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1832 Robert Lee presented at London
Medico-Chirurgical Society, the “On some
morbid appearances of the absorbent glands
and spleen”, written by Thomas Hodgkin.

Dorothy Reed 1902

’.-b\

Thomas Hodgkin, Pentonville,
London, August 17, 1798
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HRS e HL derivano da cellule
B mature allo stadio differenziativo
GC o post-GC
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Trends in Molecular Medicine [Canomcal] [Alternatlvcj

pediatric, adolescent, and young adult cases

showed a higher mutation burden than adult

cases.

* Group 1 was characterized by a higher
somatic mutation load, more frequent
mutations in members of the NF-kB, JAK/
STAT, and PI3K pathways, and mainly young
adult patients with the nodular sclerosis
subtype

* Group 2 showed higher frequencies of
copy number alterations and was enriched
for EBV-positive HL

Alig, S.K. et al. (2024). Nature
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Profilo fenotipico diagnostico
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Morphology

Evaluated histological parameters

« growth pattern: nodular, diffuse

« fibrosis: mild fibrosis without thick bands (capsular thickening
included) =1, abundant fibrosis with thick bands (capsular
thickening included) = 2a, abundant fibrosis without thick bands
(capsular thickening included) = 2b, no fibrosis=0

« presence of necrosis: no, yes (if yes specify if neutrophilic)

« morphological subdivision: HL-like, PMBL-like, intermediate,
composite

» amount of Hodgkin-Reed-Sternberg (HRS) cells: <10% of all
neoplastic cells, >10% of all neoplastic cells

« inflammatory background: abundant =3, moderate=2, mild=1,
absent=0

Immunohistochemistry

Automated immunostainers used: Ventana-Riche, Leica-Bond, Dako/

Agilent

Evaluated antigens: CD45 (clone LCA, Ventana), CD30 (clone
BER-H2, Ventana), CD15 (clone MMA, Ventana), CD20 (clone L26,
Ventana), CD79a (clone SP18, Ventana), PAX5 (clone SP34, Ventana),

OCT2 (clone MRQ-2, Cell Marque), BOBI (clone SP92, Cell Marque),

CD19 (clone LE-CD19, Dako-Agilent), IRF4/MUML1 (clone EP190,
Cell Marque), Bcl6 (clone GI191E/A8, Cell Marque) and CD23
(clone SP23, Ventana).

In situ hybridization

EBER 1/2 (Epstein-Barr Virus Early Ribonucleic Acid Probe,
Ventana).

Score for positive neoplastic cells

0% positive neoplastic cells: negative (‘neg’ in the

supplementary material)

10%-25% positive cells: rare (‘rare’ in the supplementary material)
25%-50% positive cells: partially positive (‘pp’ in the
supplementary material)

50%-75% positive neoplastic cells: positive (‘p in the
supplementary material)

>75% positive neoplastic cells: diffuse/diffusely positive (‘dp’ in the
supplementary material)

n.a.: not available

n.e.: not evaluable

Staining intensity: strong: ‘s’ (in the supplementary material),
moderate: ‘m’ (in the supplementary material), weak: ‘w’

(in the supplementary material), moderate to strong: ‘m-

s’ (in the supplementary material), weak to moderate: ‘w-m’

(in the supplementary material)

B-cell markers' combination: Upon B-cell markers availability

in order, it is defined: number of B-cell markers positive in >50%
neoplastic cells (include positive/p and diffusely positive/dp cases)/
number of B-cell markers positive in 25%-50% neoplastic cells
(include partially positive/pp. cases)/number of B-cell markers
positive in <25% neoplastic cells (include rare, negative/neg)
Virtual video shared review with Olympus DP27 camera and
CellSense software

Mediastinal grey zone lymphomas: Results of the expert
pathological review analysis of a case series enrolled in the
multicentre BIOGZL-2020 study in Italy

Elena Sabattini' © | Stefano Ascani® | Sabino Ciavarella®® | Arianna DiNapoli’ |

Fabio Facchetti’ | Stefano Lazzi® | Lorenzo Leoncini® | Luisa Lorenzi® |

Marco Lucioni’ © | Giovanna Motta'

