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Abstract

Lymph node metastases are a poor prognostic indicator in many tumours and therefore accurate identification during
staging is important prior to commencing treatment. The presence of lymph node metastases can significantly alter
patient management and therefore accurate diagnosis of the presence and extent of nodal disease can help optimise
patient management. In this review, the radiologic features that aid in the differentiation of malignant and benign
lymph nodes are discussed. The keys to successful interpretation on cross-sectional computed tomography (CT)
and magnetic resonance imaging of nodal metastases are highlighted. The clinical role of positron emission
tomography-CT imaging for nodal staging is discussed and emerging imaging techniques that may further improve
nodal staging accuracy are surveyed.
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Introduction

Nodal disease is most frequently staged using the TNM
staging system. This classifies tumours according to
Tumour extent, Nodal involvement and the presence or
absence of Metastases. The nodal stage is of prognostic
value and therefore influences the choice of therapy.
Nodal stage in some tumours (e.g. colorectal, gastric,
breast and renal) is determined by the number of regional
lymph nodes. In other tumours, such as lung, oesophagus
and prostate, it is the site of nodal involvement that
determines nodal stage.
Newer imaging techniques such as positron emission

tomography (PET) and PET-computed tomography (CT)
are utilised with increasing frequency to diagnose nodal
involvement.

Imaging lymph nodes in oncology

Historically, contrast lymphography was used to assess
lymph nodes but this has been superseded by ultrasound,
CT and magnetic resonance imaging (MRI). CT is the
principle imaging technique for initial nodal assessment
and tumour staging although newer techniques such as

PET-CT are being used with increasing frequency.
Imaging by conventional techniques is used to discrimi-
nate between malignant and benign lymph nodes in the
following manner.

Ultrasound

Superficial lymph nodes, particularly in the head and
neck, axilla and inguinal regions are amenable to ultra-
sound (US) evaluation. A normal lymph node is ovoid in
shape, hypoechoic to the adjacent muscle and frequently
contains an echogenic fatty hilum (Fig. 1a). The hilum is
a linear, echogenic, non-shadowing structure that con-
tains the nodal vessels and it appears continuous with
the fat around the node. The key advantage of US is
the ability to perform an image-guided cytologic sample
(Fig. 1b). The drawbacks of ultrasound include signifi-
cant intra- and inter-operator variability and it is unreli-
able for the evaluation of deep metastatic lymph nodes.
Deep seated lymph nodes in the body are also difficult to
visualise.
The following criteria have been applied to discrimi-

nate between normal and malignant nodes on US
evaluation.
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Nodal size

Lymph nodes measuring more than 1 cm in the short axis
diameter are considered malignant. However, the size
threshold does vary with anatomic site and underlying
tumour type; e.g. in rectal cancer, lymph nodes larger
than 5mm are regarded as pathological.

Nodal shapes

Benign nodes are more likely to be ovoid and they
become more rounded as a result of malignant infiltra-
tion. If the ratio of the long axis to short axis diameter is
less than 2 the lymph node is more likely to be
malignant[1].

Nodal appearance

The sonographic features that are encountered in malig-
nancy include loss of echogenic nodal hilum, irregular
nodal contour and internal nodal heterogeneity.

Vascularity on Doppler ultrasound

Normal and benign nodes tend to show central hilar
vascularity and central symmetric vascularity. Malignant
nodes tend to demonstrate eccentric or absent hilar vas-
cularity, multifocal aberrant vascularity, peripheral perfu-
sion, focal perfusion defects or peripheral subcapsular

vascularity[2,3]. Malignant nodes have higher resistive
index (41.0) and pulsatility index (41.5)[4,5].
Sonographic contrast medium increases the perception
of nodal blood vessels, but this does not necessarily
improve the accuracy in the detection of malignant
nodes[6,7].

