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At present, there are no standard criteria that have been val-
idated for interim PET reporting in lymphoma. In 2009, an inter-
national workshop attended by hematologists and nuclear
medicine experts in Deauville, France, proposed to develop
simple and reproducible rules for interim PET reporting in
lymphoma. Accordingly, an international validation study was
undertaken with the primary aim of validating the prognostic
role of interim PET using the Deauville 5-point score to evaluate
images and with the secondary aim of measuring concordance
rates among reviewers using the same 5-point score. This
paper focuses on the criteria for interpretation of interim PET
and on concordance rates. Methods: A cohort of advanced-
stage Hodgkin lymphoma patients treated with doxorubicin,
bleomycin, vinblastine, and dacarbazine (ABVD) were enrolled
retrospectively from centers worldwide. Baseline and interim
scans were reviewed by an international panel of 6 nuclear
medicine experts using the 5-point score. Results: Complete
scan datasets of acceptable diagnostic quality were available
for 260 of 440 (59%) enrolled patients. Independent agreement
among reviewers was reached on 252 of 260 patients (97 %), for
whom at least 4 reviewers agreed the findings were negative
(score of 1-3) or positive (score of 4-5). After discussion, con-
sensus was reached in all cases. There were 45 of 260 patients
(17%) with positive interim PET findings and 215 of 260 patients
(83%) with negative interim PET findings. Thirty-three interim
PET-positive scans were true-positive, and 12 were false-
positive. Two hundred three interim PET-negative scans were
true-negative, and 12 were false-negative. Sensitivity, specificity,
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and accuracy were 0.73, 0.94, and 0.91, respectively. Negative
predictive value and positive predictive value were 0.94 and
0.73, respectively. The 3-y failure-free survival was 83%, 28%,
and 95% for the entire population and for interim PET—-positive
and —negative patients, respectively (P < 0.0001). The agree-
ment between pairs of reviewers was good or very good, rang-
ing from 0.69 to 0.84 as measured with the Cohen kappa.
Overall agreement was good at 0.76 as measured with the
Krippendorf «. Conclusion: The 5-point score proposed at
Deauville for reviewing interim PET scans in advanced Hodgkin
lymphoma is accurate and reproducible enough to be accepted
as a standard reporting criterion in clinical practice and for clin-
ical trials.
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Preliminary reports have shown that '8F-FDG PET per-
formed early during doxorubicin, bleomycin, vinblastine,
and dacarbazine (ABVD) treatment of patients with Hodg-
kin lymphoma predicts the treatment outcome (/,2). More-
over, interim PET is a more effective predictor of treatment
response than well-established clinical prognostic factors
such as the International Prognostic Score (3). Further re-
ports have confirmed these findings, with an overall sensitivity
and specificity for interim PET in predicting treatment out-
come ranging between 43% and 100% and between 67%
and 100%, respectively (4). One of the most relevant factors
affecting the variation in sensitivity and specificity ob-
served was the heterogeneity of interim PET interpretation,
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as no standard criteria were established for interim PET re-
porting.

Thus, in April 2009 an international workshop attended
by hematologists and nuclear medicine experts was held in
Deauville, France, with the aim of developing simple and
reproducible rules for interim reporting in lymphoma. A
consensus among experts was reached on the appropriate-
ness of a qualitative determination of residual '®F-FDG up-
take by visual assessment, the so-called Deauville 5-point
scale (5-PS). The 5-PS compares residual uptake, if present,
in sites of initial disease with mediastinal blood-pool struc-
tures and the liver (5). The experts proposed that the criteria
should be validated in a large cohort of patients affected by
diffuse large B-cell lymphoma and Hodgkin lymphoma. In
October 2009, the International Validation Study in Hodg-
kin Lymphoma was launched. A homogeneous cohort of
advanced-stage, ABVD-treated Hodgkin lymphoma patients
was retrospectively enrolled. Scans were reviewed by an in-
ternational panel of nuclear medicine experts. Patients had to
be staged at baseline and after 2 ABVD courses with a PET/
CT scan, without any treatment change based on interim PET.
Reviewers reported the scans according to the 5-PS.

