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Primary Central Nervous System Lymphoma (PCNSL)

Brain Parenchima Leptomeninges Eyes Spinal cord
(100%) CSF (~15%) (15-25%) (<1%)

1-2% of brain tumors
4-6% of Extranodal Non-Hodgkin Lymphoma (NHL)
PCNSL incidence varies globally, with 0.3 to 0.6 cases per 100,000 individuals reported in population-based studies

PCNSL is a rare sub-type of non-Hodgkin lymphoma. It is a diffuse large B-cell type (DLBCL), involving the
brain, leptomeninges, eyes, or spinal cord, without involvement of other organs at initial diagnosis
and with anecdotal cases of systemic dissemination at relapse
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The incidence of PCNSL differed greatly between age groups.

Mendez JS et al. Neuro Oncol. 2018
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PCNSL Epidemiology
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Fig.3 Clinical f PCNSL Kapl linical in PCNSL (SEER registries 1973-2013). Overall survival
of (A) all PCNSL patients, based on (B) gender, (C) age at diagnosis grouped by age <50, 50-69, and 270, and (D) decada of diagnosis.
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Oncologic Paradigm: Early Diagnosis is the best treatment

The successful treatment (and the subsequent neurological recovery) of PCNSL, a rapidly progressing
tumour, depends on early diagnosis

A histological diagnosis of a tumor specimen obtained by stereotactic biopsy is required to validate a
suspicion raised by brain MRI

Cerebrospinal fluid (CSF) or vitreous humour might aid in providing a cytological diagnosis

Images courtesy of Prof. Flisabetta Miserocchi, IRCCS San Raffaele Sdentific Institute, Milan, Italy

Images courtesy of Prof. Nicoletta Anzalone, IRCCS San Raffaele Sdentific Institute, Milan, Italy
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PCNSL - Diagnosis

Neuroimaging: T1, T2,
flair, DWI, enhancement,
spectroscopy

Current strategy = ,
p di tic Site: corpus call.osum,
low diagnos basal ganglia,

sensitivity periventricular areas...

Response to steroids

FerreriAJM et al. ESMO-EHA CPG 2024
Ann. Oncol. 2024 & Hemasphere 2024
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Vitreous aspirate

Lumbar puncture

Low sensitivity (<50%)
Small number of tumor cells in
these CNS compartments

PCNSL - Diagnosis

Definitive diagnosis possible only if

disease dissemination

lllerhaus G. and Batchelor T. Blood 2011
Chamberlain MC. Et al. 2000

Stereotactic Brain
Biopsy

Gold standard approach
Caveats:

Risk of morbidity/death
Geographical misses
Vanishing tumours

due to:

Deep lesions

Fragile patients

Prior corticosteroid exposure
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PCNSL Diagnosis: limits

Based on this background, the development of alternative strategies to stereotactic
biopsy in order to improve early diagnosis of PCNSL could be really beneficial and
desirable

How can we improve diagnostic
sensitivity and specificity?

9-10 Ottobre 2025



GIORNATE EMATOLOGICHE VICENTINE  xi edizione

molec

THITHIT

TR =ELT

-

-
-

-
-
>

>

.

-

-

.
-

-
«

-
>

P
.

-

T et

» PCNSL displays perturbation of pathways related
to:

- signalling of B-cell receptor (BCR),

- toll-like receptor (TLR) and

- NF-kB, as well as

- terminal B-cell differentiations, deregulation of
the cell cycle, immune escape, and protection
from apoptosis

Diagnostic potential: co-occurring mutations in
CD79B and MYD88 (L265P), have been identified in
70%-89% of PCNSL

Therapeutic approach: BTK-i; anti-PD1

Herndndez-Verdin, Ann. of onco. 2022

9-10 Ottobre 2025


https://www.annalsofoncology.org/article/S0923-7534(22)04732-9/fulltext
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PCNSL Diagnosis: what’s new
Liquid Biopsy

+ Samples: Blood, CSF and vitreous humor
* Techniques: next generation sequencing, ELISA, ddPCR ...

» Biomarkers: chemokine, genomic fragment (cfDNA, microRNA), transmembrane
receptors
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PCNSL Diagnosis: what’s new
PAMINA study

MYD88 L265P mutation and IL-10 level in CSF in: Neurological Systemic
- 63 PCNSL (36 newly diagnosed, 27 relapsed) and Variable PCNSL (n = 36)  controks (n = 106) P* DIBCL(n=44) P
- 162 controls (118 CNS disorders, 44 extra-CNS
lymphomas). | MYDS3 L265P mutation, n (%) 2% (72} 1186 (1) 400001 1 (2)° 00001
IL-6 level, pfml, median (IQR) 46 (0-91) L3 (0-57) 0007 O (0-04) (-0003
Mut-MYDB88 was detected in 15/17 (88%) PCNSL High IL-6 levels >2:5 pg/ml, n/N (%) 24/33 (73) 38179 (48) 002 6(14) (00001
biopsies, with an 82% concordance in paired tissue-CSF 110 kevel, pa/l. median (I0R) 69:5 (i0-20d0) 0 (0-0) 000001 0 (0-0) 000001
samples. High IL-10 levels >2 pg/ml, wiN (%) 2432 (88) 179 (1)’ 00001 1| (2)** <{00001
. At least one between MYDSS mut and high IL-10, /N (%) 30/32 (%) 139 1(2) <-00001 2 (4) <0000
In CSF, mut-MYD88 and high IL-10 levels were detected
in:
- 72% and 88% of newly diagnosed PCNSL Sensitivity  Specificity AUC
- 1% of controls. Interleukin-6 72% 52% 0-66 (0-55 - 0-78)
Interleukin-10 88% 99% 0-94 (0-86 - 1-00)

Combined analysis of MYD88 and IL-10 exhibits a: X o
- sensitivity of 94% and IL-10/IL-6 ratio 85% 99% 0-92 (0-84 - 0-99)

- speificity of 98% MYD88 mutational status & IL-10 | 94% 98% 0-96 (0-91 - 1-00)
to distinguish PCNSL.

