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Abstract: Tailoring treatment in patients with Hodgkin lymphoma (HL) is paramount to maximize
outcomes while avoiding unnecessary toxicity. We aimed to compare the performance of SUVmax
reduction (ASUVmax%) versus Deauville score (DS) in assessing chemotherapy response in pediatric
HL patients undergoing ®F-FDG PET-CT. Fifty-two patients with biopsy-proven HL (age 8-16
years) were enrolled at baseline, interim (after the 2" or 34 chemotherapy round), and post-therapy
(upon completion of first-line chemotherapy) ®F-FDG PET-CT. Interim and post-therapy DS and
ASUVmax% were compared as response predictors. Patients were classified as responders and non-
responders based on 24-month clinical follow-up. Interim DS showed a sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV) and diagnostic accuracy of 100%,
80.4%, 100%, 40% and 82.7%, respectively in predicting response. Post-therapy DS showed a
sensitivity, specificity, PPV, NPV and accuracy of 66.7%, 97.8%, 95.7%, 80% and 94.2%. Interim
ASUVmax% showed a sensitivity, specificity, PPV, NPV and accuracy of 83.3%, 82.6%, 97.4%, 38.5%
and 82.7%, with a 56.3% cutoff. Post-therapy ASUVmax% showed a sensitivity, specificity, PPV, NPV
and accuracy of 83.3%, 84.8%, 97.5%, 41.7% and 84.6%, with a 76.8% cutoff. Sensitivity, specificity
(p<0.05) and NPV (p<0.01) were significantly higher using DS than ASUVmax%. In conclusion, DS can
predict chemotherapy response better than ASUVmax in pediatric HL patients.

Keywords: Hodgkin lymphoma; chemotherapy; positron emission tomography computed
tomography (PET-CT); fluorodeoxyglucose F18 (1¥F-FDG); Deauville score; standardized uptake
value (SUV); response prediction

1. Introduction

Hodgkin lymphoma (HL) is now one of the most curable forms of neoplasms in
children. Compared to the past, survivors have a longer post-exposure life expectancy
and can experience long-term and latent side effects of cancer treatment in a non-
negligible proportion of cases [1-6]. Therefore, optimizing treatment to minimize
subsequent risks while maintaining the chance of cure without compromising long-term
survival is of utmost importance.

Fluorine-18  fluorodeoxyglucose positron emission tomography/computed
tomography (*®F-FDG PET-CT) is a highly sensitive tool for HL staging and restaging and
is routinely used for response assessment and treatment adaptation. Various studies have
demonstrated its role in preventing unnecessary side effects and morbidity and reducing
the cost of treatment, without compromising long-term survival [7-9].
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BE-FDG uptake can be assessed using several approaches, including quantitative,
semiquantitative and qualitative (i.e., visual) methods. While theoretically most accurate,
the absolute quantification of 'F-FDG uptake is complex and impractical for routine
clinical practice [10-11]. To mitigate this difficulty, semiquantitative approaches have been
introduced and have become the standard of care in clinical practice [12]. The maximum
standardized uptake value (SUVmax) is a semiquantitative representation of tumor 'F-
FDG uptake and is the commonest method to assess the tumor ¥F-FDG concentration at
a single point in time. However, SUV measurements are affected by multiple technical,
physical, and biological factors, e.g. the amount of radioactivity injected, tissue blood
perfusion, blood sugar level, time of uptake, dose and PET-CT scanner calibrations [13-
14].

The qualitative assessment of 8F-FDG uptake is based on the visual evaluation of
PET images, which however relies on reader experience and knowledge of physiologic
FDG distribution. The Deauville score (DS) is a visual method based on a five-point scale
that is commonly used in routine F-FDG PET-CT clinical reporting and in clinical trials
for response assessment in HL and certain non-HL tumors. For each patient, visual
scoring is carried out by comparing the 8F-FDG uptake in pathological sites to that of two
reference points (i.e., mediastinum and liver) [15-16].

SUV is routinely used in combination with visual assessment to assess chemotherapy
response in patients with HL. Unlike in adults, in pediatric patients F-FDG uptake can
be detected in normal tissues (such as brown fat or rebound thymic hyperplasia),
potentially leading to errors when therapeutic response is evaluated using visual scoring
methods [17]. Hence, in pediatric patients it is important to understand whether visual
interpretation of 8F-FDG PET-CT images is adequate to reliably evaluate treatment
response.

Our purpose is to develop a method that can assist deciding whether therapy
regimens could be tapered to reduce the risk of toxicity.