This paper focuses mainly on the interpretation criteria
for interim PET to formulate a clear set of instructions for
PET/CT reporters and to measure concordance rates among
reviewers using the 5-PS with the defined instructions. The
prognostic role of interim PET in the International Validation
Study in Hodgkin Lymphoma is the subject of a separate paper.

MATERIALS AND METHODS

Patient Data Retrieval

Four hundred forty consecutive patients from 17 clinical centers
in Australia, Denmark, France, Israel, Italy, Poland, the United
Kingdom, and the United States, in whom Hodgkin lymphoma
was diagnosed between January 2002 and December 2009, were
considered eligible and retrospectively enrolled in the study.

The inclusion criteria were as follows: advanced-stage (stages
IIB-1IVB) Hodgkin lymphoma or stage IIA Hodgkin lymphoma
with adverse prognostic factors, treatment with 4—6 cycles of
ABVD with or without involved-field radiotherapy or consolida-
tion radiotherapy, PET/CT staging at baseline and after 2 ABVD
courses, no treatment change based on interim PET results, a min-
imum follow-up of 1 y after treatment completion, and informed
written consent. Patients treated with intensified chemotherapy for
progressive or resistant lymphoma during ABVD chemotherapy
were eligible only if the treatment change was decided on the basis
of clinical or radiologic evidence of disease progression. Patients
were excluded from the study if they had not been examined with
PET/CT (e.g., C-PET [BC Technical, Inc.] or multiring PET with-
out CT), had been scanned on different PET/CT cameras at base-
line and after 2 ABVD courses, had fasting glucose values greater
than 200 mg/dL at the time of '®F-FDG administration, did not
have a full DICOM dataset for PET and CT images, or had images
of nondiagnostic quality.

The centers were asked for various clinical data at diagnosis
and for data relating to treatment outcome. All the data requested,
including disease status at latest follow-up, cause of death, and
duration of last follow-up, were available for every patient.
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The study was approved by the Ethical Committee of the co-
ordinating center in Cuneo and conducted according to the Helsinki
declaration. Patient written informed consent was obtained for
PET scanning and for use of anonymized data and images for
teaching and research purposes. Specific informed written consent
to be included in this study was not required as all data were
anonymized from participating academic centers. Data collection
conformed to specific institutional and national requirements.

PET/CT Scanning

All patients underwent PET/CT scans before chemotherapy
(baseline PET) and after 2 cycles of ABVD (interim PET). Both
scans were obtained according to the usual scanning protocol of
the individual PET center.

PET/CT Acquisition

The administered '8F-FDG activity was 362 = 88 MBq
(mean *= SD; range, 51-694 MBq) for baseline PET and 355 =
82 MBq (range, 48—-699 MBq) for interim PET. The interval be-
tween '8F-FDG injection and PET acquisition (uptake time) was
85 * 43 min for baseline PET and 79 * 24 min for interim PET.
The uptake time was uniformly distributed between 55 and 100 min,
with only 30% of the patients having images acquired in the 60 *=
10 min range, as is regarded to be standard in oncologic imaging
(6). Interim PET scans were obtained 12.3 = 4.9 d (range, 7-22 d)
after administration of day 15 chemotherapy during the second
ABVD cycle. Images were attenuation-corrected using iterative
reconstruction, with SUV normalized according to body weight
and administered activity.

PET/CT Data Retrieval and Review Scheme

After anonymization, baseline and interim scans were uploaded
from the participating PET centers to a dedicated Web site called
WIDEN, which is a Web-based tool for imaging exchange (7).
Once received in the Core Lab for the study in Cuneo, all scans
were checked for image quality. The field of view had to encom-
pass an area from the base of the skull to below the pelvis and
include the femoral heads. PET/CT scans were then transferred to
a dedicated workstation and distributed via a central server hosted
by Keosys to reviewers. All scans were viewed remotely using the
same software (Positoscope; Keosys). Reviewers were masked to
patient history and clinical data and were asked to report the scans
independently.