Ferreri AJM, et al. BJH 2021
9-10 Ottobre 2025




GIORNATE EMATOLOGICHE VICENTINE  xi edizione
Clinical Case: Unfeasible brain biopsy - The Frail Old Man

August 2015:
A 79-year-old Caucasian male was admitted in the hospital due to an acute onset of dizziness, nausea, and vomiting.
A brain CT-scan and a subsequent brain MRI showed a pattern of right frontal ischemia and vestibular neuronitis (images not available)

Vascular/Inflammatory
alterations on brain CT-
scan and brain MRI

> e O

August

()
9-10 Ottobre 2025

Symptoms
Onset




GIORNATE EMATOLOGICHE VICENTINE  xi edizione
Clinical Case: Unfeasible brain biopsy - The Frail Old Man

November 2015: After 3 months, the patient developed diplopia and equilibrium disorders and was referred to our Center. A new
brain MRI showed a mass forming enhancing lesion at the level of the third ventricle.

A stereotactic brain biopsy was proposed, but patient refused due to the risk of morbidity and mortality.
A lumbar puncture, while negative for cancer cells, revealed the presence of the MYD8825°P mutation in the cerebrospinal fluid.

Vascular/Inflammatory Lymphoma MYD88Leu265Pro
Sygr;:isfgtms alterations on brain CT- suspicion on new mutation on CSF Gamma-knife
scan and brain MR1 brain MRI Lymphoma Suspicion
Symptoms Symptoms
> ® ® worsening ® ® worsening ®
August November November November
2015 2015 2015 2015
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Clinical Case: Unfeasible brain biopsy - The Frail Old Man

Post-treatment MRI showed complete remission of the mesencephalic lesion ( ) but revealed the
onset of a right peri-trigonal lesion (green arrow).

> Diagnostic Delay — 6 months >> Died in 1.5 months /

August 2015 January/February
2016

Vascular/Inflammatory MYDg8gleu265Pro Brain Biopsy: DLBCL

Sygptoms alterations on brain CT- Lymphoma mutation on CSF Gamma-knife harboring MYD 88lLeu265Pro Chemo
nset . suspicion on new S
scan and brain MRI hrain MR1 Lymphoma Suspicion Lymphoma Diagnosis
Symptoms Symptoms
> ® ® worsening ® ® worsening ® ®
August November November November January/February March
2015 2015 2015 2015 2016
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Clinical Case: Unfeasible brain biopsy — Deep lesion

June 2023: A 62-year-old Caucasian male reported hearing loss, postural instability, intermittent diplopia, and impaired speech.
MRI after 1% Cycle Interim MRI

MONTHS  July 11,2023 July 26, 2023 August 2023 September 2023 October 2023
I
TREATMENT Steroids Steroids Taper \SAZ' gsp;‘;r:; MATRix MATRix 2nd
T START Cycle
BIOMARKERS (CSF) 1 LP: NO 2nd Lp; MYD88R265F & High IL-10 3rd LP: MYD88YT & Normal IL-10 Levels
Biomarkers

- Disgnostic Delay [/ ained radiological and >
June 2023 August 2023 September 2023 September 2025

Calimeri T et al. Lancet Haematology 2024
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Diagnostic algorithm for PCNSL in immunocompetent
patients

* ¥ ox
e * ANNALS =
S « EHA =oi ONCOLOGY

g sarion 1 ook

SPECIAL ARTICLE

Neurological or neuropsychiatric symptoms® Ocular symptoms® Primary central nervous system lymphomas: EHA—ESMO Clinical Practice
Guideline for diagnosis, treatment and follow-up

Ophthalmelogical A.J. M. Ferreri*?', G. lllerhaus’’, J. K. Doorduijn®’, D. P. Auer**, J. E. C. Bromberg’, T. Calimeri’, K. Cwynarski®, C. P. Fox’,
assessment* K. Hoang-Xuan'®, D. Malaise''-*2, M. Ponzoni*?:3, E. Schorb™, C. Soussain'**¢, L. Specht'’, E. Zucca'®**%, C. Buske®,
M. Jerkeman?? & M. Dreyling??, on behalf of the EHA and ESMO Guidelines Committees”

eg: MRI and
negative PET

Positive MRI and Positive MRI and
negative PET positive PET
SCNSLRuspicion®

| PPCNSL suspicion g + N
l ¥ /7 PVRL suspicion
N
Stereotactic biopsy [IV, A]
Vitrectomy?

¥
Positive cytology,

+
dfm;imymr;(mwlﬂl Al
DBEL CSFH[S;"ES;VT\EI'"" and/or biomarkers [W,
¥ 4

and/or biomarkers

fo the CNS

[V, B]

v
’ [ CSF assessment" ]

v
N Treatment of PCNSL!
[ Treatment of PCNSL' % +

erren et al. Ann Oncol. 2024
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PCNSL Diagnosis: what’s next
Liquid Biopsy

Ultrasensitive targeted high-throughput sequencing technologies to explore the role of ctDNA

Specificity Positive predictive value

. c,assisﬁ‘;’:ii,‘:;;“s’wdy, . classifier (this study) classifier (this study) [l PCNSL
S 100 - S e Jl e —— iSCNSL
—~— ensitivy oo
—_> 80 4 MYDss L265P!i|one § 8 GEM
>a ' ' a" I NSCLC brain metastasis
= & 60+ © 59 RS B Oligodendroglioma
‘5, ..? 40 - 26 B 8 i B Astrocytoma
e 9 T - 2 5 B Meningioma
D = 20 w uw W 25 £ w . .
LT 8 8 l 5 8 [ Choroid plexus papilloma
g 0 - - B Encephalitis
w T T T T T T T T T T T T T Inflammatory spinal lesion
35 46 52 35 46 52 46 18 16 16 33 26 12
ctDNA: Tests (No.)
- Specificity 100% A significant subset of CNSL
- Positive predictive value (100%) e patients might be able to forego
- Sensitivity of 57% for CSF and invasive surgical biopsies

21% for plasma

Mutter JA. et al. JCO 2022

9-10 Ottobre 2025



GIORNATE EMATOLOGICHE VICENTINE

Xl edizione

PCNSL Diagnosis: what’s next
Liquid Biopsy

>
W

100 100
— 0 — 0
sz s o s 8
n 60 » 60
= 1
o @ 2 4
= =
© 32 ©
a 20 a 20
0 L]

Pretreatment Plasma ctDNA
Positive Negative

Pretreatment Plasma ctDN/
Positive Negative

Prognostic value of
ctDNA in
pretreatment plasma
samples

78

(n=56) (n=16) ((n=49) (n=10)
PD within 1 year Death within 2 years
Bl No [ Yes B No [ Yes

