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CARATTERISTICHE DELL’ENDOTELIO DEL SNC 

Ø    assenza di fenestrature  

Ø   tight junctions  

Ø    scarsa endocitosi ( o pinocitosi)  

Ø    ricchezza in mitocondri 

Ø  elevata resistenza elettrica, che limita il passaggio 
di molecole polarizzate e di ioni, valutata in 
1000-2000 Ohm/cm2 (nei capillari periferici è circa 
pari a 10 Ohm/cm2) 

LA BARRIERA EMATOENCEFALICA 

Ø    assai bassa espressione di molecole di adesione 
leucocitaria 
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LA BARRIERA EMATOENCEFALICA 

ASTROCITI 

Ø  Non solo funzione di supporto (“collante del SNC”) e 
funzione trofica, ma anche ruolo nei processi di 
sinaptogenesi e di controllo del tono vascolare del SNC. 

Ø  Capacità di produzione di fattori umorali necessari per 
l’ impermeabilità della barriera emato-encefalica 
(angiopoietina-1, trombospondina-1, bFGF). 

Ø  La co-coltura di astrociti e cellule endoteliali non-neurali 
è in grado di indurre proprietà di barriera (Hayashi, 2011).  

Ø  Rappresentano il link cellulare tra il circuito neuronale e 
i vasi sanguigni regolando il flusso ematico in risposta 
all’attività neuronale. 
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FUNZIONI DELLA BARRIERA 

1)  Consentire che il SNC sia un compartimento protetto in cui la 
composizione dei fluidi extracellulari deve essere quanto più 
precisamente regolata in termini di concentrazione dei soluti (ad 
esempio: sindrome da demielinizzazione osmotica) 

Begley DJ et al. Pharmacology & Therapeutics 2008 
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FUNZIONI DELLA BARRIERA 

2)  Funzione neuroprotettiva di limitazione dell’accesso al SNC di 
molecole potenzialmente tossiche 

1)  Consentire che il SNC sia un compartimento protetto in cui la 
composizione dei fluidi extracellulari deve essere quanto più 
precisamente regolata in termini di concentrazione dei soluti (ad 
esempio: sindrome da demielinizzazione osmotica) 
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PRINCIPALI FATTORI CHE REGOLANO IL PASSAGGIO 
DI UN FARMACO ATTRAVERSO LA BARRIERA 

1) IL LEGAME CON LE PROTEINE PLASMATICHE.  Unicamente la frazione 
libera del farmaco nel plasma può attraversare la barriera. Molti agenti 
chemioterapici (Chlorambucil, Etoposide, Melphalan, Vincristina, Paclitaxel) sono 
legati per oltre il 90% alle proteine plasmatiche. 

2) LE DIMENSIONI DEL FARMACO, OVVERO IL SUO PESO MOLECOLARE.  
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PESO MOLECOLARE DI ALCUNI FARMACI ANTIBLASTICI 

ARACYTIN 

METHOTREXATE 

IDARUBICINA 

DOXORUBICINA 

ETOPOSIDE 

VINCRISTINA 

FARMACO P.M. (g/mol) 

243.22 

454.45 

497.49 

543.51 

588.00 

824.95 
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2) LE DIMENSIONI DEL FARMACO, OVVERO IL SUO PESO MOLECOLARE.  

3) LA LIPOSOLUBILITÁ. Solo le molecole altamente solubili nei lipidi possono 
attraversare le membrane della barriera mediante  il pathway transcellulare 
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PRINCIPALI FATTORI CHE REGOLANO IL PASSAGGIO 
DI UN FARMACO ATTRAVERSO LA BARRIERA 

1) IL LEGAME CON LE PROTEINE PLASMATICHE.  Unicamente la frazione 
libera del farmaco nel plasma può attraversare la barriera. Molti agenti 
chemioterapici (Chlorambucil, Etoposide, Melphalan, Vincristina, Paclitaxel) sono 
legati per oltre il 90% alle proteine plasmatiche 

2) LE DIMENSIONI DEL FARMACO, OVVERO IL SUO PESO MOLECOLARE.  

