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Abstract

This review attempts to discuss the role of positron emission tomography (PET) imaging for staging, treatment
response and follow-up of patients with lymphoma. The pitfalls and impact of PET imaging on the clinical
management are also addressed.
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Introduction

Lymphomas are a group of diseases broadly subdivided
into Hodgkin’s (HL) and non-Hodgkin’s lymphomas
(NHL) each of which is associated with different pre-
sentations, outcomes and therapies. Lymphoma accounts
for 5–6% of malignancy in adults in the UK and about
10% of all childhood cancers [1]. NHL is more common
than HL by a ratio of approximately 6 : 1 and has been
increasing in incidence over the past 40 years [2,3]. Males
are affected slightly more than females in both types
of lymphoma. Hodgkin’s lymphoma is now curable in
the majority of patients but NHL has a variable course,
ranging from slow and indolent to aggressive and rapidly
fatal with a 5 year overall survival of 50–60%.

HL is diagnosed following identification of Reed–
Sternberg and Hodgkin cells and shows a bimodal peak
distribution occurring in the third decade of life and
between 65 and 75 years of age. NHL is a disease mainly
of the elderly with an increasing incidence over the age of
50 years and a median age at diagnosis of 65 years [4,5].
Under the REAL/WHO classifications three categories
(i.e. HL, NHL of B cell or T cell/natural killer (NK)
cell origin) are recognised [6]. A more in-depth discussion
regarding the background to NHL classification can be
found elsewhere [1].

HL tends to spread in a contiguous fashion from one
lymph node group to the next adjacent group. Primary
extranodal HD is very rare. NHL is a disseminated
disease involving lymph node groups haphazardly and

multiple organs may be involved as well as the bone
marrow. Identification of disease in extranodal sites
has an adverse effect on prognosis [7]. Whole body
imaging is therefore important for accurate staging as this
determines management.

The staging system for HL is based on the Cotswold
classification [8]. This is of less value in NHL as the
prognosis is more dependent on histological grade and
other parameters such as tumour bulk and specific organ
involvement than on stage [1]. Childhood NHL exhibits a
different clinical spectrum with more frequent extranodal
involvement primarily involving the gastrointestinal tract,
abdominal organs and extranodal sites in the head and
neck [9,10].

Using anatomical imaging lymph node involvement
is determined by the presence of nodal enlargement
although an increased number of small nodes may be con-
sidered suspicious in some clinical circumstances [11]. On
the basis of encouraging initial studies positron emission
tomography (PET) imaging (using fluorodeoxyglucose
(FDG)) has been evaluated extensively in staging, therapy
monitoring and surveillance in patients with lymphoma.
At primary staging detection of more extensive disease
by PET would be of major relevance for patients with
apparently limited stage disease. PET may also help to
better define radiation treatment volumes in both early
and more advanced disease stages by better defining gross
tumour volume. Demonstration of disease in normal
sized lymph nodes could be of particular importance
for planning radiation therapy given that the quality of
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radiation therapy delivery has a major impact on overall
survival [12]. PET-computed tomography (CT) is replac-
ing conventional CT for staging and therapy monitoring
except in those where PET is suboptimal (e.g. diabetes).
Recent evidence has shown that conventional CT adds
little to PET-CT in the evaluation of lymphoma [13].

Staging

The purpose of staging is to define disease extent locally
and identify occult disease elsewhere.

Early studies demonstrated that both HL and NHL
had an avid uptake of FDG at initial staging [14–16]. In
a prospective study involving 60 consecutive patients
Moog et al. showed that PET was more accurate for
detecting nodal lymphoma than CT. Of 25 additional
suspected disease sites found by PET, only two were false
positive [14]. Bangerter et al. demonstrated positive PET
scans in 38/44 (86%) at sites of documented disease in
addition to identifying occult disease sites in five patients
(11%). PET identified all 128 abnormal sites identified
by conventional imaging plus an additional 11 sites not
previously recognised. PET changed management in 14%
of cases [15]. In a study of 50 patients no significant dif-
ference in sensitivities between PET and CT was demon-
strated but PET proved more specific [16]. In another
study by Moog comparing PET and CT in 81 patients
(43 NHL, 38 HL) 24 additional sites of disease were
identified on PET. Most of these sites (93%) were true
positive with only one of seven additional findings on CT
being positive [17]. A review of 89 consecutive patients
comparing CT with PET found that PET had a sensitivity
of 98%, a specificity of 94% and an overall accuracy
94% [18]. A subsequent study examining 81 patients with
HL demonstrated a staging accuracy for PET of 96%
compared with 56% for conventional imaging [19].