CT and MR imaging

On CT imaging, normal lymph nodes are well demon-
strated on CT. They are ovoid in shape and are of soft
tissue density. MR imaging must cover the entire pathway
of locoregional spread of the tumour being evaluated and
the sequences used depend on the anatomic region
assessed. Lymph nodes are best demonstrated on T1-
weighted images and normal lymph nodes are typically
isointense to muscle on T1-weighted imaging, isointense
or mildly hyperintense on T2-weighted imaging. Short tau
inversion time (STIR) sequences are useful as malignant
nodes can be of high signal intensity (Fig. 2). However,
this is not specific for malignancy and therefore cannot
always be used to differentiate benign from malignant
lymph nodes. Furthermore, the signal change of the
lymph node during therapy may be helpful for estimating
therapy response.
The most widely used CT and MR criteria to determine

if a node is benign or malignant is nodal size. Nodal

Figure 1 (A) An ultrasound demonstrating a normal lymph node in a 24-year-old man. (B) An ultrasound demonstrating
fine-needle aspiration of an irregular right supraclavicular lymph node in a 46-year-old woman with breast cancer.
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enlargement can result from reactive nodal hyperplasia or
coincidental diseases. The following parameters should
be taken into consideration when evaluating nodal
disease.

Size

Currently, the only widely accepted method for discrim-
inating between normal and pathologic nodes is by size.
There is considerable interobserver variation in lymph
node assessment and therefore nodes must be measured
using a reproducible method. The short axis diameter of a
lymph node should be measured as it has been demon-
strated that this is constant despite orientation because it
is likely to become rounder before it elongates. The short
axis diameter is measured perpendicular to the longest
diameter of the lymph node.
In the abdomen, the upper limit of the short axis diam-

eter of normal nodes varies from 6 to 10mm[8,9]. For
example the upper limit of a normal retrocrural node is
6mm, a retroperitoneal node is 10mm[10] and 8�10mm
for nodes in the pelvis[10,11].
Unfortunately 10�20% of normal-sized locoregional

nodes will contain tumour deposits and 30% of enlarged
nodes will demonstrate only inflammatory
hyperplasia[12�14]. In some tumours, the incidence of
metastatic disease within normal-sized nodes is greater
than others. For example, in patients with colorectal
cancer, 90% of nodal metastases occur in nodes
51 cm[13,15].

Shape and contour

The usefulness of nodal shape on CT or MR imaging is
less certain compared with reports in the ultrasound lit-
erature. However, the nodal contour on CT and MR
imaging can have a greater discriminatory value.
Malignant nodes demonstrate irregular borders due to
extracapsular extension of disease. This has been
shown to be more accurate than nodal size in determin-
ing involvement of mesorectal nodes using MR imaging
in patients with rectal cancer[16].

Number of nodes

A group of otherwise normal-appearing nodes on CT or
MRI is of concern and can suggest malignancy (e.g. at
the root of the small bowel mesentery in patients with
lymphoma). However, the specificity of this sign is low
and can lead to false-positive interpretation[17].

Nodal morphology

A number of features can help to determine metastatic
involvement on CT and MR imaging:

(a) Fat density. A normal node tends to have a uniform
appearance and the presence of fat often but not
invariably indicates benignity.

(b) Calcifications. Granulomatous disease can cause
non-malignant calcifications in mediastinal and
mesenteric lymph nodes. It can also be observed
on CT within metastatic nodes arising from color-
ectal, breast, bladder and ovarian cancers.
Malignant nodes can show calcifications following
successful treatment, such as in lymphoma and
seminomatous germ cell tumours but it is not a
reliable indicator of complete tumour response to
treatment.

(c) Heterogeneous appearance. Large metastatic nodes
frequently appear heterogeneous on contrast-
enhanced CT (Fig. 3) and MRI. A lower density
nodal centre on CT can be as a result of necrosis
and this is particularly common in primary
squamous cell cancers of the head and neck and
even normal-sized necrotic nodes should be consid-
ered malignant in these patients. On T2-weighted
MRI central necrosis demonstrates high signal,
and this has a very high positive predicative value
in patients with cervical cancer[18]. In patients with
rectal cancer, nodal signal heterogeneity is a feature
of malignant mesorectal lymph nodes on high-reso-
lution T2-weighted MR imaging[16].