2. Materials and Methods
2.1. Patient enrolment and ¥F-FDG PET-CT image acquisition protocol

This was a retrospective study involving 52 patients (male:female 26:26, age range 8-
16 years, mean + standard deviation 12 + 2.4 years) with a histopathologic diagnosis of
HL, who underwent F-FDG PET-CT at our referral center between January 2017 and
January 2021. Written informed consent to PET-CT imaging was obtained from all
patients, and institutional review board approval was waived due to the retrospective
nature of our study. ¥F-FDG PET-CT examinations performed at baseline, after the second
or third cycle of chemotherapy (interim) and after completion of first-line chemotherapy
(post-therapy) were examined. All examinations were carried out on a commercial 16-row
PET-CT whole-body scanner (GE Discovery 610®, General Electric, Milwaukee, WI, USA).
Patients fasted for 6-8 hours before intravenous administration of 8F-FDG (5.18-7.4
MBq/kg body weight) to reach a serum glucose level below 180 mg/dL. PET-CT images
with a longitudinal coverage from the proximal thighs to the skull base were acquired 45
to 60 minutes after F-FDG injection. Images were reconstructed with a 128x128 matrix
using an ordered subset expectation maximum iterative reconstruction algorithm, a 8mm
Gaussian filter and a field of view of 50cm. CT, PET and coregistered PET-CT images were
reviewed as source axial images, as sagittal and coronal reformations and using maximum
intensity projection views by two nuclear medicine physicians with 20 and 4 years of
experience. Any disagreement between the two readers was resolved in consensus.
Patients” medical history and clinical lab results were accessed from our local hospital
information system. HL staging was performed using the Ann Arbor staging system.

The distribution of patients according to HL subtype and stage is reported in Table 1
and Table 2, respectively. All patients received chemo- and/or radiotherapy depending on
disease stage.
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Table 1. Percentage distribution of the patient sample according to HL subtype.

HL subtype Patients (N=) Proportion (%)
Mixed cellularity 9 17.3
Nodular lymphocyte predominant 8 15.4
Nodular sclerosing 35 67.3

Table 2. Percentage distribution of the patient sample according to HL stage.

HL stage Patients (N=) Proportion (%)
1A 10 19.2
1B 3 5.8
2A 15 28.8
2B 5 9.6
3A 11 21.2
3B 3 5.8
4A 3 5.8
4B 2 3.8

2.2. Visual and quantitative assessment of ¥F-FDG PET-CT images

Increased ®F-FDG uptake in nodes or extranodal sites was considered as a positive
1BE-FDG PET-CT finding. Care was taken to avoid areas of F-FDG uptake related to any
physiological 8F-FDG activity. All positive F-FDG-avid lesions were annotated and
followed up at interim and post-treatment PET-CT examinations. Interim and post-
therapy PET-CT scans were evaluated visually using the Deauville 5-point scoring system
and quantitatively in terms of percentage maximum SUV reduction (ASUVmax) between
baseline and interim PET-CT scans. For each lesion, the maximum DS was recorded.

Based on current Lugano Criteria, complete response is defined as complete
normalization of F-FDG uptake (DS from 1 to 3) [18]. Patients with increased *F-FDG
uptake of pathological lesions compared to the liver (Deauville scores more than 3) were
considered as poor responders based on visual scoring. To measure SUVmax, a volume of
interest was drawn semiautomatically on each node or extra nodal site with pathologically
increased 8F-FDG uptake using the following formula:

maximum tumor activity concentration (mCi/ml) X body weight (g)

SUVinax (g/mb) = injected dose (mCi)

For each patient, the lesion with the highest SUVmax was recorded, and the follow-up
value for the same lesion was used to calculate the percentage change in SUVmax (ASUVmax)
using the formula:

highest SUV (PET pgseline) — highest SUV (PET interim)

ASUV gy, =100 X highest SUV (PET paseline)

ASUVmax was used to predict clinical outcome and tumor response to treatment. For each
patient, prediction of response using the DS and ASUVmax was compared and correlated
with disease-free survival. Unlike for adults, to our knowledge ASUVmax cut-off values
validated from large trials for differentiating good from poor pediatric responders are
currently unavailable, with some data having only been provided by a few studies based
on small patient cohorts [19-20]. During clinical follow-up, those patients who had a
recurrence/disease progression after completion of therapy were considered as non-
responders, and the remaining were deemed as responders. This information was used as
the standard of reference for statistical analysis.

Patients were classified as true positive at follow-up if they had evidence of disease
at interim imaging, followed by persistent disease and/or evidence of recurrence at the
end of therapy. True negative patients were defined as those with no evidence of disease
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and complete remission at follow-up. False positive patients showed evidence of disease
at interim PET-CT imaging, but remained in remission during follow-up. Finally, false
negative patients showed no residual disease at interim PET-CT, but showed evidence of
disease at follow-up.

