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Background
The value of performing post-therapy routine surveillance imaging in patients with Hodgkin
lymphoma is controversial. This study evaluates the utility of positron emission
tomography/computed tomography using 2-[18F]fluoro-2-deoxyglucose for this purpose and in
situations with suspected lymphoma relapse.  

Design and Methods
We conducted a multicenter retrospective study. Patients with newly diagnosed Hodgkin lym-
phoma achieving at least a partial remission on first-line therapy were eligible if they received
positron emission tomography/computed tomography surveillance during follow-up. Two
types of imaging surveillance were analyzed: “routine” when patients showed no signs of
relapse at referral to positron emission tomography/computed tomography, and “clinically indi-
cated” when recurrence was suspected. 

Results
A total of 211 routine and 88 clinically indicated positron emission tomography/computed
tomography studies were performed in 161 patients. In ten of 22 patients with recurrence of
Hodgkin lymphoma, routine imaging surveillance was the primary tool for the diagnosis of the
relapse. Extranodal disease, interim positron emission tomography-positive lesions and
positron emission tomography activity at response evaluation were all associated with a
positron emission tomography/computed tomography-diagnosed preclinical relapse. The true
positive rates of routine and clinically indicated imaging were 5% and 13%, respectively
(P=0.02). The overall positive predictive value and negative predictive value of positron emis-
sion tomography/computed tomography were 28% and 100%, respectively. The estimated
cost per routine imaging diagnosed relapse was US$ 50,778.  

Conclusions
Negative positron emission tomography/computed tomography reliably rules out a relapse.
The high false positive rate is, however, an important limitation and a confirmatory biopsy is
mandatory for the diagnosis of a relapse. With no proven survival benefit for patients with a
pre-clinically diagnosed relapse, the high costs and low positive predictive value make positron
emission tomography/computed tomography unsuitable for routine surveillance of patients
with Hodgkin lymphoma.
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ABSTRACT



Introduction

The introduction of multi-agent chemotherapy has pro-
foundly changed the prognosis of patients with Hodgkin
lymphoma (HL) who can now achieve long-term survival
even when they present with advanced stage disease.1
Nevertheless, with current first-line therapies, 20-35% of
patients with advanced stage disease and 10-15% of
patients with early stage disease relapse after initial thera-
py.2-4 The report generated at the Cotswolds meeting in
1989 encourages frequent follow-up visits during the initial
years of follow-up, but does not provide specific guidelines
for the use of routine surveillance imaging.5
Conclusions from previous studies support a restrictive

use of routine surveillance imaging, as the majority of
relapses are preceded by symptoms or abnormalities on
clinical examination, but these studies mainly used conven-
tional radiograms and not whole-body computed tomogra-
phy (CT), which is now more commonly performed.6,7
Routine CT surveillance, however, also appears to have lim-
ited value; in a study by Dryver et al., only 9% of HL relaps-
es were diagnosed by CT.8 Besides, CT surveillance is prob-
ably not cost-effective and could decrease quality of life
mainly by increasing patients’ anxiety.9,10 Thus, the exten-
sive use of routine surveillance imaging for HL patients
remains controversial, with no international consensus. 
Positron emission tomography using 2-[18F] fluoro-2-

deoxyglucose (PET) visualizes patterns of glucose metabo-
lism in the body and enhances discrimination between
active lymphoma and fibrotic residual masses.11,12 The dis-
criminating power could be important during follow-up as
a residual mass often persists after therapy.13 The image
resolution of stand-alone PET is, however, limited and dif-
ferentiating pathological from physiological glucose
metabolism can be difficult.14 This problem has been part-
ly overcome by integrating PET and the anatomic details
of CT in a single procedure (PET/CT).15,16 At present,
PET/CT is widely used in the pre-therapy staging and
response evaluation of HL, but its role during post-therapy
disease surveillance has not been established.17
The aim of this retrospective study was to investigate

the value of PET/CT surveillance during the follow-up of
HL patients in first remission.

Design and Methods

Patients 
This was a multicenter, retrospective study. The medical

records of HL patients diagnosed at Rigshospitalet during the peri-
od 2000-2010, Odense University Hospital during the period
2003-2009 and Aalborg Hospital during the period 2003-2010
were reviewed. Patients who were previously untreated, had
achieved at least a partial remission on first-line therapy and in
whom PET/CT surveillance had been used during follow-up were
eligible for inclusion. Information on the patients’ characteristics,
disease features, relapse details and PET/CT indications were
obtained from medical records. PET/CT results were obtained
from radiology/nuclear medicine files. 