(d) Low density cystic appearance. Metastatic nodes
arising from non-seminomatous germ cell tumour
of the testes frequently demonstrate a central low
density on CT (Fig. 4)[19]. A non-enlarged cystic
lymph node in this tumour group is likely to be
involved. They are typically high signal on
T2-weighted images. Solid to cystic change within

Figure 2 A coronal STIR image demonstrating a high
signal intensity node(arrow) at right level II region in a
67-year-male patient with squamous cell cancer of the
oropharynx.
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a lymph node after chemotherapy in patients with
non-seminomatomous germ cell tumour represents
mature differentiation of teratoma. Low attenuation
nodes are not pathognomic of malignant infiltration
as they are found in tuberculosis and fungal
infections.

(e) Contrast enhancement. Heterogeneous enhance-
ment of an enlarged node is likely to represent
malignant infiltration[20,21]. Metastatic nodes can
demonstrate an enhancement pattern similar to
the primary tumour[22].

(f) Nodal signal characteristics on MR imaging.
Generally it is not possible to distinguish between
malignant (Fig. 5a,b) and benign nodes on MR
imaging based on nodal signal characteristics
alone as normal nodes return a range of signal
intensities on T1- and T2-weighted imaging.

Potential pitfalls in nodal assessment on CT

Using multi-planar reformats makes errors in interpreta-
tion less likely. Both normal structures and other patho-
logic processes can mimic nodal disease. Common
pitfalls include (a) small bowel loops in close proximity
to the retroperitoneum that can mimic nodal disease; (b)
normal ovaries can simulate external iliac nodal enlarge-
ment; (c) blood vessels and especially aberrant vessels
can be mistaken for a lymph node especially on non�con-
trast-enhanced CT; normal anatomic variants such as a
left-sided inferior vena cava (IVC) or duplicated IVC may
simulate nodal disease; a prominent cistern chyli can also
simulate retrocrural nodal enlargement[23]; (d) peritoneal
nodules can mimic mesenteric or pelvic lymph nodes; (e)
post-operative haematoma and abscesses can simulate
nodal disease; (f) following surgery, lymphocoeles can
mimic a low attenuation lymph node.

Figure 5 (A) T1-weighted axial image of the pelvis demonstrating multiple enlarged inguinal lymph nodes (arrow) which
are low signal in a 61-year-old woman with cervical cancer. (B) Fat-saturated post-contrast images of the pelvis
demonstrating multiple enlarged inguinal lymph nodes (arrow) which are of high signal in a 61-year-old woman with
cervical cancer.

Figure 3 An axial contrast-enhanced CT demonstrating
an enlarged heterogeneous right external iliac lymph node
(arrow) in a 64-year-old patient with endometrial cancer.

Figure 4 An axial contrast-enhanced CT demonstrating a
large left common iliac cystic lymph node (arrow) in a
34-year-old man with a germ cell tumour.
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PET and PET-CT

PET performed with fluoro-2-deoxy-D-glucose (FDG) has
proved valuable in providing important tumour-related
qualitative and quantitative metabolic information that
is critical to diagnosis and follow-up. PET-CT is a
unique combination of the cross-sectional anatomic infor-
mation provided by CT and the metabolic information
provided by PET, which are acquired during a single
examination and fused. The uptake of FDG is used to
discriminate between benign and malignant nodes. PET-
CT can detect malignancy in non-enlarged nodes, which
can lead to a change in patient management. There is
increasing evidence for the use of PET-CT for the evalu-
ation of nodal disease in a range of tumour types, includ-
ing oesophageal, cervical (Fig. 6), head and neck, and
melanoma. For example, in oesophageal cancer, a recent
study demonstrated that using PET-CT images improved
nodal staging in 30% over reading of PET and CT images
side by side[24].
Some tumours are FDG negative and they can be

examined by other tracers, such as [11C]acetate.
Prostate cancer shows marked uptake of [11C]acetate
in not only the primary prostate cancer but also its meta-
static sites (including lymph nodes). [11C]Acetate has a
higher sensitivity than FDG-PET in evaluating patients
with prostatic cancer.
However, there are some potential pitfalls using PET-

CT for nodal staging. These include (a) nodes smaller
than 1 cm may be beyond the ability of the PET camera
to detect the tracer activity; (b) tumours with low FDG
metabolism (e.g. bronchoalveolar cell carcinoma, pros-
trate carcinoma, low grade lymphoma) can lead to
false-negative results; (c) inflammatory processes may
cause false-positive findings.

