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1.1 Historical Background

Accurate baseline staging of Hodgkin lymphoma
(HL) is crucial for prognostication and guides
important treatment decisions. This remains true
in the era of highly effective combined modality
treatments and intensive multi-agent chemother-
apy regimens that lead to cure in the vast majority
of HL patients irrespective of disease stage [1, 2].
In the early 1970s the Committee on Hodgkin’s
Disease Staging Classification convened in Ann
Arbor, Michigan, and this resulted in the first
staging classification for HL which was named
after the city [3]. The Ann Arbor staging classifi-
cation became the widely accepted classification

M. Hutchings (D<)

Department of Haematology, Rigshospitalet,
Blegdamsvej 9, DK-2100 Copenhagen, Denmark
e-mail: martin.hutchings @ gmail.com

A. Loft

Department of Clinical Physiology and Nuclear
Medicine — PET and Cyclotron Unit, Rigshospitalet,
Blegdamsvej 9, DK-2100 Copenhagen, Denmark
e-mail: annika.loft.jakobsen @regionh.dk

T.C. El-Galaly

Department of Hematology, Aalborg University
Hospital, Moelleparkvej 4, DK-9100 Aalborg,
Denmark

e-mail: tarec.galaly @gmail.com

© Springer International Publishing Switzerland 2016

for disease staging in HL and enabled comparison
of studies by different investigators. The main
clinical purpose of the Ann Arbor Classification
was to accurately identify patients with limited-
stage HL who could be treated with a curative
intent with radiotherapy alone. Accurate staging
was pursued through rigorous procedures, which
included both a clinical and a pathological staging
workup. Clinical stage was determined from
physical examination, symptom assessment, lym-
phangiograms, and radiograms, some of which
are still elements in modern HL staging.
Pathological stage was derived from the results of
invasive staging procedures including diagnostic
laparotomy and iliac crest bone marrow biopsy
(BMB). The risk of serious complications and
discomfort related to invasive procedures were
tolerated at that time as no good alternatives for
evaluation of deep lymph node regions and organs
were available. The introduction of computed
tomography (CT) enabled noninvasive assess-
ment of deep lymph node regions/organs and
changed the staging of HL fundamentally. The
committee convened to discuss the evaluation and
staging of patients with Hodgkin’s disease met in
the Cotswolds (UK) and the report generated by
the committee recommended CT of the thorax
and abdomen in the routine staging workup of
HL. Invasive staging procedures with the excep-
tion of iliac crest bone marrow biopsy were no
longer considered necessary (Cotswold modifica-
tions of the Ann Arbor Classification) [4].

A. Gallamini (ed.), PET Scan in Hodgkin Lymphoma, DOI 10.1007/978-3-319-31797-7_1


mailto:martin.hutchings@gmail.com
mailto:annika.loft.jakobsen@regionh.dk
mailto:tarec.galaly@gmail.com

1.2 The Introduction

of Functional Imaging

The introduction of functional imaging was
another shift in paradigm and defined the current
era of modern HL staging. From a CT-based dis-
ease staging relying on the size of lymph nodes
and morphological abnormalities in organs,
functional imaging now provides information on
local metabolic activity. This is a major advan-
tage, since knowledge of local metabolism can
facilitate discrimination between active HL and
nonmalignant morphological abnormalities as
well as visualize HL lesions in areas without
clear morphological abnormalities. The first
functional imaging method to enhance the accu-
racy of HL staging was the whole-body “’gal-
lium scintigraphy, but this procedure is laborious
and the image quality often rather poor. After the
introduction of positron emission tomography
(PET), gallium scans quickly disappeared from