100
P<.0001
80 HR, 46
B 95% Cl, 2.7t0 8.0
2w
4 Pretreatment ctONA
& 4 —— Negative (n = 17)
20 ~— Positive (n = 61)
0 6 12 18 24 30 36 42 48
Time Since Diagnosis/
Progression (months)
No. at risk:
ctDNA-negative 17 156 11 9 6 6 4 1 0

ctDNApositive 61 18 10 6 3 3 2 2 1

9-10 Ottobre 2025

D

100 4
80 4
)
s 604 Pretreatment ctONA
%) . —— Negative (n = 17)
© T — Positive (n =61)
P=.0001
20 HR,9.6
95% Cl,5.0t0 18.3
0 6 12 18 24 30 36 42 48
Time Since Diagnosis /
Progression (months)
No. at risk:

cDNA-negative 17 17 16 12 9 8 6 2 0
ctDNApositive 61 39 23 16 11 9 7 5 2

Prognostic value of ctDNA in plasma samples during treatment
B

100 100

80 80
- = ctDNA status during
= g0 P=.0002 § i P=.004 induction therapy
el HR, 6.2 w HR, 7.9 — Negati -
[ 40 5 40 5 gative (n = 14)
a- 95% Cl, 2.3 to 16.7 © 95% Cl, 2.6 to 23.9 — Positive (n = 14}

20 20

T T T T T T T T T T T T T T
0 6 12 18 24 30 36 42 0 6 12 18 24 30 36 42
Time (months) Time (months}
No. at risk: No. at risk:

ctDNA-negative 14 11 9 6 5 4 0 ctDNA-negative 14 11 9 6 5 4 1 0
ctDNA-positive 14 4 1 1 1 o o 0 ctDNA-positive 14 9 4 2 2 1 1 o

100 100
80 80
= —_ ctDNA status at landmark
= 60 = 60 (within first two cycles)
- P=.003 = P=.001 .
o a0 HR, 4.7 w 40 HR, 6.5 —— Negative (n = 15)
o 85% CI, 1.5 to 15.1 o 95% CI, 1.8 to 23.8 = Positive (n = 10)
20 20
T T T T T T T T T T T T T T
0 6 12 18 24 30 36 42 0 6 12 18 24 30 36 42
Time Since Landmark (months) Time Since Landmark (months)
No. at risk: No. at risk:
ctDNA-negative 15 11 9 8 5 5 2 0 ctDNA-negative15 13 11 9 5 5 2 0
ctDNA-positive 10 4 1 1 1 V] 0 0 ctDNA-positive 10 6 2 1 1 o 1] 0

Mutter JA. et al. JCO 2022
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PCNSL Diagnosis: what’s next
lon Ampliseq Liverpool Lymphoid Network Panel LiqUid B iopsy

lon AmpliSeq Panel Design

DNA PANEL (60 genes) Liverpool Lymphoid Network — Participant sites 2023

11 clinical research laboratories

Essential Exons (36) Full Coding Sequence (24)
+ BCL6 - IRF4 « ARID1A - PAX5
- BIRC3 - KRAS - ATM = PIM1
- BRAF - MAP2K1 - B2M - PRDM1
+ BTK - MYD88 -« BCL2 - PTEN
- CARD11 - NOTCH1 - CDKN2A - SAMHD1
« CCND1 - NOTCH2 - CREBBP - SGK1
- CCND3 - NRAS - DIS3 - SOCS1
- CD79B - PLCG2 - GNA13 - TENTSC
+ CXCR4 - POT1 - ID3 - TET2
« DNMT3A - RHOA - KMT2D - TNFAIP3
- EP300 - RPS15 - MEF2B - TP53
- ETV6 - SF3B1 - MYC
- EZH2 - SMARCA4 - NFKBIE
- FAS - STAT3
« FBXW7 - STATSB
- FOXO1 - STAT6
- HRAS - TNFRSF14
- IDH2 - XPO1
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PCNSL — Prognostic scores

To predict outcome and better stratify patients in clinical trials, two scoring systems have been proposed

100
| -
11,
IELSG Score |
80 f1
i
3L
e
5 e ‘
&
Ferreri A.J. et al.JCO 2003 & 0 w2
2k MSKCC Score
- c | 7T -
ymphoma Study Group 2 - 4-5(n=23)
E====== |
p=0.00001 I
Variable Favourable feature  Unfavourable feature !
0 1.0+
(value ‘0°) (value ‘1) 0 12 24 38 B
months 094} e ekrgato
Age (years) <60 60 i R e
Fig 1. Survival curves for patients grouped according fo the proposed prog: 08| Age>50 +KPS <70
. . . . nostic score: patients with 0 to 1 (solid line), 2 1o 3 (dofted line], -lhsldusl.nd i
ECOG PS score 0-1 >l line) unfavorablo foaturs. Analysis was performed anfha 105 assassablo casos In 2 074 |
Lactate dehydrogenase Normal Elevated which complet data from all § variables were avaliobl. g 0s]
serum level E 05
Cerebrospinal fluid Normal Elevated E 044
protein level & 034
Involvement of deep No Yes 02 e W
regions of the CNS* 0.1+ B
T T T T
IELSG score 0-1, low risk; 2-3, intermediate risk; 4-5, high risk. H 0 2 4 & 8 10 12 1 16 182
PCNSL, primary central nervous system lymphoma; ECOG PS, Eastern 3 Years From Diagnosis
5
Cooperative Oncology Group performance status; CNS, central nervous z Fig 1. Kaplan-Meier curve showing overall sunvival of the 282 Memorial
system. o Sloan-Kettering Cancer Center (MSKCC; New York, NY) primary CNS lymphoma
. . 12] wi ission. @32003 ice ~ 8 patients stratified by recursive partitioning analysis classification. Age younger
prr"med from [12] f""h permission. @2003 American Society of c than 50, class 1; age older than 50 and Kamofsky performance score (KPS) higher
Clinical Oncology. All rights reserved. ! than 70, class Z; age older than 50 and KPS less than 70, class 3.
*Deep regions include the corpus callosum, basal ganglia, brain stem and =0.0004 ;
cerebellum. !
0 : Abrey L.E. et al. JCO 2006
o 12 24 6

months
Fig 2. Survival curves for patients grouped according to the proposed prog:
nostic score: patients with 0 fo 1 (solid line], 2 fo 3 (dotted linel, wlhsﬂud\d
line} unfavorable features. Anal wuspw{wnwdmlhonbgw vF?s
assessable pmbnnm-dmhl'\,;’dns- 5
radiotherapy.
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PCNSL — Prognostic scores: what’s new
Radiomics

Image Acquisition

Tumor segmentation Radiomics Analysis

gnd pre-processing Feature extraction

Machine learning-based approach for predicting - . ‘ SN e
1-y OS and PFS in PCNSL. - /AR i .

