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Introduction

Primary central nervous system (CNS) lymphoma (PCNSL) 
is an aggressive malignancy confined to the CNS, with rare 
cases of extra-CNS dissemination, characterized by a diffuse 
large B-cell lymphoma (DLBCL) morphology in more 

than 95% of cases and a peculiar molecular profile. For this 

reason, this disease is classified as a distinct entity named 

“primary diffuse large B-cell lymphoma of the CNS” in the 

2017 WHO classification of haematopoietic and lymphoid 

tumors (1-4). 
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PCNSL still represents a challenge from both diagnostic 
and therapeutic point of views. As for other brain tumors, 
imaging is based on gadolinium-enhanced MRI scans, 
on which PCNSL often has a peculiar appearance (5): on 
unenhanced acquisitions the lesions are hypo- to iso-intense 
at T1- and T2-weighted imaging, while they show an intense 
and homogeneous contrast enhancement after contrast 
injection with restricted diffusion. Usually, the vasogenic 
edema is small since the mass effect is little, independently 
of tumor dimensions. These features are related to multiple 
factors, such as presence of densely packed cells, high 
nuclear/cytoplasmic ratio, and an altered BBTB.

However, the results of histopathology studies and 
tumor imaging at relapse suggest that PCNSL is a whole 
brain disease. Indeed, while autopsy studies reveal that 
most PCNSL extensively infiltrate the brain, no correlation 
occurs between autopsy findings and neuroimaging 
assessment of tumor burden (5-7). This is due to the fact 
that the current neuroimaging techniques are inadequate to 
identify the presence of microscopic tumor foci because of 
the presence of an intact blood brain barrier (BBB) in these 
tumor areas that impairs the passage of contrast agents. 

The BBB is not an immutable entity, experiencing 
significant changes in response to pathologies affecting 
the CNS. In the presence of a primary or secondary 
brain tumor, for example, it is now customary to refer 
to a blood-brain tumor barrier (BBTB) rather than to a 
BBB, to evidence differences between the two (8). Some 
of these differences are the consequence of the abnormal 
angiogenesis that characterizes tumor formation (9), of 
inflammatory changes that are closely intertwined with 
neoangiogenic changes (10) and of the compression of 
existing vessels by the growing tumor, thereby impairing 
blood flow (11). These alterations lead to increased leakiness 
of the BBTB, which, however, is very heterogeneous 
even within individual malignant foci (12) and, therefore, 
inappropriate to be exploited for a homogeneous drug 
delivery within affected brain areas.

Accordingly, the BBTB represents a major obstacle 
also for chemotherapy regimens considered standard 
treatment for extra-CNS DLBCL, as demonstrated by the 
negative results obtained with CHOP (cyclophosphamide, 
doxorubicin, vincristine, prednisone) (13) or similar 
regimen (14) as part of the first-line treatment for 
PCNSL patients. Indeed, these drugs, which represent 
in combination with rituximab the preferred choice for 
patients with systemic DLBCL, cannot cross the BBB and 
achieve efficacious concentrations in tumor tissues (15). 

Because of this limitation, clinical studies in this setting are 
taking advantage of the use of high-dose drug combinations, 
with methotrexate (MTX) as the key drug (16). However, 
these combinations require hospitalization and extensive 
clinical experience for the management of side effects (17). 
Thus, the development of alternative strategies for PCNSL 
treatment are highly desirable. Here, we describe new 
strategies aimed at overcoming the BBB for more efficient 
drug delivery in patients with PCNSL, with a special focus 
on approaches based on tumor vascular targeting with TNF. 

Literature search: methods

Published studies were identified through a search of 
PubMed using the reported keywords alone or combined. 
No filters have been added regarding publication dates, 
article types (i.e., review, meta-analysis, clinical trial) and 
text availability (abstract or full text). However, the reviewed 
literature was limited to studies published in English language 
in peer-reviewed, high-quality international journals.

