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Abstracts (150-250 words)  

The Lugano classification for response assessment in lymphoma recommends the use of the 5-point-scale 

Deauville Score (DS) to assess response evaluation of end-of-treatment FDG-PET/CT (eotPET) in Hodgkin 

Lymphoma (HL); nevertheless, there is a paucity of data on its accuracy and reproducibility.   

 

We focus here on the cohort of advanced stage IIb-IV HL patients enrolled in the HD0607 clinical trial (NCT 

identifier 00795613) that having had a negative interim PET performed 6 cycles of ABVD (Doxorubicin, 

Vinblastine, Vincristine and Dacarbazine) and then performed an eotPET. Negative patients were randomized 

to radiotherapy and no further treatment while positive patients were treated based on local policies. eotPET 

was re-evaluated independently by two readers evaluated and progression free survival was analysed (PFS). 

 

eotPET of 254 patients were analysed. The median follow-up was 43 months. The best receiver operator 

characteristics cut-off values to distinguish positive and negative patients was 4. The area-under-the-curve 

was 0.81 (95%CI, 0.70-0.91). Three-years PFS was 0.95 (95% CI 0.90-0.97) in eotPET negative and 0.22 (95% 

CI 0.11-0.43) in eotPET positive. DS demonstrated a good reproducibility of positivity/negativity between the 

readers consensus and local site evaluation where the agreement occurred on 95.0% of patients.  

 
The present study demonstrates that eotPET is an accurate tool to predict treatment outcome in HL 

and confirms the appropriateness of the Lugano classification for eotPET evaluation. Keywords: Advanced-

stage Hodgkin Lymphoma, PET, Deauvile Criteria, End-of-treatment response assessment 

 

Introduction 

18F-fluorodeoxyglucose Positron Emission Tomography combined with Computed Tomography (FDG-PET/CT, 

simply PET) is the standard-of-care for response assessment in FDG-avid lymphoma (1). Moreover it serves 

as a surrogate for other measures of clinical benefit, such as Progression Free Survival (PFS) or Overall Survival 

(OS) and as an essential guide in the choice of continuing  or changing therapy (2). 
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In 2007 the International Working Group developed new recommendations for response criteria for 

aggressive malignant lymphomas, incorporating end-of-treatment PET (eotPET) for the definition of therapy 

responses. The overall accuracy of PET proved superior to contrast-enhanced CT scan, and patients with 

residual masses on CT but with negative FDG uptake were considered as a complete responders(3). 

The consensus of the International Conference on Malignant Lymphomas Imaging Working Group held in 

2014 confirmed that PET is the standard-of-care for treatment response assessment at interim and the end-

of-treatment in FDG-avid lymphoma, and that the Deauville criteria are recommended for FDG-PET/CT 

reporting using a 5-point-scale using 5-point-scale Deauville score (DS)  (4). According to the revised criteria 

for response assessment (named the Lugano classification by this consensus), a DS of 1, 2, or 3 with or without 

residual CT masses represents Complete Metabolic Response (CMR) (4). 

Such recommendations were based on expert opinion consensus and, as of now, few validation studies have 

been published to confirm the predictive role on treatment outcome of eotPET in patients with Hodgkin 

lymphoma (HL) using the above-mentioned criteria.   

The multi-centric prospective clinical trials RATHL(5), SWOG S0816(6) and GITIL/FIL HD0607(7) demonstrated 

that a PET-driven switch after two Doxorubicin, Vinblastine, Vincristine and Dacarbazine (ABVD) to escalated 

Bleomycin, Etoposide, Doxorubicin, Cyclophosphamide, Vincristine, Procarbazine and Prednisone (BEACOPP) 

is feasible and effective in high risk patients with advanced stage HL and DC are a robust and reproducible 

interpretation key for interim PET interpretation. In this work we evaluated eotPET in the HD0607 trial to 

support the use of DS 4 as a threshold for complete response both in terms of diagnostic accuracy, with 

respect to PFS, and the reproducibility of DS measured as the concordance agreement between reviewers 

and between reviewers’ and local sites’ evaluation.  