Criteria of Interpretation for Interim PET/CT

Interim PET scans were compared with baseline PET and ana-
lyzed using 5-PS, where a score of 1 indicated no residual uptake
above the background level, 2 indicated residual uptake less than
or equal to the mediastinum, 3 indicated residual uptake greater
than the mediastinum but not greater than the liver, 4 indicated
residual uptake moderately increased compared with the liver, and
5 indicated residual uptake markedly increased compared with the
liver or new sites of disease. These criteria were used for grading
nodal and extranodal disease, with scores of 1-3 regarded as neg-
ative and scores of 4 and 5 regarded as positive. Information on
how the scan had been reported by the local center during the
course of the patients’ treatment was also obtained from partici-
pating centers.

A more detailed set of instructions was drawn up to deal with
potential confounding variables such as the interpretation of mar-
row uptake, which required further clarity according to the ex-
perience of reviewers who had used the 5-PS previously in the
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clinic or in trials. The panel of reviewers agreed to the following
instructions before starting the review process:

Nodal and extranodal focal '8F-FDG uptake in interim PET
represents residual lymphoma if the intensity is greater than uptake
in normal liver (score of 4 or 5) at sites involved on baseline PET.

A new lesion (not present on baseline PET) in a patient who is
responding to treatment at other sites is unlikely to be lymphoma.
The scan should be scored accordingly as 1, 2, or 3 depending on
the residual level of uptake, if any, in initial disease sites.

A new lesion or lesions (not present on baseline PET) in a pa-
tient with residual lymphoma is likely to represent a new site of lym-
phoma. The scan should be scored as 5 (progressive disease) unless
there is a clear alternative explanation, such as increased focal uptake
in the lungs and CT correlative changes suggestive of infection.

Diffusely increased uptake in the bone marrow—even if more
intense than the liver—is usually due to marrow stimulation after
chemotherapy, especially if growth factors have been used. Such
uptake should not be misinterpreted as marrow involvement even
if focal uptake was present in marrow at baseline PET.

Diffusely increased uptake in the spleen—even if more intense
than the liver—in association with diffuse bone marrow uptake is
usually due to chemotherapy effects. Such uptake should not be
misinterpreted as splenic involvement even if focal uptake was
present in the spleen at baseline PET.

A focal reduction of uptake in sites of marrow involvement at
baseline PET occurs because of marrow ablation with successful
treatment. Focal increased uptake may occur at sites where there
was no disease on baseline PET because of chemotherapy stimu-
lation. The patterns of uptake at baseline PET and interim PET
may therefore mirror each other, with sites of initial disease be-
coming cold and sites of normal marrow becoming hot on the
treatment scan. Focal uptake in the marrow with this pattern
should not be misinterpreted as disease.

Symmetric tonsillar uptake (on baseline and interim PET) is
most likely to represent nonspecific inflammatory uptake in Hodgkin
lymphoma and should not be misinterpreted as lymphoma. Asym-
metric uptake on interim PET should be regarded as disease only
in the presence of clear evidence of tonsillar involvement at baseline.

Agreement Among Reviewers

The review panel comprised 6 nuclear medicine experts from
5 countries. The panel agreed that the final interim PET score for
each patient, positive (score of 4 or 5) or negative (score of 1, 2, or
3), was assigned by the majority view, that is, agreement between
at least 4 reviewers.

Statistical Analysis

The concordance between pairs of reviewers with respect to
binary reporting (positive vs. negative) was measured with the Cohen
K (8) for the 15 combinations of the 6 reviewers. k-values between
0.21 and 0.40, 0.41 and 0.60, 0.61 and 0.80, and 0.81 and 1.0 indi-
cate fair, moderate, good, and very good agreement, respectively (9).
The overall concordance between reviewers with respect to binary
reporting (positive vs. negative) was measured using the Krippendorf
a-coefficient (/0). Survival curves were measured using the Kaplan—
Meier method and evaluated using Log-rank regression (/7).

