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valuation of Therapy for Lymphoma
uy Jerusalem, MD, PhD,* Roland Hustinx, MD, PhD,† Yves Beguin, MD, PhD,* and
eorges Fillet, MD, PhD*

Positron emission tomography (PET) using 18F-fluorodeoxyglucose (18F-FDG) is the best
noninvasive imaging technique for to assess response in patients suffering from lymphoma.
Early response evaluation (“interim PET”) after one, a few cycles, or at midtreatment can
predict response, progression-free survival, and overall survival. We calculated from data
of 7 studies an overall sensitivity to predict treatment failure of 79%, a specificity of 92%,
a positive predictive value (PPV) of 90%, a negative predictive value (NPV) of 81%, and an
accuracy of 85%. Although it is not yet indicated to change patient management based on
residual 18F-FDG uptake on interim scan in chemotherapy-sensitive patients, prospective
studies evaluating the role of an interim PET in patient management clearly are warranted.
18F-FDG PET also has an important prognostic role in relapsing patients after reinduction
chemotherapy before high-dose chemotherapy (HCT) followed by autologous stem cell
transplantation (ASCT). However, all chemotherapy-sensitive patients remain candidates
for HCT followed by ASCT, even if 18F-FDG PET showed residual 18F-FDG uptake. We
calculated from data of 3 studies an overestimated risk of relapse in 16% of all PET-positive
patients. Some patients with residual 18F-FDG uptake will have a good outcome after HCT
followed by ASCT. 18F-FDG PET is the imaging technique of choice for end-of-treatment
evaluation. However, 18F-FDG is not specific for tumoral tissue. Active inflammatory lesions
and infectious processes can be falsely interpreted as malignant residual cells. However,
a negative 18F-FDG PET cannot exclude minimal residual disease. Consequently, it is
always indicated to correlate PET findings with clinical data, other imaging modalities,
and/or a biopsy. We calculated, from data of 17 studies in end-of-treatment evaluation, a
sensitivity of 76%, a specificity of 94%, a PPV of 82%, a NPV 92%, and an accuracy of 89%.
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atients suffering from Hodgkin’s disease (HD) or non-
Hodgkin’s lymphoma (NHL) can be cured by appropri-

te radiotherapy and/or chemotherapy. Long-term survival
ates are as high as 90% for subgroups of patients with HD
nd 50% for those with high-grade NHL. Relapsing patients
an be cured by second-line salvage treatments, including
ost times high-dose chemotherapy (HCT) followed by au-

ologous stem cell transplantation (ASCT). Accurate staging
nd restaging allows the optimal selection of treatment op-
ions. Shorter treatment cycles are the goal of ongoing re-
earch in a subgroup of low-risk patients in an attempt to
inimize side effects related to treatment. High-risk patients

r those with persisting disease after first-line therapy may
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enefit from more aggressive treatments. The assessment of
esponse to treatment is one of the most challenging aspects
n the imaging of patients suffering from lymphoma. It is
easonable to use salvage therapy at the time of minimal
esidual disease rather than at the time of a clinically overt
elapse. Furthermore, the earlier discontinuation of an un-
uccessful treatment would avoid the associated toxicity. The
resence of a residual mass during or after treatment is an

mportant clinical issue. Unfortunately, computed tomogra-
hy (CT) and magnetic resonance imaging (MRI) are unable
o differentiate residual disease from fibrosis.

Until recently, gallium-67 (67Ga) scintigraphy was the im-
ging technique of choice to assess response to treatment in
D and in high-grade NHL. However, it suffers from low

patial resolution and a lack of specificity. Its sensitivity is low
n infradiaphragmatic disease because of physiological up-
ake in the abdomen. Its limitations in low-grade NHL also
re well known. Moreover, a 67Ga scintigraphy should always
e performed before treatment to determine whether the in-
ividual patient has a gallium-avid lymphoma.1 Positron

mission tomography (PET) using 18F-fluorodeoxyglucose
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Evaluation of therapy for lymphoma 187
18F-FDG) is now widely used in the management of malig-
ant tumors including lymphoma.2 Despite the important
ole of 67Ga scintigraphy in response evaluation, it appears
ow that 18F-FDG PET is more sensitive for the detection of
odal and extranodal sites of disease.3-10 Furthermore, 18F-
DG PET also is considered to be more convenient than 67Ga
cintigraphy because a PET study can be performed 1 hour
fter the injection of 18F-FDG whereas the scintigraphy must
e performed several days after the administration of 67Ga.