Fig. 1.1 Fusion PET/CT image of a patient with stage IV
HL, showing disease in lymph nodes above and below the
diaphragm, as well as in the spleen and liver
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the management of HL. The most common PET
tracer is the radioactive glucose analogue
BF-flurodeoxyglucose (FDG). This tracer is
widely studied in HL and FDG-PET is the only
type of functional imaging that has been imple-
mented in the routine management of the dis-
ease. FDG-PET (in the following referred to as
PET) provides a whole-body map of glucose
metabolism and HL lesions were found to be
universally PET positive (except for very small
lesions below the spatial resolution of PET) [5].
An important limitation of stand-alone PET is
the inability to locate the exact anatomical area
of increased glucose metabolism. This was over-
come with the introduction of integrated PET/
CT scanner, which made it possible to perform
both PET and CT in a single procedure, using
CT for attenuation correction of PET data, and to
demonstrate the anatomical localization of areas
with increased glucose metabolism seen on
PET. In this way, modern imaging enables clini-
cally relevant functional and anatomical infor-
mation to be obtained together. CT and PET can
be viewed separately, side-by-side and “fused”
with the PET scan overlaid on the CT in color.
Today, PET studies are almost exclusively per-
formed with integrated PET/CT machines
(Fig. 1.1).

1.3  Early Studies of Staging PET
PET is more sensitive and specific than CT
because abnormal FDG uptake may be observed
in normal-sized nodes and also seen without
changes in organ architecture, e.g., in the liver,
spleen, and bones. Over the past 20 years, a num-
ber of studies have demonstrated the increased
sensitivity of PET relative to conventional
imaging.

In their study published in 1998, Bangerter
et al. scanned 44 HL patients as a part of their
initial staging workup. PET and conventional
staging were concordant in 128 (96 %) of 133
diseased lymph node regions. Six patients
changed stage as a result of PET, five being
upstaged and one downstaged, leading to a
change of treatment strategy in all six patients.
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This study was the first to demonstrate on a
reasonably high number of patients that PET is
largely concordant with CT for staging of HL
and that the additional value of the method
has an impact on the management of the
patients [6].

Partridge et al. retrospectively investigated
the impact of 44 pretreatment scans on the man-
agement of HL patients. PET found almost
twice as many positive sites than CT (159 vs.
84) and 21 patients would have had their staging
changed as a result of PET (18 upstaging and
three downstaging. According to PET, treatment
strategy should have been changed in 11
patients, in 10 cases to a more intensive therapy.
12 patients had a total of 19 extranodal disease
sites. PEt alone detected 15 of these sites, four
sites were seen on both CT and PET, and PET
missed no sites seen on CT. This study sug-
gested a very high sensitivity for detection of
organ involvement [7].

Jerusalem et al. undertook the first thorough
study of region-by-region accuracy in HL. They
scanned 33 patients before initial treatment or
before treatment of relapse and evaluated the
impact on nodal staging. Overall concordant
results were seen in 22 patients, but in two
patients both methods indicated lesions that were
not shown by the other method. In six patients,
PET showed involvement of more regions than
conventional methods. The sensitivities of PET
for detecting involved lymph node regions were
95% in peripheral regions, 96% in thoracic
regions, and 78 % in abdominal/pelvic regions.
The corresponding sensitivities for conventional
staging procedures were 80 %, 81 %, and 86 %.
Although the impact on staging was clear, PET
staging would only have had impact on treatment
strategy in one patient [8]. Weihrauch et al.
applied a quite similar approach. In 22 patients
they identified 72 involved lymph node regions.
In 48 lesions in 22 patients, both CT and PET
were positive. 20 lesions in 11 patients were posi-
tive on PET but not detected by CT or other con-
ventional staging methods. Sensitivity of PET
and CT was 88 % and 74 %, respectively, and out
of 22 patients, four were upstaged due to PET
findings [9].

The general impression from these early stud-
ies was that:

1. PET seemed to have a relatively high sensitiv-
ity for nodal staging.

2. PET was clearly more sensitive than CT in
detecting extranodal disease, both in the bone
marrow and in other organs (Fig. 1.2).

3. PET had a consistent, large influence on the
staging, with a potential impact on treatment
strategy in a substantial number of patients.