The impact of BBB on neuro-imaging in PCNSL

The most commonly used response criteria for PCNSL 
were published by the International PCNSL Collaborative 
Group (IPCG) (18). The gold-standard imaging of the 
brain parenchyma and tumor responses is represented by 
gadolinium-enhanced MRI: in this setting, the complete 
disappearance of all enhancing abnormalities is required 
to define a complete response (CR). However, some 
observations related to the pattern of relapses in PCNSL 
patients support the idea that other neuro-imaging features 
could represent potential disease foci. Indeed, a study 
conducted on 85 patients with PCNSL enrolled in a 
prospective trial showed that in >50% of patients the tumor 
relapse in the brain could involve a site distant from that of 
the initial tumor (19). In particular, the authors noted that 
some relapses occurred where non-enhancing T2-FLAIR 
hypersignal lesions were located at baseline, which markedly 
decreased (>50%) after chemotherapy (supporting their 
neoplastic nature). Another study evaluated the images of 
37 patients relapsed after treatment with intra-arterial high-
dose metotrexate (HD-MTX) with or without rituximab 
combined with osmotic disruption of the BBTB. At relapse, 
the new enhancement occurred in a spatially distinct site in 
81% of patients suggesting a possible reactivation of occult 
lymphoma cell reservoirs behind an intact BBTB (20). 
The results of these studies suggest that BBTB alterations 
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in tumors may occur at different degrees in different 
tumor regions, with certain areas in which the BBTB is 
unaltered at all. This is an important observation, since the 
penetration and distribution of low-molecular weight MRI 
contrast agents are limited by an intact BBB; consequently, 
the tumor burden could be underestimated when the 
current methodologies and criteria are used. The need of 
improving the current imaging techniques is, therefore, a 
key point in PCNSL management, because of the potential 
impact on patients’ outcome. However, to date, advanced 
MRI techniques, such as dynamic contrast-enhanced MRI 
(DCE-MRI) and PET imaging using different tracer (21-23) 
are limited to clinical trials.

The BBB and therapy with anti-CD20 monoclonal 
antibodies (mAb)

PCNSL as other B-cell neoplasms expresses CD20. 
Thus, Rituximab, an anti-CD20 mAb largely used in 
the treatment of non-Hodgkin lymphoma (NHL), was 
evaluated also in this setting (24). However, because of 
its large size, the penetration of this mAb into the brain 
is restricted to areas of bulky tumor with a very leaky 
BBTB. Furthermore, also in these areas the barrier tends 
to reconstitute after therapy-induced tumor shrinkage (25). 
In PCNSL patients, the levels of rituximab in the cerebral 
spinal fluid (CSF) were shown to reach only 0.1% of the 
serum concentration after intravenous administration, while 
in patients with active leptomeningeal disease, it increases 
to 3–4% suggesting that BBTB alteration, as it occurs in 
active leptomeningeal disease, allows antibody penetration 
to some extent (26). Because of this limitation a phase I 
dose-escalation study has been performed in 10 patients 
with recurrent CNS NHL using intrathecal rituximab 
monotherapy (27). Rituximab was administered through an 
Ommaya reservoir at 3 different doses (10, 25 or 50 mg) in 
the first week and twice per week thereafter (day 1 and day 4)  
for 4 weeks, for a maximum of nine doses. The maximum 
tolerated dose (MTD) was 25 mg and a significant, rapid 
distribution from the site of rituximab administration to 
the brain ventricles and throughout the cranio-spinal axis 
was demonstrated. An encouraging anti-CNS lymphoma 
activity and clinical benefit were registered, with cytologic 
responses in 6 patients, intraocular improvement in two, 
and resolution of brain parenchymal lymphoma in one. 
However, the duration of response was very short, with 
meningeal or parenchymal recurrence occurring in almost 
all cases within a few weeks. The authors suggested that 

this study could represent the basis for a combined intra-
CSF injection of rituximab plus methotrexate therapy in the 
treatment of recurrent CNS and ocular lymphomas.

