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Abstract. The last 25 years have seen major changes in
the imaging investigation and subsequent management
of patients with Hodgkin’s disease (HD) and non-Hodg-
kin’s lymphoma (NHL); accurate staging is vital for
prognostication and treatment in both, and particularly in
HD. The choice of imaging modality for staging depends
on its accuracy, impact on clinical decision-making, and
availability. Modern CT scanners fulfil most of the de-
sired criteria. The advent of CT scanning, along with the
development of ever more effective chemotherapeutic
regimens, has resulted in the virtual demise of bipedal
lymphangiography (LAG) as a staging tool in patients
with lymphoma. It has rendered superfluous a battery of
other tests that were in routine use. This contribution re-
views the evidence for the use of CT in preference to
LAG. CT accurately depicts nodal enlargement above
and below the diaphragm, has variable sensitivity for in-
tra-abdominal visceral involvement and is generally out-
standing in depicting the extent of disease, especially
extranodal extension. Despite the advances in CT tech-
nology, there are still areas where CT performs less well
(e.g. disease in normal-sized lymph nodes, splenic and
bone marrow infiltration). The influence of technical fac-
tors, such as the use of intravenous contrast medium, is
discussed. In some instances, CT is not the imaging mo-
dality of choice and the place of newer techniques such
as MRI and endoscopic ultrasound will be reviewed.
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Introduction

Prior to the development of CT scanning, patients with a
diagnosis of lymphoma were subjected to a battery of di-
agnostic tests that included frontal and lateral chest radi-
ography, tomography of the mediastinum and hila, skele-
tal surveys, isotope liver/spleen scanning, isotope bone
scans, lymphangiography (LAG) and excretory urogra-
phy. On top of this, most patients with Hodgkin’s disease
(HD) underwent staging laparotomy with its attendant
risks. Very few of these tests are now performed routine-
ly for staging.

Staging in malignant lymphoma

In order to assess the efficacy of CT as a staging tool, it
is necessary to appreciate the importance of accurate
staging in patients with lymphoma. Patients will usually
be referred after the diagnosis of lymphoma has been es-
tablished by lymph node biopsy. Staging should establish
the precise local extent of disease that is clinically overt,
but it should also identify occult disease elsewhere.
Knowledge of the pattern of disease spread facilitates
this search. In HD, the extent of disease directly influ-
ences choice of the most appropriate therapy, whereas in
non-Hodgkin’s lymphoma (NHL), therapy is influenced
more by the pathological subtype of tumour, bulk of dis-
ease and symptomatology. In both HD and NHL, assess-
ment of disease bulk provides important prognostic in-
formation, as does the presence of extranodal disease. In
NHL in particular, staging provides a baseline assess-
ment against which future imaging studies can be com-
pared. Staging should also highlight clinical problems
that may compromise delivery of treatment, such as cen-
tral venous occlusion or hydronephrosis. Accurate imag-
ing enables radiotherapy planning for localised disease.
Finally, correct staging will prevent stage migration ef-
fects when phase III trials are being compared.

The Ann Arbor staging system for HD was intro-
duced in 1970, and was modified in 1989 (Table 1) to
take account of prognostic factors such as disease bulk
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and in recognition of the role of CT in the detection of
intra-abdominal disease [1]. It can also be applied to
NHL, though, as mentioned above, other factors are
more important in NHL. In children with NHL, extran-
odal disease is commoner, with frequent involvement of
the gastrointestinal tract, solid abdominal viscera and
sites in the head and neck. This is recognised in Mur-
phy’s staging classification (Table 2).

Generally, choice of an imaging technique for staging
will depend on probability of involvement of a site, the
diagnostic performance of the test at that site and the im-

pact a positive result will have on treatment. Sites fre-
quently involved should be screened if the test is suffi-
ciently accurate; if the test is inaccurate, the vigour of
the search is dictated by the effect it will have on man-
agement. The ideal staging test should be sufficiently
sensitive and specific, safe and atraumatic, available in a
timely fashion (i.e. 1–2 weeks) and cost-effective. This
presupposes that the necessary equipment, personnel and
expertise are available, not to mention funding for the
test. How well does CT measure up?

Assessing the value of imaging in the staging 
of lymphoma

There is a large volume of literature on the efficacy and
effectiveness of various imaging modalities in a range of
clinical situations, including CT [2]. A commonly used
strategy for evaluating this is one adopted from Fineberg
et al. [3], which uses a five-level evaluative hierarchy
(Fig. 1). An acceptable performance at one level depends
upon satisfactory performance at the preceding level.
The efficacy of a test comprises the technical and diag-
nostic performance, whereas the effectiveness encom-
passes diagnostic and therapeutic impact, as described
below. The cost-effectiveness provides a measure of how
well the test fares in relation to utilisation of resources.

