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Top 10
Breakthrough
Technologies
2015

Our annual list of technologies
that have the potential to change the world

1 Magic Leap
2 Nano-architecture
3 Car-to-car communication
747 TppileiF’ay
5 Vir;LTal reality a
6 Smart advisers
7 Advanced robotics
h T ;;n ;);ganOIds
9 Nuclear fusion
| 10 Liquid Biopsy

A simple blood test that can

detect cancer and monitor treatment
by analyzing tumor DNA
circulating in the blood.

10

Milano, 22 e 23 maggio 2026

It was the beginning of a new era in oncology...

LIQUID BIOPSY

O Non-invasive tests that detect tumor biomarkers [ 1] .‘.O;
that are shed into the body fluid from the tumor. \ & ° Y
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MEDIASTINAL MASSES IN PEDIATRIC LYMPHOMAS
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WHY DO WE NEED
LIQUID BIOPSY?

SYSTEMIC DISEASE
a continuously evolving mosaic

. »23 | Often very large
. \_*"/ atdiagnosis

MSSUE n'cl : \ May compress vital
| Structures (trachea,

vessels, heart)
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Non-Hodgkin Lymphomas: Heterogeneous Diseases with Poor Prognosis After Relapse

ab

Survival in refractory/relapsed pediatric NHL

(A) :
Follicular DLBCL
Burkitf's 1% 20%
y J
8% \ p
_ALCL '
10%
Log-Rank p = <0.0001
"o 1 2 3 4 5 6 7 8 9 10
\ years
Other |/ \ Burkit/B-AL  0.28, SE =0.03 (N=254, 181 events)
J ) —— DLBCL 0.50, SE =0.06 (N= 98, 45 events)
2% Lymphablastic —— PMLBL 0.57, SE =0.08 (N= 41, 17 events)
29% — T B 0.27, SE =0.03 (N=177, 126 events)
pB-LBL 0.52, SE =0.10 (N= 34, 14 events)

other/rare NHL 0.30, SE =0.09 (N= 35, 23 events)

Burkhardt B, et al. Cancers (2022)
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WHAT DO WE MEAN
BY LIQUID BIOPSY?

ALCL: THE BEST MODEL
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ALCL: THE BEST MODEL

DIAGNOSIS
MDD assessment

MDD negative

MDD positive
Patients Events PFS% (SE%) p-value

MDD negative 53 7 86 5 <0.0001

prognostic value oo MDD posiive 75 33 53 6
o 2 4 6 a8 10 12
AT RELAPSE

Years from diagnosis

5 00 ® @
58
|

_-81 + .08_(n= 26, 21 events)

0.8 e ——

/Con;rini G, etal BJH 2024 / MDD-negative
Mussolin et al Cancers 2022 0.6 1 N --——--MDD-positive / MRD-negative
Mussolin et al Cancers 2021 - ,_ll ———-MDD-positive / MRD-positive
Damm-Welk at al, Hematologica 2020 P ['
Mussolin et al, BJH 2020 0.4 1
Pilon et al, 2016 [ Jr— e —-
(Gambacorti-Passerini et al, N Engl J Med 2016 |f f
Damm-Welk at al, Blood 2014 021 r

Mussolin et al, Leukemia 2013 f r-r

Mussolin et al, JCO 2011 b <.

el S e s T T e W
. . Mussolin L. et al, JCO 2007

Opes i 0 Damm-Welkat al, Blood 2007 years

Mussolin, et al, Leukemia 2005

Mussolin et al, Leukemia 2003

__31,2.09 (n=26, 8 events)

Fluorescence

.16, = .05 (n=77, 10 events)
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Article -

Prognostic Factors in Childhood Anaplastic Large eicn h l.
Cell Lymphoma: Long Term Results of the
International ALCL99 Trial

ASSOCIAZIONE ITALIANA DI EMATOLOGIA ED ONCOLOGIA ALCL 2024
‘ ALEOP.