80 patients were enrolled— 23 pts, with complete
MRI series, selected.

AUC showed that radiomics-based prediction

120 radiomics |
overcame prediction based on clinical prognostic features
factors with an improvement of: ———— e
- 23% for OS,
- 50% for PFS.
Radiomics features extracted from MR images can

improve prognosis stratification of PCNSL patients.

o4 0 on 10 oc 02 4

Destito et al. Bioing 2023
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PCNSL — Prognostic scores: what’s new
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Lauer et al. NeuroOncol 2024
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PCNSL — Treatment

The treatment of newly diagnosed PCNSL is now typically approached in
a sequential manner, which has led to improvements in outcomes.

Induction (Immuno)-Chemotherapy Consolidation Therapy
has the goal of achieving an objective has the objective to eliminate any
response on imaging studies remaining visible or residual

molecular lymphoma

9-10 Ottobre 2025
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PCNSL — Treatment

Randomized trials using up front
Consolidation Strategy in PCNSL

WBRT vs ASCT

IELSG 32 N

PRECIS NG e
ASCT vs Chemo EfﬁLacv ToxiLities
IELSG43 » | >
CALGB [Alliance] 51101 R—
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PCNSL Treatment: Randomized Trials

/ IELSG 32 - Ferreri AJM et al. Leukemia 2022 \

e , I , E F
Sequential induction and consolidation regimens . .
achieve a cure in approximately 50% of patients. . v
15-25% refractory to HD-MTX
25-50% relapse after . .

ot — ASCT (n=25) o — ASCT
P w % @ @ 7 M % s m @ T EEEEEEEE
Months Months
( PRECIS - Houillier C et al. JCO 2022 \ Alliance/CALGB 51101 — Batchelor TT et al. Blood Adv. 2024 \
Cc

a

A C
100 4
90 4
£ Zz £ 2]
%) '-5 = = 70
% n 5O i
o .§ o2 'y .
£ g . g s g 50
~ £ E 40 404
02 —— WBRTarm 0.2 —— WBRT arm £ 5 5
e ASCT arm —
ASCTarm F 0 Am Total (Events) 20 Arm Total (Events)
—Tr—r—TTrT T T T ; v r S— . r r — 0] T Myckablaive 54 gé )} 0] Myelabiatie :::4 a ; )
= ===+ Non-myeloablative 4 ===+ N loablati 4 (1
0 6 12 18 24 30 .35 42 48 54 60 0 6 12 18 24 30 36 42 48 54 60 o sm«ha’eﬂmk Pvalue: 02 + Censor A by L gt Fasbics 10 e
Time Since Inclusion (months) Time Since Inclusion (months) 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
No. at risk No. at risk Years from study enrollment Years from study enroliment

WBRTarm 66 52 43 37 3 17 1B 7 5 5 3 WBRTarm 66 62 54 49 42 19 17 10 6 6 4 Patients at risk Patients at risk
ASCTarm 66 45 40 38 36 23 16 13 9 6 4 ASCTarm 66 57 46 41 38 24 17 14 9 6 4 54 43 36 31 19 12 3 0 54 49 44 42 28 18 6 o
54 28 2 18 13 7 2 1 54 40 39 33 20 11 H 3,
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PCNSL Treatment: what’s new
Low-Dose WBRT

1980-2020
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Tringale KM et al. Blood Advances 2024
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PCNSL Treatment: what’s new

IELSG43
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PFS os

1.00 1.004
o 0.75+4 > 0.75 4
[ ] = =
reatmen : 3
i £ 8
4 A 4
& 0.50 % 0.50
kS 2
9 £ g
what’s new 5o .
0.004 0.00
0.0 0.5 1.0 15 20 0.0 0.5 1.0 1.5 20
Time from HSCT, in years Time from HSCT, in years
CR PR — Rel/Ref/Prog CR PR — Rel./Ref/Prog
At Risk At Risk
CR 695 419 346 278 224 CR 727 474 398 310 249
PR 636 381 313 223 177 PR 672 434 365 259 207
Rel /Ref/Prog. 49 19 16 10 9 Rel./Ref./Prog. 54 27 20 13 12

EBMT registry: 1545 pts
Outcome by Disease Status ool |

0.754 0.75

No significant difference in PFS and
OS between CR and PR

@ASCT time: 2-year PFS of 76% ﬁ Ri==

Cumulative Incidence
o
@

o
Cumulative Incidence
o
o
]

0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
Time from HSCT, in years Time from HSCT, in years
. o] o
CR PR =—— Rel./Ref./Prog. CR PR = Rel./Ref./Prog.
PD @ASCT time exhibited worse
2 PFS f 500/ CR 695 419 346 278 224 CR 695 419 346 278 224
t I I I ° PR 636 381 313 223 177 PR 636 381 313 223 177
O u CO es ° .year O o Rel./Ref/Prog. 49 19 16 10 9 Rel./Ref./Prog. 49 19 16 10 9

Calimeri et al. ICML 2025
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PCNSL Treatment: what’s next

OptiMATe Trial

Trial design
NAT PCNSL < 65 ys. or 66-70 ys. with EGOG = 2
g b Check of sligibility criteria §N
\/ Shipment to central pathology . . .
[ ] * Randomized Phase 1l trial, with
2 & | of
¥ N fwo parallel arms

* Investigator initiated

o MATRix

4x2 . Tz 0 g,
-

2037 g ey

* Multicentric international:
Germany, Austria, United
Kingdom, ltaly

® 326 patients to be randomized
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PCNSL —Elderly

Table 1. Main studies evaluating chemotherapy alone dedicated to newly diagnosed PCNSL in the elderly.

