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Hodgkin Lymphoma: ...Therapeutic Biology…

Novel Therapeutic Targets 
for Hodgkin Lymphoma



Hodgkin Lymphoma: Leading actors, bit actors, walkers-on &  set decor

TumorHost

Host – Tumor - Interface



RR-Hodgkin Lymphoma: ...Developmental Therapeutics…



H-RS

µEnv

H-RS + µEnv
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Hodgkin Lymphoma: ...Therapeutic Biology…

• Nivolumab & Pembrolizumab Target PD1
– HRS cells do not express PD1 (indirect tumor targeting)

– Potential PD1 expressing-cells in the HL microenvironment:
• CD8+ T cells (like in sold tumors ?)
• CD4+ T cells (regulatory function ?)
• γ/δ T cells
• Macrophages
• NK cells
• Other cells ?

– PD1-blocking antibodies unleash all these cell types from PD-L1-
mediated functional inhibition

– One or more of these ‘unleashed’ PD1+ cell populations act as the
effector(s) of antitumor efficacy



PD1-blockade: …Why it works…?



Brentuximab Vedotin in the Overall Treatment Strategy for HL



Brentuximab Vedotin-based combinations for RR-HL

SPD

FDG-PET (SUVs)

CR rate: 61%, 
ORR: 82%

6-mo.s PFS: 86%



… Anti-PD1 Antibodies as Platform Agents for Novel Strategies in HL …



Relapsed/Refractory Upfront

Chemotherapy
Nivo + Nivo/AVD Adv. HL

Nivo/AVD Early HL
A(B)VD + sequential nivo

Pembro/AVD Adv. HL
Pembro (ABVD ineligible)

Nivolumab – ICE 2nd line
Pembrolizumab – ICE 2nd line

Pembrolizumab – GVD 2nd line

Brentuximab
Vedotin Nivolumab + BV older pts.

Nivolumab + BV vs. BV
Nivolumab/BV ± Ipilimumab
Pembrolizumab after ASCT
Nivolumab/BV after ASCT

BTK inhibitors Nivolumab + Ibrutinib
Pembrolizumab + aclabrutinib

…How I treat high risk Hodgkin Lymphoma…

Immune 
modulators

Nivolumab + Lenalidomide
Pembrolizumab + Lenalidomide

Pembrolizumab + NG-monomethyl-
L-arginine (L-NMMA) 

… Anti-PD1 Antibodies as Platform Agents for Novel Strategies in HL …

Radiotherapy Pembrolizumab + IFRT                  
Early Stage RR-HL

HDAC inhibitors Pembrolizumab + Vorinostat in           
RR-NHL/HL



Vorinostat: biologic & clinical activity in RR-HL

Drug Author ORR% (CR%)

HDAC Inhibitors
Panobinostat n=13
Panobinostat n=129
Vorinostat n=25
Mocetinostat n=51
Resminostat n= 37

Dickinson
Sureda
Kirshbaum
Younes
Walewsky

58(0)
26(3)
4(0)
30(9.5)
35 (NR)

Budde et al.,BJ H2013, 161, 183–191

Pulse high-dose vorinostat + ICE

ORR

88%



De Filippi et al. ASH 2015 Leoni et al. ASH 2003

1. Works 3. Synergizes with BV

RR-HL: Effect of Pre-Transplant  (ASCT) PET assessment 

2. Works rapidly

2-4 courses to best resp.



Tinostamustine (EDO-S101) 

Butyric acid group

Purine-like
Benzimidazole ring

DNA Alkylation Moiety

DNA Alkylation Moiety

Purine-like
Benzimidazole ring

Vorinostat HDAC 
Moiety



• EDO-S101 Inhibits HL Cell Growth @ IC50s ~10-fold lower than Bendamustine
• EDO-S101 exerts a potent antiproliferative effects on Bendamustine-resistant HL cells
• EDO-S101 is synergic with Brentuximab vedotin

Tinostamustine (EDO-S101): Preclinical evidences in HL

Brentuximab vedotin
De Filippi R, et al. ASH 2015



42 KDa

15 KDa

15 KDa H2AX 

γH2AX/pH2AX (Ser139)

Actin

L1236

CNT DMSO BDM 
R100

EDO EDO CNT VOR VOR
R100 L1236 L1236 R100

Tinostamustine (EDO-S101): DNA damage response in HL cells

EDO-S101 triggers DNA damage response in HL cells sensitive or resistant to BDM



Extended exposure to BDM of HL cells: CD30 upregulation

β-ACTIN

 L1236 48 Hrs IC50 = 3.16
 L1236 72 Hrs IC50 = 3.87
 R100 48 Hrs IC50 = 0.21
 R100 72 Hrs IC50 = 0.19