More recent studies have confirmed these
findings: Cerci and colleagues enrolled 210
newly diagnosed HL patients in a prospective
study aiming to evaluate the cost-effectiveness of
PET in HL staging. They found sensitivity for
initial staging of PET was higher than that of CT
in initial staging (97.9 % vs. 87.3 %). The incor-
poration of PET in the staging procedure upstaged
disease in 50 (24 %) patients and downstaged dis-
ease in 17 (8 %) patients, with a resultant changes
in treatment in 32 (15 %) patients [10].

Fig. 1.2 An example of extranodal manifestation of HL
in the liver, only vaguely visible on CT but with clearly
pathological FDG uptake in the liver



Fig. 1.3 Inflammatory FDG uptake in mediastinal lymph
nodes. The pattern mimics lymphoma but was a result of
a chronic lung infections

But the high sensitivity of stand-alone PET
came at the expensive of a relatively large num-
ber of false positive results, in part due to well-
known pitfalls including FDG uptake in reactive
lymph nodes due to inflammation/infection
(Figs. 1.3 and 1.4), brown fat uptake (Fig. 1.5),
physiological bowel uptake, uptake due to thy-
mic rebound, etc. After the introduction of PET/
CT, such false positive findings became much
less common, resulting in a high specificity
despite the high sensitivity.

1.4  PET/CT Staging

The first study of PET/CT was a prospective
comparison of PET, CT, and PET/CT in 99 newly
diagnosed HL patients. The results of PET and
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PET/CT were not disclosed to the treating physi-
cians, and furthermore, the reviewers of PET, CT,
and PET/CT were blinded to the results the other
imaging modalities. In nodal regions, the sensi-
tivity of PET and PET/CT was higher than that of
CT (92% and 92% vs. 83%). PET had more
false positive nodal sites than CT and PET/CT
(1.6% vs 0.7% and 0.5%). For evaluation of
organs, PET and PET/CT had high sensitivities
(86 % and 73 %) while CT detected only 37 % of
involved organs. PET would have upstaged 19 %
of patients and downstaged 5 % of patients, lead-
ing to a different treatment strategy in 9% of
patients [11]. An analysis of the same group of
patients revealed that FDG avidity varied between
different subtypes of classical HL and that the
FDG uptake in nodular lymphocyte-predominant
(NLP) HL was significantly lower than in classi-
cal HL [12].

Bednaruk-Mtynski and colleagues compared
the results of staging CT and PET/CT in 96 HL
patients. Also in this study, the radiologists and
nuclear medicine physicians were blinded to
results of the other modality and to the clinical
course of the patients. The number of patients
with stage I, II, III, and IV disease based on CT
versus PET/CT was 5 vs. 7,49 vs. 37, 28 vs. 22,
and 14 vs. 30, respectively. PET/CT changed the
stage in 33 (34 %) patients; 28 % were upstaged
and 6% downstaged. Upstaging was mainly
caused by detection of new extranodal involve-
ments (47 sites in 26 patients): the bone marrow
(10 patients), spleen (5 patients), and lung (2
patients). Downstaging resulted from the absence
of FDG uptake in enlarged nodes (<15 mm) in
the abdomen and pelvis. PET/CT led to a treat-
ment modification in 20 (21 %) of the patients,
with 16 patients allocated to more intensive treat-
ment and 4 to less intensive treatment [13].

A different approach was taken by El-Galaly
et al. who performed a historical comparison of
staging patterns in Danish HL patients before and
after the introduction of staging PET/CT. Their
analysis covered two large cohorts of patients
with classical HL staged without PET/CT
(n=324) and with PET/CT (n=406). In PET/
CT-staged patients, stage I disease was less fre-
quent (16 % vs. 27 %) while stage IV disease was
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Fig. 1.4 An example of false positive PET results.
Hodgkin lymphoma patient scanned 2 months after com-
pletion of treatment. PET/CT early during chemotherapy
had shown a complete metabolic response. A biopsy was

