ORIGINAL ARTICLE

Interobserver Reliability of the 5-Point Deauville Score and SUV-

Purpose: In lymphomas, the Deauville score (DS) standardizes '8F-FDG
PET treatment response assessments. We assessed interobserver agreement
of the DS and developed a quantitative PET-based parameter to minimize
subjectivity of response assessments.

'Methods: PET scans performed within the Children’s Oncology Group
‘AHODO831 study were analyzed. One hundred one scans obtained after
he first cycle of chemotherapy (PET1) and 83 obtained after the second
cycle (PET2) were eligible for inclusion. Each scan was assigned a DS
by 2 nuclear medicine radiologists and a Hodgkin lymphoma index
(HLI), defined as the ratio of the tumor’s SUV 5 or SUV ey to the liver’s
UV mean- Cohen « coefficient measured the rate of agreement of the DS
assigned by the 2 radiologists. Receiver operating characteristic curves
and the Youden index were used with the consensus DS to identify an op-
imal HLI cutoff value to distinguish PET-negative from PET-positive im-
ages. For each HLI cutoff value, sensitivity, specificity, and accuracy
ere calculated.
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Based Quantification of FDG PET/CT Scans in High-Risk Pediatric
Hodgkin Lymphoma
A Report From the Children’s Oncology Group
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Results: Interobserver agreement in DS was moderate (PET1: x = 0.480,
P<0.001; PET2: k=0.428, P<0.001). On PET1, the optimal cutoff values
for HLI 0« were 1.19 for DS2/DS3 and 1.78 for DS3/DS4, and for HLI
were 1.19 for DS2/DS3 and 1.44 for DS3/DS4. On PET2 images, the corre-
sponding values were 1.18, 1.58, 0.94, and 1.26. The most accurate predic-
tor was HLI,,,,, on PET2 when scans were dichotomized as DS1-DS3 ver-
sus DS4-DS5 (accuracy, 92.8%; sensitivity, 100%; specificity, 91.8%).
Conclusion: The HLI provides an objective, quantitative measure of disease
response and thus may improve interreader agreement for lymphoma
response assessments.

Key Words: PET, Hodgkin lymphoma, Deauville score, quantitative, SUV,
Hodgkin Lymphoma Index, HLI

(Clin Nucl Med Open 2024;1: ¢00011)

1 8 F -FDG PET/CT plays a critical role in monitoring lympho-

mas’ response to therapy.!2 FDG PET findings are associ-
ated with prognosis, prompting the current generation of protocols
in pediatric Hodgkin lymphoma (HL) that incorporate response as-
sessments to guide therapy. Treatment may be intensified in chil-
dren with an unfavorable response and/or de-escalated in those with
a favorable response.3-8 Therefore, accurate response assessments
are critical to ensure that patients receive appropriate therapy.

However, the interpretation of PET/CT scans is subjective,
depending on the nuclear medicine physician’s visual assessment.?
In order to standardize the interpretation of PET scans for lym-
phoma response assessments, the 5-point scale Deauville score
(DS) was proposed at the 2009 First International Workshop on In-
terim PET Scans in Lymphoma.!® This score compares the FDG
uptake within sites of lymphoma to reference tissues including the
liver and mediastinal blood pool. Currently, the DS is regarded as
the international standard for response assessment of lymphomas
using FDG PET/CT. It has been incorporated in the Lugano Criteria
guidelines for both HL and non-Hodgkin lymphoma.

Although the DS method aims to minimize interreader vari-
ability, it still depends on subjective visual assessments. Interob-
server disagreement in measuring DS has been reported as a signif-
icant issue in many studies, especially for differentiation between
DS2 and DS3.9:11 Therefore, a more objective and reproducible re-
sponse assessment method is needed. With this goal, quantitative
methods have been reported that incorporate a ratio of tumor and
liver PET standardized uptake value (SUV) parameters.!1-12

In this study, we evaluated the interobserver reliability of
DS in pediatric patients with high-risk HL, and we developed a
quantitative measure based on SUV ratios for objective disease
response assessments.
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MATERIALS AND METHODS Statistical Analysis
Patients The rate of agreement and discrepancy of visual DS was analyzed