International cooperative study for patients with anaplastic
1 large cell lymphoma (ALCL)

AIEOP “ALCL 99~

Epidemiology, Biology and Qutcome of ALCL
in children and adolescents

and

Iized trial on the efficacy of vinblastine manotherapy
for children, adolescents and aduts with

420 patients

International protocol for the treatment of

_) childhood anaplastic large cell lymphoma . standard risk (SR) ALK-positive ALCL |
Cox-Regression Based on ..fumor bicpsy Based on ..liquid biopsy
Damm-Welk et al Front Biosc 2015 ; Damm-Welk, Mussolin et al | Blood 2014; Mussolin et al , feukemia 2013; Mussolin et al , leukemia 2009

Variable relative risk of relapse 95% CI P
MDD +
low ALK a.t. 4.9 2.4-9.8 <0.0001

1** Generation 24 generation 3rd generation

Traditional PCR Quantitative PCR Digital PCR
H iStGI Ogv Since 1983 Since 1993 Since 1999
not common 3.7 1.54-8.7 0.003
Clinical risk factors 1.1 0.28-4.33 0.9

— u;v!usvs:ow::m?smva‘
MRD 6.0 2.01-17.92 0.001 Cycle
End-point PCR Real-Time PCR Absolute Quantification
Relative Quantification
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Minimal disseminated diseased = 30 NCN in BM and or PB identifies patients at higher risk of treatment failure

100 100
80 74 +5 (n=85, 21 events) 80 8215 (n=54, 9 events)
60 69 & 6 (n= 58, 20 events) 69 £ 7 (n= 49, 16 events)
60
(%)
40 35 £ 7 (n=48, 30 events) ‘%lu
3547 (n=48, 32 events)
20 —— MDD BM negative
~——— MDD BM positive<30 NCN  p-value <0.0001 20 { —— MDD PB negative
— MDD BM 230 NCN —— MDD PB positive <30 NCN p-value <0.0001
0 —— MDD PB 230 NCN
0 12 3 4 5 6 7 8 9 10 11 12 13 ;:a';s 0
sk i 01 2 3 4 5 6 7 8 9 10 11 12 13 14 15
atrisk — ig 38 ﬁ 5 o years
—1 ia 8 atrisk — 44 3 1
—18 13 5 2

100

80

761 5(n=70, 18 events)

(%)
40

34%5(n=67,44 events) MDD quantification
20 { —— MDD negative improves stratification!

~—— MDD positive <30 NCN p-value <0,0001
—— MDD 230 NCN

BM and/or PB

0

0 1 2 3 4 56 78 9 10 11 12 13 14 15

SaE BN N R
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Any level of minimal residual diseased in BM and or PB identifies patients at higher
risk of treatment failure

100
80
60

(%)
40

20

0

—— MRD BM negative
—— MRD BM positive <30 NCN
= MRD BM 230 NCN

62 %9 (n= 29, 11 events)

p-value 0.005

33%12 (n=15, 11 events)

20%£13 (n=10, 8 events)

0

:

atrisk — Zg
2

7 8 9 10 11 12 13 14 15
1 4 years
2 3
i i

=dly
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100 “ —— MRD PB negative
L} —— MRD PB positive <30 NCN
8 ——— MRD PB 230 NCN
7316 (n=48, 14 events)
60
(%)
40
il‘] 25 £ 10 (n=20, 15 events)
20 L
20£10 (n=15, 12 events)
0 p-value <0,0001
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
years
atrisk — 40

30 13
3

1
H 1 1
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BASELINE ANTIBODY TITER (AT DIAGNOSIS)

1.00
" . high antibody titer

(~b

‘s
1
I

Anti-ALK Antibody Titers as a Prognostic Biomarker

[=1
-~
w

£
o ALK+ ALCL tumor cell o Release into blood o Immune response B
ALK fusion protein Tumor cells release ALK fusion The immune system recognize E 0.50 Low antibody titer
(e.g., NPM-ALK) is proteins or fragments (soluble these circulating ALK antigens E Y
inside the tumor cell. antigens) into the bloodstream and produces anti-ALK o
(spontaneously or after cell autoantibodies. - o o
deathftimoves). 025 Patients Events PFS% (SE%) p-value
Antibody titer <750 39 22 40 8 <0.0001
000 Antibody titer =750 89 18 79 4
NPM-ALK T T T T T T T
(intracellular) 3 ( B - 1] 2 4 B 8 10 12