8F-FDG PET is without any doubt the best noninvasive im-
ging technique for response assessment in patients suffering
rom lymphoma.

Consequently, it is very important to take into account the
hortcomings of 18F-FDG PET to avoid misinterpretation of
ET findings. Current 18F-FDG PET instrumentations have a
patial resolution of approximately 5 to 8 mm. Radiotracer
ptake in structures less than twice the spatial resolution of
he tomograph can be underestimated (� partial volume ef-
ect). There is also a risk of temporarily reduced metabolic
ctivity after chemotherapy. Early assessment of response is
erformed, whenever possible, the last day before or even the
ame day of a new cycle of chemotherapy. The best time for
nd of treatment evaluation remains unknown, but most in-
estigators suggest waiting at least 1 month after the last day
f chemotherapy and 3 months after the last dose of radio-
herapy. It is important to understand that 18F-FDG PET can
ever exclude minimal residual disease, even if the spatial
esolution of 18F-FDG PET improves in the future.11 It is not
ossible to decide to stop a treatment based only on a nega-
ive 18F-FDG PET. It may be indicated to repeat 18F-FDG PET
uring routine follow-up to overcome insecurities regarding
he potential of residual tumor at the end of treatment.12

esidual lymphoma also may be missed or its extent under-
stimated because the lymphoma is not 18F-FDG avid or has
ery low-grade uptake, but this is extremely uncommon.13-17

owever, positive findings on PET do not necessarily repre-
ent residual disease. Meticulous evaluation of PET images is
andatory to avoid false-positive PET findings associated
ith muscular tension or normal intestinal structures. Brown

at can avidly incorporate 18F-FDG, especially in lean pa-
ients.18 Physiological uptake can be misinterpreted, partic-
larly by an inexperienced observer. 18F-FDG is not a tumor-
pecific radiotracer because antiinflammatory cells, such as
ctivated macrophages, leukocytes or granulation tissues,
how 18F-FDG avidity. Therefore, active inflammatory le-
ions and infectious processes can be falsely interpreted as
alignant residual cells. Documented causes of false-positive

ET studies in response assessment of lymphoma patients are
hown in Table 1.19-43 A nuclear medicine physician experi-
nced in 18F-FDG PET interpretation often will be able to
ecognize patterns of uptake as being caused by benign pro-
esses. He or she also will be able to recognize when benign
annot be differentiated from malignant and, consequently,
hether further workup is indicated.

arly Response Evaluation
arly prediction of response to therapy could potentially
dentify those patients who will benefit most from stan- t
ard conventional therapy and those for whom alternative
reatment strategies might prove more effective. Previous
tudies have suggested that patients with a rapid response
o induction treatment based on conventional imaging
echniques are more likely to have a better and more du-
able response.44-46 However, tumor volume reduction
ased on radiological criteria is a late sign of effective
herapy, and an accurate definition of complete remission
s difficult when residual masses are observed. However,
ime to reach complete remission based on radiological
riteria is an imperfect indicator of the quality of response
ecause the degree of tumor reduction differs between
atients according to the size of initial masses, their site,
istology, and the type of treatment.47 Functional imaging
echniques, such as 67Ga scintigraphy, are very useful in
he monitoring of response to treatment. 67Ga scintigraphy
fter 1 cycle,48 2 cycles,49 2 to 5 cycles,48 or 4 to 6 cy-
les50,51 reliably predicts outcome in patients with lym-
homa.
However, Friedberg and coworkers7 showed that per-

istently positive 18F-FDG PET scans after 3 cycles of che-
otherapy have a higher sensitivity for the prediction of a

ubsequent relapse compared with 67Ga scintigraphy. Zi-
lstra and coworkers20 also found better test characteristics
better positive predictive value, negative predictive value,
nd interobserver agreement) for 18F-FDG PET compared
ith 67Ga scintigraphy in response evaluation after 2 cy-

les of polychemotherapy. A rapid decrease of 18F-FDG
ptake by tumoral tissue has been observed as early as 7
ays after the first administration of chemotherapy in pa-

able 1 Documented Causes of False-Positive 18F-FDG PET
tudies in Response Evaluation (Adapted from Jerusalem
nd Hustinx19)