A major difficulty is how to accurately validate the
results of PET imaging because it is not possible to biopsy
all abnormal sites identified. Likewise, it is not possible
to biopsy sites that show no abnormality on PET but do
so on other imaging. Follow-up may be difficult because
the natural history may be altered by treatment and
some lymphomas have an indolent nature necessitating
a long follow-up period. A prospective study by Young
et al. used surgical pathology findings in 11 patients
with biopsy of all sites of disease on PET and CT and
demonstrated that PET changed stage in 59% of the study
population of 45 patients [20].

The majority of studies have determined the accuracy
of PET by comparison with CT, other imaging inves-
tigations and by clinical follow-up. These studies have
grouped together lymphomas of different histological
types and patients at various points in the treatment cycle.
Most suffer from absence of systematic pathological
correlation. Nonetheless, they have demonstrated that
PET is at least equal and in many instances superior
to other imaging techniques whether used singly or in

combination. Although gallium-67 has a well recognised
role in lymphoma PET has been demonstrated to
be superior in comparative studies [21,22]. An added
advantage of PET is a more convenient imaging protocol
coupled with its whole body imaging capability enabling
simultaneous visualisation of nodal and extranodal sites.

A problem in staging NHL is the detection of bone
marrow infiltration [23]. Magnetic resonance imaging has
demonstrated a sensitivity and specificity of approxi-
mately 90% in 53 patients (with histological verification)
but is a technique that primarily images morphology [24].
A number of studies (with histological verification)
indicate that PET is superior to conventional imaging in
the evaluation of bone marrow infiltration and may be
complementary to bone marrow biopsy. In a study of 50
patients (12 HL, 38 NHL) an overall accuracy of 93%
was achieved [25]. A further study comprising 78 patients
(39 HL, 39 NHL) found that PET detected bone marrow
involvement in 13% of patients but was false negative in
5% [26]. PET was positive in 8/10 discordant cases and
led to upstaging in 10%. PET had an overall accuracy
of 95% compared with 89% for bone marrow biopsy [26].
However, in a study of 42 patients Jerusalem et al.
demonstrated accuracy of detection for PET of only 39%
(in biopsy confirmed cases) in indolent NHL [27]. This is
likely to be a manifestation of lower FDG uptake by these
lymphoma subtypes where the pattern of infiltration may
result in difficulty distinguishing it from physiological
marrow uptake. In a prospective study comparing bone
marrow biopsy with PET and CT in 52 patients PET was
significantly more accurate (p < 0.05) than CT for all
sites and was comparable with bone marrow biopsy for
detecting marrow involvement. PET resulted in a change
of therapy in 8% of patients [28]. A review by Haioun
et al. concluded that PET alone is concordant with con-
ventional imaging and bone marrow biopsy in only 80%
of cases, superior to both in 8% and inferior in 12% [29].

Results to date using PET-CT indicate that it is superior
to PET or CT alone [13,30–32]. In the study by Schaefer
et al. involving 60 patients (42 HL, 18 high-grade NHL)
the sensitivity and specificity for lymph node involvement
was 94% and 100% for PET-CT compared with 88%
and 86% for contrast enhanced CT [13]. For organ
involvement, the sensitivity and specificity was 88% and
100% for PET-CT compared with 50% and 90% for
contrast enhanced CT [13]. Although PET-CT performed
well for exclusion of disease histological verification
was available in only a small number of patients. Other
studies with 73 patients and 27 patients demonstrated
a significant improvement for PET-CT (p = 0.03 and
0.02 respectively) [30,31]. The study by Hutchings et al.
(99 patients) also confirmed the superiority of PET-CT
but is the first to demonstrate that caution is required if
treatment is to be based exclusively on PET-CT [32]. This
study demonstrated upstaging by PET-CT in 10 patients
but only disease progression in one (median follow-up 24
months) indicating that more intensive therapy would not
have been necessary.
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Grading