Patients and methods 

The multi-centric HD0607 clinical trial (ClinicalTrial.gov identifier 00795613), assessed the clinical impact of 

dose intensification performed early during treatment in a subset of poor prognosis, advanced-stage (IIB-

IVB) HL patients, defined by a positive interim PET (iPET) after two courses of conventional ABVD.  After a 
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baseline lymphoma staging including PET (bPET), patients were treated with 2 ABVD courses, followed by an 

iPET. bPET and iPET were uploaded in the study website using the WIDEN® platform(8) and iPET reviewed in 

a blinded independent central review (BICR) (9) using the DC by a panel of expert nuclear medicine 

physicians.  iPET positive patients (DS ≥ 4) (experimental arm), were randomized to receive either 4 cycles of 

escalated-BEACOPP (Be) plus 4 cycles of BEACOPP baseline (Bb) or Be+Bb (4+4) supplemented with 

Rituximab. Patients with a negative iPET (DS <4) (standard arm) stuck on ABVD treatment with four additional 

cycles and, upon confirmation of eotPET CMR entry, randomized to consolidation radiotherapy (cRT) on the 

sites of initial large nodal mass (LNM) or no further treatment (NFT). eotPET scans were reported locally by 

a PET imaging expert at the local site.  In the present report, we focus on the eotPET negative patients 

entering in the randomized study. Since there was no difference in treatment outcome in terms of 6-years 

PFS for patients according to the randomization arm [10], in the present study we analyse both cohorts 

together, without distinction based on the post-chemotherapy assigned treatment. 

PET imaging  

PET scanning and imaging fulfilled the methodology required by the HD0607 trial, as previously described 

(10). We were able to retrieve from local databases and collect 246 PET/CT.  

eotPET was reviewed along with bPET and iPET by two nuclear expert medicine physicians, blinded to patient 

history, clinical data and treatment outcome. A third reviewer was recruited to adjudicate the final result in 

case of discrepancies. For each patient the location of the most active residual lesion in eotPET (reference 

lesion) was identified and visually scored according to DS as described elsewhere(11); a consensus was 

reached in discordant cases. The reference lesion was identified as a lesion already present in bPET, with a 

DS ≥ 2.  New, single lesions in eotPET, not recorded in bPET, were not deemed to harbinger lymphoma if the 

patient was responding to treatment in all the initially involved sites. DS 5 was assigned to lesion having an 

uptake higher than three-fold the average liver uptake. For each reference lesion dmax, the largest diameter 

on axial slice measured on the CT of PET, was reported. In supplemental material we report also data 

regarding qPET, the ratio between the lesion SUVpeak and the liver SUVmean, rPET, the ratio between the lesion 

SUVmax and the liver SUVmean, and Qmax the ratio between the lesion SUVmax and the liver SUVmax. (see 
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supplemental material). The results of the local eotPET report were retrieved from the patient’s record of 

the study.  

Statistical analysis 

Progression-free survival (PFS) was measured from the date of registration to the date of first appearance of 

disease progression, relapse or death for any cause; a treatment failure (for relapse of progression) could be 

considered a PFS event in presence of a documented second-line treatment.  For each eotPET reviewed we 

evaluated the binary concordance between the two reviewers and between local and central review using 

the Cohen’s kappa. The eotPET results were reported according to DS and the corresponding PFS values 

dichotomized in search of the optimal value. Differences in PFS between groups were estimated by log-rank 

test of the Kaplan-Meier curve. Accuracy (AC), sensitivity (SE), specificity (SP), negative predictive value (NPV) 

and positive predictive value (PPV) were computed in relation with PFS events. Confidence interval at 95% 

were obtained via bootstrapping. Clinical and PET variables were entered into a prognostic univariate and 

multivariate model (one for PFS and one for OS) based on Cox regression analysis. Proportional hazards 

assumption was checked by inspection of the scaled Schoenfeld residuals. 

Results 

The demographics and clinical parameters of the whole cohort of 296 patients that were interim PET negative 

within HD0607 clinical trial and the subset of 254 patients included in the present study is reported in Table 

I. No statistical relevant differences in the breakdown of the demographic and clinical parameters in the two 

groups were observed. Figure 1 present the CONSORT diagram of the population of this study.  