3) LA LIPOSOLUBILITÁ. Solo le molecole altamente solubili nei lipidi possono 
attraversare le membrane della barriera mediante  il pathway transcellulare 

4) POMPE DI EFFLUSSO  
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MECCANISMI DI TRASPORTO ATTIVO DI 
EFFLUSSO DI MOLECOLE DAL SNC 

- Pgp   (  P170  , codificata da un gene posto sul cromosoma 7) 

- MRP  multi-drug resistance protein 

- MOAT multi-specific organic anion transporter 

- Breast cancer-resistance protein 
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NORMAL TISSUES EXPRESSING MDR1 

LEVEL OF EXPRESSION 
HIGH 

Adrenal cortex 

Kidney2 
Liver3 
Placenta 
Colon 

Pancreas4 
Testis1 

Small bowel 

MODERATE 
Adrenal medulla 
Trachea 
Lung (major bronchi) 
Prostate 

LOW 
Skin 

Ovary 

Skeletal muscle 

Esophagus 

Bone marrow5 

Stomach 

Spleen 
Heart 

Spinal cord 

1endothelial cells. 2 renal proximal tubule. 3 billiary lining. 4 epitelial cells. 5 CD34+ pregenitor cells 

Brain1 
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CHEMIOTERAPICI E RESISTENZA MDR MEDIATA 

CROSS-RESISTANT NON-CROSS-RESISTANT 

Vinca alkaloids 
vincristine 
vinblastine 
vinorelbine 

Anthracyclines 
doxorubicin 
daunorubicin 
idarubicin 

Epipodophillotoxins 
etoposide (VP-16) 
docetaxel 

Other 
dactinomycin 

mitomycin C 
mithramycin 

Platimun derivatives 
cisplatin 
carboplatin 

Antimetabolites 
methotrexate 
fluoruracil 
cytarabine (ara-C) 

Alkylating agents 
carmustine 

melphalan 

cyclophosphamide 
chlorambucil 

Other 
bleomycin 
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La concentrazione  tissutale cerebrale dei diversi farmaci 
antiblastici può dipendere inoltre da: 

Ø  via di somministrazione e velocità di infusione 

Ø  tipo di tumore 

Ø  metabolismo del farmaco, interazioni con altri farmaci 

Circa il 98% di tutti i potenziali farmaci per il SNC non 
attraversano la barriera 

Ø  dose (Methotrexate) 



Methotrexate area under the curve is an important
outcome predictor in patients with primary CNS lymphoma:
A pharmacokinetic–pharmacodynamic analysis from the
IELSG no. 20 trial

M Joerger*,1, ADR Huitema2, S Krähenbühl3, JHM Schellens4,5, T Cerny1, M Reni6, E Zucca7, F Cavalli7

and AJM Ferreri6,8

1Department of Oncology and Hematology, Cantonal Hospital, Rorschacherstrasse 95, St Gallen 9007, Switzerland; 2Department of Pharmacy and
Pharmacology, Slotervaart Hospital/The Netherlands Cancer Institute, Plesmanlaan 121, Amsterdam 1066 CX, The Netherlands; 3Division of Clinical
Pharmacology and Toxicology, University Hospital, Hebelstrasse 2, Basel 4056, Switzerland; 4Department of Medical Oncology, Antoni van Leeuwenhoek
Hospital/The Netherlands Cancer Institute, Plesmanlaan 121, Amsterdam 1066 CX, The Netherlands; 5Division of Drug Toxicology, Department of
Biomedical Analysis, Faculty of Pharmaceutical Sciences, Utrecht University, F.A.F.C. Wentgebouw, Sorbonnelaan 16, Utrecht 3584 CA, The Netherlands;
6Medical Oncology Unit, Department of Oncology, San Raffaele H Scientif ic Institute, via Olgettina 60, Milan 20132, Italy; 7Oncology Institute of Southern
Switzerland, Via Vela 6, Bellinzona 6500, Switzerland; 8Unit of Lymphoid Malignancies, Department of Oncology, San Raffaele H Scientif ic Institute,
via Olgettina 60, Milan 20132, Italy