MAb penetration across the BBB in PCNSL has also been 
evaluated using a murine anti-CD20 mAb (ibritumomab) 
coupled to a linker-chelator (tiuxetan), a conjugate that allows 
the incorporation of radioisotopes for both imaging studies 
and radioimmunotherapy. In particular in a single center 
prospective study this conjugate was labelled with both 111In, 
a γ-emitting radioisotope, for biodistribution and dosimetry 
study, and 90Y, a pure γ-emitter of ionizing radiation, for 
therapeutic activity (28). The median absorbed dose delivered 
to the brain lesions was 701 cGy, which is lower compared 
to prior studies on systemic lymphomas (1,484 cGy), but 
higher than that observed in normal brain in the same 
study (70 cGy). However, only 2 out of 6 enrolled patients 
responded with short-lasting, non-complete responses. There 
were no infusion-related reactions. Toxicities were mainly 
hematological with no cases of neurotoxicity, myelodysplasia or 
secondary malignancies, but the follow-up and survival periods 
were short. MAb uptake in PCNSL after systemic intravenous 
administration was demonstrated also in another similar study 
where SPECT imaging after 111In-ibritumomab tiuxetan 
provided evidence that the mAb is able to cross the BBTB 
and to accumulate within the target area 48 h and more after 
injection (6). In this study, nine patients received treatment 
with 90Y-ibritumomab tiuxetan and 4 responded (2 CR and 
2 PR), and almost all were taking concomitant steroids. 
Moreover, also in this case responses were of short duration 
with only one CR lasting 30+ months, while all the others  
were <4 weeks. Of note, relapses occurred distant to target 
lesions, confirming the incapability of this large molecular 
weight molecule to cross the BBTB in those areas and the 
presence of tumor foci “invisible” to current neuroimaging. 
In addition, a delayed hemato-toxicity was observed, causing 
infectious complications and interfering with salvage 
treatment. Again, no acute neurotoxicity was registered. 

Based on these results, despite the evidence of tumor 
penetration, the use of monotherapy with 90Y-ibritumomab 
tiuxetan did not prove to be sufficiently efficacious for the 
treatment of recurrent PCNSL and was also burdened by 
undesirable side effects. Thus, this drug was abandoned as a 
therapeutic option.

Targeted therapies 

During the last years, following the acquisition of 
knowledge regarding the role of the B-cell receptor (BCR) 
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pathway as a key mechanism in the pathogenesis of PCNSL 
(4,29,30), several clinical trials investigated the activity of 
novel agents in the R/R setting with encouraging results 
(31-38). Besides the targeted mechanism, these molecules 
have the advantage of being small and thus able to cross 
the BBB without the need of disrupting it, as demonstrated 
both for ibrutinib and lenalidomide.  

CSF ibrutinib concentrations were evaluated two hours 
post-dose at two different time points (day 1 and day 29) 
that had been chosen based on the reported median time of 
ibrutinib peak plasma concentrations. A trend to increased 
CSF concentrations was observed in patients receiving a 
higher ibrutinib dose (840 vs. 560 mg) and after one month 
of therapy (33). 

CSF penetration of lenalidomide at 10-, 15-, and 20-mg 
dose levels has been measured on a total of 34 time-matched 
plasma-CSF sample pairs collected at through time points 
(∼16 hours after lenalidomide dose). As for ibrutinib, a trend 

linked to a dose-dependency has been recorded: the estimated 
CSF/plasma partition coefficient was 10%, 20.4% and 25.5% 
at 10-, 15-, and 20-mg, respectively. Of note, lenalidomide 
was detected in the ventricular CSF of 2 patients treated at 
10- and 20-mg dose levels with no radiographic or cytologic 
evidence of brain or leptomeningeal disease. Moreover, both 
of them had normal CSF protein concentration, supporting 
the idea that CSF penetration of lenalidomide does not 
require a disrupted BBB (39).

