aid in the detection of lymph
nodes. This is in contrast to Lin ez al.!**! who observed

a significant difference in the apparent diffusion coeffi-
cient values at 3T. Thoeny et al.”®°! have evaluated the
use of MRL and DW-MRI in patients with bladder and
prostate cancer using a combined method. The advantage
of this technique appears to be easier identification of
lymph nodes which can then be characterized on the
MRL images. This work is described in more detail
later in the section on the future developments of MRL.

MRL technique and interpretation

MRL uses a lymph node specific contrast agent, ferumox-
tran-10, that is comprised of ultrasmall superpara-
magnetic particles of USPIO. These 30—50nm
nanoparticles, coated with a dextran to prolong circula-
tion time, are administered intravenously where they
extravasate into the interstitial space and are transported
to lymph nodes via the lymphatic system. Approximately
24—36h post contrast administration, macrophages in
normal lymph nodes internalize the USPIO particles,
resulting in a drop in signal intensity on T2*W sequences
due to a susceptibility effect of the iron oxide. Metastatic
nodes with tumour cells infiltrating and replacing macro-
phages do not produce this drop in signal''*!1,

Although MRL scanning protocols vary between insti-
tutions, patients in our institution attend the MRI depart-
ment twice. The initial MRI incorporates standard
high-resolution sequences for staging the primary
tumour. The standard staging sequences are then supple-
mented with additional axial and axial oblique sequences,
using the iron-sensitive T2*W sequence for the nodal
staging, and iron-insensitive TIW images to detect any
fatty nodal hila. The field of view for the nodal staging
sequences corresponds to lymph node drainage of the
tumour. For endometrial, cervical and upper vaginal can-
cers, axial images along the line of the iliac vessels
are performed along with oblique planes parallel to the
psoas muscles. In lower vaginal and vulval carcinoma,
the field of view is adjusted to include the inguinal
regions and includes a coronal T2*W image to
help with surgical correlation of the nodes. Following
intravenous infusion of the USPIO contrast medium,
the patient re-attends for a second scan in 24—36h,
when the nodal imaging sequences are repeated identi-
cally to allow direct comparison between the pre- and
post-contrast images!'.

There are variations in the uptake patterns for benign
and malignant nodes (Tables 1 and 2)P*%. Generally,
benign nodes show homogenous or mildly heterogeneous
signal loss post contrast (Fig. 1). Malignant nodes show
no signal loss, which is either diffuse or focal (Figs. 2
and 3)1*37%1,

Performance of MRL

This non-invasive imaging modality can be performed in
the outpatient setting, making it easily accessible. Various



88 N. Jahan et al.

Table 1 Various described patterns of USPIO uptake and their interpretation in benign nodes (reprinted with permission
© RSNA. Narayanan P, Iyngkaran T, Sohaib SA, Reznek RH, Rockall AG. Pearls and pitfalls of MR lymphography
in gynecologic malignancy. Radiographics 2009; 29: 1057—69)

Pre-MRL (T2 FSE) Post-MRL (T2* GRE) Description Diagnosis

O - Node has overall dark signal intensity Benign
@ o Node has an overall dark signal apart from the fatty hila Benign
O @ Node has central low signal intensity Benign
O @ Node has central low signal intensity Benign
O . Node has an overall dark signal with tiny areas of high signal within it  Benign

Table 2 Various described patterns of USPIO uptake and their interpretation in metastatic nodes (reprinted with
permission © RSNA. Narayanan P, Iyngkaran T, Sohaib SA, Reznek RH, Rockall AG. Pearls and pitfalls of MR
Iymphography in gynecologic malignancy. Radiographics 2009; 29: 1057—69)

Pre-MRL (T2 FSE) Post-MRL (T2* GRE) Description Diagnosis

O O No blackening of node. Node is hyperintense to surrounding tissue Metastatic
O o Node has eccentric high signal with darkening along the peripheral rim  Metastatic
O o Node has central high signal with darkening along the peripheral rim Metastatic
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Figure 1 An 86-year-old patient with vulval carcinoma.
A small right obturator lymph node is demonstrated on
(a) axial T2W and (b) axial pre-USPIO T2*W images
(white arrows). (c¢) Axial post-contrast T2*W image
demonstrating that the node returns a homogeneous low
signal intensity following the administration of USPIO.
The appearances are consistent with a benign node.