Stefano Pileri'® | Maurilio Ponzoni" | Claudio Tripodo'? | Simona Righi® |

Claudio Agostinelli""

e 70 cases (14 italian centres)

* assessing the degree of reproducibility,

» providing general guidelines and/or
recommendations for daily practice
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Mediastinal Non-Mediastinal Excluded

= MGZL = PMBL CHL = EBVL = LPHL = DLBCL Not determined

BJH 2026

average age was 35.23years (range 17-51),

12 (70.5%) were males;

* all had mediastinal masses (bulky in 14)
biopsy site was mediastinum in four cases,

cervical or supraclavicular LN.

| NassiLuca® | AliceParisi’ | Marco Paulli’ |

17 (24.28%) cases confirmed as MGZL (mediastinal/EBV negative)

MGZL-CHL (cases n. 1-4)

MGZL-PMBL (cases n. 5-13*)

Intermediate” (cases n. 14-17)

35 (50%) cases reclassified

Mediastinal/EBV negative (20 cases; 57.14%)
PMBL (cases n. 18-24)

CHL (cases n. 25-37%)

Non-mediastinal-EBV negative (12 cases; 34.28%)
DLBCL (cases n. 38-42)

B-cell lymphoma related to LPHL (cases n. 43-46**)

CHL (cases n. 47-48)

LBCL with GZL-like features in Human
Immunodeficiency Virus (HIV) (case n.49)

EBV positive (3 cases; 8.5%)
Mediastinal/LBCL (cases n. 50-51)
Non-mediastinal/LBCL (case n. 52)

18 (25.71%) cases excluded from evaluation
Suboptimal/poor material (cases n. 53-67)

Only needle biopsies available (cases n. 68-70)

4 (23.52%)
9 (52.94%)
4 (17.64%)
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Conclusion:

 MGZL shows high variability and heterogeneity in the combination of morphology and phenotype (number
of positive B- cell markers, staining intensity, percentage of positive neoplastic cells): all these features must
be considered collectively, case by case,

* Apply wide set of B-cell molecules trying to adhere to the recent classifications criteria, being aware that not
all cases may easily be included.

e Caution is recommended in otherwise CHL expressing only, yet strongly, CD20 or partially expressing more B
antigens, as well as in syncytial/sheeting DLBCL-like lymphomas with an otherwise CHL phenotype.

* A second opinion to corroborate and/or share the diagnosis may be necessary and/or desirable.

* Availability of adequate tissue as regards both quantity and quality is the conditio sine qua non for a
histopathological diagnosis of MGZL: the recommendation is to refrain to make a definitive diagnosis of
MGZL in small samples, requiring additional tissue and in case it is still not sufficient or not interpretable or
not feasible, clearly state to resample if the clinical response is not as expected.
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A targeted gene signature stratifying mediastinal gray
zone lymphoma into classical Hodgkin lymphoma-like or
primary mediastinal B-cell lymphoma-like subtypes

GRAY ZONE LYMPHOMA
| | Gargano et al Haematologica 2024
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«build a combined histopathological/transcriptomic model of
MGZL stratification and, ultimately, to prompt its translation
into the clinical setting in order to optimize the treatment»
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Peripheral T-cell ymphoma, NOS

Angioimmunoblastic T-cell ymphoma

Follicular T-cell ymphoma*

Nodal peripheral T-cell lymphoma with TFH phenotype’