Discordance in eotPET reporting among local investigators and central reviewers occurred in 14/254 (5.5%)  

of the patients. 11 patients locally reported as negative turned out to be positive upon central review and 3 

patients locally reported as negative were evaluated as positive in central review. The Cohen’s kappa 

between the central review and the local investigators was 0.65.  

In 163 out of 254 (64.2%) cases it was possible to identify a reference lesion in the eotPET with a DS≥2 while 

in 91/254 (35.8%) patients no reference lesion was identifiable (DS = 1). The overall DS scoring (number of 
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patients in brackets) was the following 1(91), 2(113), 3(24), 4(12) and 5(14). Patients in CMR, showing an 

EotPET with a DS ≤ 3, were 228/254 (89.8%). The best ROC cut-off values to distinguish positive and negative 

patients was DS score 4 (Figure S1 in supplemental material). The area-under-the-curve (AUC) of ROC was 

0.81 (95%CI, 0.70-0.91), other parameters are reported in Table 2. The clinical characteristics of PET-2 

negative patients showing a positive or a negative eotPET are depicted in Table 3.    

After a median follow-up of 43 (6-95) months, 219/254 (86.2%) were in CR and 35/254 (13.8%) showed a PFS 

event (disease relapse, progression or death). Of the 26 patients with a positive eotPET (DS 4-5), 20 showed 

disease recurrence (true positive), while 6 were in CR (false positive). On the other hand, 15 patients showing 

disease recurrence were in CMR, with DS scores of 1 (4), 2 (8) and 3 (3), respectively. 5 patients died: with a. 

DS score of 1 (1), 2 (1), 3 (0), 4 (1) and 5 (2), respectively. The deaths were due to transplant related mortality 

(three patients), respiratory failure due to pulmonary infection (one patient), and progression, sepsis (one 

patient). 

Figures 2 show the PFS according to DS score. 14/14 (100%) of the patients that had a DS 5 experienced 

progression while only 6/12 (50%) of those with a DS 4.  Figures 3 and 4 show the dichotomized PFS and OS 

values for DS based on survival analysis. Three-years PFS was 0.95 (95% CI 0.90-0.97) in eotPET negative and 

0.22 (95% CI 0.11-0.43) in eotPET positive. Log-rank was <0.001. 

At multi-variate analysis with Cox model, including sex, WHO activity index, Ann Arbor stage, IPS, B-

symptoms, large nodal mass, and DS, only eotPET DS was statistically relevant, p<0.0001, for PFS and OS. 

Discussion  

PET has become the standard diagnostic tool for post-treatment response evaluation for most lymphoma 

subtypes that proved FDG-avid. As a matter of fact, CMR is currently adopted as a widely used surrogate 

endpoint for progression free survival and overall survival. 

Cerci et al. demonstrated that end-of-treatment lymphoma restaging with PET, classified as positive 

or negative according to the consensus recommendations of the Imaging Subcommittee of International 

Harmonization Project in Lymphoma (IHP), was superior to the conventional dimensional criteria to assess 
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tumor shrinkage on CT (12). After first-line treatment, approximately 40% of patients were considered in 

complete remission unconfirmed (RCU) or in partial response (PR) by end-of-therapy CT (eotCT). In their 

study Cerci et al has shown that eotPET clearly outperformed eotCT as demonstrated by AC, SE, SP, PPV, and 

NPV values of 0.96, 1.00, 0.92, 0.92, and 1, which proved significantly higher than the corresponding eotCT 

values, that were 0.77, 0.87, 0.74, 0.52, and 0.94 respectively [14]. This higher accuracy is due to ability of 

PET to differentiate viable tumour from fibrosis in residual masses.  

A meta-analysis by Adams et al. including 1137 patients with early and advanced HL from 10 studies 

showed that in patients with a metabolic response defined by a negative PET, the disease relapse rate during 

follow-up ranged from 0% to 26.7%, with a weighted summary proportion of 7.5% (95% confidence interval: 

3.9 -13.8) (13). However, the criteria to interpret the PET in the studies included in this meta-analysis were 

generally based on the ‘old’ IHP criteria that demonstrated generally a higher number of false positive results 

compared to the strict definition of CMR in the Lugano classification (14–16). 