R e D In 1 line treatment, elderly

(Rﬁx’f;) I/MorC! OSmo Deaths%
.
i HD-MTX IV + HD-MTX IV + t t ft t t d
S ) R - patients are more often untreate
CCNU, PCB CCNU, PCB :
.
Omuro » 8 8
o Rewepeve B 0 | moumcmvz | new  mowmcmez | o 5 4 or less vigorously treated than
Zhu2009[54]  Retrospective 31 (711485) HD-MTX None HD-MTX 60 717‘ 0 .
e younger patients.
erhaus Phase IT 30 o ket None None 444 i 6
2009 [55] (57-79) CCNU, PCB - 15.4

Fritsch , 75 HD-MTX, RTX, 16

2011 [56] Fasatt B (6583 PCB, CCNU None bl o 18 7
Nore 64 by

Roth2012[8]  Retrospective 66 270 HD-MTXbased [ None —— 9
(NR) CT WBRT 75 24.1
293

Olivies Phase T 35 &5 MTX, VIND, None None 17 13 85
2014 [57] (61-70) 1DA 19 Y un Old

8 . HD-MTX, TMZ 38 5 10 O g
Omuro Phase II (60-85) None N 14
2015 [22] randomized 72 HD-MTX, PCB, None o 95
Y (e0-8e) VCR, ARAC 53 - 6
RTX, HD-MTX, o o
Pulezynski ) 70 TMZ, IFOS, IV 14
S e 7 B | TP e x| em § CRR  50-70% 30-60%
VIND
HDC-ASCT

Schorb " 70 HD-MTX based | (BCNU-TT, NA
2017 (59] Retrospective 15 (70 po STy, None 27/73 N 4

™)

Fritsch - 73 HD-MTX, RTX, 104 P FS ft ( R . 2 8 - 3 5 8 -] 6 m
RS Phase IT 0 (s R, None PCB 355 07 8 arter . Mo VsS. (@)
Houillier } 8 RTX, HD-MTX, | 3 cycles 10
2017 [11] Retrospective 90 .5 gm) PCB, VCR ARAC None » 28.1 6

Faivre i 67 MTX, PCB, ™Z 57
2019 [61] Retrospective 10 () ¢ VCR + RTX Nene 161 /e 63 B

77 MTX, RTX + LNL 294
Va2019[62]  Retrospective 13 7% iz None e 85 e 0

Schorb PR 74 RTX, HD-MTX, | HDC-ASCT NA

2020 [24] Pilot trial 14 (69-79) ARAC (Bu-TT) None 29/85 NA 0 3
- - Morales-Martinez A. et al Cancers 2021
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PCNSL - Elderly stratification

Chronological age, on its own, should not be a barrier for delivery of HD-MTX

- GFR>50 ml/min
- Adequate bone marrow reserve

- Preserved cardiac function
- Pre-morbid PS

Martinez-Calle N et al. Annals of Lymphoma 2021
Calimeri T et al .ESMO Open 2021
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PCNSL — Elderly: what’s new
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Schorb et al. BMC Cancer 2019
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PCNSL — Elderly: what’s new
Lenalidomide maintenance

E

Progression-free Survival

Lenalidomide was associated with long-lasting remission in 2 out of 6 highly i
pretreated pts with recurrent PCNSL and was well tolerated in elderly pts. Related ‘
phase ll trial.

504

Percent survival

Houillier C, et al. Neurology 2015

0 20 40 60 80 100
Months

Overall Survival

Lenalidomide (5-10 mg) maintenance was associated with durable response in 5/10
pts with rrPCNSL treated with after salvage therapy. Good lenalidomide penetration
in ventricular CSF 2-15h after dosing at 20 mg.

50+

Percent survival

o

Rubenstein JL et al. 13-ICML, 2015 o 20 4 e & 10

Months

WuKet al. BJH 20219
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Prognostic factors: a morbidities, frailty, risk

of neurotoxicity
Fit mtlenis (ChT is feasible) | Unfit patients (unsuitable for ChT)
v v
Clinical trial avallable and patient eligible? WBRT [lll, B] Single drug® [V, €]

Yes | No
+ +

N v
Trial registration [I, A] Patient suitable for ASCT?

Yes | No

il +

HD-MTX + alkylator £ R® + HD-AraC [I, A]
(R—MF, MFV, MT)
Y
‘ CR, PR or SD
Watchful waiting [Il,

or maintenance [IV, C]
+ !
————
=
Ferreri et al. Ann Oncol. 2024
9-10 Ottobre 2025

HD-MTX + alkylator + R’ + HD-AraC [I, A]

(MATRix, MPV + R, MBVP + R, MT-R)
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PCNSL — Relapse/Refractory disease

* 15-25% non responder to first line induction HD-MTX based

» 25-50% relapse after consolidation

Prognosis: OS 2 months
unmet clinical need

9-10 Ottobre 2025



PCNSL -

Relapse/Refractory

disease:
ongoing trial

Calimeri et. Al, Curr. Op. Onco 2023

9-10 Ottobre 2025
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Table 2. Selected ongoing and currently recruiting clinical frials in relapsed/refractory primary central nervous system lymphoma

Estimated
Study Drug enrolment Primary endpoint Preliminary data
NCT05209620 Orelabrutinib + Pemetrexed 30 Objective response rate
Phase Il
NCT04899427 Orelabrutinib + Sintilimab or 32 ORR after 4 cycles ORR &1%, estimated 1-year PFS
Phase Il Tislelizumab 67.7%
NCT04548648 Acalabrutinib 16 ORR affer 2 months on treatment
Phase Il
NCT02315326 lbrutinib + HD-MTX or HD- 109 MTD of Ibrutinib in combination with ORR 80%, G3 neutropenia =7%, G3
Phase I/II MTX and Rituximab HD-MTX alone and Ibrutinib in lung infection = 13%
combination with HD-MTX and
Rituximab
NCT03770416Phase Nivolumab + Ibrutinib 40 ORR after 24 weeks on treatment
]
NCT05117814Phase Zanubrutinib 20 ORR
NCT05681195 Zanubrutinib + Pemetrexed 15 ORR
NCT04947319 Tirabrufinib 112 ORR, tirabrutinib dose estimate,
Phase Il incidence of AEs
NCT04446962 Lenalidomide + Ibrufinib + R- 128 DLTs, CRR
Phase Ib/Il
NCT04443829 CD19 CART cell 12 Toxicity (n of G3-5 AEs) and feasibility Five patients infused; G1 and G2 CRS
Phase | of manufacturing (n of preducts reported in one and three patients,
manufactured) respectively; any grade ICANS
reported in two patients
NCT04608487 Axi-cel 18 Number of treatmentrelated AEs Best ORR 78%, uCR/CR 67%; median
Phase | DoR 11.3 mo; no cases of G4
ICANS
NCT03277729 CD20 CART cell 50 DLTs
Phase I/II
NCT03581942 Copanlisib + lbrutinib 45 ORR [phase II) ORR 67%
Phase Ib/Il
NCT05131022 NX-5948 (BTK Degrader) 130 Number of DLTs, MTD (phase la)
Phase la/Ib ORR (phase Ib)
NCT04830137 NX-2127 (BTK Degrader) 160 Number of DLTs, MTD (phase la)
Phase la/Ib ORR [phase Ib)
NCT03328078 Emavusertib 221 Number of DLTs, MTD, RP2D (Part A)
Phase | CRR, ORR (Part B)
NCT04401774 Nivolumab maintenance (in 25 Toxicity, cfDNA conversion rate in CSF
Phae Il patients with persistent

ctDNA in the CSF)
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PCNSL — Rel/Ref disease:

Lenalidomide
Phase Dose N° ORR Median TTP Toxicity / Notes
(mg/d) (months)
Retro 25mg 6 rrPCNSL 3/6 NR Expected
(21/284d)
+ Rituximab 6 rrPCNSL 64% 7 Responses in brain, CSF & I0L
(MTD) 8 rrfSCNSL
Il + Rituximab 45 rrPCNSL 36% 7.8 60% interruptons x PD/tox
(I: 20-25 mg) rrPVRL 4 PCNSL 42% dose reductions
(M: 10 mg) 9 PVRL 11% completed treatment

Houllier et al. Neurology 2015;
Rubenstein et al. Blood Adv 2018;
Ghesquieres et al. Ann Oncol 2019
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PCNSL — Rel/Ref disease:

GIORNATE EMATOLOGICHE VICENTINE  xi edizione

BTKi
Study Dose N° ORR CRR Median TTP Tox
(mg/d) (months)
LYSA 560 29 rPCNSL 70% 23% 4.8 5% ASP
14 rVRL 10% Hemorr
MSKCC 560 13 rPCNSL 7% 38% 4.6 5% ASP
840 7 SCNSL
NCI TEDDI 13 rPCNSL 94% 11% 15.3 39% ASP
560 - 840 5 PCNSL
MSKCC R-MTX 80% 9.2 0% ASP
PROSPECT | Tirabrutinib 48 66.7% 43.8% 6.0
480 mg

Soussain C et al. EJC 2019 - NCT02542514
Grommes C et al. Cancer Disc 2017 - NCT02315326
Lionakis et al. Cancer Cell 2017

Grommes C et al. Blood 2019

Nayak L et al. JCO 2025
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PCNSL — Rel/Ref disease: what’s new
R2 plus Ibrutinib

: Pts # mPFS / mOS | 1y PFS/
Trial Age (range) ORR CR PR (months) o5 Note
Houllier et al. 14 9/14 (57%) 3%?;&?“?%3;25{_
Neurology 63 m time to BR 2.5 4 (28%) 4 (28%) - - e
2021 months Tox 1 ASP, 3 disc
Perez et al. e 8/10 (80%) PCNSL
ASH 2023 71 (57-85) m time to BR 1.5 4/10 (40%) 4/10 (40%) - 60% /
Schaff et al.
Neuro Oncol 22 rr? (t)i/rrzwg t(gc:;ﬁ)z - - 4.3/ PES 37% Tox
67 (41-85) NR No ASP or G5
2025 months
o o o
Nivolumab + [brutinib
S ETRE G Ele 18 (16 PCNSL) 42%/ 2 discont
0, o, » (] 1scon
3'002‘35‘1 Adv 63 (43-88) e e )/ 2l 63% (fatigue)

9-10 Ottobre 2025
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Barriers of the CNS

Chemo efficacy is limited by several factors including the biology and microenvironment
of this malignancy, which is “protected” by the BBB

The Blood Brain Barrier (BBB)

The core anatomical element
of the BBB is the cerebral
blood vessel formed by
endothelial cells (ECs)

T

The Blood-Retinal Batrrier

The BBB is a multicellular vascular structure that separates
the CNS from the peripheral blood circulation

1T
B

LA
e

Obermeier B, Daneman R, Ransohoff RM. Nat Med. 2013
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PCNSL — Rel/Ref disease:

INGIRID trial

NGR-hTNF can locally enhance vascular permeability.

INGRID trial: R-CHOP preceded by low doses of NGR- ORR 21 (75%) | 95% Cl: 64-86%

hTNF. - CR 11 (39%) | 95% Cl: 21-57%
- PR 10 (36%)

28 enrolled patients PD 7 (25%)

* 17/21 responder received consolidation (ASCT, WBRT, and/or lenalidomide maintenance).
* Response lasted more than 6 months in all complete responder (median 10 m; range 6-19).

* At a median follow-up of 52 months (ranfe 45-58), five pts remain relapse-free and six are alive.

9-10 Ottobre 2025



PCNSL - Rel/Ref disease: what’s new
ReW/IP trial

25 enrolled patients

18 (72%) R-CHOP + lbr; 7 (28%) Ibr monotherapy

N° g
Study "ol Treatment ORR %% CR % PR %

e TESponse Treated patients
(IPCG 2005 criteria)® patients Soussain et al. ! 38 IBR monotherapy 37% 21% la%a
T i . IBR-Rituximal-
25 Gromnes et al. 15 a0 530 27
e ‘ HDMTX ’ o :
(100%) Lionakis et al.? 15 Da-TEDDM-R 94 % 67% 3%

15 (60%)
T (28%)

Overall Response Rate ORR)

Treatment N® of

group patients

Complete Response (CR)

Partial Response (PR) !-R('I.{DP 18 67% 399 28%
< 170 IBE. single agent 7 43% 1% 4 3%
Stable Disease (SD) 3 (12%)
oeressive di 4 (16%)
Progressive disease (PD) Responders:
. 3 (170 . .
Not evaluable 3 (12%) = 4% addressed to consohdation and/or mamtenance

= 40% progressed after initial disease response =* all treated with I-RCHOP

* International PCNSL Collaborative Group 2005 criteria (median 3 cycles)

Calimeriet al, ASH 2022
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PCNSL — Rel/Ref disease: what’s new

CAR-T cell

PCNSL patients often excluded form registrational CART cell studies Cook et al. Blood Adv. 2023
Challenges:

® Higher risk of ICANS?

® Less CART cells peripheral expansion?