Second primary20-22

Thyroid adenoma23

Rebound thymic hyperplasia23-28

Infectious process26

Toxoplasmosis29

Tuberculosis22

Pneumonia30

Radiotherapy induced pneumonia31,32

Inflammatory lung process23

Pleural inflammation33

Histiocytic reaction25,34

Benign follicular lymph node hyperplasia22,35

Unspecific lymphadenitis36

Granulomatous lymphadenitis26

Sarcoidosis and sarcoid-like reaction37

Epitheloid cell granuloma38

Eosinophilic granuloma39

Erythema nodosum40

Fracture at the site of lymphoma infiltration before
treatment30

Fistula41

Granulation tissue42

Non-viable scar tissue43
ients with NHL.52 The best timing for early response as-
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188 G. Jerusalem et al
essment remains unknown. Early response evaluation by
8F-FDG PET (“interim PET”) after one, a few cycles, or at
idtreatment can predict response, progression-free sur-

ival (PFS), and overall survival (OS) in lymphoma pa-
ients (Table 2).7,20,53-57 Most studies included only pa-
ients suffering from NHL,20,53,54,56 2 studies included a
ixed patient population,55,57 and 1 study included only
atients suffering from HD.7 Results in HD are very pre-

iminary because 181 of the 217 patients included in these
studies suffered from NHL. In one study,55 a dual-head

oincidence camera was used, whereas the others used
edicated PET systems. We calculate for PET an overall
ensitivity of 79%, a specificity of 92%, a positive predic-
ive value (PPV) of 90%, a negative predictive value (NPV)
f 81%, and an accuracy of 85% (Table 2).
Spaepen and coworkers56 showed that the predictive

alue of 18F-FDG PET is independent of conventional
rognostic factors before treatment (International Prog-
ostic Index: IPI). Kostakoglu and coworkers55 reported
hat PET findings obtained after the first cycle correlated
etter with PFS than 18F-FDG PET findings obtained after
ompletion of chemotherapy. Most studies are oversimpli-
ed by defining only 2 categories of patients, either with or
ithout residual 18F-FDG uptake in areas initially in-
olved by lymphoma. Mikhaeel and coworkers53 de-
cribed a third group of patients with minimal residual
ptake on interim PET defined as low-grade, just above
he background, in only one focus. The authors analyzed
hese patients together with PET-negative patients be-
ause they observed no relapse in all 4 patients presenting
inimal residual uptake. Semiquantitative studies may

e more appropriate but methodological problems re-
ain to be resolved.58 A rapid decrease of tumor size may

nfluence 18F-FDG uptake. Residual radioactivity concen-
ration in structures less than twice the spatial resolution
f the tomograph can be underestimated (partial volume
ffect). The use of SUV analysis also must take into ac-
ount the influence of different imaging times over
ultiple bed positions because 18F-FDG uptake in lym-

homa does not reach a plateau in the 3-hour postinjec-
ion time.

18F-FDG PET is the best noninvasive imaging technique
or early response evaluation (Figs. 1-3). At this time it
llows one to separate 2 categories of patients, either with
r without residual 18F-FDG uptake. However, 18F-FDG
ET is not a perfect indicator of response because some
ET-positive patients will have a good outcome (Fig. 4).
he probability that PET remains positive depends on the
ensitivity of the tomograph (smallest lesion that can be
etected), the biology of the tumor (more rapid response

n aggressive tumors), the tumor mass at diagnosis (tumor
hrinkage below the detection level, later in larger tu-
ors), the drugs used (impact of monoclonal antibodies