TABLE 2. Comparison of Morphologic, Phenotypic, and Follicular Helper T-cell Lymphoma With Hodgkin/Reed-
Molecular Features Between TFHL and CHL A A .
TFHL CHL Sternberg-Like Cells Versus Classic Hodgkin Lymphoma
@=15 @=13» P A Comparative Study ¢
Cytologic features
T-cell atypia 0.020 Sara Petronilho, MD,*1} Elsa Poullot, MD,*§| Axel Andre MD,§||Y Cyrielle Robe MD,*§|| >
i\ldor(lie/nun/lmalk " gﬁ; lgﬂg - Sako Nouhoum, PhD,*§| Virginie Fataccioli MD,*§ José Miguel Quintela MD,# -
ClZare gtfogi:;; (T cells) 8/15 3/12 02_3'9 Alexis Claudel MD,§||Y Josette Briere, MD,* Emmanuele Lechapt MD, PhD,*§|| ;
HRS (ike) cells 0.002 Frangois Lemonnier, MD, PhD,§||** Rui Henrique MD, PhD, 117} _
Rare/few 12/15 2/12 — Laurence de Leval MD, PhD,}} and Philippe Gaulard MD*§|| "'._
Moderate/abundant 3/15 10/12 — "o
Architectural features 0%
Sinus sign 8/15 /7 0.165
Parenchymal fibrosis 6/15 8/12 0.252 ) i A R B e st i N (
Capsular fibrosis 12/15 51 1.000 The most useful TFH marker was CD10 o X3 DA il LRI R Y AU Y
HEYV proliferation 0.005 o . - — -
Minimal 4/15 3/12 — (positive in 86% TFHL and no CHL). Twelve/ - - e
Moderate/marked 10/15 1712 — . . . S G
1 [DC expansion 15 012 0.008 15 TFHL contained CD30+ neoplastic TFH B! g &3 B IO S
cells ’ : Foaly wa
CD7 loss 415 0/12 0.106 cells, whereas CD30 expression was mostly @ . » Peiga e
CD10+ 13/15 0/12 <0.001 . ’ 3 L 2 o t ¥ s -
CXCLI3+ 14/14 6/9 0.047 restricted to HRS cells in CHL. A ARy
PDI strongly*+ 13/15 212 <0.001 ) - oy S R S
Icos+ 15715 12112 — monoclonal TR rearrangements in 75% of RO P rv . D
BCL6+ 9/14 3/10 0.214 < S o & R S N : a
CD30+ 12/15 0/12 0.001 0 g - (10 AR, [} X . ‘ g
e < TFHL and no CHL; monoclonal IG CD10 =« e AN -
CD20+ 12/15 2/12 0.002 i o 0, -
A srongly+ 1215 a2 0.002 rearrangements in 23% of TFHL and 42% of
CD79a+ 13/14 2/11 <0.001 CH L
CD19+ 8/13 1/10 0.029 . .
o2y i olo Looo All TFHL had TET2 mutations; 13/14
ocT2t 14 e 0.035 presented RHOA mutations, 3 accompanied
CDI15+ 915 10/12 0.236 no sinqgl. holoaic criterion
EBER and/gr LMP1 + 13/15 6/12 0.087 by DNMT3A and 1 DNMT3A+IDH2 .O :s g_e pat 0 og cc te o
Clonality studies s g os% mutations. distinguishes TFHL and CHL, an
REOL G PCR oo 06 oo phenotypically abnormal circulating T-cell integrative approach ideally comprising
NGS ioni i . . . .
TET2 mut Wi v <0000 population in the peripheral blood by flow molecular in- vestigations is
) mutation o e - cytometry may bea clue to the identification fundamental
DNMT34 4/14 0/12 0.100 BB )R °
RHOA 13/14 0/12 <0.001 Of TFHL mImICklng CHL
IDH2 1/14 0/12 1.000
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Marked diagnostic impact
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Figure 2. Aheatmap representation of the prevalence of gene mutations in mature T lymphoid malignancies from the LYSA/GEMHM consansus
panel. Tha bordars of the squarnes are calorad whan the alteration has a dinical impact in a particuar ymphoma sublypea (diagnostic in yallow, tharanastic in bua).
ATL = angio-immunablastic T mphama, ALCL = anaplestic larme oall mphoma, ATLL = adull T kukeamiaymphoma, EATL = antanopathy associatad T
yrnphoma, HSTL= hapatosplanic T vmphoma, LGL = larga granutar ymphocytic Bukamia, MEML = monomonphic apithe lotropic intagtinal T ymphama, NKTGL
= nazal typa NKT call mphama, PTOL-NOS = pardpharal T oall ymphoma, not otharwesa spacilied, PTCL-TRH = nodal paniphearal T oall iymphoma dervad from
Ty calls, Sarary = Sarary syndoma, T-PLL = T-pralymphocytic leukamia,

11111 TET2 and DNMT3A mutations are not specific to TFHL and may
reflect clonal hematopoiesis.!!!!!
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* 40 cHL cases by sequencing microdissected tumor cells and matched normal cells from
blood and/or lymph nodes.