Years from diagnosis

ANTIBODY DYNAMICS AFTER THERAPY DISCONTINUATION

(AT STOP THERAPY)
=\ 1-0
i ALK on the cell Soluble ALK 0 0-91 £ 0-05 (n = 36, 3 events)
H surface is minin)al fusion proteins/ Anti—A}LK.autoar.\tibodies 9
and not the main P t in circulation 0-8
target. ragments o 0-70 £ 0-06 (n = 53, 16 events)
0-6
0-52 £ 0-09 (n =33, 17 events)
@ 05
0-4 P:1-2,0-033; 1-3, <0-0001; 2-3, 0-019
0-3
0-2 Initial ALK-antibody < 1/250
o= ALK-antibody decrease > 2 steps
o — ALK-antibody decrease < 2 steps

0 1 2 3 4 5 6 7 { 8 9 10
years

Mussolin L et al, Leukemia 2013, Mussolin L et al, BJH 2018
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Progression Free Survival Overall Survival

1.00 | 00
0.75 075
: R IR :
5 =
T 050 ® 050
DE_’ P< 0.0001 DE_ Patients Events OS% (SE%) p-value
0.25 - 0.25 bHR 26 7 71 9 0.02
bIR 62 10 83 5
bLR 40 1 97 2
0.00 0.00
0 2 4 6 8 10 12 0 2 4 B g 10 12
Years from Diagnosis Years from Diagnosis
Risk Group: —HR ---IR —-LR

LR=Low Risk, MDD neg and high antibody titer anti ALK
IR= Intermediate Risk, MDD pos and high antibody titer or MDD neg and low antibody titer

HR= High Risk, MDD pos and low antibody titer anti ALK
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Table 1. Main characteristics of the study population: pragnostic analysis of the clinical and molecular features
Characteristic ~ No. of patients ~ No. of events S-year PFS Univariate P-value HR 95% I Multivariate P-value ~ HR 95% CI
% se%
Sex Tumour cells
Male 85 26 68 5 093
Female 43 14 67 7 Extracellular vesicles
Median age (years) . (e ;
<110 64 19 69 6 065 Proteins and «
>110 64 2 67 6 metabolites -
BM morphological involvement
No 17 33 7 4 0.0004 39 17-90 0.06
Yes n 7 22 14
CNS involvement®
No 19 36 69 4 053 Nucleic acids
Yes 5 2 60 22 (ctDNA, miRNA,
IncRNA)
Common type histology”
Yes 60 12 80 5 0.0003 34 1.7-69 0.006 270 1.31-56
No 42 22 46 8
=g
Negative 63 19 70 6 030 Immune
Positive 28 11 59 9 cells
MDD
Molecular C: , 2018
Negative 53 7 87 5 20,0001 45 20-102 058 olecular ancer
Positive 75 33 54 6

Mussolin L et al , Cancer 2020
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‘ High intratumoral macrophage content correlates
with worse prognosis in adult ALCL

Overall survival Overall survival Progression free survival

1.004 1.004 1.00-
" ]
L !
0.75 : 1 : 0.75 f
i low CD68 ‘ 1 low CD163 ]
. .

o
-
a

]
hest low CD163
‘I

o
[+1]
2
o
[#2)
o
(proportion)
o
(4]
(=]

high CD163

i high CD68

0OS (proportion)
OS (proportion)

0.25+

o
o
a1
Q
9
a

0.00_ ) log-rank test P = 0.02 0.00! log-rank test P = 0.07 0.00+_ _ log-rank test P= 0.2

0 2 4 3 8 10 y
Time after diagnosis (Years) 0 10 0 2 8 10

4 6 4 6
Time after diagnosis (Years) Time after diagnosis (Years)

Overall survival (OS) and progression free survival for ALCL (38 ALK-, 14 ALK+) according to CD68 and CD163 expression.
Pedersen, et al., DOI: 10.1111/his.12407
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Relapsed patients have a peculiar EVs signature compared to complete remission
ones in ALCL

3
LD L L L L L Iz

Non relapsed (CR) Relapsed (REC) 1
1, 0
‘ ‘ . hsa-miR-532-5p
| hsa-miR-140-3p -1
0N hsa-miR-361-3p I-a
J hsa-let-7g-5p 3
51 CR_exo5,CR_exo7 ] hsa-miR-103a-3p CR=1
CR_exo1® CR_exo4 =
CR_exo13x— CTR12 phenotype hsa-miR-1462-5p h
R_exd® CTRLE @ CR A | L
CR_exo14 gCR_exo2 CTRIH- & @ REC hsa-miR-378a-3p REC=
o CR_exasg exdiQ CR_exo3 | el Fel NoRMAL ‘ ‘ —

