“haematologica

Journal of The =errata Storti Foundation

High-risk stage IIB Hodgkin lymphoma treated in the H10
and AHL2011 trials: TMTV is a useful risk factor to stratify
patients at baseline

by Cédric Rossi, Marc André, Jehan Dupuis, Frank Morschhauser, Bertrand Joly, Julien Lazarovici,
Hervé Ghesquiéres, Aspasia Stamatoullas, Emmanuelle Nicolas-Virelizier, Pierre Feugier,
Anne-Claire Gac, Hannah Moatti, Luc-Mathieu Fornecker, Bénédicte Deau, Clémentine Joubert,
Catherine Fortpied, John Raemaekers, Massimo Federico, Salim Kanoun, Michel Meignan,
Alexandra Traverse-Glehen, Anne-Ségoléne Cottereau, and René-Olivier Casasnovas

Received: September 13, 2021.
Accepted: May 27, 2022.

Citation: Cédric Rossi, Marc André, Jehan Dupuis, Frank Morschhauser, Bertrand Joly, Julien
Lazarovici, Hervé Ghesquiéres, Aspasia Stamatoullas, Emmanuelle Nicolas-Virelizier, Pierre Feugier,
Anne-Claire Gac, Hannah Moatti, Luc-Mathieu Fornecker, Bénédicte Deau, Clémentine Joubert,
Catherine Fortpied, John Raemaekers, Massimo Federico, Salim Kanoun, Michel Meignan,
Alexandra Traverse-Glehen, Anne-Ségoléne Cottereau, and René-Olivier Casasnovas.

High-risk stage IIB Hodgkin lymphoma treated in the H10 and AHL2011 trials: TMTV is

a useful risk factor to stratify patients at baseline.

Haematologica. 2022 May 31. doi: 10.3324/haematol.2021.280004. [Epub ahead of print]

Publisher's Disclaimer.

E-publishing ahead of print is increasingly important for the rapid dissemination of science.
Haematologica is, therefore, E-publishing PDF files of an early version of manuscripts that
have completed a regular peer review and have been accepted for publication. E-publishing
of this PDF file has been approved by the authors. After having E-published Ahead of Print,
manuscripts will then undergo technical and English editing, typesetting, proof correction and
be presented for the authors' final approval; the final version of the manuscript will then
appear in a regular issue of the journal. All legal disclaimers that apply to the
journal also pertain to this production process.



High-risk stage I1B Hodgkin lymphomatreated in the H10 and AHL2011 trials: TMTV is a useful risk

factor to stratify patients at baseline

Authors: Cédric Rossi'?, Marc André®, Jehan Dupuis®, Franck Morschhauser®, Bertrand Joly®, Julien
Lazarovici’, Hervé Ghesquiéres®, Aspasia Stamatoullas’, Emmanuelle Nicolas-Virelizier'?, Pierre Feugier™,
Anne-Claire Gac™, Hannah Moatti™®, Luc-Matthieu Fornecker™, Bénédicte Deau™, Clémentine Joubert™,
Catherine Fortpied"’, John Raemaekers'®, Massmo Federico®, Salim Kanoun®, Michel Meignan®,

Alexandra Traverse-Glehen®, Anne-Ségoléne Cottereau”, René-Olivier Casasnovas™?

! Department of Hematology, Dijon-Bourgogne University Hospital, Dijon, France

2INSERM unit 1231, University of Burgundy Franche-Comté, France

% Department of Hematology, CHU UCL Namur, Université Catholique de Louvain, Yvoir, Belgium

* Lymphoid Malignancies Unit, Henri Mondor University Hospital (AP-HP), Créteil, France

® Groupe de Recherche sur les formes Injectables et les Technologies Associées (GRITA), Department of
Haematology, CHU Lille, Université de Lille, Lille, France

® Department of Hematology, Hospital Sud Francilien, Corbeille-Essonnes, France

" Department of Hematology, Université Paris-Saclay, Gustave Roussy, Villguif, France.

® Department of Hematology, Centre Hospitalier Lyon Sud and Université Claude Bernard Lyon-1,
Pierre-Bénite, France.

° Department of Hematology, Centre Henri Becquerel, Rouen, France.

19 Department of Hematology, Centre Léon Bérard, Lyon, France.Department of Hematology, University
"Hospital of Nancy, Vandoeuvre les Nancy, France

12 Department of Haematology, Institut d'hématologie de Basse Normandie, Caen, France.

'3 Department of Hematology, CHU Paris-GH St-Louis Lariboisiére F-Widal - Hopital Saint-Louis, Paris,
France.

14 Department of Haematology, University Hospital of Strasbourg, Strasbourg, France.

1> Department of Hematology, CHU Cochin, Paris, France.