The technical performance is a measure of whether
the test routinely results in anatomically faithful, repro-
ducible images, which modern CT scanners do. Diagnos-
tic performance is concerned with whether the test allows
correct identification of the presence or absence of dis-
ease, i.e. sensitivity and specificity. These intrinsic oper-
ating characteristics are independent of disease preva-
lence, unlike the positive or negative predictive values of
the test. Most of the available imaging literature in lym-

Table 1. Modified Ann Arbor staging classification of lymphoma

Stage Area of involvement

I One lymph node region or extralymphatic site

II Two or more lymph node regions on the same side 
of the diaphragm

III Lymph node regions/structures on both sides 
of the diaphragm

III(1)—spleen and/or splenic hilar, coeliac 
and portal nodes

III(2)—para-aortic, mesenteric or iliac nodes

IV Extranodal sites beyond those designated E

Additional qualifiers

A No symptoms

B Fever, sweats, weight loss of 10% or more 
of body weight

E Localised extralymphatic site

S Involvement of spleen

X Bulky disease:
Mass >1/3 thoracic diameter at T5
Mass >10 cm maximum dimension

Table 2. Murphy’s staging system for childhood NHL

Stage Criteria for disease extent

I Single tumour (extranodal) or single anatomical area
(nodal) outside mediastinum or abdomen

II Single tumour (extranodal) with regional nodal 
invovement

Two or more nodal areas, same side of diaphragm
Two single extranodal sites, same side of diaphragm
Primary gastrointestinal tract tumour, grossly totally 

resected

III Two single tumours on opposite sides of diaphragm
Two or more nodal areas above and below diaphragm
All primary intrathoracic tumours
All extensive primary intra-abdominal disease, 

unresected
All paraspinal or epidural tumours

IV Any of the above with initial central nervous system
and/or bone marrow involvement

Fig. 1. An evaluative frame-
work for the assessment of an
imaging technology (adapted
from Fineberg et al. [3])



phoma relates to the diagnostic performance. A common
feature of recent studies, with the demise of staging lapa-
rotomy, is the paucity of pathological “gold standards”
against which to judge the diagnostic performance. The
latter will also be affected by sampling error and bias.
More critically, there is little in the literature on the effect
of thresholding on sensitivity and specificity, i.e. receiver
operator characteristic (ROC) curve analysis [4]. The ef-
fects of such analysis can be far-reaching; thus, alteration
of the size criteria for calling a lymph node abnormally
enlarged can profoundly affect staging of the patient (and
assessment of response to treatment). Correct application
of ROC curve statistics should allow selection of the best
cut-off criteria in terms of the relative costs of false nega-
tive and positive diagnoses. The diagnostic impact of a
test can be assessed by the influence of the test on the di-
agnostic confidence of the clinician and by the extent to
which the new modality supersedes older established
methods. The way in which CT has replaced LAG is at
least in part a reflection of its diagnostic impact. The re-
placement of cranial CT and myelography with craniospi-
nal MRI is another example of this.

It should be borne in mind that even if a diagnostic
imaging test is outstandingly accurate, it is only of value
if it influences patient management in terms of planning
or delivery of therapy, or allows firm prognostication; the
therapeutic impact [5]. A few studies have attempted to
assess the therapeutic impact of CT in lymphoma staging,
but generally, the rapid acceptance of new techniques
(particularly MRI) has meant that it can be difficult to set
up properly randomised, prospective controlled trials.
Many studies are controlled observational studies with
variable reference standards. As with all technology, as-
sessment of the impact of CT on patient outcome will de-
pend on the development of the modality. The influence
of improvements in CT technology and scan time on the
diagnostic and therapeutic impact of CT in patients with
lymphoma was demonstrated by Fineberg et al. [6], who
showed that CT had a diagnostic impact in 58% of lym-
phoma patients and a therapeutic impact in 15%, more of-
ten in NHL than HD. The overall impact increased with
time as better scanners were introduced.

The health impact of any imaging technology is ex-
tremely difficult to measure and there is very little good re-
search assessing the relationship between new techniques
and patient outcome (see, for example, Modic [7]). Often,
as in the routine use of CT in patients with lymphoma one
can only infer that if there is a favourable therapeutic im-
pact, the health of that patient population should improve.