RESULTS

PET/CT Data Retrieval
Baseline and interim PET scans were available for 335 of
440 patients with complete clinical datasets. Image retrieval
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was not possible in 105 of these because scans could not be
retrieved from files archived locally or were not accessible
in DICOM format. Images were uploaded from participat-
ing PET centers to the Core Lab via WIDEN with a median
upload time of 2 min and 3 s for paired PET/CT scans
(baseline PET and interim PET). Seventy-five patients had
to be excluded because of incomplete image data (n = 61),
poor-quality scans (n = 6), or miscellaneous reasons (n = 8),
leaving 260 patients (59%) of the 440 initially enrolled
available for the review process.

PET/CT Reporting

At the end of the review process, independent agreement
was reached on 252 of 260 patients (97%); more than 4
reviewers agreed that the scan result was positive or nega-
tive. All 6 reviewers agreed in 212 of 260 cases (82%), at
least 5 reviewers agreed in 240 cases (92%), and at least 4
reviewers in 252 cases (97%). There were 42 of 252 pa-
tients (17%) with a positive interim PET result and 210 of
252 with a negative interim PET result (83%). A consensus
session was held in London to discuss the 8 true-discordant
cases—those for which the opinion of the reviewers was
equally split as to whether the scan was positive or negative
(Table 1). Reviewers requested clinical information on 1
patient because of the presence of a suspected unilateral
parotid adenoma. Consensus was reached on all patients
with a majority agreement, resulting finally in 45 of 260
patients (17%) with a positive interim PET result and 215
of 260 patients (83%) with a negative interim PET result.
Of the 45 patients with a positive interim PET result, 33
were true-positive and 12 were false-positive; of the 215
patients with a negative interim PET result, 203 were true-
negative and 12 were false-negative. Sensitivity, specificity,
and accuracy were 0.73, 0.94, and 0.91, respectively. The
positive predictive value and the negative predictive value
were (.73 and 0.94, respectively. After a median follow-up
of 37 mo, the 3-y failure-free survival (FFS) for the entire
patient population and for the interim PET-positive and
—negative patients was 83%, 28%, and 95%, respectively
(P < 0.0001) (Fig. 1). The 3-y FFS for PET-positive and
PET-negative patients according to local interpretation was
54% and 94%, respectively (Fig. 1).

Agreement Among Reviewers

The Cohen k for agreement between pairs of reviewers
ranged from 0.69 to 0.84 (“good and very good”). Overall
agreement among reviewers measured with the Krippendorf
o was 0.76 (“excellent”) (Table 2). Twelve patients had
false-positive interim PET results: the score was 4 in 8
patients and 5 in 4 patients. All patients were alive after
a median follow-up of 51 mo. Residual uptake that turned
out to be a false-positive result was located in the medias-
tinum in 6 patients; in the cervical region in 2 patients; and
in the axilla, at the lung hilum, in lung parenchyma, and in
bone in 1 patient each. In 4 patients the residual uptake was
at a site of initial bulk disease, and in 7 patients more than
one false-positive site of residual uptake was identified.
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TABLE 1

Initial and Final Review Results of Patients Discussed at Joint Session in London

Initial review Final review
Patient no. (positive/negative) (positive/negative) Reason for disagreement Consensus after discussion
025 3/3 0/6 Focal left parotid Left parotid adenoma
uptake (adenoma (confirmed by
or residual disease?) fine-needle aspiration)
168 3/3 0/6 Sternum (healing process Healing of pathologic fracture
or residual disease?)
215 3/3 0/6 Liver or gut uptake? “Liver” uptake due to
misregistered
physiologic gut uptake
229 3/3 6/0 Left cervical node 18F-FDG uptake in residual node
(positive or negative?) higher than liver despite very
low liver uptake (maximum
standardized uptake value, 1.7)
231 3/3 6/0 Subcarinal node Subcarinal node
or cardiac uptake?
242 3/3 6/0 Left humerus Baseline and interim PET scans
(diseased or not?) performed with different arm
positions (measuring distance
of lesion from humeral head,
reviewers concurred there was
true focal uptake in bone
marrow present on baseline
and on interim scans higher
than uptake in normal liver)
247 3/3 2/4 Sternum (healing process or Healing of pathologic fracture
residual disease?)
293 3/3 0/6 Cervical node Brown fat

or brown fat?