more frequent (17 % vs. 10 %). Imaging-detected
skeletal involvement was recognized more often
in PET/CT-staged patients (17 % vs. 2 %), and the
presence of focal skeletal PET/CT lesions was
associated with higher risk of progression [14].
NLP HL has more characteristics in common
with indolent lymphomas, and as mentioned
above this subtype has lower FDG avidity than
classical Hodgkin lymphoma [12], but still the
sensitivity of PET/CT staging seems to be high.
In a study of 35 patients with this rare histologi-
cal subtype, Grellier et al. found that PET/CT
resulted in stage migration in 34 % of the patients,
with detection of disease in the bone or bone
marrow in 20 % of the patients. The identification
of advanced disease in NLP HL is particularly
important for management, since localized NLP

taken from the PET-positive mediastinal lymph nodes,
and the histology showed a sarcomatoid reaction, with no
signs of malignant disease

HL is often treated with local radiotherapy alone
and thus without systemic therapy [15].

Figures 1.6 and 1.7 show PET/CT images of HL
patients with stage II and stage III, respectively.

1.5 Stage Migration

and Overtreatment

Hodgkin lymphoma can be cured in the vast
majority of cases but cure comes the price of seri-
ous treatment-related late effects, including sec-
ond cancers and cardiopulmonary disease [16].
While optimizing cure is always a goal of clinical
cancer research, in first-line Hodgkin lymphoma
treatment, there is a stronger call for reduction of
the treatment intensity in order to avoid unneces-



Fig. 1.5 FDG uptake in brown fat. This pitfall repre-
sented a serious challenge but after the introduction of
PET/CT no longer a major cause of false positive
interpretations

sary overtreatment in some patients without
losing efficacy for others [17]. As discussed, PET/
CT results in considerable upward stage migra-
tion and allocation of 10-20% of patients to a
more advanced treatment group. If PET/CT is
incorporated into routine and the existing treat-
ment paradigms are kept unchanged, this will
result in even more overtreatment (Fig. 1.8). The
introduction of more sensitive staging methods
also calls for relevant therapeutic modifications,
so the more refined imaging is used to individual-
ize therapy rather than to aggravate the overtreat-
ment problem. Such treatment modifications as a
consequence of PET/CT have indeed already
taken place: The shift from involved-field radio-
therapy to involved-node radiotherapy resulted in
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Fig. 1.6 Hodgkin lymphoma, stage II disease, with a
classical distribution of involved lymph nodes in the upper
mediastinum and lower neck

a dramatic reduction of radiation fields to HL
patients, and this change was a direct result of the
more accuracy baseline imaging by PET/CT [18].

Is Contrast-Enhanced CT
Necessary in the PET/CT Era?

1.6

The CT part of a PET/CT scan may be performed
with contrast enhancement (ceCT) at full radia-
tion dose to obtain a high-quality CT examination
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Fig. 1.7 Hodgkin disease.

lymphoma,
Involvement of almost all lymph node regions and the
spleen

stage III

or without contrast using a lower radiation dose.
Low-dose CT is used to correct for the attenua-
tion of radioactivity within the patient and to
localize abnormalities seen on PET, with less
radiation than a full diagnostic examination.
Whichever protocol is used, CT must be acquired
during shallow breathing or end of expiration to
avoid misregistration and artifacts [19]. A num-
ber of studies have compared PET/CT with and
without ceCT, and although ceCT may identify
additional findings and improve detection of
abdominal and pelvic disease, this rarely has an
impact on management [20-22]. The use of con-
trast may result in small errors in the measure-
ment of FDG uptake due to an effect on
attenuation correction; this may cause errors in
comparison of uptake between tumor and refer-

ence sites by causing FDG uptake to be overesti-
mated in the mediastinum and liver by 10-15 %.
Although these errors are unlikely to be clinically
important for staging purposes, they may be
important for response assessment during and
after treatment [23, 24]. In practice, many patients
have already undergone a ceCT as part of the
diagnostic workup and before referral to PET/
CT. If performed, it is recommended that ceCT
be performed during a single visit in combination
with PET/CT.