Figure 2 A 61-year-old patient with vulval carcinoma.
(a) Axial T2W image shows a left inguinal lymph node
that measured just over 1cm in short axis (white arrow).
(b) The node on the precontrast T2*W study.
(¢) Following USPIO administration, the axial T2*W
image shows there is no uptake of contrast agent resulting
in a uniformly bright node. The appearances are consistent
with a malignant node which was histologically proven.
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Figure 3 A 55-year-old patient with endometrial carcinoma. A left interiliac node is seen on the axial T2W image
(a; white arrow). On the pre-USPIO T2*W sequences, the node is identifiable (white arrows) on both the sagittal (b)
and axial images (c). Following contrast administration, there is no evidence of contrast uptake within this node

(d; white arrow) in keeping with a malignant node.

studies have shown that it has a high sensitivity and
specificity for detection of metastatic lymph nodes. A
meta-analysis by Will ez a/.'*°! in 2006 showed an overall
sensitivity of 88% and a specificity of 96% for all tumour
types; MRL was shown to have a higher diagnostic accu-
racy compared with standard MRI. Table 3 provides an
overview of studies that have investigated the perfor-
mance of MRL in pelvic malignancies!>%37~#!1,

The low sensitivities of MRL seen in the early study by
Keller ez al.!**] may have been due to low patient num-
bers and total nodal metastases. Low sensitivities using
size criteria in the study by Rockall et al1*0! probably
reflects the early disease stage of many of the patients,
with few nodes measuring above the threshold for size
criteria.

The slightly worse performance of MRL in the study by
Thoeny et al. (301 compared with the work of Harisinghani
et all3® may be explained by differences in observer
experience in MRL; in addition, the former study
recruited fewer patients with advanced disease, which
may influence the diagnostic performance.

Disadvantages and pitfalls of MRL

One of the drawbacks of MRL is the need for two
attendances to the MRI department, particularly during
the learning phase, thus potentially increasing cost.
Furthermore, interpretation of images is time-consuming
as node by node comparison has to be made between pre-
and post-contrast imaging. Some of these problems may
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Table 3 Studies on the performance of MRL in pelvic malignancies

Primary malignancy Study type/number of patients

Performance of MRL

Reference

Sensitivity 100%; specificity 80%

Sensitivity improved from 35.4% to 90.5%
(node by node basis) and 100% (patient by
patient basis); specificity improved from

Bellin er al’7), 1998
Harisinghani er al."**!, 2003

90.4% to 97.8%

Sensitivity 33%, specificity 99% (node by

Keller et al.*®!, 2004

node basis); sensitivity 25%, specificity 80%
(patient by patient basis)

Sensitivity improved from 29% to 82—93%
(node by node basis) and from 27% to

Rockall er al'*%!, 2005

91—100% (patient by patient basis); specifi-
city >95% maintained

Genitourinary Prospective/30

Prostate Prospective comparison with
contrast-enhanced CT+standard
MRI/80

Gynaecological Prospective/9

Gynaecological Prospective comparison with stan-
dard MRI/44

Prostate Prospective comparison with con-

trast-enhanced CT/375

Sensitivity improved from 34% to 82%;
specificity changed from 97% to 93%

Heesakkers er al.'!!, 2008

(patient by patient basis)

Bladder and prostate Prospective/21

Sensitivity 80%, specificity 73% (patient by

Thoeny et al.*”, 2009

patient basis)

be overcome in the future by improvements in training
and the use of DWI-MRI alongside the MRL.