2.3. Statistical analysis

Data were analyzed wusing the SPSS software package, version 20.0
(https://www.ibm.com/products/spss-statistics). Categorical and quantitative variables
were expressed as frequency (percentage) and mean + standard deviation, respectively.
Receiver operating characteristic (ROC) curves were generated, and the area under the
ROC curve was calculated to assess the diagnostic accuracy of ASUVmax% in detecting pos-
itive response, along with the corresponding cut-off scores. Sensitivity, specificity, posi-
tive predictive value (PPV), negative predictive value (NPV) and diagnostic accuracy
were calculated as indicators of the performance of DS and ASUVmax in predicting posi-
tive response. The Spearman rank test was used to find a correlation between DS and
ASUVmax. Finally, the z-test was used to compare the performance of DS and ASUVmax%
in predicting positive response in all patients. A p-value less than 0.05 was set as threshold
for statistical significance.

3. Results
3.1. Baseline SUVmax in predicting positive response

Of 52 patients, 46 (88.5%) showed a complete therapy response at follow-up and were
classified as responders, whereas the remaining ones had disease progression and/or re-
currence. Baseline SUVmax was 12.3 + 5.7 g/ml (mean + standard deviation; range 3.2 — 29.8
g/ml. Interim SUVmax was 3.8 + 4.4 g/ml (range 1.2 — 21.6 g/ml), and post-therapy SUVmax
was 2.1 £1.9 g/ml (range 1.2 — 9.0 g/ml).

Using a cut-off of 15.5g/ml, baseline SUVmax for predicting positive response to ther-
apy at 24 months showed a sensitivity of 80.4%, specificity of 66.7%, PPV of 94.9%, NPV
of 30.8 %, and accuracy of 78.8% (Figure 1).
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Figure 1. ROC curve for SUVmax prediction of response at 24 months at baseline 'F-FDG PET-CT.
AUC = area under the ROC curve. CI95% = 95% confidence interval.

Using the DS method, 31 (71.1%) patients were classified as responders (DS 1, 2 and
3) at interim PET-CT, whereas 47 (90.4%) were classified as responders at post-therapy
PET-CT. No patients had a DS of 5 at either interim or post-therapy PET-CT. 5 (9.6%)
patients had a DS of 4 after completion of therapy and were treated more aggressively
with a change in chemotherapy regimen and/or field radiotherapy.
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Using the semiquantitative method, interim ASUVmax% was 69.1 + 24.8 g/ml, whereas
post-therapy ASUVmax% was 81.7 + 11.4 g/ml.

3.2. Performance of ASUVmaxs in predicting therapy response at 24 months

For ASUVmax at interim and post-therapy PET-CT, an optimal cut-off of 56.3% and
76.8% were found, respectively (Figure 2).
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Figure 2. ROC curves for therapy response prediction at 24 months based on ASUVmax% at interim
(a) and post-therapy PET-CT (b).

The sensitivity, specificity PPV, NPV and accuracy of interim ASUVmax% in predicting
therapy response at 24 months were 83.3%, 82.6%, 97.4%, 38.5% and 82.7%, respectively.
The sensitivity, specificity PPV, NPV and accuracy of post-therapy ASUVmax% in pre-

dicting therapy response at 24 months were 83.3%, 84.8%, 97.5%, 41.7% and 84.6%, respec-
tively.

3.3. Diagnostic accuracy of prognostication by Deauville criteria (visual assessment) at different
intervals of time in prediction of response at 24 months

The sensitivity, specificity, PPV, NPV and accuracy of interim DS in predicting ther-
apy response at 24 months were 100.0%, 80.4%, 100.0%, 40.0% and 82.7%, respectively.

The sensitivity, specificity, PPV, NPV and accuracy of post-therapy DS in predicting
therapy response at 24 months were 66.7%, 97.8%, 95.7%, 80.0% and 94.2%, respectively.

Table 3 shows the comparison of diagnostic performance of ASUVmax% and DS at in-
terim PET-CT in predicting therapy response at 24 months. Interim DS yielded a signifi-

cantly higher specificity and lower false-positive ratio compared with interim ASUVmax%
(p=0.002).
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Table 3. Comparison of diagnostic performance of ASUVmax and DS at interim PET-CT in predict-
ing therapy response at 24 months.