BACKGROUND: This analysis was initiated to define the predictive value of the area under the curve of high-dose methotrexate
(AUCHD-MTX) in patients with primary central nervous system lymphoma (PCNSL).
PATIENTS AND METHODS: We included 55 patients with PCNSL and available pharmacokinetic (PK) data from the International
Extranodal Lymphoma Study Group (IELSG) no. 20 trial, randomised to HD-MTX (n¼ 30) or HD-MTX and high-dose cytarabine
(HD-AraC) (n¼ 25). Individual AUCHD-MTX from population PK analysis was tested on drug toxicity and clinical outcome using
multivariate logistic regression analysis and Cox hazards modelling.
RESULTS: AUCHD-MTX, the IELSG score and treatment group were significant predictors for treatment response (complete or partial)
in the adjusted model. The AUCHD-MTX did not predict toxicity, with the exception of liver toxicity and neutropaenia. A high
AUCHD-MTX was associated with better event-free survival (EFS) (P¼ 0.01) and overall survival (OAS) (P¼ 0.02). Both the AUCHD-MTX

and the IELSG score were significant predictors of EFS and OAS in the adjusted model, with a hazard ratio of 0.82 and 0.73,
respectively, per 100 mmol l"1 h"1 increase in AUCHD-MTX.
CONCLUSIONS: Individualised dosing of HD-MTX might have the potential to improve clinical outcome in patients with PCNSL, even
when administered concurrently with HD-AraC. In the future, this could be carried out by using first-cycle PK modelling with
determination of potential dose adaptations for later cycles using Bayesian analysis.
British Journal of Cancer (2010) 102, 673–677. doi:10.1038/sj.bjc.6605559 www.bjcancer.com
Published online 2 February 2010
& 2010 Cancer Research UK
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Primary central nervous system lymphomas (PCNSLs) represent
4–6% of extranodal non-Hodgkin’s lymphomas, but their
incidence in the general population is increasing (Ferreri et al,
2003a). High-dose methotrexate (HD-MTX) is a cornerstone of
PCNSL treatment (Reni et al, 1997; Ferreri et al, 2002). Only
recently, the International Extranodal Lymphoma Study Group
(IELSG) concluded the first randomised study in immunocompe-
tent patients with PCNSL (IELSG no. 20). A significant increase in
complete remission rate and event-free survival (EFS) was found

when adding high-dose cytarabine (HD-AraC) to HD-MTX
(Ferreri et al, 2009). Accordingly, combined HD-MTX/HD-AraC
should be seen as the new standard upfront treatment in PCNSL, as
it is supported by the best level of evidence available in this disease
(Ferreri et al, 2009). Treatment with HD-MTX is hampered by
a highly variable pharmacokinetic (PK) behaviour, in part related
to renal elimination and the potential for drug interactions (Evans
and Christensen, 1985; Thyss et al, 1986; Ferrazzini et al, 1990;
Reid et al, 1993; Ronchera et al, 1993; Takeda et al, 2002; Joerger
et al, 2006). However, achieving a minimum area under the curve
(AUC) of HD-MTX (AUCHD-MTX) might be important for clinical
outcome in patients with PCNSL (Ferreri et al, 2004). In this study,
we report a PK–pharmacodynamic (PKPD) analysis of HD-MTX
in patients enrolled into the IELSG no. 20 trial, to define the

Received 2 November 2009; revised 4 January 2010; accepted 7 January
2010; published online 2 February 2010

*Correspondence: Dr M Joerger; E-mail: markus.joerger@kssg.ch

British Journal of Cancer (2010) 102, 673 – 677
& 2010 Cancer Research UK All rights reserved 0007 – 0920/10 $32.00

www.bjcancer.com

C
li
n
ic
a
l
S
tu
d
ie
s

clinical outcome (Ferreri et al, 2004). The present results cannot be
interpreted as a lack of benefit from combined HD-MTX/HD-AraC
treatment, as not all patients had available PK data for HD-MTX,
and combined HD-MTX/HD-AraC treatment was still a significant
predictor for clinical outcome when AUCHD-MTX was dropped
from the Cox model. It still indicates that inter-individual
disparities in HD-MTX pharmacology have an important role in
clinical outcome, and that optimising individual AUCHD-MTX is an
important strategy for improving clinical outcome in PCNSL.
Thus, the encouraging results of the IELSG no. 20 trial (Ferreri
et al, 2003a) might be further improved by individualised
MTX administration aimed to achieve a target AUCHD-MTX of
1000mmol*l!1 h. This statement is also endorsed by the fact that
there was no relevant impact of AUCHD-MTX on drug toxicity. The
strengths of this study include a homogeneous patient population,
the availability of detailed response, outcome and toxicity data in

all patients, first-course PK data of MTX in most patients, as well
as population PKPD analysis of HD-MTX time–concentration
data. The main limitations of this study are that drug interactions
between HD-MTX and HD-AraC could only indirectly be studied
because no PK data of HD-AraC were available, and PK data of

Table 2 Predictors for chemotherapy response (complete and partial
remission) using multivariate regression modeling