Strategies for opening the BBB 

Failure to efficiently deliver therapeutics to cancer cells behind 
a functional BBTB is one of the major causes for disease 
recurrence in PCNSL and other brain tumors. Strategies 
aimed at improving drug penetration in these settings are, 
therefore, of great interest (Table 1). Many alternatives, 
both invasive and noninvasive, have been already explored 

Table 1 Strategies to disrupt the BBB

Methods and drugs Study type Results and outcome Study conclusions Notes Reference

IA osmotic solution 
(warmed 25% mannitol) 
+ IA MTX + i.v. CT^

Large series  
(149 untreated 
PCNSL) of  
patients treated 
over a 23-year 
period (Feb 1982 
to Dec 2005)

ORR 82% (CR 58%, 
PR 24%); mPFS 1.8 
years, mOS 3.1 years

BBBD/IA methotrexate-based 
chemotherapy results in 
successful and durable tumor 
control and outcomes

Treatment delivery regimen 
is complex and should be 
undertaken only by trained 
teams thus limiting its 
applicability to selected 
centers and its diffusion on 
a worldwide scale

(40)

MTX-liposome-coupled 
microbubbles + (FUS)

Preclinical Significantly 
higher brain MTX 
concentration than 
controls§

MTX-liposome-coupled 
microbubbles may hold great 
promise as new and effective 
therapies for PCNSL and 
other central nervous system 
malignancies

No apparent brain tissue 
damage

(41)

This strategy should be 
investigated in clinical trial

R-CHOP preceded by 
low dose of NGR-TNF

Phase II (28 r/r 
PCNSL)

ORR 75% (21/28);  
5/21 patients are 
relapse free at 15+ 
months; 6/21 are  
alive at 15+ months

The combination is active  
and safe in patients with  
R/R PCNSL, and its antitumor 
activity is in line with the 
expression of CD13 in tumor 
vessels. This strategy needs 
to be addressed as first-line 
treatment in PCNSL patients

No data on blood-CSF and 
blood-retina barrier

(42)

Impact on outcome 
masked by  
consolidation-maintenance 

^, between 1982 and 1993, chemotherapy used in combination with methotrexate included etoposide (150 mg/m2, i.v., at day 1 and 2) or 
cyclophosphamide (15 mg/kg, i.v., at day 1 and 2) and procarbazine (100 mg, orally, at day 3 through 16; 44 patients). Between 1994 and 
2005, etoposide or etoposide phosphate (150 mg/m2, i.v., at day 1 and 2) and cyclophosphamide (500 mg/m2, i.v., at day 1 and 2) were 
used (105 patients). §, unmodified ZHIFUXIAN + MTX + ultrasound or MTX or MTX liposome-coupled microbubbles. BBBD, blood-brain 
barrier disruption; CR, complete response; CSF, cerebrospinal fluid; CT, chemotherapy; IA, intra-arterial; i.v., intravenous; FUS, focused 
ultrasound; MTX, Methotrexate; ORR, overall response rate; PR, partial response; R-CHOP, rituximab, cyclophosphamide, doxorubicin, 
vincristine, and prednisone; R/R PCNSL, relapsed/refractory PCNSL.
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in preclinical (43) and clinical studies of PCNSL (44). In 
particular the use of focused ultrasounds and hyperosmotic 
solutions have been largely evaluated for this purpose.

A transient BBTB disruption can be achieved using 
focused ultrasounds (FUS), which can induce a reversible 
BBTB disruption in a targeted region-of-interest (ROI) by 
opening capillary endothelial cell tight junctions (45,46). 
Preclinical studies in murine models demonstrated that FUS, 
preceded by intravenous injection of microbubbles, can 
open the BBB without causing apparent tissue damages (47).  
Moreover, acoustically active microbubbles have been 
investigated as drug carriers across the BBB (48). In 
particular, MTX-liposome-coupled microbubbles have 
shown higher cytotoxic effects against cancer cells and a 
more efficient delivery of MTX to the brain via targeted 
disruption of the BBB when coupled with FUS. The authors 
concluded that these strategies could represent interesting 
alternatives for the treatment of CNS lymphoma and other 
CNS malignancies (41). However, for this purpose the use of 
microbubbles and FUS is still limited to pre-clinical trials. 