ASUVmax% DS z (p)
Sensitivity 82.6 80.4 0.286 (0.779)
Specificity 83.3 100.0 3.075 (0.002)
False negative ratio 174 19.6 0.286 (0.779)
False positive ratio 16.7 0.0 3.075 (0.002)
PPV 97.4 100.0 1.162 (0.246)
NPV 38.5 40.0 0.161 (0.873)
Positive likelihood ratio 5.0 - - ()
Negative likelihood ratio 0.2 0.2 0.015 (0.992)
Accuracy 82.7 82.7 0(1)

Post-therapy DS yielded a higher sensitivity (p=0.018), specificity (p<0.05), NPV
(p<0.001) and lower false positive (p<0.05) and false negative ratios (p=0.018) compared to
post-therapy ASUVmax% (Table 4).

Table 4. Comparison of diagnostic performance of ASUVmax% and DS at post-therapy PET-CT in
predicting therapy response at 24 months.

ASUVmax% DS z (p)
Sensitivity 84.8 97.8 2.36 (0.018)
Specificity 83.3 66.7 1.963 (0.049)
False negative ratio 15.2 2.2 2.36 (0.018)
False positive ratio 16.7 33.3 1.963 (0.049)
PPV 97.5 95.7 0.495 (0.624)
NPV 41.7 80.0 4.004 (0.001)
Positive likelihood ratio 5.1 29 0.559 (0.582)
Negative likelihood ratio 0.2 0.0 0.233 (0.818)
Accuracy 84.6 94.2 1.594 (0.112)

4. Discussion

Hodgkin lymphoma is the third most common childhood malignancy. It usually re-
sponds well to combination therapy, justifying the need for clinicians to know when to
intensify therapy in poor responders, or to maintain or reduce it in responders. For this
reason, it is also important to identify non-responders earlier during treatment course to
optimize the therapeutic strategy. To this purpose, the role of F-FDG PET-CT in the man-
agement of adult HL patients is well known and widely accepted [21-22].

We enrolled 52 patients, which is a relatively large number for a single center study
carried out in a high-volume referral center, given that HL incidence is lower in our region
compared to other regions of our country (BLINDED) [23]. When compared to other stud-
ies conducted on the same subject, sample size was generally lower, ranging from 30 to
54 [10,19,24-25].

Accurate HL staging is the most important factor for setting prognosis and deciding
treatment options. The addition of 8F-FDG PET-CT can help identify disease locations
that could be missed by CT alone [19]. In our study, most patients had stage 2A (28.8%)
and stage 3A (21.2%) categories, with the commonest histopathologic type being the nod-
ular sclerosing variant (63.4%).

4.1. Semiquantitative assessment

Based on our findings, we recommend that pediatric patients with SUVmax higher
than 15.5g/ml at baseline 8F-FDG PET-CT should undergo a stricter follow-up. However,
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it is known that SUV measurements can be affected by several factors that may result in
considerable variations of accuracy and reproducibility, including alterations in the cali-
bration of the PET scanner or dose calibrator, tracer extravasation at the injection site, el-
evated blood glucose levels or patient motion (leading to SUV measurement errors up to
50%), and partial volume effect (which may lead to SUV underestimation in smaller tu-
mors) [11,26-27]. Additional studies with a larger sample size should be conducted to cor-
roborate our findings.

The best cut-off for interim ASUVmax% was 56.3%, yielding a sensitivity, specificity,
PPV, NPV, and accuracy of 82.6%, 83.3%, 97.4%, 38.5% and 82.7%, respectively. In a pro-
spective study by Furth et al on pediatric HL, a similar cut-off (58%) for ASUVmax% was
used for predicting disease relapse by means of interim 8F-FDG PET-CT, showing a sen-
sitivity, specificity, NPV and accuracy of 100%, 97%, 100% and 97%, respectively [19].
Based on these findings, patients with ASUVmax% less than 56% at interim '8F-FDG PET-CT
are more likely to be non-responders or at a higher risk of relapse at follow-up.

The usefulness of interim PET-CT in predicting treatment response is underscored
by its high PPV. Based on our findings, patients with interim ASUVmax lower than 56%
should be followed up more aggressively. Of note, the fact that all parameters that can
affect SUV calculation will also affect the ASUVmax% calculation should be considered.

4.2. Deauville scoring

Our findings showed that DS at interim PET-CT had a specificity and PPV of 100%
in predicting treatment response at 24 months, higher than previous studies [19,24,27].
One explanation could be that the older studies followed heterogeneous visual criteria,
which might have affected the prognostic accuracy of interim PET-CT, as pointed out by
Terasawa et al [28]. Our finding that DS at both interim and post-therapy PET-CT can
predict response with a high PPV seems to suggest a more aggressive treatment for pa-
tients with a score higher than 3, as opposed to those with a lower score. This is in line
with the results by Ilivitzki et al, who found that visual interpretation has a higher PPV in
the early evaluation of chemosensitivity in pediatric HL patients [29].