Optimisation of nodal assessment
by imaging

Metastases are frequently found in nodes that are not
enlarged by conventional criteria[25]. The key to success-
ful interpretation of imaging for nodal diseases requires a
thorough understanding of the normal nodal anatomy,
pathways of dissemination, clinical and pathological fea-
tures of the disease.

Patterns of tumour spread

An understanding of the pathway of tumour spread
allows close scrutiny of the most likely sites of nodal
involvement. For example, prostate carcinoma spreads
via the lymphatics in the neurovascular bundles to the
obturator, presacral, hypogastric and external iliac lymph
nodes. Further spread is to the common iliac and para-
aortic nodes. The obtutaror and external iliac nodes are
commonly involved in up to 50�60% of cases[26].
Another example where knowledge of the pathway of
dissemination aids in diagnosis is in patients with

testicular cancer. Lymphatic spread occurs along lym-
phatic channels that accompany the spermatic cord.
These lymphatic vessels drain into the nodes within the
retroperitoneum. Typically, right-sided testicular tumours
disseminate to the retroperitoneal nodes on the right
(precaval, paracaval, aortocaval and retrocaval nodes)
and left-sided tumours disseminate to the left-sided pre-
aortic and para-aortic nodes.

Clinical and pathologic features

The incidence of nodal disease increases with the stage of
the primary tumour in most abdominal and pelvic
tumours. The grade and other histologic characteristics
of tumours have a bearing on the likelihood of nodal
metastases; e.g. in early gastric cancer the presence of
submucosal and vascular invasion predicts for the likeli-
hood of nodal disease[27]. Other biologic indices can help
to alert the radiologist to the likelihood of nodal metas-
tases. For example, in patients with prostate cancer, a
high prostate-specific antigen (PSA) level or high
Gleeson score on biopsy have a higher likelihood of
nodal involvement and extracapsular prostatic disease
and nodal disease.

Details of previous treatment

Knowledge of previous therapy is vital as it modifies the
pattern of nodal disease. For example, in patients with
prostate cancer, nodal relapse after radiotherapy or rad-
ical prostatectomy is usually outside the pelvis[28].
Following total mesorectal excision surgery for rectal
cancer, nodal recurrence can occur within the obturator
chain along the pelvic sidewall or more cranially within
the retroperitoneum.

Diagnostic accuracy of nodal staging

The diagnostic accuracy of CT and MR imaging for
nodal staging of cancers in the abdomen and pelvis
varies widely in the literature. For pelvic malignancies,

Figure 6 A PET-CT image demonstrating a right obtura-
tor lymph node (arrow) in a 29-year-old woman with small
cell carcinoma of the cervix.
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the accuracy of CT and MR imaging is similar[29�31]. The
reported sensitivities range from 40 to 87% and the spe-
cificities from 64 to 100%. In a study of pancreatic
cancer, a sensitivity of 14%, specificity of 85% and accu-
racy of 73% was achieved for nodal staging[29�33].
Conventional CT and MR imaging are limited by their
ability to detect metastases in normal or minimally
enlarged lymph nodes.
In lymphoma patients PET-CT has been found to be

superior to 67Ga imaging, and equal or superior to CT for
the detection of nodal and extranodal lymphoma at initial
staging[34].

