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Abstract In this prospective multicentric study, we inves-
tigated the contribution of positron emission tomography
(PET) scanning to the staging of Hodgkin’s lymphoma
(HL) by computed tomography (CT) and attempted to
determine whether it has any impact on therapeutic

approach. One hundred eighty six consecutive patients
with HL from six Italian centers were enrolled in this study.
They were staged with conventional methods; 2-[fluorine-
18]fluoro-2-deoxy-D-glucose PET scanning were prospec-
tively compared to CT. CT and FDG-PET stages were
concordant in 156 patients (84%) and discordant in 30
patients (16%). PET stage in comparison to CT stage was
higher in 27 patients (14%) and lower in 3 patients (1%).
The programmed treatment strategy was modified in 11 out
of 30 patients (37%) after the definition of final stage. If we
considered the 123 CT staged patients with localized stage,
ten patients (8%) with a change of stage from localized to
advanced after PET evaluation were treated with different
strategy. FDG-PET was shown to be a relevant, non-
invasive method that supplements conventional procedures
and should therefore be used routinely to stage HL,
particularly in early stage patients, where a change in stage
may modify disease management.
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Introduction

Hodgkin’s lymphoma (HL) is a chemo-radiosensitive
disease, and very high rates of disease-free survival and
overall survival can be obtained with a modern approach.
As stage is an important factor in treatment choice, highly
accurate procedures are needed to correctly assess the
localization of disease, thus preventing overtreatment and
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undertreatment as well as minimizing the morbidity related
to chemotherapy and radiotherapy [1].

Currently, computed tomography (CT) is the principal
staging technique utilized for patients with lymphoma, and
it is at the basis of the Cotswold staging classification for
HL [2]. It is widespread, readily available, easy to perform,
reliable and reproducible, and there is evidence for its
diagnostic and therapeutic impact in large series of patients
[3]. However, this imaging modality also has several
limitations given that interpretation of nodal involvement
is based only on anatomic criteria such as size and shape,
making it often impossible to discriminate lymphoma
lesions from benign CT abnormalities [4]. 2-[Fluorine-18]
fluoro-2-deoxy-D-glucose Positron Emission Tomography
(FDG-PET) is a functional imaging technique based on
glucose metabolic activity, which is increased in most
malignant tumors and in HL. FDG-PET scanning in HL has
already proven its value in the assessment of residual
masses after treatment and for the detection of early relapse
[5, 6, 7], and the prognostic significance of an interim PET
after two cycles of ABVD has been recently reported [8, 9].
Several studies have investigated the role of FDG-PET in the
staging of lymphomas [10–16], but the majority of those
comparing the results of PET with other imaging modalities
were retrospective and often included both HL and non-HL.
A number of studies raised the problem of verification of all
abnormal sites, and at least one of these studies attempted
to rigorously obtain pathological confirmation of the in-
volvement of positive sites on PET or CT [17]. In that
prospective study involving patients who underwent surgi-
cal staging, PET showed sensitivity, specificity, and
positive and negative predictive values of 100% for all 49
patients who underwent confirmation by excisional biopsy
of abnormal lymph nodes or staging laparotomy. This study
support our decision to biopsy less frequently the cases
with discordant stage. In this multicentric prospective study,
we investigated the contribution of PET scanning to the
initial staging of HL and attempted to determine whether
FDG-PET has any impact on therapeutic decision-making.

Design and methods

Patients

The study population included 186 unselected consecutive
patients newly diagnosed with HL and referred from six
Italian hematological institutions between January 2002 and
June 2005. All patients were staged at baseline with blood
tests (liver and renal function, complete and differential
blood count, echocardiography), unilateral bone marrow
trephine biopsy and aspirate, CT scan, and FDG-PET scan.
Bulky disease was defined as a mediastinal mass that

exceeded one third of the maximum intra-thoracic diameter
or a lymph node mass larger than 7 cm. Treatment for
stages I and IIA consisted of three to four courses of ABVD
followed by involved field radiotherapy, six to eight cycles
of ABVD were performed in patients with more advanced
stage disease.