Care must be taken when DS is performed, as ®F-FDG distribution in pediatric pa-
tients is slightly different compared to adults. It is known that pediatric patients may show
a thymic rebound at post-therapy PET-CT, which can be misleading. Moreover, liver tis-
sue in pediatric patients is less affected by fatty changes than in adults, and it has been
proven that 8F-FDG metabolism may be altered in patients with liver cirrhosis, potentially
affecting both visual scoring and SUV measurements [15]. Thermogenic brown adipose
tissue, which is commonly seen in pediatric patients, can affect the quality of PET images,
and the knowledge of its normal distribution can help avoid false positive findings [34].

It has been found that liver and mediastinal blood pool SUVs were both predicted by
patient weight [31]. Malladi et al proved that liver SUV was affected by gender, whereas
mediastinal SUV was dependent on the uptake time [36]. Moreover, in children aged be-
tween 6 and 8 years, intense *F-FDG uptake can be seen within pharyngeal and palatine
tonsils, potentially causing difficulties in interpretation [32]. New, diffuse F-FDG up-
takes in bone marrow and spleen can also be seen after chemotherapy. The aforemen-
tioned factors were considered when interpreting interim PET-CT scans.

4.3. Comparison of DS and SUVmax reduction

For interim PET-CT, a statistically significant association was found in the specificity
and false positive rates when ASUVmax% and DS were compared, and the latter showed a
better performance (83.3% vs 100% and 16.7% vs 0%, respectively), whereas the remaining
parameters were concordant. This finding reflects the superiority of DS at interim PET-
CT. In contrast, a similar retrospective study by Ferrari et al found DS to be inferior to
ASUVmax%, but it was based on a lower sample size (N=30) [24]. The main reason for this
was the higher false positive rate for DS, due to the presence of inflammatory cells in the
tumor microenvironment and the factors that affect background 8F-FDG uptake [24,35].


https://doi.org/10.20944/preprints202212.0098.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 December 2022 d0i:10.20944/preprints202212.0098.v1

Moreover, a fixed ASUVmax% cannot always be used when baseline SUVmax is low (e.g.,
<10g/ml), or when SUVmax in the residual lesion is >5g/ml. In such instances, both the DS
and quantitative ASUVmax% methods are needed, as suggested at the Third International
Workshop on Interim Positron Emission Tomography in Lymphoma [16].

5. Conclusions

Compared to the ASUVmax% method, Deauville scoring is an easier method yielding
better specificity and positive predictive value at interim PET-CT imaging for the assess-
ment of treatment response in pediatric patients with HL, justifying its preferred use in
clinical practice. Patients with higher Deauville scores at interim and post-therapy PET-
CT should undergo a stricter follow-up, as they are at a higher chance of treatment failure
or disease relapse. Conversely, ASUVmax% should be used in patients classified as Deau-
ville score 4 or 5 at interim PET-CT. In such instances, patients with a SUVmax% reduction
less than 56% should be treated more aggressively. The issue of a low negative predictive
value for ASUVmaxx% should be evaluated in a larger multicenter trial.

Author Contributions: Conceptualization, F.I; methodology, F.L; software, A.R.V; validation, S.P.,
F.I, M.G,, L.F.; formal analysis, F.L; investigation, S.P.; resources, F.I, A.R.V.; data curation, F.L; writ-
ing —original draft preparation, F.I.; writing —review and editing, F.I, M.G., L.F.; supervision, S.P.,
D.C,, E.N.; project administration, S.P. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki. Ethical review and approval were waived for this study due to its observational
and retrospective nature.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.
Data Availability Statement: Data can be made publicly available upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Buhtoiarov, I.N., Paediatric lymphoma. Pediatr Rev 2017, 38, 410-423, DOI: 10.1542/pir.2016-0152.

2. Sherief, L.M,; Elsafy, U.R.; Abdelkhalek, E.R.; Kamal, N.M.; Elbehedy, R.; Hassan, T.H.; Sherbiny, H.S.; Beshir, M.R.; Saleh, S.H.,
Hodgkin lymphoma in childhood - clinicopathological features and therapy outcome at 2 centres from a developing country.
Medicine (Baltimore) 2015, 94, 670, DOI: 10.1097/MD.0000000000000670.

3. Jorgov, L.; Montravers, F.; Balogova, S.; Ragu, C.; Pacquement, H.; Leblanc, T.; Abbou, S.; Ducou-Lepointe, H.; Landman-Parker,
J.; Talbot, J.N., Paediatric and adolescent Hodgkin lymphoma: information derived from diffuse organ uptake of 18F-fluorode-
oxyglucose pre-treatment and on interim PET/CT. Eur | Nucl Med Mol Imaging 2016, 43,1220-1230, DOI: 10.1007/s00259-015-
3280-6.