18 |ymphoma Academic Research Organisation, CHU Lyon-Sud, Lyon, France

" European Organisation for Research and Treatment of Cancer, Brussels, Belgium

18 Department of Haematology, Radboud University Medical Center, Nijmegen; the Netherlands

¥ CHIMOM O department, University of Modena and Reggio Emilia, Policlinico, Modena, Italy

22 Nuclear Medecine Unit, Institut universitaire du cancer Toulouse-Oncopole, Toulouse, France.

2L LY SA Imaging, University Hospital H Mondor, Creteil, France

2 Department of Pathology, Centre Hospitalier Lyon Sud and Université Claude Bernard Lyon-1, Pierre-
Bénite, France.

% Nuclear Medecine Department, Hopital Cochin, AP-HP, Université de Paris, France

Running head

Outcome in high-risk stage 11B Hodgkin lymphoma

Corresponding author
Cédric Rossi, Department of Hematology, Dijon-Bourgogne University Hospital, Dijon, France +33-3-

80-29-50-41, cedric.rossi66@gmail.com

Data sharing statement: the original data cannot be shared due to the limited access to data bases.

Counts

Title: 137 characters (including spaces)
Running title: 47 characters (including spaces)
Abstract: 237 words

Text: 3252 words

References: 22

Figures: 3 figures

Tables: 2



Supplemental figures and tables: 2 figures and 2 tables

List of presentations
- Presented in part at the ASH annual meeting Orlando 2019, oral session 624-Abstract # 128

- and at the SFH (Société Francaise d' Hématologie) annual meeting 2020, oral session SCO-16

CONFLICTSOF INTEREST STATEMENT
CR has received a research grant from Roche and personal fees and non-financial support from
Janssen, Roche, Takeda. ROC has received research grant from Gilead and Takeda and personal
fees and non-financial support from Janssen, Roche, Takeda, Merck/BMS, Abbvie and Amgen.

The other authors declare no competing interests.

AUTHORSHIP CONTRIBUTIONS

Conception and design: CR, MA, MM, ASC, OC

- Coallection and assembly of data: CR, MA, MM, ASC, OC
- Dataanalysisand interpretation: All authors

- Manuscript writing: All authors

- Final approval of manuscript: All authors

- Accountablefor all aspectsof thewor k: All authors

ACKNOWLEDGEMENTS
This work was supported by The Lymphoma Academic Research Organization and association for
the statistics and we acknowledge the groups European Organisation for Research and Treatment
of Cancer (EORTC) and Fondazione Italiana Linfomi (FIL) for their support in using data coming
from H10 trial. We thank the patients and their families, the investigators of the LY SA, LY SARC

team, the Hodgkin committee of LYSA (particularly C. Bailly and Andréa Gallamini), PET



reviewers and pathology reviewers. We aso thank Suzanne Rankin from the Dijon-Bourgogne

University Hospital for proofreading the manuscript.

ABSTRACT

Stage 1B Hodgkin lymphoma (HL) patients, with a mediastinum-to-thorax (M/T) ratio of >0.33 or
extranodal localization have a poor prognosis and are treated either as limited or advanced stage. We
compared these two approaches in patients included in two randomized phase Ill trials enrolling
previously untreated early (H10) or advanced stage HL (AHL2011).

We included HL patients with Ann-Arbor stage 1B with M/T >0.33 or extranodal involvement enrolled
in the H10 or AHL2011 trials with available PET at baseline and after two cycles of chemotherapy
(PET2). Basdline total metabolic tumor volume (TMTV) was calculated using the 41% SUV max method.
PET2 response assessment used the Deauville score.

148 patients were eligible, including 83 enrolled in the AHL2011 trial and 65 in the H10 tria. The
median TMTV value was 155.5 mL (8.3-782.9), 165.6 mL in AHL2011 and 147 mL in H10. PET2
positivity rates were 16.9% (n=14) and 9.2% (n=6) in AHL2011 and H10 patients, respectively. With a
median follow-up of 4.1 years (95%Cl 3.9-4.4), overal 4-year PFS was 88.0%, 87.0% in AHL2011 and
89.2% in H10. In univariate and mutivariate analyses, baseline TMTV and PET2 response influenced
significantly PFS (HR=4.94, HR=3.49 respectively). Notably, among the 16 patients who relapsed, 13
(81%) had abaseline TMTV baseline> 155 mL.

Upfront ABVD plus radiation therapy or upfront escBEACOPP without radiotherapy provide similar

patient’s outcome in high-risk stage 11B HL. TMTYV is useful to stratify these patients at baseline.