Positron emission tomography/computed tomography
classification, interpretation and protocol
Surveillance PET/CT were categorized according to indication

as “routine PET/CT” when patients were considered to be in

remission at the time of referral and “clinically indicated PET/CT”
when the referring physician suspected a relapse due to reported
symptoms, palpation findings, abnormalities on other imaging
investigations or blood test results.
During 2006-2010, a subgroup of 43 consecutive HL patients

from Aalborg Hospital was scheduled for three or four routine
PET/CT surveys during the first 2 years of follow-up as this was
local practice. The remaining patients underwent PET/CT surveil-
lance at the treating doctor’s discretion. 
The PET/CT scans had either been performed as PET with low-

dose CT occasionally followed by a separate high quality diagnos-
tic CT, or as PET/CT with enhanced, high quality diagnostic CT
included in the scanning protocol. This study is based on a review
of the PET/CT reports and no central review of PET/CT images
was performed. However, all participating centers are serviced by
PET/CT readers highly experienced in lymphoma imaging.
PET/CT studies had been assessed visually with PET-activity in
the mediastinal blood pool as the reference.
True positive PET/CT were defined by biopsy verified HL

relapse. PET/CT suggesting HL relapse, but disproved by biopsy
or by repeated imaging or follow-up were considered false posi-
tive. True and false negative PET/CT were defined as continuous
remission 2 months after a negative PET/CT, and relapse within 2
months after a negative PET/CT, respectively. PET/CT lesions
were categorized by localization as follows: “area infiltrated by
HL” if lesions were localized in a previously HL infiltrated area in
contrast to “area unaffected by HL”. In addition, PET/CT with
concordant PET and CT pathology were recorded. 

Statistical analysis
The primary end-points of this study were the predictive values

of surveillance PET/CT. We report median values and range for
continuous variables and percentages for categorical values.
Follow-up time was defined from therapy response assessment
until relapse, death, or last follow-up, whichever came first.
Differences between categorical values were tested with Fisher’s
exact test. The health care cost calculations were based on the tar-
iffs in the Danish Diagnosis Related Grouping System (DRG).18

The 2011 cost of a PET/CT was estimated to be US$ 2,418. 
All data analyses were performed using the statistical software

package PASW 18.0 (SPSS Inc., Chicago, IL, USA). The study was
approved by the Danish Data Protection Authority. 

Results

A total of 161 patients were included (Table 1) and 299
surveillance PET/CT were performed for an average of 1.9
PET/CT per patient. The PET/CT were performed during
the first year of follow-up (47%), the second year (27%),
the third year (14%) and the fourth year or later (12%).
PET/CT results as a function of time after response evalu-
ation are shown in Figures 1 and 2.
There were 21 true positive PET/CT and 55 false posi-

tive PET/CT. The characteristics of true positive versus
false positive PET/CT are shown in Table 2. PET/CT sur-
veillance diagnosed malignant disease other than HL in
two patients (gastric adenocarcinoma and enteropathy-
associated T-cell lymphoma).
Twenty-two patients relapsed during a median follow-

up of 34 months (range, 2-96 months). The primary meth-
ods for diagnosing relapse were routine PET/CT (n=10),
physical examination/reported symptoms/blood tests
(n=9), other routine imaging (n=2) and autopsy (n=1). 
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Routine positron emission tomography/computed
tomography
A total of 211 PET/CT were performed as “routine