® Enough traffic of expanded CART through the BBD? | oy

Anti-CD19 CAR-T Cells in CNS Lymphoma

In a large meta-analysis (15 trials encompassing W |
128 patients with CNSL were included) of CNS
lymphomas, toxicity of anti-CD19-CAR T-cell S

therapy was similar to that of registrational |
studies in systemic LBCL with no increased signal
of neurotoxicity observed

CRS, G4 1%

CR47%

Of the patients with PCNSL, 56% achieved a complete remission (CR) with 37% remaining in remission at 6
months. Similarly, 47% of patients with SCNSL had a CR, with 37% in remission at 6 months

9-10 Ottobre 2025
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PCNSL — Rel/Ref disease: what’s new

CAR-T cell

. Pts # mPFS/mOS | 1y PFS/
Trial ORR CR other (months) os Note
S 5 o o . : phase |, novel
Sidldii et al. 3 (60%) 3 (60%) SD 2 (40%) | ICANS G3: 1 e b
Frigault et al. .
Blood 2022 12 7 (58%) 6 (50%) PR1(8%) | CANSG3:1| 554, Al tisa-cell
6-m:
Alcantara et al. o . o CRS G3: 1 44% axi-cel: 2
Blood 2022 9 DR 1) PR1(1T%) | | ~ANS G3: 2 / tisa-cel: 7
89%
CRS: 23 6%
Choquet et al. o . PR 4 (16%) ICANS: 17 axi-cel: 9
Hamatol. 2024 <2 20 (80%) 16 (64%) | pp 5 (20%) (68%) / tisa-cel: 16
55%
G3: 5
CRS 16, no 2-y:
Mercadal et al. 14 (61%) at . o G3 28% axi-cel: 3
Haematol, 2025 2% d100 URC ) PR3(13%) | cans: 8, / tisa-cel: 21
G3: 2 50%
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Response CR PR PD

PCNSL - Rel/Ref disease: Mimonn  aGm0  uee)  oaor

At 3 months 14 (56%) 3 (12%) 8 (32%)

b
What s new Best response 16 (64%) 4 (16%) 5 (20%)*
CA R- T Cell Best response in each CNS compartment

Brain 12 (60%) 4 (20%) 4 (20%)
CSF 7 (87%) (0} 1(13%)
Eye 2 (67%) (0} 1 (33%)

Real life LOC experience

Best response according to the type of CAR T-cells
CAR-T cells from the third line Axi-cel 8 (89%) 1(11%) 0(0%)
» 27 patients (ASCT in 14/27) had LK, Tisa-cel 8 (50%) 3(19%) 5 (31%)

* 25 received CAR T-Ce“s (tisa-celz N= ]6, axi-cel: N= 9) Best response according tg the disease status at CAR T-cell injection
All but one received a bridging therapy CRor PR % 1(7%) 1(7%)
mFU after LK 20.8 months SR AS i(8e%) Sie7x) A
) s B8)
Efficacy : g
* CRin16 (64%), PR in 4 (16%), PD in 5 (20%) é N ; | S
* 1.y PFS 43% : g T
* 1-y RFS 79% for pts in CR/PR at infusion B S Sy -
«  mOS 21.2 months B > w x m o
Toxcity
* CRS occured in 23 pts \ |
» ICANS occured in 17 (68%), 5 were grade =3 ) o P8 \ i

Historicall control group (N = 247)
* mPFS: 3 months
* mOS: 4.7 months m—— T

Choquet et al. Hematology 2024

9-10 Ottobre 2025



GIORNATE EMATOLOGICHE VICENTINE

PCNSL — Rel/Ref disease:

what’s new
CAR-T cell

CIBMTR registry analysis

+ 23 patients

Only 5 (21%) received a bridging therapy
mFU after infusion 26 months

Efficacy

* ORR 14 (61%)

* CRin 11 (48%), PR in 3 (13%), PD in 5 (20%)
* 1y PFS 48% > 2y PFS 28%

* 1y OS 55% > 2y OS 50%

* Relapse/PD 72%

Toxcity
* CRS occured in 16 pts, no G=3
* ICANS occured in 5, 2 were grade =3

Mercadal et al. Haematologica 2025

9-10 Ottobre 2025
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Patients

Baseline characteristics N=24
N of centers 12
Age at CAR T infusion in years, median (min-max) 57 (25-81)
Age at CAR T infusion in years, N (%)

18-64 18 (75)

265 6 (25)
Male sex, N (%) 16 (67)
Recipient race, N (%)

White 20 (83)

African-American 1(4)

Asian 0 (<1)

Not reported 3(13)
Recipient ethnicity, N (%)

Hispanic or Latino 2 (8)

Non-Hispanic or non-Latino 17 (71)

Unknown/not reported 5 (21)
Karnofsky performance score prior to CAR T, N (%)

90-100 11 (46)

<90 10 (42)

Not reported 3 (13)
HCT-CI, N (%)

>3 5(21)
Site of CNS involvement, N (%)

Parenchymal involvement 12 (50)

CSF/leptomeningeal involvement 1(4)

Parenchymal and CSF/leptomeningeal 3(13

involvement (13

Not reported 8 (33)

Di s prior to CAR T infusion (%)
Complete remission
complete remission/active disease

QOverall survival

100
- 80
=
£ 60
=
g 40
o
20
T T T T T T 0
6 12 18 24
Months

Patients
Baseline characteristics N=24
Primary refractory disease, N (%)

No 7 (29)

Yes 9 (38)

Not reported 8 (33)

Elevated LDH prior to infusion, N (%)

No 2(8)

Yes 0 (<1)

Not reported 22 (92)

Bridging therapy, N (%)
Yes 5 (21)
Single agent chemotherapy 3(13)
Monoclonal antibodies 1(4)
BTKi/AMID 1(4)
No 15 (63)
Not reported 4(17)
N of lines of prior therapies, median (min-max) 4 (1-10)
Time_ from initial diagnosis to CAR T in months, 36 (10-120)
median (min-max)
Types of prior HCT, N (%)

Prior auto-HCT 12 (50)
CART product, N (%)

Tisagenlecleucel 21 (88)

Axicabtagene ciloleucel 3 (13)
Year of CAR T, N (%)

2019 6 (25)

2020 10 (42)

2021 7 (29)

2022 1(4)
3(13)
21 (8:

Progression-free survival

6 12 18 24
Months
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PCNSL
Conclusions

Early diagnosis is the best treatment: time is brain!