Extended exposure and resistance to 
Bendamustine in HL cells is associated to a 
stable upregulation of CD30 and increased 

sensitivity to Brentuximab Vedotin



Tinostamustine (EDO-S101): Effects of HL cells proliferation

CD30

β-ACTIN

120kDa

42 kDa

R100

EDO 5 µM

24 Hrs 48 HrsL1236

EDO 5 µM

24 Hrs 48 Hrs

CD30

β-ACTIN

L1236

Vor 5 µM

24 Hrs 48 Hrs R100

Vor 5 µM

24 Hrs 48 Hrs

120kDa

42 kDa

R100

Vor 1 µM

24 Hrs 48 HrsL1236

Vor 1 µM

24 Hrs 48 Hrs

β-ACTIN

CD30

120kDa

42 kDa

 EDO-S101 1,56 µM

 Brentuximab 0,39 µg/mL

 EDO-S101+ Brentuximab

 EDO-S101 1.56 µM

 Brentuximab 3.12 µg/mL

 EDO-S101+ Brentuximab

EDO-S101 is synergic with Brentuximab 
Vedotin at sub-IC concentrations allows low 

doses of Brentuximab Vedotin  (10-fold 
lower than IC50) to exert a striking cytotoxic 

effect on BDM-resistant L1236 R100 cells 
which overexpress CD30

Differently from Vorinostat, EDO-
S101 does not downregulate CD30



Tinostamustine (EDO-S101): Effects on NOD-SCID-gammac-/- mice XG 



Tinostamustine (EDO-S101): First-in-Humans study

United States,
Mayo Clinic
Phoenix, Arizona, United States, 85054
Principal Investigator: Leif Bergsagel, MD 
Mayo Clinic Cancer Center
Jacksonville, Florida, United States, 32224
Principal Investigator: Han W. Tun, MD 
Columbia University Medical Center
New York City, New York, United States, 10019

Principal Investigator: Owen A O'Connor, MD,PhD

Germany
University Hospital of Heidelberg - medical department 
Heidelberg, Germany, 69120

Principal Investigator: Hartmut Goldschmidt, MD 

University Hospital of Cologne - Department I of Internal 
Medicine
Köln, Germany, 50937
Principal Investigator: Von Treskow, MD

Switzerland
Kantonsspital St.Gallen
St.Gallen, Switzerland, 9007

Principal Investigator: Christoph Driessen, MD 

Study of EDO-S101, A First-in-Class 
Alkylating HDACi Fusion Molecule, 
in Relapsed/Refractory 
Hematologic Malignancies
ClinicalTrials.gov Identifier:
NCT02576496
First received: October 12, 2015
Last updated: April 21, 2016
Last verified: March 2016

Italy

Institute of Hematology "L. A. Seràgnoli", University of
Bologna, Italy, 40138
Principal Investigator: Luigi Zinzani, MD 

National Cancer Institute, Fondazione 'G. Pascale'

Naples, Italy, I-80131

Principal Investigator: Antonello Pinto, MD



Tinostamustine (EDO-S101): First-in-Humans study

A Phase 1 Study to Investigate the Safety, Pharmacokinetic Profiles and the 
Efficacy of EDO-S101, a First-in-Class Alkylating Histone Deacetylase Inhibition 
(HDACi) Fusion Molecule, in Relapsed/Refractory Hematologic Malignancies



Tinostamustine (EDO-S101): First-in-Humans study

A Phase 1 Study to Investigate the Safety, Pharmacokinetic Profiles and the 
Efficacy of EDO-S101, a First-in-Class Alkylating Histone Deacetylase Inhibition 
(HDACi) Fusion Molecule, in Relapsed/Refractory Hematologic Malignancies



EDO-S101 for RR-HL: Early results from Phase I Study

• 42-year-old female
• cHL diagnosed 2014

• ABVD x 4 PD
• EscBEACOPP x 2 PD
• IGEV x 1 PD
• Brentuximab vedotin x 4 PD
• Pembrolizumab x 15 SD

stop due to lung toxicity
3 mo.s afterwards PD  

• EDO-S101 120 mg/m2 q21 days
• 4 courses delivered
• DLT G4 thrombocytopenia
• Best clinical response:

 ‘conservative’ PR
 DOR: 5 mo.s 17.07.17 07.09.17

EDO-S101 for primary refractory HL (case # 1)