* 5 pts patients had blood and/or tissue clonal hematopoiesis.

* Inthree of five patients (all failing first-line therapy), clonal hematopoiesis spread through
the tissue microenvironment extensively,

. mutantations DNMT3AR882H, KRASG60D, and DNMT3AR882H+TET2Q1274* in 33%, 92%,
and 60% of non-neoplastic cells, respectively.

* In case with DNMT3A/TET2-mutant clonal hematopoiesis seeded the neoplastic clone,

Iiat enlee Ot e o Feipaimi e st (e el which was infected by the Epstein—Barr virus and showed almost no other somatic
CHpresent | Years of age mutations exomE'Wide.
N | wesn3s || o, | Tieor | Fromend | A b T b *  In DNMT3AR882H -mutant clonal hematopoiesis did not originate the neoplastic clone
(hn=35) |Rangel5-75 . samplin; blood eactive cells |tissue section . . . .
e A e iympholdicals | MRS cals | 208 52¢¢ despite dominating the blood and B-cell lineage (~94% leukocytes; ~96% mature blood B
e Cose2 |ndrelapse|  VES o NA s | N | 20% cells), yet led to NPM1-mutated acute myeloid leukemia 6 years after therapy for cHL.
83 Case3 Onset Not evaluable Ggggs NA 25% ND NA ° TCR pO|IC|Ona|
81 Case4 Onset NO N1::;§584 32% ND ND NA
DNMT3A 324% A . o pe
Onset R::TZZH NA NA NA @ . SlgN ifiCANCe:
| | cuss s o . ' Clonal hematopoiesis can be
— L7 R I D ol oy il M present in the cHL tissue, can give
TET2 8.4% 311% 26.9% VAF inbone |VAF in blood | VAF in blood .
N aiz7e Gt W o - 0 o rise to the tumor clone, and can
ONMT3A 47% 16.4% ND 12.2% 45.2% 6.9% 48% .
reazs spread to large parts of its
waBscrster12 © e v microenvironment. Even when
P;I;’f;é I ND 25.7% ND . . .
massive, clonal hematopoiesis
45 Casel Onset YES fLIITD HA 20 HA . .
FLT31TD A o1v NA does not always give rise to the
STAT6 36.9% . .
Na17Y neoplastic clone of multiple
STATE NA ND 35.7% NA NA . .
D419K myeloid and lymphoid neoplasms
50CS1 986% . . .
PE3ATs'25 occurring in the same patient.

Abbreviations: CH, clonal hematopoiesis; NA, not available;ND, not detected.
*Mutant/wild-type ratio by fragment length analysis.

HSPCs Mature blood cells Neoplastic tissue
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B (t REGULAR ARTICLE € blood advances
» N
f @ <
&) ; Clinicopathological features of adult T-cell leukemia/lymphoma with
y « HTLV-1-infected Hodgkin and Reed-Sternberg-like cells
£y

Kennosuke Karube,' Mitsuyoshi Takatori,' Shugo Sakihama,' Yuma Tsuruta, Takashi Miyagi,® Kazuho Morichika,* Sakiko Kitamura,*
c Norihiro Nakada,5 Masaki Hayashi,6 Shohei Tomori,6 lwao Nakazato,7 Kazuiku Ohshiro,8 Naoki Imaizumi,g Yara Yukie Kikuti,‘o
Naoya Nakamura,'® Satoko Morishima,* Hiroaki Masuzaki,* and Takuya Fukushima'’