Imaging of lymph node disease

CT scanning and LAG

Shortly after the first body CT scanners were introduced,
it became clear that CT could detect intra-abdominal

lymph node enlargement, one of the hallmarks of malig-
nant lymphoma [8]. The earliest studies of CT in the
evaluation of patients with lymphoma were published in
the late 1970s [9, 10, 11, 12, 13, 14, 15, 16]. Kreel [9]
reported that CT could demonstrate more accurately than
LAG the extent of retroperitoneal disease, and this was
confirmed by Schaner et al. [10]. They studied a small
group of patients who underwent CT within 1 week of
LAG. In many of their patients, who appear to have had
advanced disease, LAG underestimated the volume and
extent of retroperitoneal disease. CT demonstrated extra-
nodal extension and in some patients, visceral involve-
ment. However, they noted that LAG could detect small
tumour deposits in lymph nodes that were not enlarged
at CT. These preliminary reports indicated a possible
role for CT, not only in staging but also in radiotherapy
planning, as well as assessment of response to treatment.

A number of methodological and technical factors are
common to these early studies. Numbers were generally
small, scan slices were either thick (up to 13 mm) or
non-contiguous with large inter-slice gaps (up to 2 cm),
and scan times were extremely slow, predisposing to
movement artefact. Intravenous contrast medium was ei-
ther not administered or was administered as a slow infu-
sion rather than a bolus. Thus it did not appear to be
helpful in the identification of visceral involvement [12].
Importantly, the criteria for calling lymph nodes abnor-
mal were not always specified, but often only lymph
nodes larger than 1.5–2 cm were considered enlarged.
Finally, pathological correlation from staging laparotomy
was not always available. Therefore, it is not surprising
that the general consensus was that, whilst CT was a use-
ful adjunct, especially in advanced disease, it could not
replace LAG or obviate the need for staging laparotomy.

LAG remains the only technique that demonstrates
the internal architecture of a lymph node, so that it is
theoretically possible to detect disease in lymph nodes
that are normal in size or only minimally enlarged.
Whilst lymph node enlargement is the key feature of
lymphoma, it tends to be more marked in NHL than HD.
Indeed, in the nodular sclerosing and lymphocyte-deplet-
ed pathological subtypes of HD, lymph nodes may even
be normal in size. In the late 1970s and early 1980s,
nearly all patients with HD were being subjected to stag-
ing laparotomy, and so pathological correlation, where
available, generally pertains to this patient group. The
anatomical and contrast resolution of first- and second-
generation CT scanners was limited, as described above,
so it is not unexpected that the early studies consistently
showed that LAG was as good as or slightly better than
CT in the detection of small-volume nodal lymphoma in
the retroperitoneum and pelvis. Though CT tended to
show the overall extent of disease better and could depict
“off-axis” nodes occasionally, LAG was more likely to
change the stage of the patient [17, 18, 19, 20, 21].

On the other hand, LAG had many disadvantages as a
staging technique. It was invasive, uncomfortable and
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time-consuming, demanding a high level of technical ex-
pertise. It could not opacify lymph nodes above the level
of L2 and gave no information on the status of off-axis
lymph nodes (splenic hilar, coeliac axis, porta hepatis
and mesenteric)—all of which are frequently involved
with HD and NHL. Furthermore, it gave no information
on extracapsular extension of disease or, of course, on
visceral extranodal involvement. In one study of patients
with NHL, CT and LAG influenced the clinical stage
and pathological equally frequently, and much less often
than bone marrow biopsy, but the results of CT and/or
LAG were much more likely to influence management
[21]. Even in centres where there was great expertise in
LAG, overall accuracy was no more than 90% when
compared to staging laparotomy (slightly higher for HD)
and there was a significant false positive rate of 20%,
even in HD [22].

The newer generation helical and multislice scanners
are quite capable of detecting lymph nodes of 5 mm or
less in diameter, even in locations like the coeliac axis
and the porta hepatis. Faster scan times mean that move-
ment artefact is no longer a problem and small promi-
nent mesenteric lymph nodes, for example, are readily
seen. In addition, the recognised upper limits of normal
for lymph node size have decreased over the years. Cur-
rently accepted values are given in Table 3 [23, 24, 25,
26, 27, 28]. Were modern generation CT scans to be
compared with LAG, it is likely that CT would be much
more sensitive in the detection of nodal enlargement.

