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The BBB is part of the NVU, which 
represents an elaborate interplay 

of central and peripheral cells.

The Neurovascular Unit (NVU)
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The core anatomical 
element of the BBB is the 

cerebral blood vessel formed 
by endothelial cells (ECs)

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

The Blood-Brain Barrier (BBB)
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Junctional complexes 
of BBB ECs 

Junctional complexes of 
ECs in peripheral organs 

and peripheral 
endothelial fenestra  

Transport mechanisms 
in CNS ECs 

Transport mechanisms 
in peripheral ECs 

Electron micrographs of 
a mouse brain EC 

Electron micrographs of 
a mouse muscle EC, 

which is densely packed 
with vesicle
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1-2% of brain tumors
4-6% of Extranodal

non-Hodgkin Lymphoma (NHL)

It is an aggressive disease 
confined to the 

brain, leptomeninges, eyes, 
or spinal cord, without involvement 

of other organs
at initial diagnosis and with 
anecdotal cases of systemic 

dissemination at relapse 

Primary Central Nervous System Lymphoma (PCNSL)



PCNSL belongs to diffuse large B-cell lymphomas (DLBCLs) but has a peculiar 
biological and molecular behavior so that it is recognized as a unique biological 
entity in the WHO classification of hematopoietic and lymphoid tumors

The standard treatment of DLBCL is R-CHOP; a therapy well tolerated and that does 
not require hospitalization. 

R-CHOP is not used in the treatment of PCNSL because the drugs used are unable to 
cross the blood-brain barrier (BBB).

R-CHOP Limitations



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

BBB 
penetration Doses CNS 

availability Examples

Good conventional good
steroids, 

alkylating ag.

Low to 
moderate high good MTX, araC

Poor
conventional

(-limiting tox)
low

anthracyclines, 
vinca-alkaloids

HD-MTX doses of at least 3 g/m² with a rapid infusion time of 2-4 hours preceded by
a fast bolus are recommended to achieve sufficient drug levels in the CNS

Chemotherapy



Modern Approach 

Age & PS

Comorbidity

Prognostic score

Histotype (DLBCL)

Response

Quality response

Induction

Toxicity

HD-MTX poly

WBRT

Others (HD-ITX)

Observation

WBRT

HDC/ASCT

Non-myeloablative

Maintenance

Ferreri AJM et al. Am Soc Clin Oncol Educ Book. 2019
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MEDIAN FOLLOW-UP: 
88 MONTHS (IQR 77-99)
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IELSG 32(MATRix)



Taking into account pts who did not respond to first line induction HD-MTX based (≈30%) and pts
who relapse after consolidation (≈20%) salvage therapies represent an important unmet clinical need  

Treatment of refractory and relapsed PCNCL has largely been based on:
- small retrospective studies
- small, prospective clinical trials on single agents (pemetrexed, topotecan, temozolomide, 
and rituximab …) with modest response rates (31-55%) and overall limited median PFS (1.6-
5.7 months)
- no randomized trials

An optimal salvage regimen has not been established for 
relapsed or refractory PCNSL patients

PCNSL and Salvage Therapies



Studies performed in melanoma and lymphoma animal models have
shown that low-dose NGR-hTNF can locally enhance vascular
permeability and increase the penetration of chemotherapeutic drugs in
tumor tissues

We have therefore designed a prospective study (the INGRID Trial) to
evaluate the feasibility and activity of conventional doses of R-CHOP
preceded by low doses of NGR-hTNF.

NGR-hTNF: the Key to open the Gate



Normal tissue

TNF-Rs

NGR-TNFCD13

Normal vessel Tumor vessel

Tumor

Corti, Curnis et al  
Nature Biotechnol 2000 
J Clin Invest 2002



INGRID - Trial Design



INGRID - Methods
Primary objective: ORR (CRs + PRs) assessed by contrast-enhanced whole-brain MRI after 2nd, 4th &
6th courses. The two-stage Simon Minimax design was used; sample size estimated to demonstrate
an improvement from 30% ORR (P0) to 50% (P1) (one-sided test; α 10%; β 90%) was 28 pts. NGR-
hTNF/RCHOP would be declared active if ≥12 responses were recorded.

Secondary objectives:
Changes in BBB permeability assessed by cerebral dynamic contrast-enhanced (DCE) MRI performed
before and after the 1st, 2nd & 6th cycles. Permeability was assessed in enhanced lesions and
perilesional areas; results were expressed as Ktrans values normalized using contralateral white
matter.
Changes in BBB permeability assessed by 99mTc-DTPA brain scintigraphy (SPECT) performed before
(baseline) and after the 3rd course. For semiquantitative analysis, ROI were drawn manually, and by
an automatic isocontour method (30% of maximum activity).
Changes in CTX, DOXO & rituximab concentrations in matched CSF/plasma samples were assessed
by ELISA.
Expression of CD13 assessed in tissue samples by IHC using SP187 Mab (Ventana-Roche,
Ultrabenchmark).