Mild to moderate side effects, mainly headaches, flush-
ing and back pain have been reported, but these are of
short duration. Other reported adverse effects include
urticaria, muscle cramps, diarrhoea and nausea.
Vasovagal reactions and more severe rashes are very
infrequent[3°’40’42].

Diagnostic pitfalls of MRL have been described and
may result in errors in interpretation[32]. These pitfalls
are most often due to difficulty in characterization of
nodes that have intermediate levels of uptake of the con-
trast rather than complete uptake (i.e. a black node) or
non-uptake (i.e. a white node). Partial uptake patterns
require the reader to make a judgment on whether the
node is benign or malignant and this can result in diag-
nostic errors. It may be possible to overcome some of
these errors by training and experience.

Pitfalls may result in false-positive and -negative
resultst!4143],

False-positive readings that may be overcome with
training include the misinterpretation of a normal fatty
hilum of a node (Fig. 4), or confusing a bright blood
vessel for a lymph node. More challenging to overcome
is the problem of misinterpretation of areas of hyperpla-
sia or granulomatous fibrosis within a node which may
result in reduced USPIO uptake and thus be considered
malignant due to lack of signal loss on T2*W
imaging!7:40:431,

False-negative results in gynaecological malignancies
have been shown to be caused by failure in identifying
a malignant node in the parametrium[40]. Other reasons
for false-negatives include the presence of micrometas-
tases which are too small for the spatial resolution of
MRIP®3391 and  the blooming/susceptibility artefact,
which produces an apparent enlargement of nodes on
post-contrast T2*W imaging, potentially obscuring
small metastatic foci.

Finally, if the post-contrast scan is performed before
24 h, there may be insufficient uptake of nanoparticles by
normal macrophages, which may also lead to interpreta-
tion errors.

Future developments in MRL
Use of DWI

Thoeny et alB3% recently addressed some of the issues
associated with interpretation errors by studying
whether the addition of DWI improved the diagnostic
accuracy of MRL and reduced interpretation time. It
has been shown that lymph nodes return a high
signal intensity on DWI-MRI, and some publications
have reported that malignant lymph nodes show
restricted diffusion!?®??!. In Thoeny’s study, 20 patients
had conventional MRI sequences at 3 T with DWI before
and after USPIO administration, followed by extended
pelvic lymphadenectomy at the time of their primary sur-
gery. Image interpretation was then performed by a clas-
sic method by 2 experienced MR readers commencing
with the pre- and post-USPIO sequences, followed by the
combined USPIO-DWI sequences. This step-wise reading
method was compared with a new reading method, by 3
independent readers, who analysed the USPIO-DWI
images first for non-continuous hyperintense structures,
then using the information from this to guide their MRL
analysis.

The study reported that the addition of DWI signifi-
cantly reduced the time of analysis from an average of
80min in the classic method to 13min in the new
method, whilst the diagnostic accuracy remained compa-
rable at 90%. Furthermore, there was significant inter-
observer agreement between the readers in the new
method, suggesting that interpretation using this tech-
nique is reproducible[3°].

Although this novel technique appears promising and
would substantially reduce reporting times, the results
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Figure 4 A pre-USPIO T1W image shows a right external iliac node with a fatty hilum (a; white arrow). (b) The node
on a pre-USPIO T2*W image (white arrow). On a post-contrast image, the node is seen to have a focal area of high
signal due to the fatty hilum (c; white arrow) and demonstrates a potential pitfall in the interpretation of MRL.

need to be substantiated by further larger studies. The
effect of increased scanning time and cost-effectiveness
also need to be considered.

Use of higher field strengths

A further development in the improvement of the diagnos-
tic accuracy of MRL could be brought about by using
higher magnetic field strengths. Heesakkers er al!**!
enrolled 48 patients with prostate cancer into a study
that compared image quality between 1.5T and 3.0 T fer-
umoxtran-10 enhanced MR imaging. They found that the

3.0 T images showed significantly improved muscle-fat con-
trast, vesselfat contrast, lymph node border delineation and
total image quality, thus suggesting that this may allow
more accurate detection of small positive lymph nodes!*4!.