Figures 2, 3, and 4 depict representative false-positive and
discordant cases. Twelve patients had false-negative interim
PET scans; the score was 3 in 7 patients, 2 in 1 patient, and
1 in 4 patients. The negative predictive value was 87% for
scans scored as 3 and 97% for scans scored 1 or 2.

1.0
0.8 Local PET+
Local PET-
Central Review PET+
0.6 Central Review PET-
04
0.2
0.0
0 20 40 _ 60
Time (mo)

FIGURE 1. Three-year FFS of interim PET-positive and interim
PET-negative patients according to review panel using 5-PS and
according to local review.

DISCUSSION

The use of interim PET in patients with lymphoma has
emerged as a powerful prognostic tool, particularly in Hodgkin
lymphoma, when compared with well-established clinical
parameters such as the International Prognostic Score. A
relatively wide range of sensitivity and specificity has been
reported in the literature for interim PET, possibly related to
the use of different interpretation criteria used by various
groups (4).

The criteria suggested by the International Harmoniza-
tion Project for interpretation of PET (/2) were originally
proposed for end-of-treatment assessment and are affected
by a high percentage of false-positive results when applied
to interim PET interpretation (/3). The high false-positive
rate likely depends on the relatively low threshold used to
define a positive scan. The reference background in the In-
ternational Harmonization Project criteria is mediastinal
blood-pool activity for a residual mass with a diameter of
at least 2 cm and local background activity for a residual
mass with a diameter of less than 2 cm. Inflammation in-
duced by treatment may result in higher uptake on interim
scans than on end-of-treatment scans, and therefore it is
assumed that patients may have a degree of residual uptake
higher than that in mediastinal blood-pool structures or
local background on interim scans and still achieve a complete
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TABLE 2
Agreement Between Pairs of Reviewers with Respect to Negative vs. Positive PET Scans Using Cohen k

Reviewer 1 Reviewer 2 Reviewer 3 Reviewer 4 Reviewer 5 Reviewer 6
Reviewer 1 1 0.73 0.77 0.77 0.75 0.73
Reviewer 2 0.73 1 0.71 0.75 0.69 0.70
Reviewer 3 0.77 0.71 1 0.83 0.77 0.77
Reviewer 4 0.77 0.75 0.83 1 0.83 0.84
Reviewer 5 0.75 0.69 0.77 0.83 1 0.78
Reviewer 6 0.73 0.70 0.77 0.84 0.78 1

metabolic response (5). On the basis of this assumption and
to increase the positive predictive value of interim PET in a
clinical trial where patients are escalated from ABVD to a
regimen of bleomycin, etoposide, doxorubicin, cyclophospha-
mide, vincristine, procarbazine, and prednisone (Response-
Adapted Therapy in Hodgkin Lymphoma [RATHL]; www.
cancer.gov/clincaltrials/ct2/show/NCT00678327), criteria
were developed for interim PET reporting, previously re-
ferred to as the London criteria (/4). The criteria consisted
of a 5-point scale, with the intensity of uptake at sites in-
volved on a baseline scan scored by comparison with the
uptake in normal mediastinum and liver. The use of a graded
visual response assessment reflects the fact that '8F-FDG
uptake is a continuum, with the likelihood of malignancy
increasing as the level of '®F-FDG uptake increases, rather
than a black-or-white phenomenon indicating the pres-
ence or absence of malignancy (/5). For the purposes of
RATHL, interim scans on which any site involved at diagnosis
shows residual uptake higher than the liver are regarded as
positive scans. Nonetheless, using a graded assessment,
the threshold chosen to define a positive or negative scan can
be adapted to fit the clinical or research context; a lower
threshold such as the mediastinum might be preferred in a sit-
uation in which treatment is deescalated. A high level of
agreement was reported for 4 European centers using the
London criteria in a population of 50 patients with stages
-V Hodgkin lymphoma (15).