From December 2009 to January 2011, a prospective, multi-

_center Children’s Oncology Group study was Jmtlated for children and
oadolescents younger than 21 years, with high-risk HL (AHODO0831,
3NCT01026220) On this trial, all patients received an initial 2 cycles
CLof AVBE-PC (doxorubicin, bleomycin, vincristine, etoposide, predni-
ﬂsone and cyclophosphamide) chemotherapy, followed by FDG PET/
BCT response assessment. Patients with a rapid response to therapy, as
Hdetemlmed by the FDG PET/CT, received 2 more courses of ABVE-
SPC, whereas patients with a slow response to therapy received an addi-
tlonal 2 cycles of ifosfamide and vinorelbine chemotherapy followed
2by 2 more cycles of ABVE-PC. Patients underwent radiation therapy
=to initially bulky sites and to slowly responding nodal sites as defined
8by early FDG PET/CT. A total of 164 patients enrolled on this trial
ere reviewed retrospectively. Of these, patients with FDG PET/CT
scans that were of high quality and were amenable to quantitative anal-
yses were included in the current study.
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PET/CT Imaging Acquisition
In the multicenter AHOO0831 trial, FDG PET/CT scans were
btained at participating sites using standard-of-care clinical PET/
T imaging.'3> FDG PET/CT recommendations were provided in
he protocol that included the following: (1) fast for at least 4 hours
efore the PET/CT scan, (2) deliver FDG intravenously with at a
ose 0f 0.140 to 0.200 mCi/kg, (3) obtain the PET scan 60 + 10 mi-
nutes after the injection of FDG using a PET/CT scanner, (4) ac-
quire a low-dose CT scan for attenuation correction, and (5) collect
7ZPET emission data with at least 5 minutes per bed position for bismuth
o germanate, lutetium oxyorthosilicate, and gadolinium oxyorthosilicate
S Zsystems operated in the 2D mode; at least 3 minutes per bed position
§ &for bismuth germanate, lutetium oxyorthosilicate, and gadolinium
Zoxyorthosilicate systems operated in the 3D mode; and at least
%6 minutes per bed position for sodium iodide systems.!4
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SVlsuaI Assessment of FDG PET Images

Each PET1 and PET2 was assigned a DS by 2 experienced
nuclear medicine physicians independently.!? If the physicians
assigned different scores to the same PET image, then a consensus
DS was decided after a convened read between the 2 physicians.

MVTX

Quantification of SUV on FDG PET Images

The SUV was obtained for the residual tumor (Mirada RTx;
Mirada Medical, Denver, CO). The SUV .., was the maximal sin-
gle pixel uptake value. The SUV ¢, was the average SUV .« in a
1-cm3 spherical tumor volume with the highest FDG uptake. For
normalization, the liver was selected as a reference tissue. The
SUV nean Of liver was calculated with a 3-cm-diameter region of
interest placed in the normal liver. Using SUV,,, of the tumor,
SUVeax of the tumor, and SUV e, of the liver, a quantitative
value for DS was calculated that was defined as the Hodgkin Lym-
phoma Index (HLI). HLI,,,x was defined as the ratio of SUV ;,, of
the tumor to SUV y,cay 0f liver. HLIL, ¢, was defined as the ratio of
SUVeax of the tumor to SUV e, of liver. HLI . and HLIcqx
were measured on both PET1 and PET2 images.

PET-Negative and PET-Positive Dichotomization
Based on the DS

Scans were dichotomized into 2 groups based on the 5-point
DS. When the cutoff was between DS2 and DS3, the 2 subgroups
were DS1-DS2 (PET-megative) and DS3-DS5 (PET-positive).
When the cutoff was between DS3 and DS4, the 2 subgroups were
DS1-DS3 (PET-negative) and DS4-DS5 (PET-positive).

using Cohen « coefficient (SPSS version 23.0; IBM Corp, Chicago, IL).
The degree of agreement was decided based on the reference.!® For the
cutoff value of HLI between PET-negative and PET-positive images,
receiver operating characteristic curves were used with the HLI and
consensus DS by 2 physicians (Medcalc version 10.1.7.0; Medcalc
Software, Mariakerke, Belgium). The optimal cutoff value of HLI
was calculated based on the Youden index of the receiver operating
characteristic curve. For each cutoff value of HLI, sensitivity, speci-
ficity, and accuracy were calculated. For the density distribution, R
package ggplot2 was used (https://cran.r-project.org/).

RESULTS
A total of 101 patients had high-quality scans that were per-
formed after the first cycle of AVBE-PC chemotherapy (PET1).
Of these, 83 patients also had high-quality scans that were per-
formed after the second cycle (PET2). These PET/CT scans were
included for analyses. The characteristics of the patient cohort are
summarized in Table 1.

