
Interim PET in Hodgkin Lymphoma: Is It So
Useless?

TO THE EDITOR: We read with interest the above letter from
Adams and Kwee when it was published online ahead of print, and

we think it important to comment on the strong and recognized
impact of interim PET in the management of Hodgkin lymphoma.
More than 2,000 patients with advanced disease were included in 3
well-designed prospective trials, in which patients who—after 2 cycles
of ABVD (doxorubicin, bleomycin, vinblastine, dacarbazine)—were
PET-positive (Deauville score $ 4) were escalated to BEACOPP
(bleomycin, etoposide, adriamycin, cyclophosphamide, vincris-

tine, procarbazine, and prednisone) whereas those who were
PET-negative continued with the standard regimen (4 cycles of
ABVD) (1–3). The PET positivity rate using this Deauville score
as the cutoff was similar across these 3 studies, as was the out-
come of both PET-positive and PET-negative patients. The study
of the Southwest Oncology Group (1) enrolled 336 patients, 18%
of whom were PET-positive. The “Response Adapted Therapy in
Advanced Hodgkin Lymphoma” study (2) enrolled 1,119 patients,

25% of whom were PET-positive. The Italian GITIL/FIL HD0607
trial (3) enrolled 773 patients, 19% of whom were PET-positive.
Overall, the 2-y progression-free survival of the PET-positive pa-
tients ranged between 64% and 67%. PET-negative patients who
followed the standard regimen had a 2-y progression-free survival
ranging between 82% and 89%, higher than the progression-free
survival of the whole population.
A major advantage of this strategy is that PET-negative patients

(.80% of the total population) can be spared from the adverse
effects of BEACOPP. As pointed out by Adams and Kwee, none
of the interim 18F-FDG PET/CT–adapted trials that have been per-
formed so far had a control arm; that is, none continued standard
ABVD in PET-positive patients. Apart from the fact that this arm

would have been ethically difficult to defend, series have found 2-y
progression-free survivals of 12%–27% in advanced-stage Hodgkin
lymphoma patients PET-positive after 2 ABVD cycles—much lower
than the 64%–67% found when these patients were intensified with
BEACOPP (4,5), with this strategy therefore clearly having an
advantage in improving outcome and decreasing the number of
events. This finding was further confirmed by the results of the
EORTC/LYSA/FIL H10 trial (6), which included 1,950 patients

with early-stage Hodgkin lymphoma randomized between an
experimental arm and a standard arm. Patients PET-positive after
2 ABVD cycles had a 5-y progression-free survival of 77.4% in
the experimental arm that received standard ABVD plus in-
volved-node radiotherapy, and survival improved to 90.6% in
the experimental arm that received BEACOPP escalation plus
involved-node radiotherapy (hazard ratio, 0.42; 95% confidence

interval, 0.23–0.74; P 5 0.002).
A deescalation trial (7) in 823 patients with advanced Hodgkin

lymphoma (AHL2011 LYSA trial) has also recently confirmed
the major role of an interim PET–guided strategy. Patients PET-
negative after 2 BEACOPP escalations were moved to ABVD.
Their progression-free survival was not inferior to that of the

standard arm, in which BEACOPP was continued. Thus, dees-
calation avoids the toxic effect of BEACOPP while producing
the same outcome.
In view of the cited evidence, we strongly disagree with Adams

and Kwee and support the recommended role of interim PET in

Hodgkin lymphoma management, which allows better tailoring of

treatment to individual patients (8).
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REPLY: We thank Meignan et al. for their interest in our letter,
in which we document the limitations and low necessity of interim
18F-FDG PET/CT imaging in lymphoma. Although Meignan et al.

seem to agree with us that interim 18F-FDG PET/CT has low clin-

ical value in non-Hodgkin lymphoma (1,2), they disagree on the

value of interim 18F-FDG PET/CT in Hodgkin lymphoma, which

we will therefore discuss in this reply.
Hodgkin lymphoma is usually divided into early- and advanced-