INTRODUCTION

Recent clinical trials report the long-term survival rates in classical Hodgkin lymphoma (HL) depend on
age and disease stage, but are as high as 90-95% at 10 years'. Accurate pretreatment stratification based
on clinico-biological scores and baseline fluorodeoxyglucose (FDG) positron emission tomography (PET)

and interim PET results for chemosensitivity to treatment are the main tools for selecting risk-adapted
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therapies in HL patients. Before the PET era, significant efforts were invested in the validation of
clinically and internationally accepted scoring, which are still used in routine practice. Ann Arbor stage,
number of involved lymph node areas, bulky mediastinal mass, extranoda involvement, erythrocyte
sedimentation rate, and B- symptoms were the mgjor factors for patients stratification in the European
Organization for Research and Treatment of Cancer/Lymphoma Study Association (EORTC/LY SA) or
the German Hodgkin Study Group (GHSG) systems?. Standard care in patients with early disease
includes 2 to 4 cycles of chemotherapy followed by radiation therapy (combined modalities)® # and in
patients with advanced-stage disease it is 6 cycles of chemotherapy®. Stage 1B with bulky or extranodal
disease (‘high-risk’ 11B) were considered as advanced disease in the GHSG scoring system and treated
accordingly with 6 cycles of escalated BEACOPP (escBEACOPP) chemotherapy, while they were
considered as unfavorable early stage in the EORTC/LY SA scoring system and treated with combined
modalities using an upfront ABVD chemotherapy regimen .

Thus, there is no properly established standard of care in this subset of patients. The high-risk 1B patient

4 67in some series, but could be overestimated since

population represent 10-15% of early stage patients
these cases are not individualized among stages 11B in most series.
To date, there is not enough robust data to determine whether chemotherapy alone or ABVD-based
combined modality is the better treatment option for this subset of patients. PET tailored *®° strategies
have demonstrated a better benefit/risk ratio for all stages since they decrease acute and late toxicities
without impairing tumor control. Whether PET-guided strategies could influence the choice of treatment
in this population remains to be determined.

In order to compare the outcomes of high-risk 11B HL patients treated with a combined modality

treatment or as advanced stage disease, we retrospectively analysed patients enrolled in two prospective

phase I11 trials, H10 and AHL2011, conducted by LY SA, EORTC and FIL.

METHODS
Patients and study design

2748 patients with newly diagnosed, biopsy proven classical HL according to the WHO 2008
5



classification'® were enrolled in two multicentre randomized trials, dedicated to early stage (H10,
n=1925) ** and advanced stage HL (AHL2011, n=823)".

Briefly, the H10 trial enrolled patients aged 15 to 70 years, both favorable (F) and unfavorable (U)
patients according to EORTC criteria *. The AHL2011 trial” enrolled patients aged 16 to 60 years who
had Ann Arbor stage I1I, IV or IIB with a mediastinum-to-thorax >0.33 or extranodal localization. The
complete eligibility criteria and strategies of treatment tailored by interim PET in both trials are presented
in the H10 ** and AHL2011 trials.

The present study enrolled patients from the H10 or AHL2011 trial with high-risk 11B HL according to
the GHSG stratification and used by several groups worldwide® (Ann Arbor stage 1B with mediastinum-
to-thorax (M/T) ratio >0.33 or extranodal localization), with available baseline PET (PETO) and PET2
images and treated in LY SA centers as metabolic tumor volume (MTV) PET calculation was only donein
LYSA patients (Figure 1). Thus, in H10 study, PETO and PET2 images were not available for 182
patients.

Both studies were carried out in accordance with the Declaration of Helsinki and the International
Conference on Harmonization guidelines for Good Clinical Practice. All patients provided written
informed consent before study inclusion. The H10 and AHL2011 studies were registered at

ClinicalTrials.gov (NCT00433433 and NCT01358747).

PET/CT Acquisition and Analysis

Baseline PET acquisition was performed before any treatment. The details of instructions and quality
criteriaare presented in the H10 and AHL trials.

PET images at baseline were centrally reviewed by three readers (S.K., A.S.C., M.M.) blinded to medical
information, and analysed using the free open-source software, Beth Israel Plugin for Fiji
(http://petctviewer.org).

Pathological uptake was defined by an increase uptake of 18-FDG over physiological background. Total
metabolic tumor volume (TMTV) at baseline was calculated using a 41% SUVmax cutoff for each lesion

1 In this study, all PET2 responses were centrally evaluated using the Deauville score (DS) *2*2 and PET
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positivity was defined according to the criteria used in the AHL2011 study’ considered more reproducible
with better positive predictive value than classic DS. Indeed, interim PET with DS 5 or 4 with SUVmax
of the residual mass greater than 140% of the liver background were considered positive in the AHL
study based on previous data showing the better reproducibility and accuracy of this threshold compared
to visual analysis** So, in the H10 study, interim PET were re-analysed accordingly.