PET/CT” of which 165 showed continuous remission and
46 showed possible HL relapse. Biopsy confirmed the HL
relapse in ten patients, all of whom subsequently received
second-line therapy. Thus, the true positive rate of routine
PET/CT was 5%. In the remaining 36 positive routine
PET/CT, relapse was disproved by biopsy (n=11),
other/repeated imaging (n=12) or clinical course (n=13):
thus, the false positive rate of routine PET/CT was 17%.
The sensitivity and specificity of routine PET/CT surveil-
lance was 100% and 82%, respectively. The positive pre-
dictive value (PPV) of routine PET/CT surveillance was
22%, while its negative predictive value (NPV) was 100%
(Table 3). The false positive rate of routine PET/CT was
higher (45%) in patients with the nodular lymphocyte
predominant subtype of HL than in patients with other
subtypes (P=0.02).
Patients who had a relapse diagnosed as a result of rou-

tine PET/CT were more likely to have the following char-
acteristics at primary disease: extranodal disease, PET-pos-
itive interim/mid-treatment scans and residual PET activi-
ty after completing treatment (partial remission) com-
pared to the remaining routine PET/CT scanned patients
(Table 4). Forty-six of the routine PET/CT-scanned
patients had one or more of these risk factors and under-
went a total of 77 routine PET/CT (average 1.7 per
patient), of which nine scans were true positive and 16
scans were false positive, i.e. a PPV of 36%. For the

remaining patients without these risk factors the PPV of
routine PET/CT was 5% (P=0.01 for the difference).
Four relapses occurred in the cohort of 43 patients from

Aalborg Hospital who underwent systematic routine
PET/CT surveillance. All relapses were diagnosed by rou-
tine PET/CT within 7 months of response assessment in

PET/CT surveillance in Hodgkin lymphoma
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Table 1. Patients’ characteristics.

Median age  (years) 36 (range 15-80)
Sex (male:female ratio) 0.89
Subtype of Hodgkin lymphoma 

Classical Hodgkin lymphoma 95%
Nodular lymphocyte predominant 4%
Unspecified 1%

Clinical Ann Arbor stage 
Stage I-II 50%
Stage III-IV 50%

Extranodal disease 24%
B-symptoms at diagnosis 58%
Risk group (German Hodgkin Study Group)

Early stage 24%
Intermediate stage 18%
Advanced stage 58%

First-line therapy
Chemotherapy alone 48%
Radiotherapy alone 3%
Combined radio- and chemotherapy 49%

Median follow-up (days) 1012 (59-2731)
Pre-therapy PET/CT  77%
Interim/mid-treatment PET/CT 

PET negative 50%
PET positive 14%
No interim/mid-treatment PET/CT 36%

Post-therapy PET/CT 
PET negative 75%
PET positive 19%
No post-therapy PET/CT 6%

Figure 1. Results of “routine” PET/CT as a function of time from
response evaluation.

Figure 2. Results of “clinically indicated” PET/CT as a function of
time from response evaluation.
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patients with advanced stage disease. Two of these
patients were PET-positive at the interim/mid-treatment
survey, with one of them continuing to have residual PET
activity at response assessment. However, three of the
four patients who relapsed were PET-negative at the end
of therapy.

Clinically indicated positron emission 
tomography/computed tomography
A total of 88 “clinically indicated” PET/CT were per-

formed due to reported symptoms (n=38), abnormalities
on clinical examination (n=14), abnormal blood tests
(n=7), abnormalities on other imaging studies (n=20) or a
combination (n=9). Fifty-eight PET/CT showed continu-
ous remission, while 30 were reported as possible HL
relapse. HL recurrences were diagnosed in 11 patients, for
a true positive rate of 13%. In the remaining 19 instances
of positive PET/CT, relapses were disproven by biopsy
(n=10), other/repeated imaging (n=3) or clinical course
(n=6), for a false positive rate of 22%. The sensitivity and
specificity of clinically indicated PET/CT were 100% and
75%, respectively, while the PPV and NPV of clinically
indicated PET/CT were 37% and 100%, respectively
(Table 3). 

Health-care costs of positron emission
tomography/computed tomography surveillance
The estimated price per routine PET/CT-diagnosed

relapse was US$ 50,778 (21 PET/CT per relapse), but the
price was reduced to US$ 21,762 if routine PET/CT sur-
veillance had been restricted to patients with extranodal
disease at presentation, PET-positive interim/mid-treat-
ment scan and/or residual PET activity after completing
treatment (9 PET/CT per relapse). The price per PET/CT-
confirmed relapse in patients with suspected HL relapse
was US$ 19,344 (8 PET/CT per relapse). 