INGRID – Inclusion Criteria

² Histological or cytological diagnosis of DLBCL 

² Disease exclusively localized into the CNS (brain, meninges, cranial nerves, 
eyes and/or spinal cord) both at first diagnosis and failure 

² Progressive or recurrent disease 

² Previous treatment with HD-MTX-based chemo ± WBRT 

² At least one target lesion, bidimensionally measurable 

² Age 18 - 80 years 

² ECOG performance status 0-3

² HIV negative 



R-CHOP #1Brain MRI

NGR-hTNF

DCE MRI DCE MRI

18 – 21 days

R-CHOP #2Brain MRI DCE MRI DCE MRI

18 – 21 days

NGR-hTNF R-CHOP #3Brain MRI

18 – 21 days

NGR-hTNF R-CHOP #4

18 – 21 days

NGR-hTNF R-CHOP #5Brain MRI

18 – 21 days

NGR-hTNF R-CHOP #6DCE MRI DCE MRI

18 – 21 days

Brain MRI

SPETSPET

NGR-hTNF Variations in the BBBp at the tumor 
and perilesional areas.
Results expressed as Ktrans.

99mTc-DTPA penetrate the disrupted 
BBB; the tracer’s uptake increases 
proportionally to the BBBp. 
Area of interest: 30% uptake

Specificity of BBBp:
Concentrations of rituximab, CTX 
and DOXO in matched CSF and 
plasma samples. 

CD13 
expression by 
IHC & IFC.

Response 
defined by 
changes in the 
size of target 
lesions (post-
contrast T1 
MRI).
Response on 
two consecutive 
MRIs

Every type of conventional consolidation (WBRT, ASCT, maintenance) is allowed





INGRID TRIAL - BBB Permeabilization (DSE-MRI)

Ferreri AJM et al. Blood 2019

Permeability was increased after NGR-hTNF delivery. This effect was more evident in perilesional areas 



Baseline
(5-66 cm3)

After TNF
(9-92 cm3)

p=0.028

Volume increase
Median: 45%

Range:  14% - 87%

1h after treatment
(40 cm3)

Before treatment
(22 cm3)

INGRID TRIAL - BBB Permeabilization (SPECT)

Ferreri AJM et al. Blood 2019



INGRID TRIAL - Plasma and CSF Drug Concentration

The biological effect of 
NGR-hTNF was specific 
on the tumor area and did 

not change 
pharmacokinetics of 
investigated drugs

Ferreri AJM et al. Blood 2019



INGRID TRIAL - CD13 Expression

Immunostaining with anti-CD13 mAb of diagnostic 
brain biopsies of enrolled pts highlighted a 

proportion of vessels both in the intratumoral
and peritumoral area

Confocal immunofluorescence analysis of a tissue section 
stained with a polyclonal anti-CD13 antibody (green) and 

with an antibody against aSMA, a marker of pericytes, 
(red) (400x, bar: 50 µm) 



INGRID TRIAL -
CD13 Expression

A deeper characterization 
of CD13 in PCNSL vessels 
demonstrates that this 
protein is expressed by 

endothelial cells and 
pericytes, which contrasts 
with the fact that CD13 is 

expressed only in pericytes 
in the normal brain vessels



Overall Response Rate (ORR)
² Complete responses (CR)
² Partial Responses (PR)

21 (75%)
11 (39%)
10 (36%)

95% CI: 64-86%
95% CI: 21-57%

Progressive Disease (PD) 7 (25%)

Baseline After 2nd course Baseline After 2nd course



INGRID Trial: Activity (n=28) 

Consolidation/Maintenance # of pts

ASCT 5

WBRT 7

Lenalidomide 1

Combinations 4

Subgroups analysis did not show differences in responses based different variables such as IELSG risk 
categories, site and number of lesions, prior therapies, and refractoriness

Response lasted more than 6 months in all complete responders (median 10 months; 
range 6-19) 

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



All toxic events other than alopecia are reported.

Denominator is the total number of delivered courses (n= 121).