FDG-PET imaging

FDG-PET scans were performed with a GE Advance Nxi
(multiring PET) in one center, a Discovery LS CT-PET
scanner (GE Medical Systems, Milwaukee, WI, USA)
operating in a two-dimensional high sensitivity mode in
two centers, a Gemini CT-PET scanner operating in a 3D
mode (Philips Electronics N.V., Eindhoven, Netherlands) in
one center and a “full ring NaI(Tl)PET scanner” (C-PET
ADAC, Philadelphia, PA,USA) in two centers.

A tracer dose of 370 MBq/70 kg was injected after a
minimum 6-h fast, via a venous catheter flushed with
saline. Glycemia, tested immediately before injection, was
below 150 mg/dl in all patients. Whole body PET scans
were registered 45–60 min after tracer delivery, post
voiding, from ear to proximal femur. Neither bladder
catheterization nor hyper-hydration was routinely used.
Studies were processed with filtered back projection and
iterative reconstruction, both with correction for attenua-
tion. PET scans were qualitatively interpreted by experi-
enced PET physicians. Any site of increased uptake not due
to physiological uptake was considered as a possible
lymphoma site and was reported on a data sheet.

CT imaging

CT study included both unenhanced and enhanced scanning
after the administration of iodinated intravenous contrast
medium (140–150 ml, iodine content 300–320 mg/ml).
Injection rate was 2.5–3 ml/s, and delay time after starting
bolus was 30 s for chest studies and 60 s for abdomen
studies. In case of doubts in the interpretation of focal
lesions, especially within the splenic or hepatic parenchy-
ma, very delayed scans (up to 2 h) were performed. Oral
iodinated contrast (about 1,000 ml) was administered about
30–40 min before examination, for better visualization of
intestinal loops. Studies were performed as total body
scans, inclusive of neck, chest (with parenchyma and
mediastinum representation), abdomen, and pelvis, com-
prehensive of all lymphatic localizations. Slice thickness
was 5–7 mm, and examination parameters were kept similar
from scan to scan, so that images obtained were reproduc-
ible and comparable with successive controls. The assess-
ment of lymphadenopathy on CT is based only on size, and
the size criteria depend on the anatomical site: generally
10 mm in short axis has been used as a practical upper-limit

898 Ann Hematol (2007) 86:897–903



in the chest and abdomen and 15 mm in inguinal, cervical,
and supraclavicular nodes. Reports of CT scan done at
diagnosis were contained in diagnostic CT scan data sheet.

Data analysis

The stage of the disease was determined by using the
modified Ann Arbor system and was obtained with two
different methods: with the use of CT scan data sheet only
and blinded to PET results (CT stage), or with the use of
FDG-PET scan data sheet only, blinded to CT results (PET
stage). CT and PET stages were compared by hematologists
with the support of radiologists and PET physicians. A
concordant stage was defined as the presence of the same
stage at CT and PET scan; a discordant stage was defined as
the presence of a different stage at CT scan and PET scan.
Patients with discordant stages were evaluated further to
solve the discrepancy and obtain a final stage. These patients
underwent a CT scan review and alternative imaging
techniques [magnetic resonance imaging (MRI), ultrasound,
others]: if these additional imaging analysis did not prove to
be useful to resolve the issue, a biopsy was performed when
possible. If the discordances persisted and a biopsy could not
be performed, the final stage was finalized according to
consensus among the physicians. In the absence of consen-
sus, it was decided to consider the higher stage as final stage.
Because bone marrow involvement could not be evaluated
by CT scan, the results of PET scan were not used to evaluate
bone marrow for staging purposes. In addition to stage
analysis, an analysis of involved sites was performed, by
comparing the results obtained with CT and PET scans. All
data were analyzed using the Statistical Package for Social
Science (SPSS) software. The limit of significance for all
analyses was defined as a p value of 0.05. All statistical tests
were two-sided.

Treatment approach

Patients were treated according to single institution proto-
cols. All physicians were asked to clarify if the treatment
was modified on the basis of the “final” stage.