TABLE 1. Patient and Disease Characteristics

Characteristics N=101
Age,y
Mean (SD) 15.0(3.1)
Median (IQR) 15.7 (14.0, 16.9)
Range 52214
Sex
Female 42 (42%)
Male 59 (58%)
Race
American Indian or Alaska Native 2 (2.0%)
Asian 4 (4.0%)
Black or African American 17 (17%)
Unknown 8 (7.9%)
White 70 (69%)
Ethnicity
Hispanic or Latino 18 (18%)
Not Hispanic or Latino 82 (81%)
Unknown 1 (1.0%)
Pathology
Hodgkin lymphoma, not otherwise specified 17 (17%)
Lymphocyte-rich 8 (7.9%)
Lymphocyte depletion 3 (3.0%)
Mixed cellularity 12 (12%)
Nodular lymphocyte predominance 1 (1.0%)
Nodular sclerosis 60 (59%)
Stage
I 46 (46%)
v 55 (54%)
Bulk
No 16 (16%)
Yes 85 (84%)
PET2 reviewed 83 (82%)

Values are presented as n (%), unless specified otherwise.

© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 2. Agreement for Deauville Score (DS) Between 2

Physicians
K
o PET1 PET2
E
SFive point scales: DS1, DS2, DS3, DS4, DSS 0.480 0.428
2Two subgroups: DS1-DS2/DS3-DS5 0.629 0.553
STwo subgroups: DS1-DS3/DS4-DS5 0.759 0.765

Interobserver Agreement in DS

Table 2 shows the overall agreement in the DS obtained inde-
endently by 2 readers. DS on PET1 and PET2 images showed
oderate interobserver agreement (x = 0.480, P < 0.001; and
=0.428, P < 0.001, respectively). The 5-point DS was dichoto-
mized to define PET scans as negative or positive. When subgroups
were divided as DS1-DS2 (PET-negative) and DS3-DS5 (PET-pos-
itive), there was good agreement (PET1: x = 0.629, P < 0.001;
SPET2: x = 0.553, P < 0.001). Likewise, when subgroups were di-
Svided as DS1-DS3 (PET-negative) and DS4-DS5 (PET-positive),
there was good agreement (PET1: x = 0.759, P < 0.001; PET2:
k=10.765, P <0.001).
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Distribution of HLI

The distribution of DS based on the 2 independent physi-
cians’ consensus for PET1 (101 scans) was 2.0% DSI1, 15.8%
DS2, 22.8% DS3, 36.6% DS4, and 22.8% DSS5. For PET2 (83
cans), the distribution of DS was 22.8% DSI1, 36.6% DS2,
2.9% DS3, 6.9% DS4, and 3.0% DSS5. Figure 1 shows the distribu-
ion of HLI ;. and HLI e for PET1 and PET2. These figures de-
Zpict the HLI values and the consensus DS. The optimal cutoff
Svalues of HLI,,, on PETI images were 1.19 for DS2/DS3 and
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1.78 for DS3/DS4 (Table 3). The cutoff values of HLI,c on
PET1 images were 1.19 for DS2/DS3 and 1.44 for DS3/DS4
(Table 3). On PET2 images, the HLI,,,, cutoff values were 1.18
for DS2/DS3 and 1.58 for DS3/DS4; the HLI,.i cutoff values were
0.94 for DS2/DS3 and 1.26 for DS3/DS4 (Table 4).

Accuracy of HLI

Tables 3 and 4 show the accuracy of predicting DS using
HLI, dichotomized by the optimal cutoff values. On PET1, the ac-
curacy of HLI,, was 88.1% using 1.19 as a cutoff (DSI1-
DS2/DS3-DSS) and 85.2% using 1.78 as a cutoff (DSI1-
DS3/DS4-DS5) (Table 3). On PET], the accuracy of HLI,¢, was
79.2% using 1.19 as a cutoff (DS1-DS2/DS3-DS5) and was
83.2% using 1.44 as a cutoff (DS1-DS3/DS4-DSS5) (Table 3). On
PET2, HLI,,,x had an accuracy of 81.8% and 92.8% for cutoff
values of 1.18 (DS1-DS2/DS3-DS5) and 1.58 (DS1-DS3/DS4—
DS5), respectively (Table 4). On PET2, HLI,c,« had an accuracy
of 71.1% and 90.4% for the cutoff values of 0.94 (DSI-
DS2/DS3-DSS5) and 1.26 (DS1-DS3/DS4-DSS), respectively
(Table 4). In all cases, accuracy was higher when scans were dichot-
omized as DS1-DS3 and DS4-DS5, rather than DS1-DS2 and
DS3-DS5, with the sole exception of HLI,,x on PET1 (Tables 3
and 4).