uch as rituximab), the dose-intensity of chemotherapy
more rapid regression if higher doses), and the interval
etween the last day of chemotherapy and 18F-FDG PET
risk of temporarily reduced metabolic activity early after
chemotherapy). Furthermore, Spaepen and coworkers59Ta
b
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igure 1 Stage IIA high-grade NHL in a 53-
ear-old patient. 18F-FDG PET performed
t diagnosis shows highly hypermetabolic
ymph nodes in the left axillary and cervi-
al areas (A, 3D projection image). PET
erformed after 3 courses of chemotherapy
hows a complete metabolic response (B,
D projection image). The patient is in
omplete clinical remission 6 months after
ompleting the treatment.
Figure 2 Diffuse large B-cell NHL in a 49-year-old patient. 18F-FDG PET performed at baseline shows several foci of
increased activity in the right cervical and infraclavicular areas, as well as in the spleen (arrows in A, 3D projection
image). 18F-FDG PET performed after completion of induction chemotherapy (4 courses) shows a normal distribution

of the tracer (B, 3D projection image). No relapse was observed (follow-up: 1 year).



190 G. Jerusalem et al
Figure 3 HD in a 56-year-old woman. 18F-FDG PET performed at baseline shows multiple foci of increased activity in
cervical and mediastinal areas as well as right hilar and lung infiltration (A, 3D projection image). 18F-FDG PET
performed after 2 cycles of polychemotherapy indicates residual 18F-FDG uptake in a right cervical lymph node (B, 3D

projection image). Treatment failure was observed at the end of treatment (C, 3D projection image).
Figure 4 High-grade gastric NHL in a 42-year-old man. In addition to the large gastric mass, 18F-FDG PET also shows
increased activity in a celiac node (A, 3D projection image). Even though the PET study performed 5 weeks later, early
on during treatment, showed complete remission (B, 3D projection image), a locoregional recurrence was observed 6

months later, as well as right para-aortic nodes (arrow in C, 3D projection image).



h
c
o
y
s
s
i
c

E
C
H
H
w
w
t
o
m
m
t
t
c
l
p
t
P
y
s
t
m
o
h
g

f
H
o
c
e
c
F
N
i
q
o

P
a
f
c
b
p
t
1

p

b
t
w
c
c
t
A
n
1

y
w
c
i
t
F
f
w
t
f
n

e
t
t
g
i
d
a
i
c
a
t
c
r
I

T
t

B
C
S
O 3% (4
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ave shown in a tumor mouse model that a transient in-
rease in inflammatory cells may result in overestimation
f the fraction of viable cancer cells. Consequently, it is not
et indicated to change patient management based on re-
idual 18F-FDG uptake on interim scan in chemotherapy-
ensitive patients. However, prospective studies evaluat-
ng the role of interim PET in patient management are
learly warranted.

valuation of
hemosensitivity Before
igh-Dose Chemotherapy

CT followed by ASCT is the treatment of choice for patients
ho relapse from NHL after conventional chemotherapy but
ho remain chemotherapy-sensitive.60 It is also the best

reatment option for most patients who suffer from relapsing
r progressive HD after standard treatment.61 18F-FDG PET
ay be able to better predict which chemosensitive patients
ight ultimately benefit from ASCT. Unfortunately, conven-

ional diagnostic methods are not very accurate for the selec-
ion of patients who would benefit from ASCT. In fact, half of
hemotherapy-sensitive patients suffering from NHL will re-
apse after ASCT, resulting in an overall survival in relapsed
atients of only 25% to 30% at 2 years.60 Table 3 summarizes
he results of 3 recent studies evaluating the role of 18F-FDG
ET after induction chemotherapy. We excluded from anal-
sis all 3 patients with treatment-related mortality. These 3
tudies, including either mostly41,62 or exclusively63 NHL pa-
ients, showed that 18F-FDG PET used after induction che-
otherapy is now the imaging technique of choice to predict

utcome after ASCT. False-negative 18F-FDG PET studies
ave been reported, in particular in follicular lymphoma of
rade 1 or with secondary transformation to grade 3.63