4. Swerdlow, AJ., Epidemiology of Hodgkin's disease and non-Hodgkin’s lymphoma. Eur | Nucl Med Mol Imaging 2003, 30(Suppl
1), S3-12, DOI: 10.1007/s00259-003-1154-9.

5. Aleman, B.M,; van den Belt-Dusebout, A.W.; Klokman, W.].; Van't Veer, M.B.; Bartelink, H.; van Leeuwen, F.E., Long-term
cause specific mortality of patients treated for Hodgkin’s disease. ] Clin Oncol 2003, 21, 3431-3439, DOI: 10.1200/JC0O.2003.07.131.

6. Ng, AK,;Bernardo, M.P.; Weller, E.; Backstrand, K.H.; Silver, B.; Marcus, K.C.; Tarbell, N.J.; Friedberg, J.; Canellos, G.P.; Mauch,
P.M., Long-term survival and competing causes of death in patients with early-stage Hodgkin’s disease treated at age 50 or
younger. ] Clin Oncol 2002, 20, 2101-2108, DOI: 10.1200/JC0O.2002.08.021.

7. Riad, R.,; Omar, W.; Kotb, M.; Hafez, M.; Sidhom, I.; Zamzam, M.; Zaky I.; Abdel-Dayem, H., Role of PET/CT in malignant
pediatric lymphoma. Eur | Nucl Med Mol Imaging 2010, 37, 319-329, DOI: 10.1007/s00259-009-1276-9.

8.  Bhakta, N.; Liu, Q.; Yeo, F.; Baassiri, M.; Ehrhardt, M.]; Srivastava, D.K.; Metzger, M.L.; Krasin, M.].; Ness, K.K.; Hudson, M.M.;
Yasui, Y.; Robison, L.L. Cumulative burden of cardiovascular morbidity in paediatric, adolescent, and young adult survivors
of Hodgkin's lymphoma: an analysis from the St Jude Lifetime Cohort Study. Lancet Oncol 2016, 17, 1325-1334, DOL
10.1016/51470-2045(16)30215-7.

9. Bhatia, S,; Yasui, Y.; Robison, L.L.; Birch, ].M.; Bogue, M.K; Diller, L.; DeLaat, C.; Fossati-Bellani, F.; Morgan, E.; Oberlin, O.;
Reaman, G.; Ruymann, F.B.; Tersak, J.; Meadows, A.T.; Late Effects Study Group, High risk of subsequent neoplasms continues
with extended follow-up of childhood Hodgkin's disease: report from the Late Effects Study Group. ] Clin Oncol 2003, 21, 4386~
4394, DOI: 10.1200/JC0O.2003.11.059.


https://doi.org/10.20944/preprints202212.0098.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 December 2022 d0i:10.20944/preprints202212.0098.v1

10. Hussien, A.E.; Furth, C.; Schonberger, S.; Hundsdoerfer, P.; Steffen, I.G.; Amthauer, H.; Miiller, HW.; Hautzel, H., FDG-PET
response prediction in pediatric Hodgkin's lymphoma: impact of metabolically defined tumor volumes and individualized SUV
measurements on the positive predictive value. Cancers (Basel) 2015, 7, 287-304, DOI: 10.3390/cancers7010287.

11. Boellaard, R., Standards for PET image acquisition and quantitative data analysis. ] Nucl Med 2009, 50 Suppl 1, 115-20S, DOL:
10.2967/jnumed.108.057182.

12.  Fischman, A.J.; Alpert, N.M., FDG-PET in oncology: there's more to it than looking at pictures. | Nucl Med 1993, 34, 6-11.

13. Huang, S.C., Anatomy of SUV, Nuclear Medicine and Biology, 2000, 27, 643-646, DOI: 10.1016/S0969-8051(00)00155-4.

14. Gambhir, S.S., Molecular imaging of cancer with positron emission tomography. Nat Rev Cancer 2002, 2, 683-693, DOI:
10.1038/nrc882.

15. Barrington, S.F.; Mikhaeel, N.G.; Kostakoglu, L.; Meignan, M.; Hutchings, M.; Miieller, S.P.; Schwartz, L.H.; Zucca, E.; Fisher,
R.L; Trotman, J.; Hoekstra, O.S.; Hicks, R.J.; O'Doherty, M.].; Hustinx, R.; Biggi, A.; Cheson, B.D., Role of imaging in the staging
and response assessment of lymphoma: consensus of the International Conference on Malignant Lymphomas Imaging Working
Group. ] Clin Oncol 2014, 32, 3048-3058, DOI: 10.1200/JCO.2013.53.5229.