PC2

A
REC_ex03 AREC_exo4
5 0 5 10
PC1

[ hsa-miR-363-3p
hsa-miR-99a-5p

| ‘ hsa-miR-142-3p
| hsa-miR-126-3p
hsa-miR-128-3p

!
m CR_exo6 CTR4 hsa-miR-192-6p 6
CR_exol12 = R%C exo2 ) 1945
REC_exoG sa-miR- -op
et hsa-miR-144-3p
-5 REC_exo5 hsa-miR-144-5p
REC et hsa-miR-16-2-3p

zZoXa Yo
£OXa YO
poxa 4o
goXa Yo
goxa HO
LOXa YD
gOXa YO
BOXa HO
Joxa O3y
goxe O3H
goxe D3Y
¥oxe” O3y
goxe O3H

goxe O3H
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| 2. miR-146a-5p PROMOTES MACROPHAGE MIGRATION |

Transwell migration assay

3. miR-146a-5p DRIVES M2-LIKE MACROPHAGE POLARIZATION

JJ Milano, 22 e 23 maggio 2026

4. M2 MACROPHAGES OR miR-146a-5p ENHANCE
ALCL CELL AGGRESSIVENESS

5. M2 MACROPHAGES / miR-146a-5p INCREASE SOLUBLE FACTORS (IL-8)

THP-1-derived S-EVs from ALCL cells treated with M2 macrophage ALCL cells treated with miR-146a-5p Cytokine macropheges 1SA validat
macrophages ALK+ ALCL lf'c'_:‘ased mR:ASa-Sp conditioned media (CM) M ey (CM from iz ) N SA"L.') e
inside macrophages .
THP-1-derived s-EVs from Jaa ® = s 4 _ O cricm M2CM
macrophages ALK+ ALCL cell lines I‘*Q — 60 [ @ - @ —{ S — s T 1000 sape
P, i " Ll 1]
y> M2 i ipregilation. Increased prolferation Increased proliferation . . A ) i
3 * > (j @ i - and migration and migration g ™
@ 2= . bkl 4 Migration assay Proliferation assay Migration assay . § 500
£%. f - o ol X
32 ‘ 53’ i S
8 N £ ] e
= { 2 3 10 % °
0 %S 3 0§ 2 cuicM M2CM
Ctl ALK+ | A.| o 245
s-EVs ALCL 10 10 10° 0 0° 10° Y i
s-EVs coter o :t’é[ PR cnen wacu €
m EVs - cvicM 0
. s
= ALK+ ALCL s-EVs - mcM CvicM M2CMm
Relapsed s-EVs enriched Macrophage Soluble factors ALCL aggressiveness

ALK+ ALCL
patients

in miR-146a-5p

infiltration &
M2 polarization

(IL-8, etc.) & poor prognosis

R @
- @ o
(=2
(2] (<)
[5]

CLINICAL IMPLICATIONS

miR-146a-5p in s-EVs is a potential prognostic biomarker
s-EVs analysis can help identify high-risk patients early

Targeting M2 macrophages or IL-8 axis may represent
novel therapeutic strategies in ALCL

Garbin A, et al. Biochem Pharmacol 2023
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Cell free DNA- cell tumor DNA

In 1943, In 1953, For nearly 70 years,
MH 00 Wardel & M!tas the structure
@ mm T m re\fahd .D‘ngm, }Uﬂk.

T
m w 1o
m‘ 0
am ‘
oL

J\"{" Extracellular vesicles
— P BEER
il
il

Minimal Disseminated Disease — Minimal Residual Disease

Amplification

Threshold

No amplification

Fluorescence

Copies per reaction (Ct)
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106 ALCL plasma samples

Follow-up timepoint Differences in [cfDNA] between plasma samples
at different timepoints

ab

Mechanisms of release of ¢fDNA into the bloodstream

Release by autophagy . . . .
Diagnosis
. ) 0.3 ¥k DIANR n=31
Release by active secretion o / ; ——
2 _:c: _ . DIAREL' =26
4 3 021 . .
N Rrelease by ce!l fleath H _— ..? g M FUPREL:n=24
I'Y %% z < .
% & J, y \ . ' ' . Relapse timepoint 3
5 e
t , : 7 5 0414 4
A H [
£ 0000 ! | 2
) _‘_‘_ﬂ_
0.0- —