More than ten years ago, Angelov et al. published 
results on transient reversible BBB disruption by intra-
arterial infusion (BBBD/IA) of an osmotic solution before 
MTX administration using the same route (40). Patients 
(n=149) with newly diagnosed PCNSL were treated. 
Overall response rate was 82% (57.8% complete; 24.2% 
partial) with a median PFS of 1.8 years (5-year PFS of 
31% and 7-year PFS of 25%); median OS was 3.1 years. 
Focal seizures (9.2%) were the most frequent side effects, 
but lacked long-term sequelae. Of note, 9 (9.4%) of the 96 
deaths occurred within 30 days after BBBD/IA because of 
pulmonary embolism, infections, complications related to 
carotid dissection, myocardial infarction, heart failure, and 
unknown cause (one each). Using this approach, BBBD/IA 
enhanced drug delivery by as much as 50- to 100-fold not 
only to diseased brain areas, but also to other areas of the 
brain and cerebrospinal fluid (CSF) (49). However, the same 
authors underscored the fact that this treatment regimen 
is complex and should be undertaken only by trained 
personnel at hospitals where neuro-oncology, interventional 
neurosurgery/neuroradiology, neuro-anesthesia, and 
experienced oncology nursing are present. 

NGR-TNF: an agent targeting the tumor 
vasculature 

Recent studies suggested that TNF, an inflammatory 
cytokine capable of altering the endothelial barrier function, 

might be used for enhancing the permeability of the  
BBB (50). Indeed, these studies have shown that intravenous 
delivery of TNF to mice bearing brain metastases of breast 
cancer can induce BBTB permeabilization and enhance 
tumor penetration of a therapeutic agent (50). Unfortunately, 
systemic administration of TNF in patients with CNS 
or extra-CNS tumors is limited by prohibitive systemic  
toxicity (51). For this reason, high TNF doses have been used 
only for the locoregional treatment of sarcomas confined to 
the extremities through the use of isolated limb perfusion in 
combination with melphalan (52,53). In this setting, TNF 
can promote the penetration of melphalan in tumor tissues 
and exert significant therapeutic effects, suggesting that this 
cytokine can indeed be exploited as an anticancer agent if its 
systemic toxicity is kept under control.

A growing body of evidence suggests that the therapeutic 
index of TNF can be improved by targeted delivery 
strategies (51). Among the various approaches so far 
developed for this purpose, TNF fusion with a peptide 
containing the NGR motif is one of the most deeply 
investigated to date. NGR is a tumor-homing tripeptide 
sequence originally discovered by panning peptide-phage 
libraries in tumor-bearing mice, which can specifically 
recognize a membrane-bound form of aminopeptidase 
N (CD13) up-regulated in angiogenic vessels, including 
angiogenic tumor vessels (54-59). Because of this property, 
NGR peptides have been exploited as vehicles for ligand-
directed delivery to tumor vessels of a large variety 
of therapeutic and diagnostic compounds, including 
chemotherapeutic drugs, liposomes, anti-angiogenic 
compounds, DNA complexes, viral particles, imaging 
compounds and cytokines (51,60-72). A recombinant 
CNGRCG-TNF fusion protein (for brevity called 
NGR-TNF) represents the prototypic example of this 
class of peptide-cytokine conjugates (51,72,73). Various 
studies have shown that the CNGRCG ligand improves 
the tumor vasculature-homing properties and the anti-
tumor activity of TNF in various animal models of extra-
CNS solid tumors, including lymphomas (72). Notably, 
administration of ultra-low doses of NGR-TNF to tumor-
bearing mice (100 pg, 105–106 times lower that the LD50) 
is sufficient to enhance the antitumor effects of various 
chemotherapeutic drugs, such as melphalan, doxorubicin, 
cisplatin, gemcitabine and paclitaxel (74,75). Studies on 
the mechanism of action have shown that NGR-TNF, 
administered 2 h before chemotherapy, can increase drug 
delivery to tumor cells (including lymphoma cells), while 
at later time points it causes vascular damage. In animal 
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models of solid tumors, low-dose NGR-TNF can also  
up-regulate leukocyte adhesion molecules on tumor 
vessels, promote lymphocyte extravasation in tumors, exert 
synergistic effects with active and adoptive immunotherapy, 
and enhance the therapeutic efficacy of immune checkpoint 
blockers in combination with adoptive cell therapy (76-78).  
Given that NGR-TNF is a recombinant homotrimeric 
protein made by subunits consisting of two functional 
domains (CNGRCG peptide and TNF), the receptor 
system of this fusion protein includes the receptors of 
both domains, i.e., CD13 and TNF membrane receptors 
(TNF-R1 and TNF-R2). Notably, the CNGRCG domain 
does not prevent folding, oligomerization, and binding of 
the TNF domain to TNF-R1 and TNF-R2. On the other 
hand, the TNF domain does not impair the interaction of 
CNGRCG with CD13 (72). Consequently, NGR-TNF 
may undertake high-avidity multivalent interactions with 
both CD13 and TNF receptors on cells that express both 
receptor types. While CD13 is expressed by angiogenic 
vessels, little or no expression of CD13 occurs in quiescent 
vessels. In tumors, CD13 is expressed on endothelial cells 
and pericytes, and, in some cases, also by fibroblasts and 
tumor cells (79). CD13 is also expressed by many cell types 
in normal tissues, including epithelial cells of the small 
intestine, prostate, and proximal renal tubules, by bile duct 
canaliculi, mast cells, myeloid cells, keratinocytes, and 
antigen-presenting cells (79-82). However, despite this 
broad distribution, NGR-peptides bind CD13-positive 
tumor blood vessels, but not other CD13-rich tissues, as 
observed by immunohistochemical and biodistribution 
studies (54). The structural basis of this selectivity is 
unknown. Thus, low-dose NGR-TNF can engage high-
avidity interactions with the tumor vasculature, which 
express both CD13 and TNF receptors, and less with the 
vasculature of normal tissues that lack CD13.