Covariate OR 95% CI P-value

Patient gender
Male Ref
Female 0.48 0.08–2.92 0.42

IELSG risk score
0–1 Ref
2–3 0.05 0.005–0.44 0.007
4–5 0.03 0.002–0.48 0.01

Treatment group
HD-MTX Ref
HD-MTX/HD-AraC 9.33 1.33–65.53 0.02

AUCHD-MTX (tertiles, mmol l!1 h!1)
o830 Ref
830–980 5.21 0.73–37.3 0.10
4980 121.9 7.80–190.1 0.001

Abbreviations: OR¼ odds ratio; CI¼ confidence interval; IELSG¼ International
Extranodal Lymphoma Study Group; HD-MTX¼ high-dose methotrexate; HD-
AraC¼ high-dose cytarabine; AUC¼ area under the curve; Ref¼ reference.

Log-rank P=0.01 Log-rank P=0.02
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Figure 2 Kaplan–Meier plots for event-free survival (A) and overall survival (B) grouped according to the highest AUCHD-MTX tertile (4980 mmol*l!1 h)
and the lower two tertiles of AUCHD-MTX (o980 mmol*l!1 h).

Table 3 Predictors for event-free and overall survival using multivariate
Cox regression analysis

Covariate HR 95% CI P-value

Event-free survival
Patient gender
Female Ref
Male 1.12 0.52–2.40 0.77

IELSG score
0–1 vs 2–3 vs 4–5 points 1.71 1.04–2.81 0.03

Treatment group
HD-MTX Ref
HD-MTX/AraC 0.65 0.34–1.25 0.19

AUCHD-MTX

Per 100 mmol l!1 h increase 0.82 0.69–0.98 0.03

Overall survival
Patient gender
Female Ref
Male 1.77 0.76–4.10 0.19

IELSG score
0–1 vs 2–3 vs 4–5 points 1.82 1.00–3.31 0.05

Treatment group
HD-MTX Ref
HD-MTX/AraC 0.80 0.39–1.65 0.54

AUCHD-MTX

Per 100 mmol l!1 h increase 0.73 0.59–0.89 0.002

Abbreviations: HR¼ hazard ratio; CI¼ confidence interval; IELSG¼ International
Extranodal Lymphoma Study Group; HD-MTX¼ high-dose methotrexate;
HD-AraC¼ high-dose cytarabine; AUC¼ area under the curve; Ref¼ reference.
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LA BARRIERA EMATOENCEFALICA 

MALATTIE DEL SNC ASSOCIATE CON  
DISFUNZIONE DI BARRIERA 

•  MALATTIE NEOPLASTICHE tumori benigni o maligni del SNC  

•  MALATTIE VASCOLARI ischemia, ipertensione, malformazioni  

•  MALATTIE METABOLICHE diabete 

•  MALATTIE INFIAMMATORIE sclerosi multipla, meningo-encefaliti 

•  TRAUMI danni meccanici o chimici, irradiazione 



LA BARRIERA EMATOENCEFALICA 

SE LA BARRIERA IN UN TUMORE CEREBRALE É ALTERATA, PERCHÉ I 
FARMACI ANTITUMORALI NON RIESCONO A RAGGIUNGERE IN QUANTITÁ 
ADEGUATA IL TUMORE? 

Ø  La neoangiogenesi tumorale è disordinata ed eterogenea, il tumore 
spesso utilizza la pre-esistente rete vascolare cerebrale con una barriera 
in gran parte integra  

Ø  L’entità della permeabilità vascolare tumorale varia sia spazialmente 
sia temporalmente all’interno del tumore, essendo la permeabilità 
maggiore nel “core” tumorale e molto minore nella porzione tumorale 
più periferica di crescita del tumore (“brain adjacent to tumor”) 

Ø   Parallelamente alla crescita del tumore, la distanza intra-capillare 
aumenta e cresce lo spazio di diffusione del farmaco per raggiungere la 
cellula neoplastica 
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SE LA BARRIERA IN UN TUMORE CEREBRALE É ALTERATA, PERCHÉ I 
FARMACI ANTITUMORALI NON RIESCONO A RAGGIUNGERE IN QUANTITÁ 
ADEGUATA IL TUMORE? 