Discussion

This retrospective study investigated the value of
PET/CT surveillance in 161 HL patients in first remission.
Detailed information was available from medical records
and only for five patients were we unable to retrieve the
medical records. Important limitations of the study are its
retrospective design and the absence of uniform PET/CT
surveillance guidelines among the three participating
hematology centers. High-risk patients could have been
more likely to undergo repeated routine PET/CT which
would increase the chance of diagnosing an imminent
relapse with surveillance imaging. However, the average
numbers of PET/CT per patient with advanced stage dis-
ease and patients with early/intermediate stage disease
were almost balanced (1.9 versus 1.7). As the vast majority

of included PET/CT scans were performed as “routine”
surveys, this study mainly evaluates the efficacy of routine
PET/CT surveillance in HL.
Routine PET/CT surveillance diagnosed 45% of relapses

at an asymptomatic stage in our cohort and all relapses in
the subgroup of 43 patients undergoing systematic
PET/CT surveillance were diagnosed by PET/CT. Thus,
the yield of routine PET/CT surveillance was higher than
expected from previous results based on non-PET imag-
ing, but still consistent with other studies including PET or
PET/CT surveillance.19-24 The ability of PET/CT to visual-
ize the inflammatory component of HL could at least par-
tially explain the larger relapse fraction diagnosed by sur-
veillance imaging in PET or PET/CT studies. 
FDG-avid lesions were present in all patients diagnosed

with HL relapse alive, which resulted in a sensitivity of
100%. Similar sensitivities between 95-100% have been
reported by other authors.24-26 The combination of high
sensitivity and a NPV of 99 –100% makes PET or PET/CT
ideal for studying a suspected HL relapse as it seems to
effectively disprove a relapse and to make further investi-
gations unnecessary.25,26
A major limitation of PET/CT surveillance in our study

was the high false positive rate and an accordingly low
PPV of 22-37% (depending on the PET/CT indication).
The PPV in other PET or PET/CT follow-up studies ranged

Table 2. Characteristics of true positive versus false positive PET/CT.
PET/CT characteristics True positive False positive

PET/CT PET/CT

Concordant PET and CT pathology 76% 58%
PET/CT lesions at a site previously infiltrated by HL* 100% 65%
Performed within the first year of follow-up* 71% 42%
Performed in a patient with a suspected HL relapse 52% 36%
*P<0.05 for difference between characteristics of true versus false positive PET/CT.

Table 3. Characteristics of routine PET/CT versus clinically indicated
PET/CT. 

Routine PET/CT Clinically indicated PET/CT

Sensitivity 100% 100%
Specificity 82% 75%
Positive predictive value 22% 37%
Negative predictive value 100% 100%
True positive rate* 5% 13%
False positive rate 17% 22%

*P<0.05 for the difference between routine PET/CT and clinically indicated PET/CT.

Table 4. Characteristics of patients with a routine PET/CT-diagnosed
relapse.
Patient characteristics Relapse patients Non-relapse 

diagnosed  patients
by routine undergoing routine 
PET/CT PET/CT surveillance

Male sex 60% 41%
Extranodal disease* 60% 21%
Age ≥ 45 years 20% 33%
Ann Arbor stage III-IV 80% 50%
Advanced stage disease± 90% 58%
Interim/mid-treatment PET positive†* 56% 20%
Residual PET activity after treatment†* 60% 17%
Average number of follow-up 
PET/CT per patient 1.3 2.3

*P<0.05 for difference between patients with routine PET/CT diagnosed relapse versus
no relapse. †Patients not undergoing interim/mid-treatment or response assessment
with PET/CT were excluded. ±Advanced stage disease according to the German
Hodgkin Study Group definition of early, intermediate and advanced stage disease.
Advanced stage disease includes Ann Arbor stage III-IV and stage IIB with extranodal
disease and/or mediastinal bulky disease.

t.C. el-galaly et al.

934 haematologica | 2012; 97(6)



from 11% to 98 % with the highest value reported by
Petraush et al.19-20,23-26 High PPV are obtainable by a high
threshold for referral to PET/CT or by restrictive reporting
of positive PET/CT. Accordingly, Zinzani et al. and Levine
et al. used a distinct category for equivocal/inconclusive
positive PET or PET/CT.21,25 In daily clinical practice, how-
ever, the value of such an indeterminate category is uncer-
tain, as it would possibly generate further investigations
and anxiety in patients, like “unequivocally” positive
PET/CT. The higher false positive rate of routine PET/CT
studies in patients with the nodular lymphocyte predom-
inant  subtype of HL might reflect the potentially waxing
and waning course of this subtype of HL without any of
the patients with nodular lymphocyte predominant HL
experiencing a clinical relapse during follow-up. 
Besides hazardous biopsy procedures and expensive