Based on the results of preclinical studies, NGR-
TNF has been tested in >1,000 patients with different 
types of solid-tumors, such as non-small cell lung 
cancer, mesothelioma, colorectal cancer, hepato-cellular 
carcinoma and ovarian cancer, alone or in combination 
with chemotherapy or immunotherapy, in some cases with 
evidence of efficacy and good tolerability (2). For example, 
in a randomized phase III trial on 400 patients with relapsed 
or refractory mesothelioma, the addition of NGR-TNF to 
the best investigator choice was associated with significantly 
improved survival in the subgroup of patients with short 
treatment-free interval (i.e., in patients with more aggressive 
disease, accounting for 50% of total patients) (83).

Use of NGR-TNF in PCNSL

Patients with systemic DLBCL exhibit high cure rates 
when treated with standard R-CHOP combination, but 
R-CHOP drugs are unable to cross the BBTB and achieve 
sufficient tumor concentrations (15). This pharmacokinetic 
limitation and the negative results of a randomized trial 
led to abandon CHOP as part of first-line treatment of 
PCNSL patients (13). The observation that TNF can 
induce selective BBTB permeabilization and enhance tumor 
penetration of chemotherapeutic agents in animal models 
of brain metastasis, and the above-mentioned results of 
studies performed with NGR-TNF in combination with 
chemotherapy in solid tumors, provided the rationale for 
testing the NGR-TNF/R-CHOP combination in PCNSL. 
The final results of a prospective single-arm phase II study 
with this combination (the INGRID trial, EUDRACT, 
2014-001532-11; clinicaltrials.gov, NCT03536039) have 
been published recently. In this study, the treatment 
consisted of 6 courses of standard R-CHOP 21 (repeated 
every 21 days) preceded by the administration of low doses 
of NGR-TNF (to permeabilize the BBTB) in HIV-negative 
adults with relapsed/refractory (R/R) PCNSL (84). Of note, 
any type of consolidation/maintenance therapy was allowed 
in responding patients. 