Even in 1983, some authors were recommending that
CT should be the prime modality for staging and restag-
ing, at least in NHL [29]. Other authors suggested that
for HD, CT of the abdomen was sufficient if abnormal,
whereas if it was normal, LAG was indicated as well
[30, 31]. More recently, a couple of studies have retro-
spectively re-evaluated the role of abdominal CT and
LAG in HD [32, 33]. They found that LAG conferred

very little additional information because of the large
number of false positive studies. Libson et al. [32] found
eight false positives in a total of ten abnormal LAGs.
This was attributable to reactive hyperplasia. Stomper et
al. [33] used ROC curve analysis to show that increasing
the threshold for lymph node enlargement at CT resulted
in greater specificity at the expense of reduced sensitivi-
ty. Gallium scanning added very little to the positive or
negative predictive values of CT and, more importantly,
true positive LAG and gallium scans were seen only
when lymph nodes were above 10 mm and 20 mm, re-
spectively, i.e. when CT would have identified them as
abnormal. It is estimated that the positive predictive val-
ue of LAG in nodes smaller than 1 cm is no more than
5%. This, coupled with the development of ever-better
salvage chemotherapy, accounts for much of the decline
in the number of lymphangiograms performed in most
cancer centres [34]. This has been compounded recently
by a general lack in radiological expertise in performing
and interpreting LAG.

CT appearances of nodal lymphoma

Diagnostic criteria. One of the major limitations of CT
scanning in lymphoma is that recognition of nodal in-
volvement depends almost entirely on size criteria. The
short axis diameter is accepted as being the most helpful
measurement as it is the most reproducible. Detection of
disease in normal-sized nodes remains impossible,
though clustering of multiple normal-sized but promi-
nent lymph nodes in areas such as the anterior mediasti-
num and the mesentery is suggestive of pathology. Con-
versely, CT cannot distinguish between enlargement due
to reactive hyperplasia and involvement with lymphoma.
The use of intravenous contrast medium is not helpful, a
moderate degree of homogeneous enhancement being

Table 3. Upper limits of nor-
mal for lymph nodal short axis
diameter by anatomical loca-
tion

Location Group Short axis diameter (mm)

Head and neck [23, 24] Facial Not visible
Cervical 10 (<10 + central necrosis)
Axilla 10

Mediastinum [24, 25, 26] Subcarinal 12
Paracardiac 8
Retrocrural 6
Other sites 10

Abdomen [27] Gastrohepatic ligament 8
Porta hepatis 8
Coeliac axis to renal artery 10
Renal artery to aortic bifurcation 12

Pelvis [28] Common iliac 9
External iliac 10
Internal iliac 7
Obturator 8
Inguinal 10



the rule [35]. Large nodal masses may occasionally dem-
onstrate cystic change or necrosis, particularly in the an-
terior mediastinum, but this does not have any prognos-
tic significance [36], nor does it necessarily indicate a
certain pathological subtype, being seen in, for example,
nodular sclerosing HD and mediastinal large B cell lym-
phoma. Similarly, calcification, though rare before thera-
py, can occur in large nodal masses with HD and NHL.
Though seen in the more aggressive subtypes, it too does
not have any prognostic import [37]. It has been suggest-
ed that in NHL, high-grade tumours tend to be more het-
erogeneous on pre- and post-contrast scans than low-
grade tumours of comparable size [38], but the clinical
implications of this are uncertain.

Alternative imaging techniques such as ultrasound do
not confer any real advantages in the assessment of nodal
disease. Lymphomatous nodal masses tend to be uniform-
ly hypoechoic and often lobulated. They are usually well
seen in the porta hepatis and at the splenic hilum [39], but
the sensitivity of ultrasound in detecting lower para-aortic
and pelvic lymph node enlargement is around 50%, ren-
dering it inappropriate as a staging technique [39, 40, 41,
42]. Its main use is to ascertain the nature of a palpable
mass and as a problem-solving tool (see below).

It was hoped that MRI might be able to detect disease
in normal-sized lymph nodes because of its superior tis-
sue contrast. Lymph nodes are readily identified, having
intermediate T1 signal and high T2 signal, which is es-
pecially conspicuous when fat-suppressed or short-tau
inversion recovery (STIR) techniques are used. Howev-
er, to date it has not proved possible to diagnose in-
volved lymph nodes other than by size criteria [43]. MRI
performs as well as CT in the imaging of nodal disease
and in some areas, such as the neck, the supraclavicular
fossae, and the subcarinal and posterior mediastinal re-
gions, it may perform better [44]. It can also have a role
in the pelvis (where venous tributaries may be confused
with lymph nodes [45]) and in solving problems related
to nodal pathology [46]. There are reports in the litera-
ture of MRI-specific lymphographic agents in the form
of ultrasmall superparamagnetic iron oxide particles, so
in the future it may be possible to detect lymphomatous
involvement of normal-sized lymph nodes [47, 48, 49].
Thorax and neckIn the neck, nodes with a short axis di-
ameter greater than 1 cm are considered enlarged, and
CT will often demonstrate that the extent of disease is
greater than had been clinically suspected. Similarly, in
the thorax, nodes over 1 cm are abnormal, though multi-
ple smaller nodes in the anterior mediastinum are regard-
ed with suspicion. Thoracic nodal involvement at presen-
tation is seen much more often with HD than NHL
(60–80% vs 20–40%). Careful attention should be given
to the paracardiac and internal mammary regions, where
nodal disease, if missed, may lie outside radiotherapy
fields [50]. Identification of nodes in the posterior medi-
astinum should prompt a careful search for retrocrural
disease [51].
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It has been shown that CT will detect abnormalities in
up to 7–30% of lymphoma patients with a normal chest
radiograph at presentation (Fig. 2). Patients with HD
who are shown to have even a moderate volume of un-
suspected intrathoracic disease at CT have a poorer prog-
nosis [52]. CT will change clinical stage in up to 16% of
patients with HD and NHL, and management may be al-
tered in up to 25%, either because of upstaging or be-
cause of greater extent of intrathoracic disease (Fig. 3)