Statistics

We assessed the efficacy of various treatment strategies, and compared the two trials in terms of interim
PET response, progression-free survival and overall survival. Progression-free survival was defined as the
time from randomisation to first progression, relapse or death from any cause or last follow-up. Overall
survival was defined as the time from randomization to death from any cause or last-follow-up. The data
cutoff for the analyses presented here was October 31% 2017, for the AHL trial and February 5" 2018, for
the H10 trial. Progression-free survival and overall survival were analyzed on an intention-to-treat basis.
Survival estimates with 95% confidence intervals (Cls) were calculated with the Kaplan-Meier method.
The survival distributions were compared with stratified log-rank tests according to the study, and Cox
proportional hazard regression models were used to estimate HRs and associated 95% Cls. Multivariate
analyses were conducted using a Cox proportional hazard model and including 120 patients due to
missing index prognosis scoring (IPS) in 28 patients.

Three different approaches (X tile analysis™, receiver operating characteristic analysis, and using the
median) were used to define the optimal cutoff for survival prediction of TMTV.

Differences between groups were significant if p values were less than 0.05. Population characteristics
were compared using Fisher’s exact test or X? test for discrete variables and t test or Mann-Withney test
for continous variables.

All analyses were produced with SAS software (version 9.3).

RESULTS

Patients



Among the 1091 patients assigned to the H10 trial by LY SA centers, 133 patients (12%) were enrolled
with 1B staging. Among those patients, 65 (6%) met high-risk criteria: 58 had a M/T ratio > 0.33 and the
two others had at |east one extra nodal involvement (Figure 1 A). Among the 823 patients enrolled in the
AHL2011 trial, 83 patients (10%) had stage 11B (all with high-risk criteria), including 74 with M/T ratio >
0.33 and nine with at least one extra nodal involvement (Figure 1 B). In the whole cohort of 148 patients
(Table 1), the median age at baseline was 27 years (16;59) and 53% (n=79) of patients were male. In the
120 / 148 patients with available data, the IPS was high (at least 3 or higher) in 43 (29%) of them.
Baselinemedian TMTV was 155.5 mL (8.3-782.9, IQR 97.3-256.2).

The patient characteristics were well-balanced in both studies except for two parameters. IPS was more
frequently unfavorable (IPS 3 or higher: 39% versus 17%; p<0.001) and TMTV was significantly higher
(165.6 mL versus 147 mL; p=0.043) in AHL patients (Table 1 and Supplemental Figure 1).

In the cohort as a whole, 72 patients (49%) were assigned to standard arms, while 76 (51%) were
randomized to experimental arms and the treatment actually received are detailed in Supplemental Table
1: 92 (62%) patients received a treatment including at least 2 cycles of escBEACOPP, including 51 (34%)
patients treated with 6 cycles, 32 (22%) who received 2 cycles of upfront escBEACOPP followed by 4
cycles of ABVD and 9 (6%) who received 2 cycles of escBEACOPP after 2 cycles of ABVD and

followed by INRT. Overall, 47 patients (32%) received radiotherapy.

Responses and outcomes

Centrally reviewed PET2 was negative in 126 patients (85.1%), including 67/83 (80.7%) in the
AHL2011 study and 59/65 (90.8%) in the H10 study. Among the 6 positive PET2 patients in the H10
study, 5 (83%) had a DS5 while 1 DS5 was observed among 16 (6%) positive PET2 patients in the AHL
study (Supplemental Table 2).

With a median follow-up of 4.1 years (95% Cl 3.9-4.4), a total of 17 PFS events occured: 9 patients
relapsed and 1 patient died from causes unrelated to HL in the AHL2011 trial, and 7 patients relapsed in
the H10 trial. Median progression-free survival and overall survival were not reached in the whole cohort

or either treatment group with the current follow-up. Overall, 4-year PFS was 88.0% (95% CI 81.2-92.4)
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and by study 87.0% (95%CI 76.8-92.9) and 89.2% (95%CI, 78.7-94.7) in AHL2011 and in H10,
respectively (Figure 2A). Five deaths occurred (3.4%): 1 unrelated to HL in AHL2011, and 4 in H10,
among whom 3 were due to HL progression and 1 due to acute cardiorespiratory failure not related to
lymphoma. Four-year OS was 96.1% (95% CI 90.7-98.4) in the whole cohort, and 98.0% (95% CI 86.6-
99.7) versus 93.6% (95% CI 84.4-97.6) in the AHL2011 and in H10 groups, respectively (Figure 2B).
Relapses

The characterigtics of the 16 patients who relapsed are detailed in the table 2, 9 of them were treated in
the AHL2011 trial and 7 in the H10 trial including 3 patients who received ABVD only.

Eleven of 16 relapses occurred in the mediastinum, 1/4 (25%) patients who received radiation versus 10/
12 (83%) who did not, Therefore, 7.4% of patients relapsed in our series, compared with 126 (4.6%)
among the 2748 pooled patients of the two trials. Among the eleven patients with progression in the

mediastinum, only two (18.2%) had lesions outside the mediastinum.