Studies using semiquantitative measures such as stan-
dardised uptake value (SUV) or differential uptake ratio
(DUR) have demonstrated that aggressive lymphomas
tend to have higher FDG uptake than indolent histologies.
Goldberg et al. found that DUR was significantly
different for high, intermediate and low-grade NHL
(p < 0.05) [33]. Okada et al. showed in a study
of 34 patients that lymphomas which were aggres-
sive and resistant to treatment tended to show high
uptake of FDG and decreased survival [34]. The same
author also showed a relationship between a range of
quantitative/semiquantitative measures and proliferative
activity [35]. High FDG uptake is associated with a high
histological grade of malignancy in NHL [36]. In patients
with various grades of NHL, FDG can discriminate
between high and low grade histologies [37]. Differences
in FDG uptake have been demonstrated even within low
grade NHL. Jerusalem et al. found that PET identified
40% more abnormal lymph node sites than conventional
staging in the 24 patients with follicular histology but
<58% of the abnormal CT lymph node sites in the
11 patients with small lymphocytic leukaemia [27]. More
recently, Schoder et al. confirmed the findings of earlier
studies above and demonstrated that patients with SUV
>10 have a high likelihood of aggressive NHL [38].
However, it is worth noting that considerable overlap in
SUVs exists in indolent and aggressive NHL in many
of the studies with the SUV being determined from the
site with the most intense uptake rather than all sites of
disease [36–39].

Nonetheless, it is possible to conclude that patients
with an SUV ≥ 13 at the site of most intense uptake
indicates a high probability of aggressive histology
while an SUV ≤ 6 is very likely associated with
indolent histology [38,40]. If an SUV cut-off of 10 is
used to differentiate between the two groups 29% of
aggressive NHL and 19% of indolent NHL would be
incorrectly classified resulting in the wrong therapy being
administered. However, SUV has an important role in
patients where biopsies do not correlate with the clinical
findings [40]. If biopsies cannot be easily obtained the
possibility of using other markers such as utilisation
constant (Ki ) or fluorothymidine (FLT) arises [35,36,41–43].
However, Ki is not conducive to being used in routine
clinical practice and grading of lymphoma is of secondary
importance to other indications for PET imaging so that
FLT only has a limited role [40]. The use of FLT is also
limited by its high uptake in bone marrow and liver.

Treatment response

PET is the best non-invasive imaging technique for
assessing treatment response [44]. However, FDG is not a
perfect indicator of response as it can be influenced by
tumour biology, tumour burden at diagnosis, dose and
type of chemotherapy regime in addition to the timing

of the scan post therapy [44,45]. Early studies showed
that persistence of FDG uptake following treatment
was associated with a high relapse rate [46,47]. Several
other studies have confirmed these findings [48–50]. In the
largest study comprising 90 patients the probability of
complete remission at the end of treatment was 58% if
PET remained positive compared with 83% if PET was
negative [49]. Analysing the data from 17 end of treatment
studies revealed a sensitivity for PET imaging for the
detection of residual disease of 76%, specificity 94%,
a positive predictive value of 82%, negative predictive
value of 92% and an overall accuracy of 89% [44]. Zijlstra
et al. performed a metaanalysis of the reported sensitivity
and specificity of relevant studies up to 2004 [51]. They
reported a pooled sensitivity and specificity for detection
of residual disease in Hodgkin’s disease of 84% and
90%, respectively. For NHL, pooled sensitivity and
specificity were 72% and 100%, respectively. However,
it is important to remember that increased FDG uptake
may also arise if active infection or inflammation is
present and the PET images should be correlated with
clinical findings, other imaging studies and/or biopsy for
confirmation before commencing any further therapy [45].
A negative PET scan does not exclude minimal residual
disease leading later to a clinical relapse [52].

High dose chemotherapy followed by autologous stem
cell transplantation (ASCT) is the treatment of choice for
NHL patients relapsing after conventional chemotherapy.
It is also the preferred therapy option for most Hodgkin’s
disease patients progressing or relapsing after standard
chemotherapy. Several studies have shown that FDG-PET
during or after reinduction chemotherapy has an impor-
tant prognostic role in the pretransplantation evaluation
of patients with lymphoma [53–57]. In the largest of these
studies involving 68 patients the progression free survival
was 62% at 2 years for PET negative patients compared
with 32% for PET positive patients (p = 0.048) [57].
This study also showed that serial PET assessment has
a better predictive accuracy than a single PET study.
The decision to exclude patients was taken on the basis
of PET imaging after stem cell mobilisation which is
less than ideal. For patients undergoing allogeneic stem
cell transplantation PET has been shown to have a role
in monitoring response to adoptive immunotherapy and
deciding on further donor lymphocyte infusions [58].