In a retrospective study, Metser et. al compared the accuracy of PET in assessing residual masses at 

the end of therapy for 43 patients with HL and 94 patients with non-HL by comparing IHP and Deauville 

criteria (17). The standard of reference was based on histopathology, or clinical follow-up and imaging 

surveillance. A positive biopsy or interval increase in size of the mass on surveillance was considered 

indicative of residual viable disease at time of PET. The AC, SE, SP, PPV, NPV and accuracy were 0.85, 0.95, 

0.81, 0.70, and 0.97 using IHP and 0.94, 0.93, 0.94, 0.88, and 0.97 using Lugano classification. The authors 

concluded that the DS of 4 threshold they used to define eotPET positivity improves SP, yet maintains a high 

SE in identifying residual lymphoma. The agreement amongst readers in defining positive and negative 

eotPET with DS was excellent.  

 In a retrospective study on 35 HL and 66 non-HL, Fallanca et al. compared the diagnostic accuracy of 

IHP and DS for eotPET reading to predict progression and survival (16).  Disease status was followed by 

reference to the available clinical and imaging information, identifying patients negative for the presence of 

disease and patients with relapse and/or progression of disease at follow up. Once more DS criteria 
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outperformed IHP criteria, with AC, SE, SP, PPV, NPV and accuracy values of 0.76, 0.97, 0.67, 0.57, and 0.98 

for the former and of 0.86, 0.92, 0.87, 0.74, and 0.92 for the latter. The corresponding 2-years cumulative 

values of PFS and OS were 73% and 75% in negative patients and 20% and 36% in positive patients with the 

IHP criteria, and were 75% and 74% in negative patients and 49% and 53% in positive patients with DS values. 

The authors concluded that DS has a better performance and survival prediction results over the IHP criteria 

(10).  

 More recently Picardi et al. (18), in a retrospective study of 169 IIB-IV HL that underwent eotPET after 

6 cycles of ABVD, showed that the NPV of eotPET was 0.94. Patients with a positive eotPET were addressed 

to observation or RT on residual nodes or salvage chemotherapy followed by Autologous Stem Cell 

Transplantation (ASCT) depending on DS and clinical condition. The thoroughness of the study consisted in 

the histopathological control of the accuracy of imaging results by core-needle cutting biopsy (CNCB) 

performed in all the patients showing a residual mass scored DS 4 and 5. In this study, CNCB confirmed the 

persistence of disease in 100% of DS5 and in only 16% of DS4. 

 As previously mentioned, the Lugano Classification adopts a DS threshold of 4 for a positive eotPET. 

But this assertion was based more on the consensus of the experts and in analogy with other subtypes of 

FDG-avid lymphoma rather than on a well-conducted clinical validation study. Nonetheless, both the 

aforementioned preliminary papers and our work support this DS threshold. Within this work we confirmed 

that the best cut-off values in ROC analysis to distinguish responder from non-responders was 4. Patients 

with a DS of 1, 2, and 3 with or without residual mass had a 3-year PFS of 0.95 while those with a DS 4 and 5 

had a 3-years PFS of 0.22.  

DS5, as shown in figure 2 had a PPV of 1. As a matter of fact, all patients with a DS 5 underwent progression 

while the latter occurred only in half of the DS4 patients. The reasons of FP results in patients with a residual 

mass with a DS 4 are still unclear. As a matter of fact Picardi et al, showed a much higher number of FP results 

in patients with a post-treatment residual mass undergoing fine needle biopsy in patients with a DS of 4 at 

eotPET compared to that observed in patients in the same clinical situation and DS of 5 at eotPET (18). A 
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reason could be the presence of granulomatosis or other inflammatory process reactive to CT induced tissue 

necrosis.  