Baseline prognosis factors

TMTV, either as a continuous variable or with a 155 mL threshold corresponding to the TMTV median
value, was found to influence PFS estimates (HR= 3.35; 95%CI 1.093-10.285, P=0.035) (Figure 3) in
univariate analysis. In the multivariate analysis, TMTV as a continuous variable was an independent
predictor of PFS (p=0.048).

The cutoff sensitivity was 76% in the whole cohort, and 80% and 71% in AHL2011 and in H10 trias,
respectively (AHL2011 AUC=0.711, H10 AUC=0.632). The specificity of this cutoff for PFS was 52%.
Among the 16 patients who experienced disease progression, 13 (81%) had a baseline TMTV baseline >
155 mL.

In univariate analysis (Table 3), no other baseline parameter was found to impact PFS estimates though
there was a trend towards lower PFS in patients with high IPS. Indeed, among al evauable patients
(n=120) in the cohort, four-year PFS was 93.5% (95%CIl, 85.5-97.2) for patients with IPS 0-2 versus
79.6% (95%Cl 62.8-89.4) for those with high IPS (3-7) (HR, 2.89; P=0.064) (Table 3, Supplemental

Figure 2). High IPS (> 3) was associated with a higher median TMTV (212.7 mL) than low IPS patients
9



(148 mL). High TMTV was observed in 43% of the IPS>3 group and 34% in the IPS <3 group. To note,

patients with missing IPS had similar PFS and inclusion in these analyses did not modify results.

Impact of treatment and PET 2 response on patient’s outcome

In the whole cohort, patients with positive PET2 using modified DS assessment (n=20, 14% with 14 in
AHL2011 and 6 in H10) had shorter PFS, than those with negative PET2 (4y PFS: 91.5% (95%CI 84.6 —
95.4) vs 67.2% (95%Cl 53.1- 82.8); HR=0.181 (95%CI 0.066-0.5: p = 0.001). PET2 was aso centrally
assessed using standard DS. PFS was still significantly influenced by stantard DS (4y PFS in 1/2/3 versus
4/5: 91.9% (95%CI 84.2 — 96) vs 76.5% (95%Cl 59.7- 87); HR=0.263 (95%CI 0.098-0.706); p=0.0046),
but modified DS better discrimates populations of patients with different outcome and was used for
further analysis.

PFS was similar in patients who did or did not receive escBEACOPP (HR 1.12, 95% CI 0.42-3.05,
p=0.81) and those who did (n=47) or did not receive (n=101) radiotherapy (HR 0.64, 95% CI 0.21-1.95,
p=0.42).

Overadl, four-year PFS was 63.8% (95% ClI, 38.6-80.8) versus 91.6% (95% ClI, 84.8-95.5) (Figure 3B and

Table 3).

Baseline TM TV and PET2 response predict patient outcome

In multivariate analysis with IPS, TMTV and PET2 as covariates, only baseline TMTV (HR, 4.94;
95%CI 1.05-23.16, P=0.043) and PET2 result (HR, 3.49; P=0.031) were statistically independant
predictors of PFS (Table 3). The TMTV as a continuous variable was aso an independent predictor of
PFS (p=0.048).

The combination of TMTV and PET2 results can be used to stratify patients in 3 risk categories (Figure
3C). The group of patients with baseline TMTV >155 mL and positive PET2 (n=13) had the poorest PFS
(46.2%), while patients with either one or none of the two parameters had PFS in more 90% (4 year PFS:

91.3 and 92.7 respectively). The HR of these combined factors (baseline TMTV > 155 mL and positive
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PET2) versus one of them (either baseline TMTV > 155 mL or positive PET2) was 13.356 (95%Cl, 3.8-
45.8, p<0.001).

Lastly, patients with high TMTV, high IPS and positive PET2 were scarce (4%, n=6) but 3 of them
relapsed, while none of the patients without these factors relapsed and only 11.2% of patients with one or

two of these factors relapsed.