16. Meignan, M.; Gallamini, A.; Meignan, M.; Gallamini, A.; Haioun, C. Report on the First International Workshop on Interim-
PET-Scan in Lymphoma. Leuk Lymphoma 2009, 50, 1257-1260, DOI: 10.1080/10428190903040048.

17. Kaste, 5.C.; Howard, S.C.; McCarville, E.B.; Krasin, M.].; Kogos, P.G.; Hudson, M.M., 8F-FDG-avid sites mimicking active dis-
ease in pediatric Hodgkin's. Pediatr Radiol 2005, 35, 141-154, DOI: 10.1007/s00247-004-1340-3.

18. Cheson, B.D,; Fisher, R.I; Barrington, S.F.; Cavalli, F.; Schwartz, L.H.; Zucca, E.; Lister, T.A.; Alliance, Australasian Leukaemia
and Lymphoma Group; Eastern Cooperative Oncology Group; European Mantle Cell Lymphoma Consortium; Italian Lym-
phoma Foundation; European Organisation for Research; Treatment of Cancer/Dutch Hemato-Oncology Group; Grupo Espa-
fiol de Médula Osea; German High-Grade Lymphoma Study Group; German Hodgkin's Study Group; Japanese Lymphoma
Study Group; Lymphoma Study Association; NCIC Clinical Trials Group; Nordic Lymphoma Study Group; Southwest Oncol-
ogy Group; United Kingdom National Cancer Research Institute, Recommendations for initial evaluation, staging, and response
assessment of Hodgkin and non-Hodgkin lymphoma: the Lugano classification. | Clin Oncol 2014, 32, 3059-3068, DOI:
10.1200/JC0O.2013.54.8800.

19. Furth, C; Steffen, 1.G.; Amthauer, H.; Ruf, J.; Misch, D.; Schonberger, S.; Kobe, C.; Denecke, T.; Stéver, B.; Hautzel, H.; Henze,
G.; Hundsdoerfer, P., Early and late therapy response assessment with [*F]fluorodeoxyglucose positron emission tomography
in pediatric Hodgkin's lymphoma: analysis of a prospective multicenter trial. J Clin Oncol 2009, 27, 4385-4391, DOI:
10.1200/JC0O.2008.19.7814.

20. Furth, C; Steffen, I.G.; Erdrich, A.S.; Hundsdoerfer, P.; Ruf, ].; Henze, G.; Schonberger, S.; Amthauer, H.; Hautzel, H., Explora-
tive analyses on the value of interim PET for prediction of response in pediatric and adolescent non-Hodgkin lymphoma pa-
tients. EFNMMI Res 2013, 3, 71, DOL: 10.1186/2191-219X-3-71.

21. Barrington, S.F.; Kluge, R., FDG PET for therapy monitoring in Hodgkin and non-Hodgkin lymphomas. Eur | Nucl Med Mol
Imaging 2017, 44(Suppl 1), 97-110, DOI: 10.1007/s00259-017-3690-8.

22. Biggi, A.; Gallamini, A.; Chauvie, S.; Hutchings, M.; Kostakoglu, L.; Gregianin, M.; Meignan, M.; Malkowski, B.; Hofman, M.S.;
Barrington, S.F., International validation study for interim PET in ABVD-treated, advanced-stage Hodgkin lymphoma: inter-
pretation criteria and concordance rate among reviewers. | Nucl Med 2013, 54, 683-690, DOI: 10.2967/jnumed.112.110890.

23. Asthana, S.; Labani, S.; Mehrana, S.; Bakhshi, S., Incidence of childhood leukemia and lymphoma in India. Pediatric Hematology
Oncology Journal 2018, 3, 115-120, DOI: 10.1016/j.phoj.2017.12.004.

24. Ferrari, C; Niccoli Asabella, A.; Merenda, N.; Altini, C.; Fanelli, M.; Muggeo, P.; De Leonardis, F.; Perillo, T.; Santoro, N.; Rubini,
G., Pediatric Hodgkin lymphoma: predictive value of interim '8F-FDG PET/CT in therapy response assessment. Medicine (Balti-
more) 2017, 96, €5973, DOI: 10.1097/MD.0000000000005973.

25. Aide, N.; Lasnon, C.; Veit-Haibach, P.; Sera, T.; Sattler, B.; Boellaard, R., EANM/EARL harmonization strategies in PET quanti-
fication: from daily practice to multicentre oncological studies. Eur | Nucl Med Mol Imaging 2017, 44(Suppl 1), 17-31, DOL:
10.1007/s00259-017-3740-2.