Use in delineating the primary tumour

There has been interest in the role of MRL in delineating
the primary tumour. In a study by Laghi et al! looking
at patients with uterine malignancies, a significant reduc-
tion in myometrial and stromal signal intensity with
MRL allowed better tumour definition. This may
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Figure 5 This flow diagram illustrates the potential place of MRL in the treatment planning of patients with cervical
cancer.
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To identify the location of
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lymphadenectomy carries a higher risk)

Figure 6 This flow diagram illustrates the potential place of MRL in the treatment planning of endometrial cancer.
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subsequently allow for more accurate T staging of the
primary tumour. Although these findings are exciting
and may have potential for tumour staging, larger studies
will need to be performed in the future to substantiate the
conclusions.

The future use of MRL in clinical
practice

MRL has the potential to play an invaluable role in the
management of gynaecological malignancies.

Cervical Cancer (Fig. 5)

In patients with early stage cervical cancer, including
those who wish to undergo fertility-conserving surgery
(trachelectomy), radical surgery should be undertaken
only if there is organ-confined disease with no evidence
of nodal metastases'*®!. In some cases, when the tumour
size is very small and the histology is low grade with no
lymphovascular space invasion, the clinical team may
wish to proceed with radical surgery without MRL, as
the risk of nodal metastases is very low. Howeyver, if there
is a clinical risk of nodal metastatic disease, then MRL
may be used to rule out or identify nodal metastases. If
MRL is negative, then radical surgery could be under-
taken. If nodal metastasis is suspected on MRL, then
targeted nodal sampling could be used to confirm this.
Furthermore, MRL could detect nodes lying outside of
the standard field of dissection, thus guiding lymph node
dissection and sampling. Alternatively, the patient could
be offered targeted nodal radiotherapy as part of a pri-
mary chemoradiotherapy regime. Thus, MRL could play
an important role by potentially limiting the extent of
lymph node dissection in patients with early stage cervi-
cal cancer and more accurately stratifying patients who
are suitable for radical surgery or trachelectomy.

Endometrial cancer (Fig. 6)

As routine surgical lymphadenectomy has recently been
shown to be of limited value in improving outcomes in
patients with endometrial carcinoma>!*!, MRL could
have a significant role in identifying metastatic nodes in
both high- and low-risk surgical patients. This would
improve prognostication in addition to allowing
improved planning of radiotherapy treatment fields.
Where surgical lymph node dissection is to be under-
taken, MRL may direct the surgeon to any suspicious
nodes.

Vulval cancer

Bilateral inguinal lymph node dissection is part of the
standard management in patients with vulval carcinoma.
Howeyver, it has been shown that between 75 and 90% of
patients with early stage disease do not have lymph node
involvement and undergo unnecessary surgerylg]. MRL

could potentially limit or prevent such radical lymphade-
nectomy in this group of patients, although there has
been limited research into the use of MRL in
vulval cancer.

Conclusion

It is well established that a more precise, non-invasive
method of nodal imaging in gynaecologic cancer is
required. MRL, using USPIO, is one such technique
that has been shown in a small number of studies to be
highly sensitive and specific for nodal evaluation.

Standardised and formal training in image acquisition
and image interpretation are vital to optimize the diag-
nostic capabilities of this imaging technique, and indeed,
technical developments continue to be made. PET/CT
and MRL are being jointly evaluated as tools for detec-
tion of nodal metastases in patients with gynaecological
malignancy in two studies: the American College of
Radiology Imaging Network (ACRIN) (cervix cancer),
and a study supported by Cancer Research UK, in
patients with cervix or endometrial cancer. Although
there does appear to be a role for this technique in the
near future, licensing is still awaited.
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