There are five categories in the standardised criteria
for response assessment proposed by Cheson and
colleagues [11]. The main limitations of CT in the
International Workshop Criteria (IWC) are (a) limited
accuracy of CT at initial staging for assessing lymphoma
in small nodes (<1–1.5 cm), bone marrow or various
extranodal sites, (b) inability of CT to identify active
disease in a residual mass and (c) limited ability of
CT to assess early response to treatment [59]. MRI is
particularly useful for assessing the bone marrow and
CNS [60]. In a retrospective study of 54 patients with
aggressive NHL Juweid et al. showed that a response
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classification based on integration of FDG-PET with
IWC would provide a more accurate response assessment
than IWC alone [61]. The greatest discrepancy was present
in the CRu group (IWC designation)—patients with no
uptake on FDG were designated as CR, those with FDG
uptake were designated as PR. All patients reclassified
as CR remained progression free at a median of greater
than 32 months. In the PR group (IWC) 50% of the
patients were reclassified as CR using PET and all but
one remained without evidence of disease progression
(32 months). Combining IWC and PET provided a
statistically significant indicator for progression free
survival (p = 0.008). The use of PET imaging in this
manner is likely to make the CRu category redundant.
Likewise, patients with a PR could be redesignated
into two subgroups based on PET imaging findings.
Validation is required in a prospective trial using a large
number of patients following which response is likely to
be based exclusively on PET criteria.

Assessing early response to
chemotherapy (interim PET imaging)

The desire to instigate an early change in therapy in
non-responders arose from a belief that this improved
outcome. Standard chemotherapy in NHL patients has
been shown to cause a rapid decrease in FDG uptake as
early as 7 days after treatment though FDG uptake at
42 days post therapy was superior in prediction of long
term outcome [62]. Spaepen et al. evaluated 70 patients
with aggressive NHL after 3–4 cycles of therapy and
demonstrated that none of 33 patients with abnormal
PET imaging achieved a durable complete response
whereas 31/37 with a normal PET scan remained in
complete response (median follow-up 1107 days) [48].
There was a statistically significant association between
PET and progression free survival and overall survival
(p < 0.00001). PET imaging also achieved a stronger
prognostic factor than the international prognostic index.
A smaller study involving 30 patients (17 NHL, 13
HL) showed a statistically significant difference in
progression free survival between positive and negative
PET patients both after the first cycle and at completion
of chemotherapy (p ≤ 0.001) (median follow-up 19
months) [63]. A recent study evaluated 90 patients with
aggressive NHL prospectively prior to chemotherapy, at
the end of the second cycle and following completion.
After completion 83% of patients who were PET negative
after two cycles achieved a complete response compared
with only 58% of PET positive patients. Outcome also
differed significantly with the 2 year estimates of event
free survival being 83% compared with 43% (p < 0.001)

and an overall survival of 90% compared with 61% (p =

0.006) [49]. The predictive value of PET at the end of the
second cycle was observed in both the lower and higher
risk groups indicating prognostic independence from the

international prognostic index. When pooled data from
seven studies concerning PET imaging in mid-treatment
was analysed the overall sensitivity to predict treatment
failure was 79%, specificity 92%, positive predictive
value 90% and negative predictive value 81% resulting in
an overall accuracy of 85% [44]. In the largest prospective
multicentre evaluation to date PET was able to predict
treatment outcome correctly after only two cycles of
chemotherapy in 103/108 (95%) patients with Hodgkin’s
disease [64]. A further study using 77 patients with
Hodgkin’s disease (median follow-up 23 months) showed
that a positive PET after two cycles of chemotherapy
was associated with reduced progression free survival
(p < 0.001) and overall survival (p < 0.01) [65].
Early response evaluation using FDG-PET could also
help to select patients with a better prognosis thereby
allowing a less aggressive approach with reduced long
term toxicity [66]. Further trials are expected to confirm
these results indicating the important role of PET imaging
in guiding strategy early in the treatment schedule [45].

Follow-up

Compared to the volume of literature overall regarding
PET in lymphoma there is a relative paucity concerning
its role in follow-up of the treated patient. A pilot study
by Jerusalem et al. involving 36 patients with treated
HL underwent PET imaging every 4–6 months for 2–3
years. Identification of active residual or relapsed disease
was possible up to 9 months prior to confirmation by
conventional imaging or biopsy [67]. This allows early
commencement of salvage therapy but a high incidence
of false positive results was also recorded (17%). A
more recent analysis of data from this group concerning
patients with NHL have proved disappointing. As a result
they have ceased performing PET imaging as part of
routine follow-up in unselected patients with aggressive
NHL though they were able to demonstrate a role for
PET in detection of preclinical relapse in low grade
NHL [45]. Large prospective studies analysing the role and
cost benefit of PET in routine follow-up of patients with
lymphoma are required. Until then, careful attention to a
patient’s history and physical examination with particular
regard to those at high risk of relapse remain the best
course of action [40].