Results

One hundred eighty six patients with newly diagnosed HL
were included in this study. The median age was 35.2 years
(14–79), male to female ratio was 98:88; bulky disease was
recorded in 51 patients. The histological subtypes were LP
in 11, NS in 140, MC in 28, LD in 2, and HD not specified
in 5 patients. The median interval between CT and FDG-
PET scans was 3 days (range, 1–12 days). A total of 910
involved sites were registered with the CT scan; 1,090

involved sites were evaluated with FDG-PET scan. Con-
sidering both imaging methodologies, a total of 1,098
involved sites were identified, with a median of 6 sites per
patient.

Stage analysis

According to CT scan, 11 patients presented at stage I, 112
at stage II, 42 at stage III, and 21 at stage IV. According to
PET scan, 11 patients presented at stage I, 100 at stage II,
38 at stage III, and 37 at stage IV. These data are reported in
Table 1. CT and PET stages were concordant in 156
patients (84%). In 30 patients, CT and PET stages were
discordant: 27 of them had a higher PET stage, the
remaining 3 had a higher CT stage.

Each of the 30 patients whose scans initially yielded
discordant stage results underwent MRI or ultrasound
scanning and/or a review of their CT scan to further
evaluate the discordant sites and obtain a final stage: in 28
patients (93%), these non-invasive evaluations were able to
solve the discordances; in the remaining two patients, a
consensus was needed. Considering all the discordant stage
patients, the obtained final stage was in 1 patient with CT
stage I and PET stage III, the final stage was III; in 9
patients with CT stage II and PET stage III, the final stage
was III; 13 patients had CT stage III and PET stage IV, in 12
of them the final stage was IV; and in 1 was III; 4 patients
had CT stage II and PET stage IV, and the final stage was
IV in 3 patients and II in 1 patient; in 1 patient with CT
stage III and PET stage II, the final stage was III; 1 patient
with CT stage II and PET stage I, the final stage was II and
a patient with CT stage IV and PET stage II, the final stage
was IV. Therefore, according to the final stage, 25 patients
were correctly upstaged by PET, 2 were incorrectly
upstaged by PET, and three patients were incorrectly
downstaged by PET. As expected, CT review ended
frequently in confirmation of the PET result suggesting
that PET reading is more easy. Characteristics of these
patients are represented in Table 2.

Sites analysis in patients with concordant stage

In 156 patients, CT and PET stages were concordant. In 110
of them (71%), CT and PET showed the same sites of

Table 1 Comparison of CT stage and PET stage

I II III IV PET stage

I 10 1 – – 11
II – 98 1 1 100
III 1 9 28 – 38
IV – 4 13 20 37
CT stage 11 112 42 21 Total: 186

Ann Hematol (2007) 86:897–903 899



disease; a difference in the number of sites involved was
found in 46 patients (29%). In eight patients, CT showed
more lesions than FDG-PET: four of them had one more
nodal lesion, the other four had one more extranodal site
(lung, pericardium, breast, and liver). The patient with
breast localization of the disease was submitted to a biopsy,
and histological report confirmed the diagnosis of HL.
FDG-PET showed more lesions than CT in 38 patients. The
extra sites were only nodal in 32 patients, nodal and
extranodal (bone and liver) in 2 patients, splenic and
extranodal (bone and liver) in 2 patients, nodal and splenic
in 1 patient, and splenic alone in 1 patient. FDG-PET was
able to identify 75 more nodal sites, 4 spleen, 2 liver, and 2
cortical bone localizations than CT.

Sites analysis in patients with discordant stage

In 30 patients (16%), CT and PET stages were discordant.
Higher PET stages were due to the detection of increased
FDG uptake in small-size lymph nodes, spleen, cortical
bone, liver, lung, and pleura. The extra sites were
exclusively nodal in 9 patients, nodal and extranodal in 5
patients, splenic and extranodal in 1 patient, nodal and
splenic in 2 patients, extranodal alone in 11 patients, splenic
alone in 1 patient, and nodal, extranodal, and splenic in 1
patient. In 12 patients, FDG-PET identified a cortical bone
FDG-PET positivity. No statistically significant differences
were found between discordant cases and the following
characteristics: sex, symptoms, bulky disease, and PET