EDO-S101 for RR-HL: Early results from Phase I Study

27.07.17 13.02.18

EDO-S101 for primary refractory HL (case # 2)
• 42-year-old female
• cHL diagnosed 2014

• ABVD x 6 + med. RT PD
• IGEV x 2 PD
• Brentuximab vedotin x 6 PD
• Nivolumab x 6                       PR

- declines ASCT
• Nivolumab x 15 SD
• Nivolumab x 24 PD

• EDO-S101 120 mg/m2 q21 days
• 6 courses delivered
• G3 thrombocytopenia
• Best clinical response:

 CR
 DOR: continuos CR > 8 mo.s

(w/o any further treatments)
 Mobilization failure/BM hypoplasia
 Referred for Haplo-SCT (sept. 2018)   



• PI3K signaling
• TGF-β signaling
• CC signaling
• Unconventional

Ag presentation

Tinostamustine (EDO-S101): Gene expression profiling studies



Tinostamustine (EDO-S101): Gene expression profiling studies

• Copanlisib is synergic with BV in CD30 overexpressing cells

• EDO-S101 is synergic whit Copanlisib and BV regardless of CD30 expression levels

COPA - BV COPA – EDO-S101 EDO-S101 - BV



Tinostamustine (EDO-S101): Gene expression profiling studies



Tinostamustine (EDO-S101) 
• Conclusions 

– EDO-S101 is a potent inhibitor of HL tumor cells growth and is 
currently being tested in a Phase 1 study

– Activity signals have been obtained in pts. With RR-HL
– DLT has been determined and expansion cohorts are recruiting

– EDO-S101 activates a unique gene expression program 
encompassing regulatory pathways involved in:

• PI3K signaling 
• TGF-β signaling,
• CC signaling  
• Unconventional Ag presentation

– This can guide identification of  potential partners for EDO-S101-
based combination therapy for HL 

• PI3k inhibitors
• Brentuximab vedotin





• Sara Mele
• Stefania Crisci
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• Giusy Ronga

• Niño Corazzelli
• Manuela Morelli
• Daniela Donnarumma
• Gianpaolo Marcacci

Rosaria Sasa De Filippi

…No man is an island…

• Serena Zanotta
• Domenico Galati
• Manuela Arcamone
• Emanuela Morelli
• Gaetana Capobianco
• Francesco Volzone
• Cristina Becchimanzi
• Emanuela Madonna

1572-1631



Upfront CT Salvage CT ASCT AlloSCTHDT

Pre ASCT

Boost Salvage Strategy Boost Conditioning

Post ASCT

Prevent Recurrence
Consolidation

Optimize Treatment of 
Failures

Pts @ risk
Pts with suboptimal 
response to salvage

All Pts ?
Improve Survival & QoL

Long Term Survival
Bridge to Allo those eligible

Develop more effective
combinations to achieve a PET 
negative status @ Transplant

* Approved indication
Advanced clinical testing

Improve results of                       
1st line Programs

Brentuximab Vedotin in the Overall Treatment Strategy for HL

*


Brentuximab vedotin

*
*

*



Upfront
CT

Salvage
CT ASCT AlloSCTHDT

Brentuximab vedotin

Nivolumab

1
6 

Courses

CR (PR )

6

Nivolumab

Nivolumab2
CR/PR no PRO no tox

3 Nivolumab TBP
SD or CR/PR and PRO

Nivolumab4 CT
SD or CR/PR and PRO

6 
Courses

Nivolumab5 CT
CR/PR no PRO

• Usually 6 courses are given
• CE-CT scan is preferred to CT/PET unless

familiar with drug & LyRIC
• Treatment is stopped if PR0 is confirmed at

2 separate evaluations six weeks apart

PD1 blockade in the Overall Treatment Strategy for HL



Upfront CT Salvage CT ASCT AlloSCTHDT

Pre ASCT

Boost Salvage Strategy Boost Conditioning

Post ASCT

Prevent Recurrence
Consolidation

Optimize Treatment of 
Failures

Pts @ risk
Pts with suboptimal 
response to salvage

All Pts ?
Improve Survival & QoL

Long Term Survival
Bridge to Allo those eligible

Develop more effective
combinations to achieve a PET 
negative status @ Transplant

*



Pembrolizumab

*




Brentuximab vedotin

*
*

*

Approved indication
Advanced clinical testing

*

  

Nivolumab 

Improve results of                       
1st line Programs

Brentuximab Vedotin in the Overall Treatment Strategy for HL



Hodgkin Lymphoma: ...Therapeutic Biology…
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