The Need for Bone Marrow
Biopsy

1.7

The Cotswold modifications to the Ann Arbor
classification discouraged all invasive staging
procedures with exception of bone marrow
biopsy in selected patients [4]. While stand-
alone CT is insufficient for evaluation of HL
infiltration in the bone marrow, PET/CT detects
areas of pathological skeletal FDG uptake sug-
gestive of bone marrow involvement (BMI) in
10-20% of the patients. PET-detected BMI is
usually seen as areas of focally increased FDG
uptake and often without accompanying mor-
phological changes on CT [25-28] (Fig. 1.9).
The fact that these lesions are seen in up to one-
fifth of the patients has changed the old percep-
tion of bone marrow involvement being rare in
HL. Most studies relying on bone marrow biopsy
for detection of BMI only report frequencies of
around 5-8 % for BMI in HL [29, 30]. The use of
iliac crest bone marrow biopsy as a surrogate for
the whole bone marrow compartment has been
challenged by frequent finding of focal FDG
lesions in the bone marrow in patients undergo-
ing PET/CT staging. In addition, one-sided bone
marrow involvement has been reported in nearly
half of the HL patients undergoing bilateral bone
marrow biopsies [31]. Directed biopsies and/or
additional imaging with scintigraphy and MRI
has supported the presence of HL in areas of oth-
erwise unexplained focal FDG uptake in the
bone marrow [21, 27]. Furthermore, there seems
to be complete agreement between FDG uptake
in the site of the bone marrow biopsy and results



Fig. 1.8 Upward stage migration as a consequence of
PET/CT. This young lady was diagnosed with classical
Hodgkin lymphoma and stage IIA disease according to
CT performed before referral. Staging PET/CT showed a
clearly PET-positive lesion in the spleen. There was no
corresponding abnormality on CT and biopsy was not fea-
sible. The original treatment plan was changed from a
brief course of chemotherapy followed by local irradia-

of bone marrow biopsy [32]. In conclusion, PET/
CT has much higher sensitivity for bone marrow
involvement than conventional bone marrow
biopsy [33]. The few patients with BMI initially
not detected by PET/CT but only by routine
bone marrow biopsy almost exclusively present
with advanced-stage disease based on the PET/
CT findings, and therefore the added diagnostic
information from bone marrow biopsies very
rarely leads to changes in clinical management
[25, 26]. The presence of diffuse FDG uptake
throughout the whole axial skeleton without
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tion to the neck and upper mediastinum to 6 cycles of
combination chemotherapy. During her treatment, she
developed pneumonitis as a result of bleomycin treatment,
and she needed high-dose prednisone treatment for sev-
eral months. With the patient well and in continued remis-
sion more than 5 years after treatment, it is still not clear
if PET/CT saved her from undertreatment or resulted in
overtreatment

simultaneous focal lesions is a common finding
in patients with newly diagnosed HL (Fig. 1.10).
Despite FDG uptake at the sites of bone marrow
biopsies, patients with this kind of diffuse FDG
uptake in the bone marrow usually (but not
always) present with negative bone marrow
biopsies [25, 28, 34, 35]. Other findings suggest
that inflammatory response may explain the dif-
fuse FDG uptake in the bone marrow of HL
patients since anemia and increased leukocyte
count are associated with the presence of a dif-
fuse FDG uptake [5, 17, 25, 36] Finally, a study
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Fig. 1.9 Focally increased FDG uptake in the bone mar-
row of lumbar vertebrae, without accompanying morpho-
logical changes on CT

has shown that there is a high degree of concor-
dance in the reporting of PET/CT-ascertained
bone marrow involvement [36]. The Lugano
classification acknowledges the insignificant
contribution of routine bone marrow biopsy to
the baseline staging of HL by recommending
against its use in PET/CT-staged HL patients
[19, 37]. Thus, the last reminiscence of the path-
ological staging included in the original Ann
Arbor classification has finally been eliminated.