Fig. 2. Axial CT scan of chest at the level of the aortopulmonary
window. In addition to precarinal lymph nodes there are abnormal
internal thoracic and lateral axillary nodes (arrows), which would
not have been apparent on conventional chest radiographs

Fig. 3. A female patient with mediastinal large B cell lymphoma.
There is an enormous anterior mediastinal mass displacing the
great vessels posteriorly and occluding the superior vena cava (ar-
row). Note collateral vessels over the lateral chest wall (arrow-
heads)
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Fig. 4. Staging CT scan through the abdomen in a patient with
HD. The scan demonstrates multiple enlarged gastrohepatic (ar-
rows) and coeliac axis nodes (curved arrow). These would not
have been demonstrated by LAG

[53, 54, 55]. This is particularly the case where radio-
therapy is planned [53, 55]. In other reports although
there has been a therapeutic impact in up to 14% of pa-
tients with HD [56], there has been little effect on man-
agement in patients with NHL [57]. However, in the lat-
ter series there were many patients with intermediate-
grade NHL who would have received systemic chemo-
therapy regardless, so the absence of therapeutic impact
may have been a function of case mix.

Abdomen. Retroperitoneal nodal disease is seen at pre-
sentation in up to 25–35% of patients with HD and up to
55% of patients with NHL. Sites commonly involved by
NHL include the mesentery, porta hepatis and splenic hi-
lum. The presence of splenic hilar lymph node enlarge-
ment can be taken to indicate splenic involvement in
NHL and HD; in the latter, the coeliac axis, splenic hilar
and portacaval nodes tend to be involved (Fig. 4). In
NHL nodes tend to be markedly enlarged, forming con-
glomerate masses, whereas in HD nodal enlargement
may be minimal, complicating recognition of the affect-
ed nodes [33]. Since spread in HD tends to be contigu-
ous via the lymphatics from one nodal group to the next,
the presence of retrocrural disease should prompt close
evaluation of the coeliac axis. By contrast, spread in
NHL is haematogenous and, therefore, is often discon-
tiguous. Both HD and NHL can involve any nodal group
in the pelvis. The optimal use of intravenous contrast
with proper attention to timing helps in the differentia-
tion of nodal enlargement from large venous tributaries,
though as mentioned above, MRI can also be helpful.

Imaging of extranodal disease by CT

Lymphoma occurs in extranodal sites in up to 40% of
cases, the vast majority being NHL. The incidence is in-
creased in patients with immunodeficiency and in the
paediatric population. The abdomen is the commonest
site affected, although secondary spread of lymph node
disease into adjacent structures (the ‘E’ lesion) can occur
anywhere, and is seen in both HD and NHL. Recognition
of extranodal disease is important since in NHL it is an
adverse prognostic factor, as recognised in the Interna-
tional Prognostic Index (IPI) [58].

Spleen and liver

Laparotomy data have shown that the spleen is involved
in up to 30–40% of patients with HD and 10–40% of
those with NHL [59, 60]. In 10% of patients presenting
with HD clinically confined to the supradiaphragmatic
regions, it is the sole focus of intra-abdominal disease.
The sensitivity for detection of splenic involvement by
any imaging modality remains disappointingly low. This
is partly because involvement often takes the form of
diffuse infiltration and nodules larger than 1 cm only oc-
cur in a minority. Unfortunately, splenic size is not a
helpful pointer in HD since up to 33% of normal-sized
spleens contain disease, whereas only 33% of moderate-
ly enlarged spleens are shown to contain disease [61].
The early series with pathological correlation quote vari-
able sensitivities, from 11% to 50% [11, 12, 15, 17, 18,
20, 33, 62, 63]. Many of the CT studies were acquired
without intravenous contrast material and one study re-
ported that contrast made little difference to the cons-
picuity of splenic lesions [12]. However, contrast was
administered by slow intravenous infusion. Although
there are no recent studies with pathological gold stan-
dards, there is no doubt that with helical and multislice
scanners and powered injectors for rapid bolus adminis-
tration of intravenous contrast medium, focal lesions of
the order of a few millimetres can be identified (Fig. 5).
Splenic volumes and indices have not gained widespread
acceptance, despite excellent results in some series [64,
65, 66]. They are somewhat cumbersome to use and oth-
er authors have found them less helpful [67]; splenic vol-
ume can be normal with clear focal involvement and can
decrease in response to treatment, even if previously nor-
mal [68].