The INGRID study consisted of two distinct phases: 
a proof-of-principle/exploratory phase involving the first 
10 enrolled patients, which assessed the effects of NGR-
TNF on vascular permeability and the feasibility of NGR-
TNF/R-CHOP combination (84), and an expansion phase 
on the whole patients’ cohort (28 patients) focused on the 
activity of the same combination (42). Dynamic contrast-
enhanced MRI (DCE-MRI) and single-photon emission 
computed tomography (SPECT) were used to evaluate 
the BBTB permeability in the lymphomatous lesions and 
in the normal-appearing brain parenchyma. After the first 
NGR-TNF infusion, both techniques showed a selective 
enhancement of the vascular permeability in tumor and 
peritumoral areas, which was more evident in the latter. 
Moreover, studies on the R-CHOP concentrations in 
plasma and CSF and histopathological analysis on CD13 
expression, confirmed the specificity of the NGR-TNF 
targeting to the tumor vasculature. Indeed, NGR-TNF did 
not interfere with the pharmacokinetics of the investigated 
drugs: doxorubicin and rituximab, as expected, were not 
detected in CSF samples, whereas CSF levels and CSF/
plasma ratio of cyclophosphamide did not change after 
NGR-TNF administration. Immunohistochemical and 
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confocal immunofluorescence analysis of tissue sections 
revealed the presence of CD13 on the luminal side of tumor 
vessels in diagnostic brain biopsy specimens, confirming the 
accessibility of the target by the NGR-TNF delivered by 
the intravenous route.

An encouraging overall response rate (ORR) of 75% was 
reported in the first exploratory phase of the study (84), 
that was confirmed in the expansion phase, with a tumor 
response recorded in 21 out of 28 patients, 11 of which 
were complete responses (27). Treatment was well tolerated: 
sixteen serious adverse events were reported in 12 patients, 
but none of them resulted in treatment discontinuation. 
No cases of iatrogenic neurotoxicity nor treatment-related 
mortality were registered. Patients that did not respond, 
or responded poorly, to NGR-TNF/R-CHOP tended to 
have abnormal levels of plasma chromogranin A (CgA), a 
protein known to enhance the endothelial barrier function 
and inhibit the synergism between NGR-TNF and 
chemotherapy (27). Notably, these patients were treated for 
gastroprotection with proton pump inhibitors (PPIs), i.e., 
with drugs known to increase the circulating levels of CgA. 
Replacement with other gastroprotective agents before 
therapy with NGR-TNF/R-CHOP and CgA monitoring 
until its levels reach the baseline might further increase the 
overall response to this treatment.

As highlighted by the authors, the results of the INGRID 
trial showed that the NGR-TNF/R-CHOP combination is 
active and safe in patients with R/R PCNSL (42). However, 
the low number of patients with concomitant ocular 
involvement (3/28, 10%) and the absence of meningeal 
dissemination do not allow to draw conclusions on the 
effect of NGR-TNF on the blood–retina barrier and the 
blood-CSF barrier. Moreover, the absence of modifications 
on drug concentrations in the subarachnoid space suggests 
a lack of impact of NGR-TNF on the blood–CSF barrier, 
highlighting the limitation of this approach in case of 
concomitant involvement of the CSF and, possibly, of the 
eyes (85). 

Another important point is represented by the duration 
of the response: due to a potential effect of consolidation, 
it cannot be compared with those reported in most of 
the previous trials in the same setting (31-38). One of 
the strengths of this approach is represented by the 
specificity of the target, which is conducive to an increased 
permeability only in tumor or peri-tumoral areas. However, 
this could represent a weakness if we look at this concept 
from another point of view: as discussed above, PCNSL is 
a whole brain disease, thus the microscopic foci may not 

be reached by R-CHOP, thereby representing a potentially 
dangerous reservoir for relapsing disease. Of course, this is 
just a speculation, but the relative short duration of response 
reported in the other trials suggest that this still remain a 
key point in the treatment of these patients.

Conclusions

The BBTB still represents a major issue for both diagnosis 
and treatment of brain tumors, including PCNSL. It must 
be kept in mind that PCNSL is a whole brain disease and 
that, currently, we are probably focusing our diagnostic 
attention just on tumor regions with an altered BBTB. 
Although strategies aimed at breaching the BBTB and 
improving immune-chemotherapy efficacy and tolerability 
have shown promising results, these approaches are still 
burdened by several caveats. Nevertheless, the development 
of new strategies that overcome the BBTB, an old problem, 
still appears to be the right way to a modern and more 
comprehensive approach of PCNSL and to improve patient 
outcomes. 
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