During the First International Workshop on Interim PET
in Lymphoma, which took place in Deauville, France, it
was proposed that the London criteria be adopted and their
use validated in interim PET interpretation of Hodgkin
lymphoma and diffuse large B-cell lymphoma (5).

The International Validation Study in Hodgkin Lymphoma
reported here is the first, to our knowledge, to investigate pre-
defined criteria for interim PET reporting in a homogeneous
population of Hodgkin lymphoma patients treated with ABVD
from clinical institutions worldwide in which interim PET was
not used to change treatment. Images were acquired in actual
clinical environments using local protocols for PET/CT. The
use of a Web-based tool for image exchange and the central
Core Lab enabled images to be collated from centers using
different imaging platforms and software programs. The panel
of reviewers analyzed images using identical software (/6)
and reported results according to the 5-PS using a predefined
set of instructions to limit the variability of interpretation.
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The International Validation Study in Hodgkin Lym-
phoma confirmed that interim PET identifies a cohort of
patients with negative scan results who have significantly
better FFS than patients with positive results. Using the
5-PS, patients with advanced-stage Hodgkin lymphoma
treated with 2 ABVD cycles had a 3-y FFS of 95% (scores
of 1-3, compared with a 3-y FFS of 28% (scores of 4 or 5).
The FFS for patients with negative results was similar for
patients using 5-PS criteria and local interpretation, but the
central review process with 5-PS criteria was better at dis-
criminating patients with poor outcomes than was local
review without predefined reporting criteria. FFS in patients
with PET-positive scans was 28% according to the review
panel and 54% according to the local review. These data
confirm that criteria for interpretation of interim PET can
significantly affect clinical results. The fact that NPV was
better for scans scored 1 or 2 than those scored 3 likely
reflects the uncertainty as to whether uptake in the gray area
between mediastinal and liver uptake represents inflamma-
tion or low-volume disease. This supports the view that
a graded visual assessment is meaningful and that outcomes
in patients with different levels of '3F-FDG uptake should
ideally be measured in clinical trials.

The agreement between reviewers was good or very
good, similar to that previously reported in 50 test cases
using the 5-PS before its use in the RATHL trial (15). The
percentage of discordant cases was lower, at 3% vs. 12%, in
the smaller study. Perhaps the use of a clear set of operating
instructions to clarify issues such as the interpretation of
marrow and splenic uptake to assist in interpretation may
have been beneficial. The discordant cases were typical of
cases that are challenging in daily practice, as previously
reported. There was difficulty distinguishing the healing
process from residual disease in pathologic fractures, sep-
arating physiologic from pathologic uptake with prominent
brown fat uptake, separating misregistered physiologic up-
take in the gut from liver uptake, interpreting uptake when
the arms were positioned differently on 2 scans, and differ-
entiating a parotid adenoma from lymphoma, and some
sites of disease were overlooked.

This was a retrospective study with a wide variation in
I8F-FDG uptake times. There was less variation in the tim-
ing of scans in relation to chemotherapy, with centers
attempting to scan as late after chemotherapy as possible,
suggesting that late scanning is generally accepted to be
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FIGURE 2. Patient 199, false-positive
case: baseline PET/CT (A); interim PET/CT
(B). Score 5 residual lesion is seen in right
posterior ileum, and score 4 residual lesion
in body of S1. Patient was alive in complete
remission after 72 mo.

important for reliable interpretation. Despite differences in
scan acquisition, the high concordance between reviewers
suggests that the Deauville criteria are sufficiently robust to
use in clinical practice and clinical trials. Standardization
of PET/CT acquisition methods and quality control is gain-
ing widespread acceptance and should further improve the
reliability of PET/CT and allow comparable data to be col-
lected for the purposes of multicenter trials (6).

Most response-adapted clinical trials using PET in ad-
vanced Hodgkin lymphoma are designed to intensify treat-
ment in poor responders to improve disease control and to
either leave treatment unchanged or reduce it in good
responders. Thus, a high PPV associated with a highest NPV

is desirable. Our study suggests that, at least for patients
treated with ABVD, a sensible choice would be to define
a positive scan by setting an empiric threshold for the
amount of residual activity higher than the liver.