Focal nodules larger than 1 cm can be detected equal-
ly reliably by CT, ultrasound and MRI. Nodules tend to
be hypodense at CT, enhance less than normal splenic
parenchyma, are hypoechoic on ultrasound, and have in-
termediate T2 signal on MRI. Splenic hilar nodes detect-
ed by any modality indicate splenic disease. Early stud-
ies with ultrasound suggested that it was equivalent to
CT [42, 69], but a more recent paper found that ultra-
sound was more sensitive than CT (63% vs 37%), detect-
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ing nodules down to 3 mm in size and identifying diffuse
infiltration more often than CT [39]. Diffuse infiltration
cannot be reliably detected by any method. Unfortunate-
ly, the intrinsic tissue contrast of MRI does not allow
consistent recognition of infiltration [43]. However, in-
travenous superparamagnetic iron oxide (SPIO) may im-
prove detection of focal and diffuse infiltration [70, 71].

As might be expected, diffuse hepatic infiltration is
also difficult to detect with CT or, indeed, MRI [43, 72,
73]. Focal lesions can be identified with all three of the

major modalities (Fig. 6), and there is some evidence
that SPIO may increase the sensitivity of MRI [74, 75].

Bone marrow disease

A major weakness of CT as a staging tool is that it pro-
vides no information on the presence or absence of bone
marrow disease, which by definition indicates stage IV
disease. This is of course partly circumvented by bone
marrow biopsy, which will be carried out as a matter of
routine in patients with NHL, in whom infiltration will
be found in 20–40% at presentation. Marrow involve-
ment confers a poorer prognosis than involvement of liv-
er, lung or osseous bone [76]. Infiltration of bone mar-
row is often patchy, particularly in higher-grade lympho-
mas, which explains the increased diagnostic yield from
bilateral as compared with unilateral iliac crest bone
marrow biopsies [77]. Though bone marrow biopsy
changes pathological stage more often than CT in pa-
tients with NHL, this is usually from stage III to stage
IV, so the therapeutic impact is often less pronounced

Fig. 5. Contrast-enhanced axial CT scan at the level of the splenic
hilum clearly demonstrating multiple sub-centimetre hypodense
splenic deposits in addition to an enlarged left para-aortic lymph
node (arrow)

Fig. 6. Axial CT scan through the upper abdomen after intrave-
nous contrast material demonstrating multiple hepatic and splenic
deposits

Fig. 7a, b. Axial T1-weighted (a) and STIR (b) images of the pel-
vis in a patient with NHL who complained of hip pain at presenta-
tion. The MR scans clearly demonstrate abnormal low T1 and
high STIR signal in the left iliac blade (arrows). Plain radio-
graphs, CT scans and an isotope bone scan were all normal
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than that of CT [21]. In HD, marrow involvement is rare,
though it will develop in 5–15% during the course of the
illness. Hence bone marrow biopsy or marrow imaging
is not indicated at presentation.

MRI is the most sensitive imaging modality for detec-
tion of bone marrow disease, with affected areas having
low T1 and high STIR signal (Fig. 7). MRI can result in
upstaging in as many as 33% of patients with negative il-
iac crest biopsies. Occasional false-negative studies are
seen, usually where there is microscopic infiltration (less
than 5%) with low-grade lymphoma. Focal deposits as
small as 3–5 mm can be identified [77, 78, 79, 80]. This
has some clinical significance, patients with a positive
MRI study having a significantly poorer prognosis re-
gardless of the bone marrow biopsy findings [81]. One
study compared MRI with immunoscintigraphy using
technetium-labelled monoclonal antibodies; overall con-
cordance was just under 90% and both were more sensi-
tive than blind iliac crest biopsies [82]. As yet though,
the clinical role of MRI in this context is undefined [83].