One can argue that the early identification of treatment
ailure has only minimal therapeutic consequences because
CT followed by ASCT is indicated in every case, as it is the
nly available therapeutic option. However, new therapeutic
oncepts, such as nonmyeloablative allogenic transplants, are
merging. 18F-FDG PET may allow a better identification of
andidates for more innovative approaches. However, 18F-
DG PET is not a perfect indicator of outcome. The PPV,
PV, and accuracy calculated from the 3 studies summarized

n Table 3 are, respectively, 84%, 83%, and 84%. Conse-
uently, not all patients with a negative PET have a favorable

able 3 Predictive Value of Whole-Body 18F-FDG PET After Re
ation

Authors

Median
Follow-Up
(Months) Sensitivity S

echerer et al41 13 100% (8/8) 7
remerius et al63 30 58% (7/12) 8
paepen et al62 50 90% (26/29) 8
verall 84% (41/49) 8
utcome and not all patients with a positive PET will relapse. A
atients with a negative PET after the reinduction chemother-
py have a better prognosis and are good candidates for HCT
ollowed by ASCT. However, it is not indicated to exclude
hemotherapy-sensitive PET-positive patients from ASCT
ased on an overestimated risk of relapse in 16% of all PET-
ositive patients. Some patients with residual 18F-FDG up-
ake will have a good outcome after HCT followed by ASCT.
8F-FDG PET provides additional informations when com-
ared with the IPI63 or with the age-adjusted IPI.41

Spaepen and coworkers62 reported that 18F-FDG PET
efore transplantation is even a stronger prognostic factor
han IPI. The standard uptake values (SUVs) in patients
ith a later relapse are higher than in patients remaining in

linical complete remission.41 There is also only a signifi-
ant decrease of SUV after induction chemotherapy in pa-
ients who reached a clinical complete remission after
SCT.41 However, semiquantitative sequential studies add
o useful prognostic information compared with a single

8F-FDG PET study (even without semiquantitative anal-
sis) realized at the end of treatment. Cremerius and co-
orkers63 suggested that sequential 18F-FDG PET after 3

ycles and before HCT is indicated for response evaluation
n patients undergoing 5 to 7 courses of induction chemo-
herapy. However, when the analysis was restricted to 18F-
DG PET findings after induction chemotherapy and be-
ore HCT, similar results were obtained: 5 of 15 patients
ith a negative PET relapsed compared with 7 of 9 pa-

ients with a positive PET (data included in Table 3). Un-
ortunately, this easier and less-expensive approach was
ot discussed by the authors.
The prognostic value of 18F-FDG PET is higher at the

nd of induction chemotherapy than after transplanta-
ion.63 The sensitivity and NPV is lower after transplanta-
ion probably because of a transient reduction of tumoral
lucose metabolism shortly after intense therapy. Interest-
ngly, a similar prognostic value also was not obtained
uring the early phase of induction therapy. Cremerius
nd coworkers63 showed that only a sustained response to
nduction therapy is predictive of more favorable out-
ome. In contrast, sequential PET studies at baseline and
fter 3 of 5 to 7 cycles of induction therapy were not able
o predict outcome. The results reported by Schot and
oworkers64 in early response evaluation after 2 cycles of
einduction chemotherapy also are rather disappointing.
f the analysis is restricted to patients who really undergo

tion Chemotherapy Before Autologous Stem Cell Transplan-

city

Positive
Predictive

Value

Negative
Predictive

Value Accuracy

/7) 80% (8/10) 100% (5/5) 87% (13/15)
0/12) 78% (7/9) 67% (10/15) 71% (17/24)
5/29) 87% (26/30) 89% (25/28) 88% (51/58)
0/48) 84% (41/49) 83% (40/48) 84% (81/97)
induc