Table 2 Characteristics of patients with discordant CT and PET stage

Patient Age CT
stage

PET
stage

Site of discrepancy Instrumental “Final”
stage

Final relative to
CT

Change of
therapy

1 43 I III Spleen Ultrasound III Up 2 Yes
2 24 II I Axillar nodes

(left and right)
CT review II No change No

3 67 II III Mediastinum CT review III Up 1 Yes
4 45 II III Lumbar nodes CT review III Up 1 Yes
5 29 II III Splenic hilus Ultrasound III Up 1 Yes
6 37 II III Lumbar nodes CT review III Up 1 Yes
7 27 II III Spleen Ultrasound III Up 1 Yes
8 19 II III Lumbar nodes CT review III Up 1 Yes
9 43 II III Hepatic hilus CT review III Up 1 No
10 22 II III Pleura Ultrasound III Up 1 No
11 41 II III Splenic hilus CT revision and

ultrasound
III Up 1 No

12 20 II IV Vertebra CT review IV Up 2 Yes
13 37 II IV Lung CT review IV Up 2 Yes
14 48 II IV Thoracic and lumbar

vertebrae
MRI and Rx IV Up 2 Yes

15 28 II IV Thoracic vertebra MRI II Up 2 No
16 16 III II Spleen Ultrasound III No change No
17 31 III IV Lumbar Vertebrae MRI IV Up 1 Yes
18 38 III IV Liver Ultrasound IV Up 1 No
19 43 III IV Vertebra and pelvis MRI IV Up 1 No
20 29 III IV Lumbar vertebrae MRI IV Up 1 No
21 41 III IV Ribs and pelvis MRI IV Up 1 No
22 26 III IV Bone and pleura MRI IV Up 1 No
23 27 III IV Lung and spleen Ultrasound and CT

review
IV Up 1 No

24 68 III IV Ribs and vertebrae MRI IV Up 1 No
25 31 III IV Vertebra MRI III Up 1 No
26 14 III IV Left femur Rx and CT IV Up 1 No
27 43 III IV Pelvis MRI IV Up 1 No
28 54 III IV Bone, liver Ultrasound IV Up 1 No
29 42 III IV Bone (not specified) MRI IV Up 1 No
30 32 IV II Liver Ultrasound IV No change No

Description of the methods used to solve discrepancy between CT and FDG-PET and final result obtained after revision.
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scanner. In particular, different histological subtypes were
not associated with upstaging PET (p, 0.6). We also
compared centers in which PET/CT was utilized (56
patients) and the others (130 patients): discordant cases
were 10 (18%) and 20 (15%), respectively (p, 0.8).

Bone marrow involvement

In 7 of the 11 patients with FDG-PET suspected bone
marrow invasion, a focal pattern of FDG uptake was
displayed, and 5 out these 7 patients (71%) also had a
positive bone marrow trephine biopsy. In the remaining
four patients, the marrow FDG uptake showed a diffuse
pattern, and in all these cases, bone marrow trephine biopsy
was negative for lymphoma infiltration. One patient with
positive bone marrow biopsy showed a negative FDG-PET
scan.

Treatment approach

Thirteen out of 186 patients (7%) had a change in their
treatment strategy due to PET results. Considering the 123
patients with a localized CT stage, that is, stage I through
stage IIA, 14 of them were upstaged by PET (11%) and 10
of these underwent a treatment different than that called for
before upstaging (8%). In two patients with concordant
stage, PET scan led to a change in the radiotherapy
approach (wider field).

Discussion

The real impact of FDG-PET imaging on staging and
management of lymphoma patients is still under evaluation.
Several studies have investigated the role of FDG-PET in
the staging of HL. These studies evaluated a limited
number of patients, and the majority of them were
retrospective and included both HL and non-HL patients
[10–16]. Our study is, to date, the largest prospective study
evaluating the role of PET scanning for the staging of HL.
In our series, 30 out of 186 patients (16%) displayed a
different PET stage compared to their CT stage. A CT
revision or supplemental examinations led to clarification
of these discrepancies, and only two cases required a
consensus among hematologists and the CT and PET
physicians because of the impossibility to perform a biopsy.