DISCUSSION

To the best of our knowledge, thisis the first report to compare treatment strategies in high-risk stage 1B
patients, with alarge mediastinal mass or extranodal lesions according to the GHSG stratification system.
No previous analysis of bulky stage 1B patients was previously reported. The CALGB study*® which
enrolled bulky stages | and |1 patients treated with ABVD followed by a PET-driven radiotherapy did not
present data separately for patients with stage 11B. Similarly, the RATHL study enrolled 42% of stage Il
patients but no data was available in stage 11B patients. Treatment strategies, including upfront ABVD
chemotherapy (RATHL study® H10 tria® %) or upfront BEACOPP (AHL2011’) with no radiotherapy,
seem to provide similar efficacy. However, compared with patients included in the H10 study, patients
enrolled in the AHL2011 study had more severe disease at baseline with both more frequent high IPS and
TMTV >155 mL and despite more unfavorable upfront profile in AHL patients, a post-hoc analyses
showed asimilar outcome between H10 and AHL2011 patients, suggesting that the upfront dose intensity
of chemotherapy delivered when using escBEACOPP is able to reverse the unfavorable prognosis value
of baseline factors. However, because of the low number of patients and events in each treatment
subgroup, we are unable to conclude definitively, and validation is required in a larger series.
Additionally, in our study some patients with unfavorable risk factors experienced relapse even after
escBEA COPP, suggesting there is an unmet medical need for these patients. While CALGB and RATHL
studies confirm the reliability of PET-guided strategy (radiotherapy in CALGB study and chemo regimen
in RATHL) no data on the baseline TMTV characteristics were available allowing to compare these

results with ours. As underlined in the CALGB study °, one caveat for these limited staged patients is
11



that bulk mass is defined differently according to groupsin the world. To overcome thisissue, the TMTV
measure could be a better indicator in the very bulky mass and be helpful to the generalizability of better
strategies of treatment. In line with this objective, we demonstrated in this study that baseline TMTV
>155 mL was associated with an unfavorable prognostic impact independently of treatment strategy. This
TMTYV threshold is relatively in line with values reported in the literature for HL'" *® *° (ranging from
147 mL to 313 mL). It is worth noting that the threshold of 147mL " was determined from H10 patients
with stage I-11. Also, al of the cutoffs described in study AHL2011 and H10 and in the whole cohort
indicate that high baseline TMTV predicts significantly worse PFS. Indeed, TMTV reflects both the 3-
dimensiona tumor burden and metabolic activity, and provides additional prognostic information beyond
classical risk, including the unidimensional measurement of tumor bulky such as M/T ratio™. In the
present series, all patients (with available IPS) who experienced relapse had at least one of the baseline
risk factors either TMTV > 155mL or IPS>3. Early PET response remains an independent prognostic
factor in bulky mediastinal HL. However, less than half of relapses occured in positive PET2 patients, and
other parameters including TMTV and IPS are required to better stratify. PET radiomics could also help
to predict outcomesin patients with mediastinal HL?.

HL is aradiosensitive disease, and omitting radiotherapy as consolidation treatment in early stage HL was
associated with a higher risk of treatment failure in patients responding to upfront ABVD®. However,
omitting radiation therapy consolidation is possible in patients achieving complete metabolic response
after 2 x escBEACOPP plus 2 x ABVD without loss of tumor control®* in unfavorable localized HL. In
the present study, patients treated with upfront escBEACOPP with neither radiotherapy consolidation nor
radiotherapy after relapse had outcomes similar to patients receiving radiotherapy despite a more
unfavorable profile at baseline. In addition, four (8.5%) of the 47 patients who received radiation therapy
relapsed, including 3 relapses outside of the mediastinum, compared to 12 (11.8%) of the 101 of patients
who received only chemotherapy, suggesting that radiation therapy had probably little effect on tumor
control as shown in the unfavorable group of the H10 trial *. In the HD15 trial, a relapse was recorded in
28 of 152 advanced HL patients with a PET positive residual mass at the end of chemotherapy and with

documented radiotherapy, of which 7 relapses occurred outside of the irradiated sites?. In high-risk stage
12



1B patients, the fields targeted by radiotherapy are usually large, even in case of involved node
radiotherapy, as most patients have bulky mediastinal mass, leading to an increased risk of toxicity in
non-targeted organs such as the heart or breast. In terms of benefit-risk balance, our results do not allow
to determine if a radiotherapy-free strategy using more intense upfront chemotherapy regimen such as
escBEACOPP might be more suitable in these patients with bulky mass alowing to avoid long term
radiotherapy side effects without loss of tumor control or if radiotherapy is mandatory to decrease the risk
of relapse.

The present study has several limitations. Firstly, even though we anayzed patients enrolled in two
prospective trials, this is a retrospective analysis which involves inevitable biases. |PS was not available
for 19% of patients of H10 study because it was not designed nor required for baseline stratification of
patients with early stage disease. Secondly, patients with high-risk stage I1B were quite rare representing
11% of patients included in AHL2011 and 6 % in patients included in H10 studies. There was also alow
rate of treatment failure, limiting the power of statistical analysis. However, few studies have focused on
this subset of patients in the literature, and a randomized study cannot easily be conducted in such a
limited population.

Altogether, our results stemming from patients enrolled in two randomized trials with different treatment
options are important to demonstrate that patients with high risk stage 1B HL could be treated either by
combined modalities or with upfront escBEACOPP without radiotherapy consolidation. While the
optimal treatment for patients with very bulky mass remains unclear, the TMTV seems a better indicator
to stratify patients at diagnosis and very helpful to the decision. The potential benefit of escBEACOPP in

patients high TMTV stage |1B has to be further investigated in larger series.
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TABLES

Table 1. Patient Characteristics Abbreviations:

metabolic tumor volume.