¢ ATLL with HTLV-
1-infected HRS-like

cells is a new patho-
logical variant of ATLL,

5 %, Ora¥g . (B
o o = i~ . ﬁ\ . }

7 7, > AR
%) f’c_—l’v} ,n'; ne)
» >

: > §e a® ‘, ¥ TR I e O R P distinct from conven-

. el P wati’ S, L oS = oy O SR A 4 R Figure 1. Pathological findings of lymph - . .
= 8 : oINS S i e 0 s . | nodes in ATLL with HTLV-1-infected HRS- tional Hodgkin-like vari
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* activated and differentiated T cell subsets: regulatory T cells (CTLA4* or LAG3*)

T T activated/proliferating CD4* T cells, exhausted CD8 * T cells, decrease in less
gy G"-,iﬁp differentiated naive T cells.

%Nl 2D 1 So TR . epe . .
":':’")*3""’“, * monocytes/macrophages were significantly expanded, particularly in EBV+
i T cHL

B A

Telela AT 35N * In contrast, fibroblasts, plasma cells, and plasmacytoid dendritic cells were
0 0 depleted from HRS cell neighborhoods

* <oz © &
4 Q :v: NS P )
- . v'
" o ® o, .‘ A
il . ﬁ ye
b \ / S - .'
3 RS A S
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CSF2RB
| GNA13
1] 1 II Il ITPKB

* ‘N ' ki CHL subgroups:

| HIST1H1C

CST

III 10 I 1A N I 9p24.1 AMP
TR L 1N " et (characteristic mutations in CSF2RB and TNFAIP3,
§ . I III \ f s 31%), younger age, and up-regulation of the STAT5
= |l III I I III I lII I :II III I I III I e Alteration pathway

8q24.21 AMP Amplific
KMT2A Deletiol

I I BoM Mutatio . ]
| sms CN913 (copy number gain of 9p24 and 13q deletion
m ,"J.l .-.:..JI.I- - b ' 1913 (copy number gain of 524 and 13
= xpo1 | 25%), characterized by significant upregulation of IFNy
I |‘ : r‘ | S ‘ and nuclear factor-kB (NF-kB) signaling pathways, and
| s in 79% of cases EBV-positive
l" ,rn' I..l I |||..[r.. ||.r7. " Wm ‘
3 : ' o STB (mutations in STAT6 and B2M, 25%) and
' L e upregulation of a TGFb signature in HRS cells, and 40%
N e of relapsed HL samples were classified as STB; exhibited
B c a trend toward inferior PFS, consistent with its slight
enrichment in relapsed biopsy
. CN2P (copy number gains in 2p15, 18%) included
=2l GROUP samples from mostly older patients (p<0.001, Odds

NEG

Ratio 0.42), and showed significant upregulation of a
DNA repair and a TP53 target signature




TARC+ HRS > CCR4+ CD4
TARC+ HRS > FOXP3+ CD4
CXCL13+ CD4 > CXCR5+ HRS
PDL1+ HRS > PD1+ CD4
PDL1+ HRS > TFH

Figure 3
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significant enrichment of FOXP3* regulatory T cells (Tregs) and
CCR4* T cells.
interaction of CCL17 (TARC)-positive HRS cells with CCR4*CD4* T cells

CN913 subgroup showed a significant enrichment of LAG3*CD4* T cells.
Interactions with PDL1* macrophage population surrounding HRS cells
where PDL1 copy number gains in HRS cells were frequent

CN2P enrichment of PD1*CD4* T cells; interactions between PD-L1* HRS
cells and PD1*CD4* T cells

STB subgroup, is characterized by the presence of B2M mutations,
immune-cold microenvironment (less CD8+/GZB cytotoxic ly);
interactions between CXCR5*HRS cells and CXCL13* macrophages;
Interactions of Galectin-9* HRS cells with TIM3* macrophages

Importantly, each significant cell-to-cell interaction was only observed
within each distinct molecular subgroup