pecifi

1% (5
3% (1
6% (2
SCT, they observed a sensitivity of 72% (13/18), a spec-
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192 G. Jerusalem et al
ficity of 48% (10/21), a PPV of 54% (13/24), a NPV of
7% (10/15), and an accuracy of 59% (23/39). The accu-
acy is improved to 65% if the 7 patients who were not
ransplanted are included in the analysis. Finally, Filmont
nd coworkers65 reported more encouraging results. They
bserved that 18F-FDG PET performed 2 to 5 weeks after
he initiation of salvage chemotherapy can be used to pre-
ict outcome of patients suffering from lymphoma with
igh accuracy. Seven of 8 patients with a negative PET
emained in complete remission, and 11 of 12 patients
ith a positive 18F-FDG PET relapsed after ASCT.
In our opinion, at this time, 18F-FDG PET has only an

mportant prognostic role in the pretransplantation evalua-
ion of patients with lymphoma. It is not yet indicated to
hange the management of chemotherapy-sensitive patients
ased on 18F-FDG PET. All chemotherapy-sensitive patients
re candidates for HCT followed by ASCT, even if the 18F-
DG PET scan remains positive after induction chemother-
py. An important challenge for the future is the develop-
ent of successful treatment strategies for chemotherapy-

efractory patients. These patients may benefit from more
xperimental treatment options in an ultimate attempt to
vercome the poor clinical outcome.

valuation After
ompletion of Chemotherapy
nd/or Radiotherapy
chieving a complete remission is a major objective in pa-

ients with HD or NHL because it usually is associated with a
onger progression-free survival than a partial remission.66

owever, in as many as 64% of all HD cases67,68 and in 30%
o 60% of all NHL cases,69 computed tomography or mag-
etic resonance imaging show abnormalities during restag-

ng. Residual masses are observed more frequently in patients
ith an aggressive NHL and a large tumor mass at diagnosis

nd in patients suffering from scleronodular HD. Unfortu-
ately, conventional imaging cannot differentiate between
enign fibrous tissue, an inflammatory process, or persistent
alignant disease. Only a maximum of 20% of residual

able 4 Predictive Value of Whole-Body 18F-FDG PET for Post-
erusalem and Hustinx19)

Authors

Median
Follow-Up
(Months) Sensitivity Spe

e Wit et al30 14 100% (12/12) 77%
erusalem et al11 23 43% (6/14) 100%
inzani et al75 20 93% (13/14) 100%
angerter et al24 31 71% (5/7) 86%
ikhaeel et al76 38 80% (8/10) 95%
aumann et al43 35 71% (5/7) 94%
inzani et al35 12 100% (14/14) 97%
oo et al77 26 57% (4/7) 100%
verall 79% (67/85) 94%
asses at the completion of treatment are reported to be n
ositive for lymphoma on biopsy and will eventually re-
apse.70-74 If the tumor is easily accessible, such as an enlarged
eripheral lymph node, the questionable lesion should be
xcised and histologically analyzed. In other localizations, it
s much more difficult to perform the biopsy. For example, a

ediastinal tumor can only be biopsied by mediastinoscopy
r open thoracic surgery. This procedure is associated with
ome morbidity and a high failure rate for a pathological
iagnosis because of the relative small amount of tissue that
an be resected.

Therefore, functional imaging techniques are of great
nterest in this situation. 67Ga scintigraphy has become a
tandard procedure to assess remission and the nature of
esidual masses.71 However, its sensitivity for staging lym-
homa varies with the localization, the size, and the cell
ype of the lesion. Recent studies indicate the high accu-
acy of 18F-FDG PET for end-of-treatment response assess-
ent.7,11,24-26,30,33,35,36,53,75-80 Two studies compare directly

8F-FDG PET and 67Ga scintigraphy.7,77 Friedberg and co-
orkers7 found a sensitivity of 80% for 18F-FDG PET com-
ared with 40% for 67Ga scintigraphy. Foo and cowork-
rs77 observed that 18F-FDG PET has superior accuracy in
taging and restaging compared with gallium scans. The
PV of PET and gallium scans for relapse given a residual
ass were 100% and 0%, respectively. The NPV was 76%

nd 70%, respectively. 18F-FDG PET is now considered
he noninvasive imaging technique of choice for the detec-
ion of residual disease after treatment. According to the
linical situation, it allows either directed biopsies to be
erformed or further treatment to be administered. A pos-

tive 18F-FDG PET study after treatment is related in most
atients to residual tumor cells accumulating the radio-
racer.