26. Blautzik, J.; Grelich, L.; Schramm, N.; Henkel, R.; Bartenstein, P.; Pfluger, T., What and how should we measure in paediatric
oncology FDG-PET/CT? Comparison of commonly used SUV metrics for differentiation between paediatric tumours. EINMMI
Res 2019, 9, 115, DOI: 10.1186/s13550-019-0577-7.

27. Isik, E.G,; Kuyumcu, S.; Kebudji, R.; Sanli, Y.; Karakas, Z.; Cakir, F.B.; Unal, S.N., Prediction of outcome in pediatric Hodgkin
lymphoma based on interpretation of ¥FDG-PET/CT according to ASUVmax, Deauville 5-point scale and IHP criteria. Ann Nucl
Med 2017, 31, 660-668, DOI: 10.1007/s12149-017-1196-x.

28. Terasawa, T.; Lau, J.; Bardet, S.; Couturier, O.; Hotta, T.; Hutchings, M.; Nihashi, T.; Nagai, H., Fluorine-18-fluorodeoxyglucose
positron emission tomography for interim response assessment of advanced-stage Hodgkin's lymphoma and diffuse large B-
cell lymphoma: a systematic review. | Clin Oncol 2009, 27, 19061914, DOI: 10.1200/JCO.2008.16.0861.

29. [llivitzki, A.; Radan, L.; Ben-Arush, M.; Israel, O.; Ben-Barak, A., Early interim FDG PET/CT prediction of treatment response
and prognosis in pediatric Hodgkin disease-added value of low-dose CT. Pediatr Radiol 2013, 43, 86-92, DOI: 10.1007/s00247-
012-2517-9.

30. Verloh, N.; Einspieler, I; Utpatel, K.; Menhart, K.; Brunner, S.; Hotheinz, F.; van den Hoff, J.; Wiggermann, P.; Evert, M.;
Stroszczynski, C.; Hellwig, D.; Grosse, J., In vivo confirmation of altered hepatic glucose metabolism in patients with liver
fibrosis/cirrhosis by ®F-FDG PET/CT. EJNMMI Res 2018, 8, 98, DOI: 10.1186/s13550-018-0452-y.


https://doi.org/10.20944/preprints202212.0098.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 December 2022 d0i:10.20944/preprints202212.0098.v1

31. Blautzik, J.; Grelich, L.; Schramm, N.; Henkel, R.; Bartenstein, P.; Pfluger, T., What and how should we measure in paediatric
oncology FDG-PET/CT? Comparison of commonly used SUV metrics for differentiation between paediatric tumours. EINMMI
Res 2019, 9, 115, DOI: 10.1186/s13550-019-0577-7.

32. Shammas, A.; Lim, R.; Charron, M., Pediatric FDG PET/CT: physiologic uptake, normal variants, and benign conditions. Radi-
ographics 2009, 29, 1467-1486, DOI: 10.1148/rg.295085247.

33. Meignan, M.; Itti, E.; Gallamini, A.; Younes, A., FDG PET/CT imaging as a biomarker in lymphoma. Eur | Nucl Med Mol Imaging
2015, 42, 623-633, DOI: 10.1007/s00259-014-2973-6.

34. Kluge, R.; Kurch, L.; Georgi, T.; Metzger, M., Current role of FDG-PET in pediatric Hodgkin's lymphoma. Semin Nucl Med 2017,
47,242-257, DOI: 10.1053/j.semnuclmed.2017.01.001.

35. Kluge, R.; Chavdarova, L.; Hoffmann, M.; Kobe, C.; Malkowski, B.; Montravers, F.; Kurch, L.; Georgi, T.; Dietlein, M.; Wallace,
W.H.; Karlen, J.; Fernandez-Teijeiro, A.; Cepelova, M.; Wilson, L.; Bergstraesser, E.; Sabri, O.; Mauz-Koérholz, C.; Korholz, D.;
Hasenclever, D., Inter-Reader reliability of early FDG-PET/CT response assessment using the Deauville scale after 2 cycles of
intensive chemotherapy (OEPA) in Hodgkin's lymphoma. PLoS One 2016, 11, 0149072, DOI: 10.1371/journal.pone.0149072.

36. Malladi, A.; Viner, M.; Jackson, T.; Mercier, G.; Subramaniam, R.M., PET/CT mediastinal and liver FDG uptake: effects of bio-
logical and procedural factors. ] Med Imaging Radiat Oncol 2013, 57, 169-175, DOI: 10.1111/1754-9485.12015.


https://doi.org/10.20944/preprints202212.0098.v1