& & o ¢
R 2
v o8 o &
& @ & Q\)Q
Samples’ aroups
[ NPH - [CORN. - [ ATH - | GRAT - [ JAK: - | KRA:- [ NRAL-[ SMC -] MEY - [SMAC -| €2r: - [ GNA(-| EGFI-]

o8l
ool
o

Diagnosis not relapsed
Diagnosis relapsed
Follow-up not relapsed
Follow-up relapsed
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nature medicine a

Article https://doi.org/101038/541591-026-04291-2
250 Liquid biopsy for the diagnosis of
200 EBV-positive Burkitt’slymphomain
endemic areas Received: 4 June 2025

Accepted: 13 February 2026
150 p ry

Published online: 19 March 2026

Plasma DMA concentration|ng/mi)

Table 2| BL diagnostic models
—-—
Model name Variables
50 —— — — Clinical model Age, sex, duration of presenting illness, site of
tumor and LDH
— EBV quantitative model EBER1, EBER2, EBNAZ2, EBV,,,, (maximum EBV
copies per cell)
ﬂ — — — — —
EBV quantitative + clinical Age, sex, duration of presenting illness, site of
model tumor, LDH, EBER1, EBER2, EBNAZ, EBV,,.,
Controls ALCL HL DLBCL LBEL BL ;
EBV model EBER1, EBER2, EBNAZ2, EBV,,,,, EBV size ratio,
n=1 5 n=45 n=43 n=B n="| T n=33 EBVP, EBV entropy
Liquid biopsy model CtDNA, median VAF, MYC intron 1 mutations,

MYC exon 2 mutations, EBER1, EBER2, EBNA2,
EBV,.... EBV size ratio, EBP, EBV entropy,
autosomal entropy and MYC-Ig translocation

Comprehensive model Age, sex, duration of presenting illness, site of
tumor, LDH, ctDNA, median VAF, MYC intron
1 mutations, MYC exon 2 mutations, EBERT,
EBER2, EBNA2, EBV,,,,, EBV size ratio, EBVP,
EBV entropy, autosomal entropy and MYC-Ig
translocation




" Settima edizione di 1|30 SN

ab

| - :
LJD Milano, 22 e 23 maggio 2026

Circulating Tumor DNA Markers in Plasma

Model Performance (Training Cohort, n = 212)

ROC Curves
MYC mutations MYC-Ig translocations EBV fragmentomics
1.00 g = Model AUC (95% CI)
MYC IgH/IgK 2 %.p : T s ,
= am | P ! e / 7 — Clinical model 0.73 (0.66 - 0.80)
N : » TN 015 £/ =
55 5 7 1/ | = EBV quantitative model 0.86 (0.80 - 0.91)
li 2 W7~
2osslll /S | — EBV quant. + clinical 0.88 (0.83 - 0.93)
Hotspot mutations Structural rearrangements EBV DNA fragments E 7 (, By
in the MYC gene driving MYC activation in plasma /- // ‘ — EBV / MYC model 0.90 (0.85 - 0.95)
/
0.254
\ I' J i ( - Liquid biopsy model (ctona) - 0.92 (0.87 - 0.96)
|
Integrated with clinical features 0.00 <. : . . ~— Comprehensive model  0.95 (0.90 - 0.98)
(Age, sex, duration of illness, site of tumor, LDH, etc.) 0.00 0.25 0.50 0.75 1.00

1 - Specificity
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TARC (CCL17)

Structure, Role and Clinical Relevance

TARC is a CC chemokine involved in immune cell
trafficking, inflammation and cancer.