However, 18F-FDG uptake is not specific for tumoral tis-
ue. In particular, when abnormal 18F-FDG uptake is ob-
erved outside the initially involved sites, infectious or in-
ammatory lesions have to be excluded. Consequently, it is
lways indicated to correlate PET findings with clinical data,
ther imaging modalities, and/or a biopsy before starting sal-
age therapy. However, a negative 18F-FDG PET study can-

ent Evaluation in a Mixed Patient Population (Adapted from

y

Positive
Predictive

Value

Negative
Predictive

Value Accuracy

) 70% (12/17) 100% (17/17) 85% (29/34)
) 100% (6/6) 83% (40/48) 85% (46/54)
) 100% (13/13) 97% (30/31) 98% (43/44)
) 56% (5/9) 93% (25/27) 83% (30/36)
) 89% (8/9) 91% (21/23) 91% (29/32)
) 62% (5/8) 96% (48/50) 91% (53/58)
) 87% (14/16) 100% (59/59) 97% (73/75)
) 100% (4/4) 85% (17/20) 87% (21/24)
72) 82% (67/82) 93% (257/275) 91% (324/357)
Treatm

cificit

(17/22
(40/40
(30/30
(25/29
(21/22
(48/51
(59/61
(17/17
ot exclude minimal residual disease leading later to a clini-
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al relapse. Tables 4 through 6 summarize the predictive
alue of whole-body PET in the end of treatment evaluation
s reported in selected papers written in English. We are
ware of the limitations of these studies. Patient populations
ere small and most times very heterogenous. The natural
istory of low-grade and high-grade NHL is very different,
ut all patients were analyzed together in some studies. The
ollow-up time also is a critical factor. However, these studies
ive us useful informations about the value of 18F-FDG PET
n the end of treatment evaluation. In a mixed population of
57 patients (HD: 174, NHL: 18311,24,30,35,43,75-77 we calcu-

ated an overall sensitivity of 79%, a specificity of 94%, a PPV
f 82%, a NPV of 93%, and an accuracy of 91%. Three arti-
les31,81,82 were not included because only the region of in-
erest (residual mass) instead of the whole-body was studied
y 18F-FDG PET in most patients.
Lavely and coworkers83 reported only PET findings in the

reas initially involved by lymphoma. Furthermore, 12 of 40
atients received radiotherapy after 18F-FDG PET, potentially

nfluencing outcome, explaining why this study was not in-
luded in Table 4. In a selected group of 257 patients suffer-
ng from HD (Table 5),7,25,26,33,36,78,79 we calculated a sensi-
ivity of 80%, a specificity of 91%, a PPV of 74%, a NPV of
3%, and an accuracy of 88%. Two articles23,84 were not

ncluded because some patients underwent 18F-FDG PET
everal times. Two studies included only patients with NHL
Table 6).53,80 We calculated a sensitivity of 67%, a specificity
f 100%, a PPV of 100%, a NPV of 83%, and an accuracy of
8% for this group of patients. Finally, we found for all pa-
ients included in Table 4 to 6 a sensitivity of 76% (154/202),
specificity of 94% (517/550), a PPV of 82% (154/187), a
PV of 92% (517/565), and an accuracy of 89% (671/752).

n an update of our results presented at the ASCO meeting in
003,21 we found a sensitivity of 33% (1/3), a specificity of

able 5 Predictive Value of Whole-Body 18F-FDG PET for Pos

Authors

Median
Follow-Up
(Months) Sensitivity Sp

e Wit et al33 26 100% (10/10) 78
ittmann et al36 6 87% (7/8) 94
paepen et al78 32 50% (5/10) 100
eihrauch et al25 28 67% (6/9) 80
uay et al79 16 79% (11/14) 97
riedberg et al7 24 80% (4/5) 85
anizo et al26 28 100% (9/9) 85
verall 80% (52/65) 91

able 6 Predictive Value of Whole-Body 18F-FDG PET for P
ustinx19)

Authors

Median
Follow-Up
(Months) Sensitivity Spe

ikhaeel et al53 30 60% (9/15) 100%
paepen et al80 21 70% (26/37) 100%

verall 67% (35/52) 100% (86/8
4% (34/36), a PPV of 33% (1/3), a NPV of 94% (34/36), and
n accuracy of 90% (35/39) in HD. We observed a sensitivity
f 48% (11/23), a specificity of 96% (44/46), a PPV of 85%
11/13), a NPV of 79% (44/56), and an accuracy of 80%
55/69) in NHL.