IPS, international Prognostic Score; TMTV, total

AHL2011 study H10 study All Test
N=83 N=65 N=148
Sex Chi-2, P=0.059
Male 50 (60%) 29 (45%) 79 (53%)
Female 33 (40%) 36 (55%) 69 (47%)
Age (years) t-test, P=0.119
Median (min;max) 26 (16;58) 29 (17;59) 27 (16;59)
IPSgroup Chi-2, P<0.001
0-2 51 (61%) 26 (40%) 77 (52%)
>3 32 (39%) 11 (17%) 43 (29%)
Unknown 0 (0%) 28 (43%) 28 (19%)
Baseline TMTV (mL) t-test, P=0.043
Median (min;max) 165.6 (43.6- | 147 (8.3- | 155.5 (8.3-
782.9) 572.3) 782.9)
IQR 121.7-294.9 87.0-234.0 97.3-256.2
Arm according to Chi-2, P=0.837
randomization
Standard 41 (49%) 31 (48%) 72 (49%)
Experimental 42 (51%) 34 (52%) 76 (51%)
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Table 2: Univariate and multivariate analysis of prognostic factors associated with progression-free

survival

Abbreviations: HR: hazard ratio; TMTV: total metabolic tumor volume, DS Deauville score

(1) Cox regression model stratified by trial with fixed effects (as well as univariate Cox model and

log-rank test)
Number of | 4-year Univariate analysis Multivariate analysis
patients progression-free | (Cox model) (1) (Cox model)
survival
Stratified  Log-
rank test (1)
p-vaue | HR p-value | HR p-value
(95%Cl) (95%Cl)
IPS
High IPS (IPS>3) | 43(29%) | 79.6% 0.22 2.23 0.15
Low IPS (IPS0-2) 77 (52%) | 93.5% (0.6-8.32)
Unknown 28 (19%) | 85.6%
Baseline TMTV
High TMTV (> 155) | 72 (49%) | 82.9% | 0.025 3.37 0.035 494 0.043
Low TMTV (<155) | 76 (51%) | 93.3% (1.09-10.37) (1.05-23.16)
Centraly reviewed
PET2 0.031
Positive 20 (14%) |63.8% <0.0001 | 6.26 0.0003 | 3.49
Negative 128 (86%) | 91.6% (2.29-17.07) (1.12-10.88)
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FIGURES L egends

Figure 1. CONSORT diagram for selection of digible patients. On the left, patients included in the
AHL2011 trial and on the right included in the H10 trial.

M/T, mediastinal/thoracic ratio; PET, positron emission tomograpy

Figure 2. Progression-free survival (PFS) according to the study assigned

Figure 3. Progression-free survival (PFS) according to total metabolic tumor volume (TMTV) and
PET2 response. (A) PFS according to TMTV with a cutoff of 155 mL, (B) according to PET result after
two cycles (PET2) assessed with modified Deauville score (see M ethods) and (C) according to the TMTV

and PET2 result combination.
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Randomized patients
from AHL2011 trial

N=823

With baseline PET and
PET2 images available

H10 trial: Randomized
patients N=1925

From LYSA
N=1091

With baseline PET and
PET2 images available

N=732 N=525
l |
1 1 | 1
Stage lIB Others Stage IIB Others
N=83 N=649 N=133 N=392
1 I
1 1 | 1
High risk Low risk High risk Low risk
N=83 N=0 N=65 N=68
] |
1 1 1 1
M/I\?;ﬁ:r?cﬁzland At least one extra nodal M/-I;]Lagg:r? (;?éiland At least one extra nodal
livalament involvement involvament involvement
N=74 N=0 N8 N=7




PFS by study - Stade IlIb high risk set
With Number of Subjects at Risk and 95% Confidence Limits

T

> 0.8
%
o 06
o
o
L 04
c
=
? 02
— AHL2011
0.0 ———— H10
AHL2011 83 76 72 68 37 7 0
H10 65 61 59 55 32 22 3 0
0 1 2 3 4 5 6 7
Progression free survival (years)
No. of Subjects Event Censored Median Survival (95%CL)
AHL2011 83 12 % (10) 88 % (73) Not reached