Assessment of nodal response
to treatment

According to the recent revised RECIST criteria 1.1[35],
pathologic nodes, identified as target lesions, must meet
the criterion of a short axis of diameter of at least 15mm
on CT. Non-target lymph nodes measure between 10 and
15mm and lymph nodes measuring less than 10mm are
considered normal.
Lymph nodes identified as target lesions should always

have the actual short axis measurement recorded, even if
the nodes regress to below 10mm. This means that when
lymph nodes are included as target lesions, the sum of
lesions may not be zero even if complete response criteria
are met, since a normal lymph node is defined as having
a short axis of510mm. In order to qualify for complete
response, each node must achieve a short axis510mm.

For partial response, stable disease and progressive dis-
ease, the actual short axis measurement of the nodes is
included in the sum of target lesions.

Advances in nodal staging

MR lymphography

MR lymphography is an imaging technique that helps to
distinguish malignant and benign nodes based on the
pattern and degree of contrast enhancement independent
of nodal size or morphology. MR lymphography is per-
formed after the administration of a lymphotrophic MR
contrast agent, of which ultrasmall iron oxide particles
(USPIO) have been most widely applied.
Following the administration of USPIO, the particles

escape into the interstitial spaces and are transported by
lymphatics into the lymph nodes. Within the lymph
nodes, the USPIO particles are phagocytosed by nodal
macrophages, which results in signal loss in normal
nodes on T2*-weighted imaging (Fig. 7a,b). Malignant
nodes are of high signal intensity on T2*-weighted
images.
In prostate cancer, the technique has shown very

encouraging results for the detection of malignant
nodes510mm in size, with a high diagnostic sensitivity
and specificity compared with conventional imaging.
The main potential advantage of the imaging technique
is the ability to detect partially replaced non-enlarged
malignant lymph nodes[36].

Figure 7 Normal sidewall nodes (arrows) imaged using T2*-weighted MR imaging (MEDIC) (A) before and (B) 24 h
after USPIO contrast administration in a 57-year-old man with rectal cancer. Prior to contrast administration, blood
vessels and lymph nodes have relatively high signal intensity. Note signal darkening of the normal nodes after contrast,
thus facilitating their detection.
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USPIO-enhanced MRI combined with dif-
fusion-weighted MRI

A new imaging approach is using USPIO-enhanced MRI
combined with diffusion-weighted MRI (USPIO/DW-
MRI). A combined USPIO/DW-MRI approach has
been found to have a high negative predictive value
(86�93%), high accuracy (75�90%), and overall good
sensitivity (60�80%) in finding nodal metastases in
patients with either prostate cancer or bladder cancer
or both[37]. These results were comparable to those
obtained by evaluating USPIO images with and without
DW-MRI. The major advantage of this new approach is
that it is much quicker; 13min for the combined USPIO/
DW-MRI rather than 80min.

Diffusion-weighted MR imaging

The image contrast on diffusion-weighted imaging is
based on differences in the mobility of water protons
between tissues, and reflects tissue cellularity and the
integrity of cellular membranes. Tumour tissues are gen-
erally more cellular compared with the native tissues
from which they originate, and thus they show high
signal (restricted diffusion) on diffusion-weighted MR
imaging. Diffusion-weighted MR imaging has been
shown to improve the detection of lymph nodes.
Fusion images created by the addition of DW-MRI to a
conventional T1- or T2-weighted image can improve the
detection of small nodes throughout the body. Early
reports using diffusion-weighted imaging to identify
malignant nodes in patients with head and neck and cer-
vical cancers have been encouraging.

Conclusion

The accurate identification of malignant lymph nodes is a
major challenge in diagnostic radiology. CT and MRI are
limited in their ability to detect metastases in normal or
minimally enlarged lymph nodes. By using the combina-
tion of size, shape, characteristics and site of lymph
nodes identified on imaging, the radiologist can better
indicate if a lymph node is likely to be metastatic.
Functional imaging with PET-CT adds to the sensitivity
and specificity of nodal evaluation in many tumours but
has important limitations. Novel imaging techniques such
as USPIO and diffusion-weighted imaging, alone or in
combination, may further improve the diagnostic accu-
racy of nodal staging.
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