supplementary imaging, false positive PET/CT are accom-
panied by periods of anxiety for affected patients. A cost-
benefit analysis by Guadagnolo et al. postulated that sur-
veillance CT could decrease the quality of life for some HL
patients due to false positive results.9 Furthermore, it was
shown by Thomson et al. that the period around surveil-
lance imaging exacerbated anxiety symptoms and fear of
recurrence in survivors of aggressive lymphoma.10 Thus,
surveillance imaging could actually increase uncertainty
rather than have a reassuring effect. 
Identifying characteristics of true positive PET/CT,

whether routine or clinically indicated, could help to over-
come the problem of false positive reporting. Lee et al.
reported that lesions in previously involved HL sites as
well as concordant PET and CT pathology were more like-
ly to represent active HL.20 Inspired by this, we performed
a similar analysis and consistently found that patients
with true positive PET/CT always had lesions located in
areas previously infiltrated by HL, whereas this was only
the case for 65% of the false positive PET/CT. It is likely,
however, that some PET-positive findings located in sites
previously unaffected by HL would have been questioned
in a regular clinical situation in which correlation between
PET/CT results and present time clinical information is
possible (signs of infection, etc.). No association between
concordant PET/CT pathology and HL was observed, but
this could be due to the lower number of events in our
study. In agreement with Lee et al., we observed that true
positive PET/CT were more frequent in the first year of
follow-up, which is probably a reflection of the high risk
of relapse in this period. 
Considering predictive factors for a routine PET/CT-

diagnosed HL relapse, Zinzani et al. reported that PET-pos-
itive interim scans were predictive of later PET-diagnosed
relapses, while Petrausch et al. found that a residual mass
predicted PET/CT-diagnosed relapse.19,21 Not surprisingly,
we found extranodal disease, interim PET positivity and
residual PET positivity after treatment (partial remission)

to be associated with routine PET/CT-diagnosed relapses
in our study. Confining routine PET/CT surveillance to the
population of high-risk patients would have increased the
PPV to 36%.
HL is characterized by a peak onset in young age and

high cure rates compared to other cancers. Thus, the risk
of radiation-induced secondary malignancies from repeti-
tive surveillance imaging needs to be considered although
the carcinogenic effect of low-dose radiation is still contro-
versial.27 The CT components of the PET/CT surveys
included in our study consisted of both contrast-enhanced
and low-dose depending on the local PET/CT protocols.
Interestingly, a recent publication by Nakamoto et al. sug-
gests that PET/CT without contrast-enhanced CT is suffi-
cient for lymphoma surveillance and therefore the use of
PET/CT instead of CT surveillance could in fact reduce the
overall exposure to ionizing radiation in HL survivors.28
Attention to the health care costs of PET/CT surveillance

is commanded in a period in which massive budget prob-
lems in public health care systems are obvious across most
of Europe. The price per relapse diagnosed by routine
PET/CT was US$ 50,778, which was slightly more than the
US$ 38,736 – 48,757 reported by Lee et al.20 The total costs
of PET/CT surveillance are probably even higher because
of the numerous supplementary investigations performed
due to false positive PET/CT results. The indiscriminate use
of surveillance PET or PET/CT for all HL patients is not,
therefore, likely to be cost-effective. Restricting routine
PET/CT surveillance to patients with a high risk of having
a relapsed diagnosed by routine PET/CT would, however,
have reduced the costs substantially. 
This study adds to the existing evidence in showing that

PET/CT surveillance, both routine and clinically indicated,
is associated with low PPV and that routine PET/CT sur-
veillance has unacceptably high costs. However, the results
do indicate that routine PET/CT surveillance could be
more effective in diagnosing early relapse compared to pre-
viously used surveillance imaging. Indiscriminate use of
routine PET/CT surveillance is not efficacious and, if used
at all, it should be reserved for high-risk patients for a lim-
ited follow-up period. Finally, the use of expensive surveil-
lance imaging can only be justified if an early, preclinical
relapse diagnosis actually improves a patient’s outcome.
This issue remains to be resolved in prospective trials. 
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