stage disease, which are treated differently and have a different

prognosis. Studies have shown that the value of interim 18F-FDG

PET/CT for predicting outcome is not homogeneous in these dif-

ferent disease entities. In early-stage Hodgkin lymphoma, the

value of interim 18F-FDG PET/CT can be considered low: pa-

tients with positive interim 18F-FDG PET/CT findings have been

reported to have a generally good progression-free survival (range,
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30%–100%) and an excellent overall survival (range, 85.2%–
100%) after standard, nonintensified, therapies, with most studies
estimating long-term progression-free survival of higher than 80%
(3). Consequently, it has to be concluded that most patients with
positive interim 18F-FDG PET/CT findings remain disease-free
after finishing nonintensified treatment and that second- and
third-line therapies can cure most patients in whom first-line ther-
apy fails. This seriously questions whether early treatment inten-
sification based on interim 18F-FDG PET/CT results is justified.
Results from the randomized EORTC/LYSA/FIL H10 trial (4)
showed that interim 18F-FDG PET/CT–positive patients treated
with intensified regimens (2 cycles of ABVD [doxorubicin,
bleomycin, vinblastine, dacarbazine] plus 2 cycles of BEACOPP-
escalated therapy [bleomycin, etoposide, adriamycin, cyclophos-
phamide, vincristine, procarbazine, and prednisone] plus radiation
therapy) had a better 5-y progression-free survival than those
treated with standard therapy (3 cycles of ABVD plus radiation
therapy) (91% vs. 77%), but overall survival did not significantly
differ between these two groups (4), supporting our aforemen-
tioned statement. On the other hand, although the relapse rate of
early-stage Hodgkin lymphoma patients with negative interim 18F-
FDG PET/CT results treated with standard therapies is low from
an absolute point of view (5–7), it is actually high considering the
generally good prognosis of these patients (long-term progression-
free survival, ;93% (8)), which underlines that a negative interim
18F-FDG PET/CT result cannot reliably exclude residual disease
(9). Although randomized studies applying interim 18F-FDG PET/
CT–based treatment deescalation (5,6) have shown that interim
18F-FDG PET/CT–negative patients have a generally good out-
come after being treated with less intensive therapies, this is more
likely a reflection of the generally good prognosis of the disease
rather than of the negative predictive value of interim 18F-FDG
PET/CT (10). From a relative point of view, disease relapse occurs
much more frequently in patients treated with deescalated therapy
than in those who continue standard therapy despite negative
interim 18F-FDG PET/CT results (hazard ratios of up to 9.36 have
been reported (5,6,10)). Considering the low positive and negative
predictive values, it remains questionable whether an interim
18F-FDG PET/CT–based therapeutic approach is justified in
early-stage Hodgkin lymphoma. Not the least of the reasons for
this question is the fact that in this disease several other biomarkers,
inexpensive and easily available (e.g., the risk models of the Eu-
ropean Organisation for Research and Treatment of Cancer,
German Hodgkin Study Group, and National Comprehensive
Cancer Network (11)), have shown prognostic value equaling that
of interim 18F-FDG PET/CT and may be a better surrogate for
risk-adapted trials. 18F-FDG PET/CT scans are expensive, expose
patients to potentially harmful ionizing radiation, are uncomfort-
able for patients, and are not available in all institutions (par-
ticularly in non-Western countries). Therefore, it is not unlikely
that interim 18F-FDG PET is useless in early-stage Hodgkin
lymphoma.
In advanced-stage Hodgkin lymphoma, results on the predictive

value of interim 18F-FDG PET/CT are less consistent. Two studies by
Gallamini et al. (12,13) reported interim 18F-FDG PET/CT to have
excellent positive and negative predictive values. Patients with posi-
tive interim 18F-FDG PET/CT results had a dismal progression-free
survival of 12.8% in one study and 28% in the other, whereas patients
with negative interim 18F-FDG PET/CT results had an excellent
progression-free survival of 95% in both studies after finishing
standard ABVD therapy (12,13). However, both studies had a major