SOURCES OF TARC
T Vo 2l
®© © (@l
Dendritic cells ~ Macrophages  Endothelial cells Epithelial cells

Tumour cells

Extracellular vesicles

Proteins and
metabolites

Nucleic acids
(ctDNA, miRNA,
IncRNA)

Molecular Cancer, 2018

ab

LA

STRUCTURE
? \
CCL17 (TARC)
Molecular weight: ~8.5 kDa

TARC (CCL17)
@ o
Q
7 050

’
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Letters to Blood

TO THE EDITOR:

Elevated serum TARC levels precede classic Hodgkin
lymphoma diagnosis by several years

Agjan Diepstra,' llja M. Nolte,” Anke van den Berg," Larry |. Magpantay,” Otoniel Martinez-Maza,” and Lynn |. Levin®

Time to diagnosis (years)

Time to diagnaosis (years)

5 Controls .
1 *Nodular sclerosis oot
* Mixed cellularity . * .V. g
« Classic not otherwise specified . Y o';.a
. s WO
e . see *
= 4 1 Se e, v
‘g'r - L . ] W, *
(=5 t. . t L]
g . .-. . -
= 3_ - _ ° * ... ¢ -.... . N r.:
l:',':_' - ) - . .. L :. . . . .= 4 .' ' .
E-' RIS : -‘.- :.'. X DAL ¥ 1 | 3>
. R P AN
[ ] . LX)
.
2 ) .
- - - L ] L ] - L] -
-10 -8 -6 -4 -2 0
Time to diagnosis (years)
54 R2=0.89 _ 54 R2=0.94
E . E
g 4 1 [} g 4 | /
o g E
< 34 = 34
= =
S 2 22,
-8 -6 -4 -2 0 -8 -6 -4 -2
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AIEOP cohort (176 pts) - TARC level at diagnosis

2.5%x105=

%k %k %k %k

2x105-

Healthy donors (HD): median value 685 pg/mL

Hodgkin Lymphoma cases: median value 19.700 pg/mL

1.5x105=

TARC (CCL17)
pg/mL

1x105

5x104=

1.3x10% 0 s

HD

Unpaired t-test, two-tailed, p <0.0001

paper in submission..
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Prognostic Value of TARC After 2 Chemotherapy Cycles

0,002 ) 1004
: "-l-—q_n.n_' ™
C 510 %= *rx !
i
75+ las s

Ax10° - — L I M AL L
= 3
E W

w50+

2 300 “
L2
2 26— - plasma TARC FUP > 650 pg/ml
W 1A '
= dull®=-
- —— plasma TARC FUP < 650 pg/ml
= . 1,300 0

110" = I I I 1

- 0 2 4 6 8
EFS (years)
Q
Characteristics Number of patients| Events|5years EFS%| SE%| p-value
Cutoff 650 <650 95 7 92 3 0,0005
>650 21 7 65 11
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Multivariate Analysis:
TARC After 2 Cycles as Main Prognostic Factor

Univariate Multivariate

Characteristics Patients Ev:nt EFS (%) SE p-value p-value HR (95% Cl)

125 7 94 2 <0.0001 0.0004 6.1(2.2-16.5)

TARC at Il CT (*15)
28 10 59

[y
(=]

Bulky disease 110 6 92

0.015 4.1(1.3-12.8)

(=200 ml) 58 14 75
101 6 93
67 14 78
101

Treatment level (26+75)
67 12 81
118 10 90
46 10 78

ns

Symptoms

8 91

W] W | |w g W

ERA-PET (*4)

paper in submission..




Settima edizione ci Y| 30) SNIRIENS

Plasma TARC levels in pediatric Hodgkin and non-Hodgkin Lymphomas at diagnosis

30000 100 89 (n=87, 9 events)
E 80—
E 20000- S 60-
- T 65 (n=33, 10 events)
2 £
= e 40
O £ 0] — TARChigh
< 10000- — TARC low 0.0029
I_ 0 1 1 | 1 1
0 2 4 6 8 10
— years from diagnosis
0-

HD cHL BL T-LBL
n= 5 176 46 120
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‘\ Searching for a Shared Biomarker...
MRD cm
(clonal (tumor

Primary Mediastinal Large B-Cell Lymphoma (PMBCL)
Diffuse Large B-Cell Lymphoma (DLBCL)

Gray Zone Lymphoma (GZL)
Peripheral T-cell lymphomas (PTCL)

-@@@@

transcripts) genetics)

biopsia liquida “metabolica”

LIQUID

BIOPSY Metabolically Active
s e Circulating Tumor Cells
R s TARC o Oe o EXOSOMES Studying tumor biology in motion =
‘ / (inflammation / o ey (communication /
" microenvironment) microenvironment) " METABOLIC

ACTIVITY
. High 1
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