In this study we report the presence of patients who, despite having a negative interim PET showed a positive 

eotPET. This finding was recorded in 10% of the patients. We analysed the baseline characteristics in search 

of possible clinical variables associated to this switch to a positive eotPET, but we failed to find any 

relationship   

Despite the lower number of the present analysis restricted to a patient subset in which eotPET scans were 

available for review among the entire cohort of PET-2 negative patients, that the scans were collected 

randomly, and the breakdown of prognostic factors in the patients included in the present study did not 

differ from that of the entire population enrolled in the HD0607 trial we do not expect that the reported 

results could suffer from bias of patent selection.  

Conclusions 

Our study confirms that Lugano classification should be the standard tool to evaluate eotPET for treatment 

response assessment in advanced-stage HL patients. DS provide an excellent NPV and a good PPV.  The great 

reproducibility between the central and the local review confirms that the DS is a reliable tool in this setting.  
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 Table 1. Main clinical characteristic of the population included in this study compared with the entire 

population of the HD0607 trial.  

 HD0607 PET2 negative Study population p-value 

N. of patients 630 254  

Median age (range) 31 (14-60) 30 (17-60) 0.885 

Sex   0.869 

Female 333 (52.9%) 132 (52.0%)  

WHO Activity Index   1.000 

0-1 576 (91.4%) 232 (91.4%)  

>1 54 (8.6%) 22 (8.6%)  

Ann Arbor Stage   0.971 

IIb 229 (36.3%) 91 (35.8%)  

III 208 (33.0%) 86 (33.9%)  

IV 193 (30.6%) 77 (30.3%)  

IPS   0.381 

0-1 251 (39.8%) 89 (35.1%)  

2-3 311 (49.4%) 133 (52.3%)  

>3 68 (10.8%) 32 (12.6%)  

B symptoms present 511 (81.1%) 205 (80.7%) 0.965 

Large nodal mass   0.531 

No 277 (44.0%) 102 (40.2%)  

5-7 cm 123 (19.5%) 46 (18.1%)  

7-10 cm 117 (18.6%) 52 (20.5%)  

> 10 cm 113 (17.9%) 54 (21.2%)  

 

Table 2. Accuracy metrics for DS. 95% CI are not reported (could be found in supplemental material Table S1) 

since are completely overlapping for all variables and all metrics. 

 
Cut-
off 

True 
positive 

True 
negative 

False 
positive 

False 
negative 

Accuracy Sensitivity Specificity Positive 
predictive 

value 

Negative 
predictive 

value 

DS 4 20 213 6 15 0.92  0.57  0.97  0.77 0.93 
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Table 3. Clinical characteristics of eotPET positive versus negative patients.  

 eotPET positive eotPET negative p-value 

N. of patients 26 228  

Median age (range) 35 (19-59) 30 (17-70) 0.3551 

Sex   0.8321 

Female 13 (50.0%) 119 (52.2%)  

WHO Activity Index   0.0587 

0-1 21 (80.8%) 211 (92.5%)  

>1 5 (19.2%) 17 (7.5%)  

Ann Arbor Stage   0.1782 

IIb 7 (26.9%) 84 (36.8%)  

III 7 (26.9%) 79 (34.6%)  

IV 12 (46.2%) 65 (28.5%)  

IPS   0.1556 

0-1 6 (23.1%) 83 (36.4%)  

2-3 14 (53.8%) 119 (52.2%)  

>3 6 (23.1%) 26 (11.4%)  

B symptoms present 24 (92.3%) 181 (79.4%) 0.1136 

Large nodal mass   0.3326 

No 13 (50.0%) 89 (39%)  

5-7 cm 2 (7.7%) 44 (19.3%)  

7-10 cm 7 (26.9%) 45 (19.7%)  

> 10 cm 4 (15.4%) 50 (21.9%)  
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Figure 1 Consort diagram of the population of the study 
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Figure 2. Kaplan-Maier for PFS for patients with different DS at eotPET. Dotted line represents the 95% 

confidence interval. 

 

 

Figure 3. Kaplan-Maier for PFS of negative (DS 1-3) and positive (DS4-5) eotPET patients. Dotted line 

represents the 95% confidence interval. 
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Figure 4. Kaplan-Maier for OS of negative (DS 1-3) and positive (DS4-5) eotPET patients. Dotted line 

represent the 95% confidence interval. 
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