Pitfalls

It is important to be aware of potential pitfalls in PET
imaging of lymphoma patients. Physiological uptake by
brown fat and muscles can be diagnosed when compared
with CT [68,69]. PET-CT allows confident identification
of tracer within bowel, liver and kidneys. A particular
pitfall is to mistake rebound thymic hyperplasia for
disease recurrence. However, even uptake within the
normal thymus can sometimes lead to confusion. The



Tuesday 17 October 2006 S67

diffusely increased bone marrow uptake often observed
during treatment and related to the administration
of growth factor is usually linked to bone marrow
hyperplasia and should not be misinterpreted as specific
involvement. Comparison with baseline scans may be
useful. Treatment related viral and bacterial infections
or inflammatory diseases such as sarcoidosis may
result in increased FDG uptake sometimes necessitating
biopsy [68–71]. False negative results in NHL can occur in
mucosa-associated lymphoid tissue (MALT) lymphomas
of the gastrointestinal tract and in some low-grade
NHLs [72]. This may be related more to organ than nodal
uptake of FDG in this condition as others have been
able to identify nodal uptake [73]. The requirement or
otherwise for i.v. contrast in PET-CT studies is still under
discussion. The recent study by Freudenberg et al. using a
small number of patients (27) showed good accuracy for
PET-CT when compared with PET and conventional post
iv contrast CT [31]. Prospective trials with larger number
of patients are required before definitive conclusions can
be made.

Impact of PET on clinical management
of lymphoma

A number of studies have reported change of manage-
ment that occurred as a result of PET imaging. A change
in stage (either upwards or downwards) based on PET
does not always result in a change of treatment. In some
patients undergoing chemotherapy upstaging from stage
III to stage IV may not necessitate a different drug regime
whilst in patients undergoing radiation therapy staging
may be unaltered but a change in radiation field may be
warranted following PET imaging.

In an early paper published in 1996 Valk et al.
demonstrated a change in stage in 20% of untreated HL
but management change in only 12% [74]. A subsequent
paper by Young et al. involving 49 patients with HL
demonstrated a change in 59% due to PET imaging
though any resulting management changes are not
discussed [20]. A study utilising a questionnaire to assess
referring physicians’ views indicated that PET changed
stage in 44% of patients resulting in intermodality
changes of treatment in 42% and intramodality changes
of treatment in 10% [75]. Greater than 60% of patients
underwent treatment change on the basis of PET imaging.
These findings can be contrasted with those of a study
involving 50 patients where upstaging occurred in 14%
and management change in only 18% [22]. A further
paper using a survey of referring physicians found that
in 42 patients with childhood lymphoma a change in
management occurred in 42% due to PET imaging [76].
Although PET has a well recognised role in aggressive
NHL a study by Blum et al. examined its impact in
indolent NHL [77]. This study demonstrated that PET
changed management in 34% and was best on discordant

results (compared with conventional imaging) with an
accuracy of 95% (p < 0.0001).

Conventional imaging is frequently unable to differ-
entiate between active residual tumour and fibrosis in
a residual mass following treatment. In a study of 54
patients PET residual masses were present in 13/19 HL
patients and 11/35 NHL patients [46]. A positive PET
scan in these patients accurately predicted disease relapse
which was supported by the study of Spaepen et al.
involving 93 patients [78]. PET scanning in this scenario
has an important impact regarding prognosis. Likewise,
in patients with stage I or stage II ‘aggressive’ NHL
(primarily diffuse large B cell lymphoma) the prognostic
information provided by PET could potentially be used to
change therapy [79].

As stated earlier although several studies attest to
the superiority of PET-CT over CT alone the study
by Hutchings et al. (99 patients) is the first to
demonstrate that caution is required if treatment is to be
based exclusively on PET-CT [13,30–32]. Further studies
examining the impact of PET-CT will be necessary
before more definitive conclusions can be reached.
For patients undergoing radiation therapy a prospective
randomised trial would be necessary to examine the effect
on outcome based PET directed radiation therapy. A
metaanalysis evaluating the ability of PET to identify
bone marrow infiltration in (587 patients) found good
(but not excellent) concordance particularly in HL and
aggressive NHL [80].

Conclusion

The role of PET imaging in staging, assessing treatment
response and in restaging following recurrence means
that it is the most common indication in many centres.
Continuing improvements in technology coupled with
more robust data from prospective studies will enable
PET-CT to become the preferred imaging examination
in lymphoma with conventional multislice CT and MRI
relegated to a secondary role.
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