Disease at other extranodal sites

Although, as discussed above, there are still problems in
the CT evaluation of diffuse hepatosplenic infiltration,
CT is an excellent test for the detection and delineation
of extranodal disease elsewhere (Fig. 8). It can reveal
unsuspected pulmonary parenchymal involvement, alter-
ing planning of therapy as previously discussed. Chest
wall involvement, either primary or secondary to direct
invasion from a mediastinal mass, is well shown, though
this is one area where MRI defines the disease better
than CT, allowing more accurate planning of radiothera-
py portals [84, 85]. A similar advantage for MRI is seen

in cardiac involvement [86]. Though lymphomatous
breast masses can be seen at CT, primary lymphoma of
the breast is better assessed with mammography and ul-
trasound [87, 88].

Gastrointestinal tract. The gastrointestinal tract is the
most common site of primary extranodal lymphoma,
which is nearly always NHL. There are strict criteria for
the diagnosis of primary gastrointestinal lymphoma, in-
cluding the absence of hepatosplenic involvement and
nodal involvement confined to the drainage area of the
affected segment of gut [89]. A modified Ann Arbor
classification takes this into account. CT is of proven use
in the assessment of extramural disease but mucosal de-
tail is poor (Fig. 9) [90]. Gastric MALT lymphomas, es-
pecially low-grade ones, typically result in minimal gas-
tric wall thickening which may not be identified even

Fig. 8. A patient with AIDS-related lymphoma in whom CT dem-
onstrated an unsuspected right atrial mass (arrow) in addition to a
pericardial effusion (curved arrows)

Fig. 9. a Detail from a double-contrast barium meal demonstrating
an extrinsic impression along the inferior margin of the gastric an-
trum (arrowheads). b Corresponding CT scan after oral and intra-
venous contrast demonstrates massive concentric gastric mural
thickening with transmural extension into the perigastric fat
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with a dedicated gastric CT study utilising an oral water
load and intravenous smooth muscle relaxants [91]. In
this instance, endoscopic ultrasound is of value (Fig. 10)
[92]. Multi-organ involvement can be seen in up to 25%
of these patients and therefore extensive staging may be
necessary [93]. In the small bowel, a distinct advantage
of CT is that it can demonstrate the complications of
lymphoma, such as obstruction, perforation and intussus-
ception, in addition to mural thickening and secondary
aneurysmal dilatation (Fig. 11). Colonic lymphoma can
cause stricturing or widespread nodulation, readily re-
cognised by CT.

Kidney. All forms of renal lymphoma (seen in about 3%
of patients undergoing abdominal staging scans) are well
demonstrated by CT, including solitary or multiple renal
masses, direct infiltration via the renal hilum, diffuse re-

nal infiltration (Fig. 12) and perirenal masses surround-
ing the kidney (Fig. 13). CT will also document the pres-
ence and level of any obstruction, obviating the need for
intravenous urography and isotope renography.

Pelvic viscera. Although CT will demonstrate pelvic
nodal disease and pelvic masses, MRI is the modality of
choice for defining lymphoma of the pelvic viscera,
whether primary or secondary [94, 95, 96]. In evaluation
of the testis, which may be involved primarily or second-
arily with NHL in a focal or diffuse form, ultrasound and
MRI appear equivalent [97].

Fig. 10. a Axial CT scan post oral and intravenous contrast shows
minimal antral thickening in this patient with a gastric MALT
lymphoma (arrowheads). b Corresponding endoscopic ultrasound
delineates the extent and depth of gastric mural infiltration more
accurately

Fig. 11. Gross mural and valvular thickening over a long segment
of ileum in a patient with small intestinal NHL. The CT scan
clearly demonstrates the resultant luminal narrowing

Fig. 12. Massive renal infiltration, focal masses and renal enlarge-
ment in a patient with NHL. Note encasement of the left renal ar-
tery by tumour (arrowheads)
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Central nervous and musculoskeletal systems. Finally,
MRI is the method of choice for evaluation of the neur-
axis and musculoskeletal lymphoma. MRI, with its
multiplanar capability, offers outstanding depiction of
both intra-axial and extra-axial disease (Fig. 14). Though
MRI and CT have equivalent sensitivities in primary in-
tracerebral lymphoma, MRI can demonstrate much more

subtle subdural and epidural disease within the cranium
and the spinal column [98, 99, 100, 101]. True primary
musculoskeletal lymphoma is rare and is nearly always
NHL. Isotope scintigraphy is more sensitive than plain
radiography, but MRI will demonstrate the extent of
marrow involvement and muscle infiltration, often en-
tirely unexpected from the plain films or CT scans
(Fig. 15) [102].