DISCUSSION

This study aimed to evaluate the interobserver reliability of
FDG PET DS with visual assessment and to compare an objective
PET SUV-based quantitative index with DS. Although DS is useful
for monitoring the treatment response of lymphomas and enables
standardization in multicenter trials, its weakness is that interpreta-
tions are subjective and have variable interobserver reliability. In
this study, the visual assessment by 2 experienced nuclear medicine
radiologists for measuring DS was variably discordant, which was
consistent with prior reports that the interobserver reliability of
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FIGURE 1. The distribution curves of the HLI .« and HLIe. on PETT and PET2. HLI ;. on PETT separates the Deauville score (DS)
by thresholds of 1.19 for DS2/DS3 and 1.78 for DS3/D5$4 (A). HLIea 0N PET1 shows thresholds of 1.19 and 1.44 for DS2/DS3
and DS3/DS4, respectively (B). HLI,x on PET2 displays thresholds of 1.18 and 1.58 for DS2/DS3 and DS3/DS4, respectively (C).
HLIpeak 0N PET2 has thresholds of 0.94 and 1.26 for DS2/DS3 and DS3/DS4, respectively (D).
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TABLE 3. Diagnostic Accuracy of the Hodgkin Lymphoma Index for Deauville Score After 1 Cycle of Chemotherapy (PETT)

Sensitivity, %

Specificity, %

95%

Accuracy, % Confidence Interval

SHLI e

Io)
=4
=]
=
<
=N
[
a
]
=
=
=
O

. 90.4
(DS1-DS2/DS3-DS5)

Cutoff value of 1.78
(DS1-DS3/DS4-DS5)

HLI ek

SCutoff value of 1.19
(DS1-DS2/DS3-DS5)
»Cutoff value of 1.44
(DS1-DS3/DS4-DS5)

80.0

/:dny woly pape

78.3

s[euino

80.0

833 88.1 0.847-0.963
92.7 85.2 0.866-0.973
88.9 79.2 0.826-0.952
87.8 83.2 0.849-0.965

DS can be poor.? The visual assessment by each physician may be

different, despite using the 5-point scale DS that has been developed

assist with objective visual assessments. In this study, rates of
reement between the 2 physicians were lower using the 5-point

S compared with the 2 dichotomized subgroups (PET-positive

s PET-negative). Thus, treatment decisions based on the 5-point

S may be affected by the reader’s subjectivity.

Interobserver discrepancy in DS reporting can have signifi-
cant implications for patients. Specifically, patients treated accord-
ing to PET response—adapted algorithms may receive inappropriate
therapy, resulting in increased rates of disease relapse or of
treatment-related toxicity. For example, if patients with an incom-
plete response are misclassified as having achieved a complete re-
sponse and receive less intensive therapy, then they would have a
reater risk of a disease relapse. Alternatively, if patients with a
omplete metabolic response are misclassified and receive more in-
Ztensive treatment, they would have a greater risk of adverse
Streatment-related effects. Therefore, great caution should be used
=when implementing PET-adapted treatment approaches, and mini-
Cmizing subjectivity in response assessments is crucial.

% It is typically not difficult to assign a DS4 or DS5 using the 5-
point scale, because these categories are defined by definite FDG
uptake; however, distinguishing DS2 from DS3 may be difficult be-
cause differences between FDG uptake of the mediastinal blood
pool and liver relative to the tumor may be subtle. Therefore, an ob-
jective system to quantify residual lymphoma FDG uptake, as a sur-
rogate for the visual DS, is desirable. Hasenclever et al defined the
quantitative PET value as the ratio of the SUV ¢, of the residual tu-
mor to the SUV ,can 0f the liver.!2 They reported that quantitative
PET makes the DS a continuous scale and provides cutoff values
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between positive and negative PET images in lymphoma.!2 The cut-
off values between DS2/DS3, DS3/DS4, and DS4/DS5 were re-
ported as 0.95, 1.3, and 2.0, respectively.!2 Annunziata et al devel-
oped the rPET, defined as the ratio between the SUV ., of the re-
sidual tumor and liver.!! They reported that rPET with a cutoff
value of 1.14 is a more accurate prognostic factor in HL than the
5-point DS.1!