* Treatment based on DUAL strategy: HD-MTX (rapid
infusion!) based induction and TT based HDC-ASCT

consolidation

* Important unmet medical need: rel/ref disease (BTKi,
CART), elderly (personalized strategy)

* In the near future, more sensitive and promising tools will
hopefully be implemented and harmonised in the
diagnostic, response, and disease monitoring work flows
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Primary Vitreoretinal
Lymphoma

@\ Therapy

Response
Evaluation

Diagnosis

Images courtesy of PROF. Elisabetta Miserocchi

f(fOphthalmolo%y Unit,
IRCCS San Raffaele Scientific Institute, Milan, ltaly)
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PVRL DiagnOSiS Diagnosis

Gold standard:
cytological identification of
lymphomatous cells in the eye

Because of the difficulties of sampling,
the sensitivity of cytology alone in
diagnosing PVRL is low (45% to
60%).

Images courtesy of PROF. Elisabetta Miserocchi
Ophthalmology Unit,
IRCCS San Raffaele Scientific Institute, Milan, ltaly)
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PVRL DiagnOSiS: Diagnosis
what’s new

Images courtesy of DR. Giulio Modorati

éo?hthalmoIOFy Unit,
IRCCS San Raffaele Scientific Institute, Milan, ltaly)

Validated biomarkers in CSF samples (i.e., MYD88126P and high IL-10 levels) may support a
diagnosis of PCNSL in patients where brain biopsy is contraindicated [IV, B]

MYD88L265P mutation and IL-10 levels may be assessed in the vitreous and aqueous humours as
indicators of ocular lymphoma [l11, A]
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Neurological or neuropsychiatric symptoms®

h'd
Neurological assessment

Neuroimaging®

Y
Brain MRI and FDG-PET* [Il, A]

|

Ocular symptoms*

[

'
Ophthalmological
assessment”

¥+

[

N
Brain MRl and FDG—PET*[Il, A]

)

(_V SCNSL suspicion’
N
PCNSL suspicion 4
N
Stereotactic biopsy [IV, A]

-

Positive cytology
and/or biomarkers

DLBCL confined
1o the CNS

Vitrectomy®

o

Positive cytology,
flow cytometry
and/or biomarkers [lll, A]

Negative

-~

N
Treatment of PCNSL!
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Primary central nervous system lymphomas: EHA—ESMO Clinical Practice
Guideline for diagnosis, treatment and follow-up
A. J. M. Ferreri*?', G. lllerhaus’’, J. K. Doorduijn®’, D. P. Auer®*, J. E. C. Bromberg’, T. Calimeri’, K. Cwynarski®, C. P. Fox’,

K. Hoang-Xuan'®, D. Malaise'**, M. Ponzoni’**%, E. Schorb™, C. Soussain'®'¢, L. Specht', E. Zucca®!%?, C. Buske?’,
M. Jerkeman?? & M. Dreyling??, on behalf of the EHA and ESMO Guidelines Committees”

Volume 35 - Issue 6 -
2024
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PVRL Treatment Therapy

Unmet Clinical Need:
Standard Treatment

Images courtesy of PROF. Elisabetta Miserocchi
Ophthalmology Unit,
IRCCS San Raffaele Scientific Institute, Milan, ltaly)
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PVRL Treatment

The goals of the treatment of PVRL are to control intraocular
disease and to prevent CNS dissemination

3
!
, j 3
Local therapies Rt & 3 Systemic chemotherapy
(e.g. using intravitreal (IVT), MTX or RTX, ;‘ B
and/or ‘& 0o\
binocular external beam radiation) J %3 £ 3
2 , > i 1!9_,_‘,_}
& S

e
IVT or RTare effective at clearing tumor cells within the eyes but does not prevent CNS relapse.

Systemic treatment based on high-dose methotrexate chemotherapy, with or without local treatment, might reduce this risk.
Soussain C et al. Blood. 2021
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Good general condition® and good renal function

Poor general condition®

I‘_

PCNSL-like treatment (see Figure 2)
HD-MTX-based ChT [IV, C]
+ intravitreal MTX injections if rapid action needed [IV, C]

Systemic treatment:
temozolomide® [IV, B]

Local treatment:

ocular RT (30-36 Gy)
or intravitreal MTX
injections [IV, B]

CR or PR?

SD, PD or relapse

‘

SD, PD or relapse

Consolidation

Ocular RT (23.4 Gy/13
fractions) [IV, C]

Unfit patients®

Systemic treatment:
temozolomide®
or R-lenalidomide®
or ibrutinib® [ll, B]

Fit patients®

Salvage ChT:
R-DHAP® or R-ICE®
followed by
thiotepa-based

Systemic treatment:
temozolomide*
or R-lenalidomide®
or ibrutinibe [ll, C]

Local treatment:
intravitreal MTX
injections or ocular RT
(30-36 Gy) [V, C]

HDC-ASCT [ill, B]

Local treatment:
intravitreal MTX
injections or ocular RT
(30-36 Gy) [1l, B]

Figure 3. Treatment algorithm for PVRL.
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Primary Vitreoretinal
Lymphoma:
what’s new

The 2024 ESMO guidelines
for PVRL provide

recommendations with
evidence levels IV-C or IlI-B

Ferreri et al. Ann Oncol. 2024
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Studio di fase Il, non randomizzato

1° line treatment proposal for PVRL

Primary Objective

- PFS an BFS of the entire cohort and stratified
Secondary Objectives Newly Diagnosed PVRL
[ - Characterize the study population
Exploratory Objectives o
- Identify molecular subtypes B togy, MYDBS,

Fit for HD-MTX

Unfit for HD-MTX

MATRiX/MATRix like x2
+/-INT MTX Intravitreal MTX injections
can be added if a rapid
regression of intraocular
disease is needed

* PVRL is rare disease and much of the
current state of knowledge is actually —
inferred from the investigation of more
frequent PCNSL

PD

with Orbital
{with adequate time Interval from last intravitreal MTX)

* International and multidisciplinary
efforts are needed in order to
contribute to solve the pressing
dilemma of who is who in PVRL

- 24cycles total

CR

* Systemic treatment is required to —

reduce the risk of brain relapse Milano

Istituto Scientifico San Raffaele - Unita Linfomi - Dipartimento Oncoematologia
Servizio di Immunopatologia del San Raffaele

Reggio Emilia

Azienda Unita Sanitaria Locale-IRCCS - Arcispedale Santa Maria Nuova — Ematologia
$SD di Immunologia Oculare dell’ AUSL-IRCCS di Reggio Emilia.
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