methodologic flaw: histologic confirmation was available for only a

small minority of cases of relapse, with relapse being documented

by follow-up imaging in most cases (12–15). Posttreatment and

follow-up 18F-FDG PET/CT studies have a strikingly high number of

false-positive results, as has been reported for several lymphoma

subtypes (16–19), including Hodgkin lymphoma (20). Consequently,

the studies by Gallamini et al. (12,13) are methodologically seriously

biased. The predictive value of interim 18F-FDG PET/CT was gener-

ally lower in other comparable studies (21), and 2 recent studies

(22,23) including advanced-stage lymphoma as part of their patient

population showed interim 18F-FDG PET/CT to have minor or

no value in predicting prognosis. Three recent studies (24–26) on

treatment intensification in interim 18F-FDG PET/CT–positive pa-

tients were published, all lacking a randomized control arm with

nonintensified treatments. Consequently, the true benefit of treatment

intensification in these patients could not be assessed. In addition,

comparisons with historical studies that suffered from inadequate

methodology and heterogeneous results are futile (21). We individu-

ally criticized all 3 of these studies for these issues (27–29). On the

other hand, multiple, recently published, large-scale studies (14,24–

26) unambiguously showed that (in contrast to the studies by

Gallamini et al. (12,13)) a high proportion of the large group of

patients with negative interim 18F-FDG PET/CT results develops

disease relapse during follow-up and that, therefore, a negative in-

terim 18F-FDG PET/CT result cannot exclude residual disease. In

other words, most relapses occur after a negative interim 18F-FDG

PET/CT result (14,24–26). One should consider this concern when

interpreting the interim results of the study by Casasnovas et al.

(currently published only in abstract form (30)) on treatment deesca-

lation in 18F-FDG PET/CT–negative patients, which is the only ran-

domized study yet available claiming that 18F-FDG PET/CT–based

treatment deescalation is feasible (excepting a study by Johnson et al.

(24), who made a minor change in treatment—omitting bleomycin in
interim 18F-FDG PET/CT–negative patients—without finding a sig-
nificant increase in relapse rate).
In conclusion, interim 18F-FDG PET/CT is not justified in early-

stage Hodgkin lymphoma. The value of positive interim 18F-FDG
PET/CT results in advanced-stage Hodgkin lymphoma is not well
established because of methodologic issues in historical studies
and the lack of a control or randomization arm in recent 18F-FDG
PET/CT–adapted trials. On the other hand, most disease relapses
in advanced-stage Hodgkin lymphoma occur in the large group of
interim 18F-FDG PET/CT–negative patients, underlining that re-
sidual disease cannot be excluded and that treatment deescalation
in these patients is highly questionable. Except for the interim
results of the AHL2011 LYSA trial by Casasnovas et al. (30),
there are no data confirming that treatment deescalation in interim
18F-FDG PET/CT–negative advanced-stage Hodgkin lymphoma is
feasible. Therefore, there is currently no convincing evidence to
support use of interim 18F-FDG PET/CT, either for prognostica-
tion or for treatment adaptation, in the routine clinical care of
patients with early- or advanced-stage Hodgkin lymphoma.
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A Common Mistake in Assessing the Diagnostic
Value of a Test: Failure to Account for Statistical
and Methodologic Issues

TO THE EDITOR: I was interested to read the paper by Anand
et al. in the December 2016 edition of The Journal of Nuclear Medicine
(1). The purpose of the authors was to assess the impact of variability in
scanning speed and in vendor-specific g-camera settings on the re-
producibility and accuracy of the automated bone scan index
(BSI) (1). They measured reproducibility as the absolute difference
between repeated BSI values, and they measured accuracy as the
absolute difference between observed BSI values and phantom BSI
values. Descriptive statistics were used to compare the generated data.
Reproducibility (reliability) and accuracy (validity), as two

completely different methodologic issues, should be assessed
using appropriate tests. It is crucial to be aware that, regarding
reliability, one should use the intraclass correlation coefficient for
quantitative variables and the weighted k-test for qualitative var-
iables. However, regarding validity, one should use the interclass
correlation coefficient (Pearson r) for quantitative variables
whereas the most appropriate tests for qualitative variables may
include sensitivity, specificity, positive and negative predictive
value, positive and negative likelihood ratio, diagnostic accuracy,
and odds ratio. Moreover, in analyzing reliability, one should apply
an individual-based approach using single-measure intraclass corre-
lation coefficient agreement because applying a global-average ap-
proach (absolute difference) can be misleading. A test may indicate
high validity, yet there may be no reliability at all (2–8).
Anand et al. enrolled 25 patients in each of 3 groups and

observed a significantly lower reproducibility for group 2 (mean6
SD, 0.35 6 0.59) than for group 1 (0.10 6 0.13; P , 0.0001) or
group 3 (0.09 6 0.10; P , 0.0001). However, no significant
difference in reproducibility was observed between group 3 and
group 1 (P 5 0.388) (1). Statistical significance and clinical
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