Accuracy of measurements at CT

For the purposes of assessment of response to treatment,
the radiologist is often required to measure a large num-
ber of marker lesions before and after therapy. Accurate
reproducible measurements are possible for well-defined
tumour masses (such as nodal masses) with modern CT
scanners. However, it should be recognised that there is
significant inter-observer variation (up to 15%), even
when the same marker lesion is used [103]. This varia-

Fig. 13. In a different patient with NHL, the CT scan depicts mas-
sive retroperitoneal nodal enlargement displacing the left kidney,
with infiltration of the perirenal space, typical of lymphoma (ar-
rows)

Fig. 14. Coronal T2-weighted image of the sinuses with fat sup-
pression in a patient with an aggressive paranasal NHL. There is a
large mass in the nasal space and right maxillary antrum. Tumour
extension into the ethmoid air cells and medial orbit is well
shown, as is a breach in the floor of the anterior cranial fossa (ar-
rowheads)

Fig. 15. Coronal T2-weighted scans, with fat suppression, of both
lower legs in a patient with lymphomatous infiltration of the mus-
cles. There is markedly abnormal high signal throughout, more
marked on the right than the left, but the tibial marrow is not in-
volved. The CT scan (not shown) was normal



tion is even more pronounced with irregular masses or
where there is poor lesion to background contrast, which
is often the case even with optimisation of scan parame-
ters such as narrow collimation slices, overlapping re-
constructions and adequate contrast enhancement.

CT technique

In the era of second- and third-generation scanners there
was much debate in the literature on the desirable scan
parameters for staging patients with lymphoma. The im-
portance of adequate bowel opacification with dilute oral
contrast (so as to avoid confusion with intra-abdominal
and pelvic masses) was well recognised. It was argued
that administration of intravenous contrast medium was
unnecessary unless there was any doubt regarding the
presence of disease in the mediastinum, hila or liver and
spleen on the non-contrasted scans [104]. In the interests
of scan time and, to a lesser extent, radiation dose, it was
also argued that if thin 8-mm slices were used, it was ac-
ceptable to have an inter-slice gap, especially in NHL,
where affected lymph nodes tend to be large. In one fair-
ly recent study this had little detrimental effect [105] on
abdominopelvic staging. It was also suggested that in pa-
tients with HD and no evidence of disease in the abdo-
men, it is not necessary to scan the pelvis [106]. In point
of fact, these strategies saved very little in time, resource
and radiation dose.

With the advent of helical and multislice scanners
these debates have become irrelevant. Most centres will
obtain 5-mm collimation contiguous scans through the
neck and 7.5-mm scans through the chest, abdomen and
pelvis. Intravenous contrast medium facilitates nodal
recognition in the neck and in the retroperitoneum in pa-
tients with a paucity of adipose tissue. The speed of
modern scanners is such that it is possible to obtain
scans with optimal parenchymal and vascular enhance-
ment throughout the neck, chest, abdomen and pelvis af-
ter a single bolus injection of contrast. It is unrealistic to
expect that hepatosplenic involvement could be detected
consistently without intravenous contrast.

The necessity for other staging tests such as MRI and
endoscopic and testicular ultrasound will then be dictat-
ed by symptomatology, the primary site of disease and
the tumour subtype. For instance, there is a high inci-
dence of CNS disease with primary testicular and head
and neck NHL; NHL of Waldeyer’s ring is associated
with GI tract involvement and endoscopy may be neces-
sary; in head and neck NHL, MRI will demonstrate in-
tracranial extension far better than CT.

Recent advances

There is as yet no significant literature on the effect that
developments in scan technology have had on the staging

of lymphoma. Multislice scanners facilitate research into
perfusion and permeability of lymphomatous masses, and
there has been some experimental work relating perme-
ability to tumour grade and activity [107]. The clinical
application of this work remains to be seen. Of more im-
mediate interest is the prospect of multimodality image
registration, which has the potential to allow detection of
tumour in normal-sized lymph nodes and to define the
anatomical location of abnormal tracer uptake [108].

For the foreseeable future it seems unlikely that there
will ever be sufficient numbers of MR scanners for
whole-body ultrafast MRI to become a routine staging
tool, at least in the UK, despite the theoretical advanta-
ges in terms of bone marrow status, tumour burden, tis-
sue-specific contrast agents and radiation dosage.

Conclusion

CT remains the basic staging tool for patients with lym-
phoma, with good reason. It is widely available, quick,
reliable and reproducible. There is fairly good evidence
for its diagnostic and therapeutic impact. However, it can
only define anatomy (albeit exquisitely), and the contrast
inherent in the technology is insufficient for the depic-
tion of small volumes of tumour in normal-sized struc-
tures and of microscopic diffuse infiltration, particularly
in the reticuloendothelial system. Nonetheless, alterna-
tive staging techniques are unlikely to be more effica-
cious or effective unless they can perform better than CT
in these areas.
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