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Bulk GEP study to characterize TME of CHL

Steidl et al NEJM 2010, by courtesy of Dr. Steidl Adult CHL 

Bulk Affymetrix 

gene expression 

profiling

Single marker
 IHC 



Establishment of biomarker assay using GEP data

Scott et al, J Clin Oncol 2013

23 gene associated with in adult HL 

- E2496 intergroup study (ABVD vs Stanford V)

- Population based BC Cancer Cohort (ABVD)

Better  Outcome

Poor Outcome

23 gene based outcome predictor



FFPE based Gene Expression Assay and Outcome in pHL

Johnston and Mottk et al, Blood 2022

23 gene outcome predictor in pediatric HL (pHL, AHOD0331)

- Opposite trend for most of 23 genes 

- 23 gene outcome predictor could not predict outcome in pHL

Different biology in each 

cohort 

- Different TME biology 

between adult and 

pediatric CHL

Limitation in Resolution 

- Detailed direct  

characterization of TME

Pediatric HLAdult HL

PoorGoodPoorGood
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Study Design and Cohort (Adult relapsed and refractory CHL)

Aoki et al J Clin Oncol 2024 



Establishment of a spatially resolved predictive model (RHL4S)

Aoki et al J Clin Oncol 2024 



Biologically relevant biomarker could lead to 
targeted treatment development

Anti-CXCL13 antibody Mab 5261 

(Autoimmune disease, ALL)

CXCR5 CAR-T cells

Klimatcheva et al BMC Immunol. 2015 

Zanetti et al, Blood 2021

Bunse et al Nat Commun. 2021
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Aoki et al, Med, 2021;2:1117-1119

ctDNA  as a biomarker in HL

Historical Biomarker



ctDNA  as a biomarker in HL
Noninvasive monitoring 
of clonal evolution 

Spina et al Blood 2018

Minimal Residual Disease

Sobesky et al Med 2021

MRD log10 reduction



Pretreatment ctDNA levels and ctDNA MRD to prognosticate cHL 

Alig et al, Nature 2024

Pre-treatment

Kurtz et al JCO 2018 (Baseline cut-off, 2.5 log hGE/mL of ctDNA )

Kurtz et al, Nature Biotechnol, 2021 PhasED-Seq



Phased variants 

Kurtz et al JCO 2018 (Baseline cut-off)

Kurtz et al, Nature Biotechnol, 2021 PhasED-Seq



ctDNA MRD and PET/CT

Alig et al, Nature 2024

Jan et al, ASH 2024

ctDNA could complement PET/CT 

Both ctDNA and iPET: Predictive,

But, some inconsistency 

Highest predictive values 

at later time points including EOT 
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Biomarker for PD-1 Blockade: PDL1 and MHC-II on HRS cells

Roemer et al, J Clin Oncol 2018

PD-L1 H score: Protein expression 

evaluated by IHC 
MHC-II on HRS cells evaluated by IHC 

>= 90%
10-90%
< 10%

CheckMate205 cohort



TCR and Single Cell Technologies Provide New Opportunities

Cader et al Nature Medicine 2021

Paczkowska et Nature Communication 2024

PBMC analyses: CyTOF, scRNA-seq and TCR

Response to Anti-PD-1 therapy

-  CD3-CD68+CD4+GrB+ subset 

- TCR diversity 

- IL1B+ macrophages

    Specific to HL 

    Unique signature on responder

(e.g. prostaglandin and TNFŬ stimulation, TLR engagement by 

damageassociated molecular patterns (DAMPs), inflammasome activation

and IL1ɓ-dependent downstream signaling )

HL

Healthy 

Donor



Summary and conclusions

ÅTechnological advance using ctDNA/PBMC and FFPET-based 
analyses is facilitating collaborative research opportunity using 
resource which is available through usual clinical practice

ÅDeciphering the biology holds the promise to enable rapid 
development of biologically relevant biomarker and therapeutic 
strategies

ÅThe role of biomarker needs to be refined in the context of recent 
change of treatment landscape in HL (e.g. PD-1 blockade, BV) 

 -  PET/CT and ctDNA 
 -  PBMC biology and tissue biology
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Thank you!
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Tumor microenvironment (TME) in CHL

Aoki et al, Blood 2023



Discovery of four HL molecular subsets

CSF2RB

TNFAIP3
PDL1/2

Amp

13q DEL

REL

STAT6 

Gain

STAT6

B2M

XPO1

Manuscript under review



Aim:

Determine the heterogeneity of molecular profile and their 

impact on TME ecosystems

Uniformly treated with ABVD (N = 104) 

N = 117 

Establishment of molecular subtypes of CHL

Aoki et al ASH 2023 and ISHL 2024