LVEF= left ventricular ejection function;

IPA = Invasive Pulmonary Aspergillosis
§Fever (n=3), fever+arterial hypotension (n=1), chills (n=4),

arterial hypertension (n=1)

* = SAEs

Grade 1-2 Grade 3 Grade 4 Grade 5

Neutropenia 9 (  7%) 17 (14%) 57 (47%) -

Thrombocytopenia 34 (28%) 25 (21%) 26 (21%) -

Anemia 86 (71%) 12 (  10%) 2 (  2%) -

Febrile Neutropenia - 5 (  4%) *1 (  1%) -

Hepatotoxicity 27 (22%) 4 (  3%) 1 (  1%) -

Oral Mucositis 1 (  1%) 3 (  2%) - -

Infections - *5 (  4%) - -

Seizures *3 (  2%) - - -

Deep Vein Thrombosis *2 (  2%) - - -

Syncope - *2 (  2%) - -

LVEF reduction *1 (  1%) - - -

Probable IPA - *1 (  1%) - -

Nausea and vomiting 4 (  3%) - - -

Constipation 2 (  2%) *1 (  1%) - -

TNF Infusion reaction§ 9 (  7%) - - -



ü NGR-hTNF/RCHOP is active and safe in heavily pretreated pts with r/rPCNSL.

ü Most responsive pts received consolidative treatment.

ü CD13, the target of TNF, was expressed in tumor tissue.

ü Consistently, both DCE-MRI and SPECT data suggest that NGR-hTNF enhances vascular 

permeability specifically in tumor and perilesional areas. 

ü NGR-hTNF does not interfer with drugs pharmacokinetics. 

ü This innovative approach deserves to be addressed as first-line treatment in PCNSL pts. 

Ingrid - Conclusions



ü Effects of NGR-TNF on the blood–retina barrier and the blood-CSF barrier ?

ü Effects of NGR-TNF on microscopic foci ?

ü Long term activity

Open questions



Profaci CP et al. J Exp Med. 2020

Barriers of the CNS

The Blood-cerebrospinal Fluid Barrier

The Blood-Retinal Barrier

Effects of NGR-TNF on the blood–retina 
barrier and the blood-CSF barrier ?



Patterns of relapse

Effects of NGR-
TNF on 
microscopic 
foci ?



Role of consolidation/maintenance

LONG TERM ACTIVITY

INGRID Trial: Activity (n=28) 

Consolidation/Maintenance # of pts

ASCT 5

WBRT 7

Lenalidomide 1

Combinations 4



IBRUTINIB

NEW 
DRUGS

IBR was combined with R-CHOP or “CHOP-like” (I-RCHOP) regimen, based

on safety data from systemic DLBCL1

Multicentric nationwide retrospective study to evalutate safety and feasibility
of IBR alone or within I-RCHOP in a “real life” setting of rrPCNSL

Better outcomes in patients
aged < 60 years with systemic
DLBCL treated with IBR plus
R-CHOP 1

Permeabilizing effect on blood-
brain barrier to cytostatics in pre-
clinical models 2

R-CHOP combined with NGR-
hTNF obtained high ORR in
rrPCNSL 3

1Younes A et al. JCO, 2019 ;
2 Meeks C et al. Neuro Oncol, 2019;
3Ferreri AJM et al. Blood, 2019



Disease response
(IPCG 2005 criteria)*

Treated 
patients 

n=25 
(100%)

Overall Response Rate ORR) 15 (60%)

Complete Response (CR) 7 (28%)

Partial Response (PR) 8 (32%)

Stable Disease (SD) 3 (12%)

Progressive disease (PD) 4 (16%)

Not evaluable 3 (12%)

Study N° of 
patients

Treatment ORR % CR % PR % 

Soussain et al. 1 38 IBR monotherapy 37% 21% 16 %

Grommes et al.2 15 IBR-Rituximab-
HDMTX

80% 53% 27% 

Lionakis et al.3 18 Da-TEDDi-R 94 % 67% 23% 

1Soussain C et al. Eur J Cancer, 2019;
2Grommes C et al. Blood, 2019;
3Lionakis MS et al. Cancer Cell. 2017

* International PCNSL Collaborative Group 2005 criteria

Treatment 
group

N° of 
patients

ORR % CR % PR %

I-RCHOP 18 67% 39% 28%
IBR single agent 7 43% 0% 43%

IBRUTINIB and R-CHOP
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Invasive and non-invasive methods for overcoming the BBB

Mitusova et al. Journal of Nanobiotechnology 2022



Types of nanocarriers and 
their hybrids

Mitusova et al. Journal of Nanobiotechnology 2022

Unfortunately, no crucial clinical 
translations were observed to date. 

In particular, chemotherapy
and surgery remain the main methods 

for the therapy of brain tumors
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Neuronavigation-guided focused ultrasound for transcranial blood-
brain barrier opening and immunostimulation in brain tumors



Neuronavigation-guided focused ultrasound for transcranial blood-
brain barrier opening and immunostimulation in brain tumors

Chen et al. Sci. Adv. 2021



Martin M. et al. Science 2022
McMahon AP, Ichida JK. Science 2022

Repurposing Wnt7a ligands into BBB therapeutics

Therapeutic approaches to restore BBB functions
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Blood-brain barrier opening with FUS in Parkinson’s disease dementia
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Blood–brain barrier opening in Alzheimer’s disease
using MR-guided focused ultrasound