H10 65 10.8 % (7) 89.2 % (58 ) Not reached



PFS Probability

PFS Probability

PFS by TMTV at baseline (cut-off = 155) - Stade IlIb high risk set

With Number of Subjects at Risk and 95% Confidence Limits

1.0 ‘ﬁ:
0.8
0.6
0.4
0.2
— <155
0.0 —F— >= 155
<155 72 70 69 64 35 13 0
>=155 76 67 62 59 34 16 3 0
0 1 2 3 4 5 6 7
Progression free survival (years)
No. of Subjects Event Censored  Median Survival (95%Cl)
<155 72 5.6 % (4) 94.4% (68) Not reached
>= 155 76 17.1% (13)  82.9% (63) Not reached
PFS by TMTVO & PET2 - Stade lIb high risk set
With Number of Subjects at Risk and 95% Confidence Limits
1.0
0.8
0.6
0.4
0.2 —— 1: TMTV < 155 & PET2 -
——— 22 TMTV >=155 & PET2 +
0.0 3: TMTV >= 155 or PET2 +
1 65 64 63 & 32 12 0
2 13 8 6 6 3 1 1 0
3 70 65 62 58 34 16 2 0
0 1 2 3 4 5 6 7
Progression free survival (years)
No. of Subjects Event Censored  Median Survival (95%C
TMTV < 155 & PET2 - 65 62%(4) 93.8% (61) Not reached
TMTV >= 155 & PET2 + 13 53.8 % (7) 46.2% (6) 1.8 (0.3 ; NA)
TMTV >= 155 or PET2 + 70 86%(6) 91.4% (64) Not reached

0.8

0.6

0.4

Survival Probability

0.2

0.0

Negative
Positive

128

PFS by modified PET2 result - Stade Ilb high risk set
With Number of Subjects at Risk and 95% Confidence Limits

Negative
Positive
123 119 112 63 27 2 0
14 12 1 6 2 1 0
1 2 3 4 5 6 7

Progression free survival (years)

No. of Subjects Event Censored Median Survival (95%CL)
Negative 128 7.8% (10) 92.2% (118) Not reached
Positive 20 35 % (7) 65 % (13) Not reached (0.8 ; NA)



Supplemental data

Supplemental table 1: Treatment actually received

Abbreviations: ABVD, doxorubicin, bleomycin, vinblastine, and dacarbazine,; escBEACOPP (escalated
BEACOPP), bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine and

prednisone; INRT, involved-node radiotherapy,

H10 study AHL2011 study AlIN=148
N=65 N=83
escBEACOPP 0 51 (61%) 51 (34%)
escBEACOPP + ABVD 0 32 (39%) 32 (22%)
ABVD 18 (28%) 0 18 (12%)
ABVD + INRT 38 (58%) 0 38 (26%)
ABVD + escBEACOPP + INRT | 9 (14%) 0 9 (6%)
Supplemental table 2: Extanodal involvement
Abbreviations: EN=extanodal; M/T=mediastinum/thorax
H10 study AHL2011 study AlIN=148
N=65 N=83
M/T >0.33 without EN involvement | 58 (89.2%) 74 (89.2%) 132 (89.2%)
M/T >0.33 and EN involvement 5(7.7%) 8 (9.6%) 13 (8.8%)
M/T <0.33 and EN involvement 2 (3.1%) 1 (1.2%) 3 (2%)

Supplemental figure 1: Distribution of baseline total metabolic tumor volume (TMTYV) by study.
Horizontal blue line represents the median.
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Supplemental figure 2: Progression-free survival (PFS) according to international prognosis score
(A) and including the three individual risk factors (baseline TMTYV, PET result and IPS). The three
respective curves illustrate PFS when patients had none (blue curve), or one of three factors (red curve)

and at least 2 of three (green curve).




Survival Probability

PFS by IPS at baseline - Stade IIb high risk set
With Number of Subjects at Risk and 95% Confidence Limits

1.0 -
0.8 -
0.6 -
0.4 -
0.2
0-2
0.0 =3
0-2| 77 72 71 68 38 14 1 0
>=3| 43 38 35 33 20 7 [
T T T T T T T T
0 1 2 3 4 5 6 7
Progression free survival (years)
No. of Subjects Event Censored  Median Survival (95%CL)
0-2 7 6.5 % (5) 93.5% (72) Not reached
>=3 43 18.6 % (8) 81.4%(35) Notreached

PFS Probability

PFS by TMTV*PET2"IPS at baseline - Stade IIb high risk set
With Number of Subjects at Risk and 95% Confidence Limits

1.0 -
L L L ]
0.8 -
0.6 -
0.4 -
0.2 °
—_—1
00— >=2
0 4 40 40 38 19 6 o
1 48 a2 a“ 39 26 10 o
>=2| 36 20 25 24 13 5 1 [
T T T T T T T T
0 1 2 3 4 5 6 7
Progression free survival (years)
No. of Subjects Event Censored  Median Survival (95%Cl)
0 40 0% (0) 100 % (40) Not reached
1 46 10.9 % (5) 89.1 % (41) Not reached
>=2 36 278%(10) 722%(26) Not reached