We explain the differences observed in our experience
nd in the literature according to histologic subtypes by
he better prognosis in HD. Because a relapse is a rare
vent in HD, the impact of a false-positive PET on the PPV
s more important in HD than in NHL. However, the NPV
s lower in NHL than in HD. In fact, the risk of relapse is

ore important in patients with NHL, and PET cannot
xclude minimal residual disease. The predictive value of
elapse depends not only on histologic subtype but also on
he initial prognostic factors. The PPV will be higher and
he NPV will be lower in a study population including
ore high-risk patients. Cremerius and coworkers85 ob-

erved a NPV of 90% in moderate-risk patients compared
ith 50% to 67% in high-risk patients. Patient selection

riteria also have an impact on the results. Inclusion of
atients with known or highly suspected relapse will im-
rove the PPV. However, 18F-FDG PET is only clinically
seful if relapse is not definitively known before the pa-
ient undergoes the functional imaging studies. Short fol-
ow-up will be in favor of a better NPV. To allow compar-
son between studies, it may be indicated to report
-month and 1-year progression-free survival data. Most
tudies are oversimplified by reporting only positive or
egative PET findings. However, in routine practice, it is
ot unusual to be confronted with questionable findings.
nly 2 studies discussed this issue.43,85 Both studies found
higher accuracy if questionable lesions are analyzed as
egative findings. We have some doubt in our center that
ccuracy is the most important issue. From a clinical point

tment Evaluation in HD (Adapted from Jerusalem et al19,87)

city

Positive
Predictive

Value

Negative
Predictive

Value Accuracy

23) 67% (10/15) 100% (18/18) 85% (28/33)
18) 87% (7/8) 94% (17/18) 92% (24/26)
50) 100% (5/5) 91% (50/55) 92% (55/60)
20) 60% (6/10) 84% (16/19) 76% (22/29)
34) 92% (11/12) 92% (33/36) 92% (44/48)
27) 50% (4/8) 96% (23/24) 84% (27/32)
20) 75% (9/12) 100% (17/17) 90% (26/29)
/192) 74% (52/70) 93% (174/187) 88% (226/257)

eatment Evaluation in NHL (Adapted from Jerusalem and

ty

Positive
Predictive

Value

Negative
Predictive

Value Accuracy

0) 100% (9/9) 83% (30/36) 87% (39/45)
6) 100% (26/26) 84% (56/67) 88% (82/93)
t-Trea

ecifi

% (18/
% (17/
% (50/
% (16/
% (33/
% (23/
% (17/
ost-Tr

cifici

(30/3
(56/5
6) 100% (35/35) 83% (86/103) 88% (121/138)
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f view we are in favor of a more sensitive interpretation,
llowing earlier salvage therapy in the case of residual
isease. To improve specificity we correlate in a second
ime our findings with clinical informations and other im-
ging modalities encouraging also, whenever possible, a
ultidisciplinary interpretation.

esponse Assessment
fter Radioimmunotherapy (RIT)

IT is a new treatment option in NHL. The antitumor mech-
nism is based on immunologic effects and radiation damage.
orizuka and coworkers86 showed in a small study popula-

ion (14 low- or intermediate-grade NHL) that 18F-FDG PET
ndings obtained 1 to 2 months after RIT correlated well with
he ultimate best response of NHL to RIT. In contrast, earlier
8F-FDG PET findings 5 to 7 days after RIT may fail to reliably
ssess the long-term therapeutic effect. Further studies are
learly warranted before using 18F-FDG PET routinely for
onitoring response to RIT.
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