The addition of FDG-PET to conventional staging
procedures led to the upstaging of 25 patients (13%).
Thirteen of these 25 patients (52%) went from limited to
advanced disease. These results are comparable with those
reported in the literature and also with the data reported
recently by Hutchings et al. [18] in an homogeneous series
of 99 consecutive patients with diagnosis of HL. The

conclusions of these authors were similar to ours but in a
smaller cohort of patients.

The only way to assess with a degree of certainty
whether PET positivity identifies a real site of disease is
represented by histologic examination. A limit of our study
is for sure the absence of histologic confirmation of
presence of Hodgkin’s disease in PET positive lesions.
We could not biopsy every discordant site; therefore, we
decided to proceed with a revision of CT and PET images
and with the use of alternative imaging methods. Young
et al. [17], comparing FDG-PET, CT, needle biopsies, and
staging laparatomies, demonstrated in a well-designed
prospective trial that FDG-PET was a safe and effective
method to stage HL. Sensitivity, specificity, and positive
and negative predictive values were evaluated in relation to
histological results, and their values were all 100% for
FDG-PET and 20, 83, 50, and 56%, respectively for CT.
These data supported our decision to perform biopsies only
in very selected cases. Moreover, there is consensus over the
fact that CT evaluation is not sensitive for lymph nodes less
than 10 mm in diameter, but no alternative methods to the
size criteria have been consistently adopted and, to date,
lymph nodes larger than 10–15 mm are generally considered
as involved without the need of histological confirmation.

To note that in 14 patients, PET was able to detect
unknown bone lesions, in 12 out 14, a MRI confirmed this
localization. Based on this data, we recommended search-
ing carefully for abnormal uptake in the bone.

Several studies have tested the ability of FDG-PET to
evaluate bone marrow infiltration [13, 19]. A recent meta-
analysis has demonstrated that FDG-PET has good but not
excellent concordance with the results of bone marrow
biopsy [20]. Our data confirm that FDG-PET may be
complementary to bone marrow biopsy. In particular, focal
positivity within the bone marrow on the FDG-PET scan
could be used to indicate, and to perform, a targeted bone
marrow biopsy.

The clinical implications of stage changes by PET are
not always clear-cut [21]. The influence of FDG-PET on
treatment strategy varies markedly in different studies, and
the impact on patient management still remains to be
determined [22]. A minor stage change (e.g., from stage I to
II) may not have any added value because the treatment
does not get changed. Major stage changes (e.g., from stage
II to III or IV) indicate more widespread disease. In our
study, 37% of patients (11/30) with discordant stage
underwent a change in their treatment strategy; all of these
11 who changed therapy had major stage changes. In two
patients with concordant stage but with more PET-positive
sites, this data helped tailor radiation therapy.

In contrast with previous reports [12], we observed that
histological subtype was not associated in discordant stage
with upstaging PET (p, 0.6).
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Moreover, the recent introduction of PET/CT seems to
have become important to choose the most appropriate
staging algorithm. It is interesting to note that in both NHL
and HL, PET with CT upstages the original stage, based on
CT alone, more often when the original stage is I or II,
rather than III or IV [13, 15]. In our experience, we did not
observe any differences between the two centers that
utilized PET/CT and the others. A recent meta-analysis of
20 studies [23] indicated that FDG-PET is an effective
method of staging, showing a high positivity and specific-
ity. According to the authors, clinicians should consider
adding FDG-PET to the routine staging workup of patients
with lymphoma. In the paper by Cheson et al. [24] recently
published, PET is strongly recommended before treatment
in potentially curable lymphoma to better define the
extension of disease. The authors concluded that this is
not mandatory because of limitations imposed by costs and
availability. Although our study is lacking on histological
confirmation of PET positive lesions, we can conclude that
this large prospective and multicentric study demonstrated
that FDG-PET is a safe and effective method of staging.
The major advantage of PET over conventional imaging in
the staging setting is its ability to detect disease in
structures lacking morphological abnormality or structures
less assessable with CT scan (for example, bone lesions).
Hence, upstaging of disease is the most common benefit of
integrating PET into the staging of HL as it can lead to
changes in the therapeutic approach. It is reasonable to
assume that upstaging by PET is an indicator of more
widespread disease in about 20% of patients at diagnosis,
and PET could be used to modify treatment strategy in
more than two thirds of patients with discordant stage.
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