The strong association between genetic subgroups and distinct TME
ecosystems suggests opportunities for immunotherapeutic Targeting
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e CSF2RB [B common chain receptor (Bc)], is a component of — ..,
cytokine receptors with specificity to IL-3, IL-5, and GM-CSF, which activate i —— § __“‘%“—*4.%7;;_5 t
signaling pathways, such as JAK2-STAT5 o — T e
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* selective JAK2 inhibition reversed the gain-of-function phenotype of j:} .
CSF2RB mutations, indicating the potential benefit of targeting this y ﬂ
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pathway in the CST molecular subtype that encompasses tumors with MR AR I :
CSF2RB mutations. ] L
* This potential subtype-specificity of JAK2 inhibition might in part also K
explain the only marginal efficacy of JAK2 inhibitors observed in e
unselected and molecularly uncharacterized CHL patients in clinical trials . i ==
i ; g e

. I._ THL I poos

100
TARCDO sitivity lnece ntage Olc ells)

* Recent studies have suggested that JAK inhibition may enhance the
efficacy of immunotherapy in HL
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A Training Classifier Application (Online tool)
[Training cohort (N = 114) from HL frozen biopsy|| | input: Model Scores: 2/ |||, Seftmax Transiorgon: 1. Input: Binary Data (Up to 80 genes)

P(CIMyT) = ;‘?

2
Voting System:

NMF: V ~ WH 1 0 0 0

V: Data matrix (non=negative) W Vas(€) 0 1 0
W Feature matix (non-negative) et e 1 UG argmax,(PCIM )

H: Coefficient matrix (non-negative) 5= prie (1= oree) 0, b e Ctherise 0 3 1 i

Select key 80 gene l V@ =3 V@ 0 1 1 1

signature + + 1 o 1 1

Final Prodiction: o 1 o o

‘Supporting Rate (SR):
Prediction o ST Vs Cna)
- lumm. IfCS <04orsR<0S — 2. Classification

otherwise

(Majority Vote,

Example data from one HL sample for CST and
one HL sample for UNCLASS subgrou

Input 0-1 Binary Feature Data

I,j:.N?1 3y ,.;:cqzﬁ \

©co =00 =
200 a0

e o W S
E‘ ﬁ;i':'r\;s;’ A% The molecular classification system developed in this study,
=k = ##m 1| named HLGen, further improves biology-informed disease
e — ~~ | taxonomies, with the goal to guide treatment strategies and
T oo s . uro .} informprognosis.
- T j RE} : : T | HLGen molecular aberration-based classification tool
¢ aon T e «“= " and requires only binary input data of up to 80 gene
I e m—— w1 features
Ty i HLGen is available as an online tool
5 : (https://shiny.bcgsc.ca/HLGen/) for further validation in
routine clinical practice and future clinical trials.
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q IL13 e ¥\ Oy Tralokinumab * Recombinant IL13 augments malignant cell

growth in vitro, and genome-wide loss-of-
function screens across >1000 human
cancer cell lines identify ILAR and IL13RA1,
heterodimeric components of the IL13

r receptor, as uniquely essential in Hodgkin

MMP12 - lymphoma.
« CRISPR/Cas9 . . .
Immune escape knockout * Importantly, blocking antibodies phenocopy

genetic inactivation, which are already FDA-
approved.
* These findings provide a biological rationale
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identified distinct shifts in B-cell populations,
particularly an enrichment of naive B cells and a
reduction of memory B cells in early-relapse CHL
compared to late-relapse and newly diagnosed CHL.

Key Points

* Naive B cells
expressing LGALS9
(galectin-9) are
distinctly increased in
early-relapse CHL
compared to
diagnostic and late-
relapse samples.

naive B cells in early-relapse samples exhibited high
expression of galectin-9, which binds to TIM-3 on
Tregs

Cell-cell interaction analysis revealed the

importance of interactions between galectin-9*

naive B cells and TIM3* Tregs in the early-relapse

setting.  Galectin-9—positive
naive B cells engage
with TIM-3™ T cells,
potentially contributing
to an immunosuppres-
sive TME in early-

relapse CHL.

Spatial analysis by imaging mass cytometry
confirmed close proximity of galectin-9—positive
naive B cells with TIM-3*CD4*T cells and HRS cells,
pointing to their role in shaping an
immunosuppressive niche.

Yin et al blood advances 2026
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