L
o X
e !
e
$o
"
: o
- e

Fig. 1.10 Stage II disease with heavy disease burden and
diffusely increased uptake in the bone marrow

1.8  Newer PET Tracers

Like other cancers, HL is characterized by deregu-
lated cell cycle progression and most anticancer
drugs are designed to inhibit cell proliferation. So
a tracer enabling imaging of cell proliferation
could be useful for both initial characterization
and treatment monitoring of the disease. FDG
uptake is somewhat correlated with cell prolifera-
tion, but this correlation is weakened by a number
of factors, including FDG uptake in nonmalignant
lesions [38, 39]. The nucleoside [''C]thymidine
was the first PET tracer to specifically address cell
proliferation. Early studies showed that [''C]thy-
midine could determine both disease extent and
early response to chemotherapy in aggressive non-
Hodgkin lymphoma (NHL) patients [40, 41].
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However, the short 20 min half-life of ''C along
with rapid in vivo metabolism has limited the clin-
ical application of [''C]thymidine. The thymidine
analogue 3’-deoxy-3’-['®F]fluorothymidine (FLT)
offers a more suitable half-life of 110 min (same as
FDG) and is stable in vivo [42]. More recent stud-
ies have shown that FLT-PET can sensitively iden-
tify lymphoma sites [43]. FLT uptake is highly
correlated with proliferation rate and may thus be
able to distinguish between high- and low-grade
lymphomas [44, 45]. And furthermore, recent
studies have showed a potential of FLT for imag-
ing early response to treatment in lymphoma [46—
49]. Amino acid metabolism of cancer cells is
influenced by catabolic processes favoring tumor
growth [50]. It has been shown that increased
uptake of amino acids reflects the increased trans-
port and protein synthesis of malignant tissue [51,
52]. This is the background for PET imaging of
amino acid metabolism with the labeled amino
acids L-[methyl-!!C]methionine (MET) and O-2-
[**F]fluoroethyl)-L-tyrosine (FET) [53]. Nuutinen
et al. studied 32 lymphoma patients and found
MET-PET highly sensitive for the detection of dis-
ease sites although there was no correlation
between MET uptake and patient outcome [54].
While these results are encouraging, it should be
noted that no studies have shown the usefulness or
cost-effectiveness of amino acid or nucleoside
tracers in large patient cohorts. Furthermore, high
physiological tracer uptake in the abdomen limits
the usefulness of these tracers for imaging of
abdominal and pelvic lymphomas.

1.9 International Guidelines
and the Lugano

Classification

In recent years, several national and regional
guidelines have included PET/CT in the recom-
mended HL staging workup [55]. Recently, a
revision of the international recommendations
for staging and response assessment of lym-
phoma was published (the Lugano classification)
[37]. These recommendations are accompanied
by internationally accepted guidelines for the use
of imaging in lymphoma [19]. Both the imaging
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recommendations and the staging guidelines rec-
ommend PET/CT for routine staging and
response assessment of HL, and in patients with
PET/CT staging, routine BMB is discouraged,
based on the data presented above. The Lugano
classification has abandoned the use of B symp-
toms (fever, night sweats, weight loss) as signs of
disseminated disease in NHL, since these consti-
tutional symptoms do not confer an unfavorable
outcome according to the different NHL prog-
nostic indices [56-58]. However, since the pres-
ence of one or more B symptoms is a prognostic
factor in HL which still plays a role in treatment
allocation, HL patients continue to be catego-
rized into stages [-IV (primarily according to
PET/CT) and with the suffix A or B (with or
without B symptoms). In the imaging recommen-
dations it is acknowledged that a 4-point staging
classification is a rather crude representation of
the modern, advanced imaging methods. Modern
CT and PET methodology allows for advanced
quantification of both anatomical and metabolic
image information, and it is encouraged to
explore the value of such quantitative measures
in the near future. In a few years, the disease
stage may very well be expressed as a precise
volume and a metabolic intensity rather than as a
number on a four-step scale.
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