In this study, the SUV ., and SUV ¢y of the residual tumor
were compared. SUV . is defined as the SUV of the single hottest
voxel, and SUV ¢, is defined as an average SUV of multiple voxels
around the single hottest voxel.!® Thus, SUV e, may be a more ro-
bust value than SUV .17 However, tumor SUV ., is more readily
available in standard clinical practice than SUV . Furthermore, in
this study, we found that the accuracy of the HLI,,,y, based on the
SUVax, Was higher than that of the HLI .y, based on the SUV ¢,
Therefore, our findings suggest that SUV ., can be used for the
evaluation of HLI. Furthermore, a limitation of SUV ¢, is that it
varies, depending on the size of the region of interest.!”

The difference between rPET and HLI is the reference value.
In the rPET study, the SUV.x of the liver was used for
normalization,!! whereas, in this study, the SUV, ., of the liver
was used. FDG uptake in the liver is often heterogeneous, so
SUV can may be less influenced by noise than SUV .. It has been
reported that the value of SUV ca, is more stable than SUV,.18
Therefore, liver SUV .., may be a more appropriate value to use
for normalization than SUV ..

A dichotomized DS was used to distinguish PET-negative
and PET-positive images, with a cutoff of DS2/3 or DS3/
4.9:11.12,19 DS1 and DS2 are accepted as a complete metabolic re-
sponse. DS3 is also considered to likely represent a complete

TABLE 4. Diagnostic Accuracy of the Hodgkin Lymphoma Index for Deauville Score After 2 Cycles of Chemotherapy (PET2)

Sensitivity, %

Specificity, %

95%

Accuracy, % Confidence Interval

HLImax

Cutoff value of 1.18
(DS1-DS2/DS3-DS5)

Cutoff value of 1.58
(DS1-DS3/DS4-DS5)

HLI,cax

Cutoff value of 0.94
(DS1-DS2/DS3-DS5)

Cutoff value of 1.26
(DS1-DS3/DS4-DS5)

73.8

100.0

73.9

100.0

78.3 81.8 0.673-0.861
91.8 92.8 0.923-0.998
71.7 71.1 0.666-0.856
90.4 90.4 0.923-0.998
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metabolic response; however, as stated in the imaging companion

article to the Lugano criteria by Barrington et al,2 in clinical trials

that de-escalate treatment based on FDG PET response, it may be

preferable to consider a DS3 as an inadequate response to avoid

undertreating patients.2-29 In this study, the overall predictive accu-
Uracy of HLI for PET-negative or PET-positive images was higher
then scans were dichotomized as DS1-DS3/DS4-DSS5, rather than
QDSI —DS2/DS3-DS5. These findings are concordant with previ-
glously reported results.® As the cutoff value was changed from
£DS2/DS3 to DS3/DS4, the rates of agreement between the 2 physi-
< Zcians increased. Therefore, interobserver agreement may be im-
roved if the DS1-DS3 subgroup is defined as PET-negative and
he DS4-DS5 subgroup as PET-positive.

DSson PET1 and PET2 were evaluated independently by the
£2 readers in this study. The overall agreement between the 2 physi-
3cians was higher on PET1 than on PET2. We hypothesize that as the
Ztreatment progresses, the intensity of FDG uptake in the tumor de-
creases, complicating the visual assessment. Therefore, an objec-
ive, quantitative response assessment based on SUV may be partic-
ularly valuable later during therapy.

This study is not without limitations. First, it is a retrospective
tudy of scans from a multicenter trial, so the PET parameters may
e affected by the different PET/CT scanners.2! However, this effect
is minimized by normahzmg to the SUV ,can 0f the liver on each in-
ividual scan. Second, it is difficult to set an optimal cutoff value
etween PET-negative and PET-positive images with this limited
umber of patients. The cutoff values that we identified are different
than values obtained in other previous studies.!!-12 A study with a
large number of cases from multiple centers is necessary to define
the optimal cutoff values. In addition, future research should assess
for an association between HLI and event-free survival. Lastly, ad-
ditional research is warranted to explore disease response assess-

ents in pediatric HL using PET/MRI,?? rather than PET/CT, to
inimize radiation exposure from diagnostic imaging.
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CONCLUSION

In this cohort of pediatric patients with high-risk HL, the 5-
Zpoint DS had interobserver variability due to the physicians’ subjec-
tive visual assessments. HLI was developed to provide an objective,
quantitative measure of disease response. HLI values may improve
interreader agreement of FDG PET/CT scans for lymphoma re-
sponse assessments. Thus, HLI may contribute to optimizing

response-adapted therapy in HL.
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