The 3-y FFS of interim PET-positive patients in our
study population is in the previously reported range of
13%-53% (3,17,18). There were 12 false-positive results
(27% of interim PET—positive patients).

False-positive interim results could be related to any of
several potential causes. The first is the disease itself, with
treatment-related inflammation, delayed treatment response,
and successful salvage accounting for good patient out-
comes despite treatment failure. The second is a lack of

FIGURE 3. Patient 231, discordant case:
baseline PET/CT (A); interim PET/CT (B).
Subcarinal node shows abnormal uptake,
which was either missed or thought to be
physiologic heart uptake by some reviewers.
Final consensus was score 4 residual sub-
carinal node. Patient was alive in complete
remission after 42 mo.
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FIGURE 4. Patient 168, discordant case:
baseline PET/CT (A); interim PET/CT (B). In-

. creased uptake seen in sternum at site of
f’ pathologic fracture could be due to healing
of fracture. Final consensus was score 3 re-
sidual lesion. Patient was alive in complete
remission after 35 mo.

clinical information that could have assisted in scan inter-
pretation, as would be the case in real life. In one patient
(patient 25), clinical information requested by the reviewers
modified the final interpretation with identification of a
parotid adenoma; in another (patient 213), the scan was
called positive because of an obvious lesion at the right lung
hilum previously involved by disease, yet the patient had an
intercurrent respiratory infection that might have influenced
the false-positive interpretation. A third potential cause of
false-positive interim results is difficulties in interpretation
of uptake within pathologic fractures. Three patients were
initially scored by some reviewers as having residual
disease at fracture sites (patients 168, 199, and 247). One
of these was scored as positive by most reviewers, yet all 3
patients turned out to be true-negative. This is an important
learning point. Finally, a fourth cause is the variation in
scan preparations and protocols between centers, as assess-
ment relied on comparing residual activity with liver up-
take, which may not be stable over time.

In general, a review process undertaken without access to
clinical information will affect the false-positive rather than the
false-negative rate because of the nonspecific behavior of
I8F_.FDG. This might also explain the higher number of
false-positive results and higher FFS in this study than
the study previously reported by Gallamini et al., in which
reviewers had access to relevant clinical information that
might account for false-positive findings (3). Quite recently,
preliminary reports have suggested that the specificity of
interim PET could be improved by scanning at 2 time
points and calculating a retention index to discriminate in-
flammatory from residual tumor uptake (/9). Nonetheless,
some patients will inevitably be overtreated in trials in
which treatment is escalated, and this possibility should
be considered in the trial design. It is reassuring to note
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that in the present study, if treatment of PET-positive pa-
tients had been escalated on the basis of the PET interpre-
tation, the result would have been overtreatment of less
than 5% of the study population.

The 3-y FFS of PET-negative patients in our study pop-
ulation was 95% and is consistently high in studies reported
previously after 2 cycles (/,17,18) and even after 1 cycle of
treatment (20). There were only 12 false-negative results
(6% of interim PET-negative patients); 7 of these were
scored as 3, which may reflect the problems with differen-
tiating low-volume disease from inflammation or the prob-
lems with using the liver as a reference organ when activity
may vary from patient to patient, especially if the patients
did not have an identical scan preparation as was the case in
this study. In other cases, the residual disease might be
too minor to identify using current PET technology, with
its limited spatial resolution.

CONCLUSION

Our study confirmed that interim PET performed after
2 cycles of ABVD in advanced-stage Hodgkin lymphoma
identifies patients with a significantly worse FFS when
scans are positive than when scans are negative. The 5-PS
combined with a detailed set of instructions is sufficiently
robust to be accepted as a standard reporting tool for inter-
pretation of interim PET scans; moreover, use of the liver to
define a positive scan is the most accurate threshold to
maintain a high negative predictive value while optimizing
the positive predictive value.
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