Ø   anche in presenza di una barriera compromessa, l’accumulo del 
farmaco è limitato a causa di una elevata pressione interstiziale 
intratumorale (che può arrivare a 50 mmHg rispetto a 2 mmHg nel 
tessuto cerebrale normale) 

Ø  l’edema peri-tumorale comporta un ulteriore aumento della pressione 
idrostatica nel parenchima cerebrale adiacente al tumore e riduce la 
possibilità di diffusione dei farmaci all’interno del tessuto tumorale 

Ø  l’integrità della barriera tende a ristabilirsi rapidamente 

Ø   si parla perciò di blood-tumor barrier che preclude una efficace 
erogazione di farmaci antiblastici nei tumori cerebrali attraverso la via 
ematica 
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•  CSF	  concentra,ons	  of	  systemic	  rituximab	  (375	  mg/
sqm)	  ~	  0.1%	  	  
of	  serum	  levels	  

Feugier P et al. Ann Oncol 2004; 15: 129-133 

• GELA 98.5 
R-‐CHOP	  n	  =	  202	  
CHOP	  	  	  	  	  n	  =	  197	  

•  No efficacy of systemic Rituximab 

Rubenstein JL et al. Blood 2003; 101: 466-468 

•  Il	  Rituximab	  passa	  in	  misura	  molto	  ridoOa	  la	  
barriera	  emato-‐encefalica	  



Batchelor TT et al, Neurology 2011 

12 pazienti affetti da “recurrent or refractory PCNSL” trattati 
fino a 8 dosi di Rituximab (375 mg/mm2) 

RESULTS : 
•  3 CR, 1 PR (33%) by MRI 
•  median PFS 57 days 
•  median OS 20.9 months (47 months for 

p a t i e n t s a c h i e v i n g a c o n f i r m e d 
radiographic response)   

4. Engel AK, Moll CKE, Fried I, Ojemann GA. Invasive re-
cordings from the human brain: clinical insights and be-
yond. Nat Rev Neurosci 2005;6:35–47.

5. Sarnthein J, Morel A, Stein AV, Jeanmonod D. Thalamic
theta field potentials and EEG: high thalamocortical coher-
ence in patients with neurogenic pain, epilepsy and move-
ment disorders. Thalamus Relat Syst 2003;2:231–238.

6. Zanos S, Miller KJ, Ojemann JG. Electrocorticographic
spectral changes associated with ipsilateral individual fin-
ger and whole hand movement. Conf Proc IEEE Eng Med
Biol Soc 2008;5939–5942.

7. Miller KJ, Sorensen LB, Ojemann JG, denNijs M. Power-
law scaling in the brain surface electric potential. PLOS
Computat Biol 2009;5:e1000609.

RITUXIMAB MONOTHERAPY FOR PATIENTS
WITH RECURRENT PRIMARY CNS LYMPHOMA

Rituximab, a chimeric monoclonal antibody against
the CD20 antigen, increased survival when it was
added to chemotherapy for patients with systemic,
CD20! diffuse large B-cell (DLBCL) non-Hodgkin
lymphoma (NHL). Consequently, it is now a stan-
dard component of the treatment for these patients.
Approximately 90% of primary CNS lymphomas
(PCNSL), a rare extranodal variant of NHL, are
CD20! DLBCL. Rituximab has been incorporated
into some treatment regimens for newly diagnosed
and relapsed PCNSL, although it is not known
whether this agent will improve outcomes to the ex-
tent that it has for patients with systemic DLBCL.1,2

Rituximab may not traverse the normal blood–
brain barrier (BBB) and this could limit the effec-
tiveness of this agent in PCNSL. Rituximab
concentrations in CSF are 0.1% of plasma levels
when it is administered at a standard IV dose of
375 mg/m2, suggesting poor BBB penetration.3

Moreover, in a report of 4 patients with PCNSL
administered I123-labeled rituximab, there was
weak tumor uptake in only one out of 4 patients.4

However, in another study of the 90Y-labeled anti-
CD20 antibody ibritumomab tiuxetan target ac-
cumulation of the antibody was observed in 4 out
of 6 patients with PCNSL assessed by SPECT im-
aging with 111In-labeled ibritumomab tiuxetan.5

The latter report is consistent with the hypothesis
that rituximab may achieve therapeutic concentra-
tions in regions of a brain tumor manifesting con-
trast enhancement secondary to BBB disruption.

Level of evidence. This is a Class III case series of
12 patients with PCNS lymphoma treated with
rituximab, with MRI responses achieved in 36% of
patients and extension of median progression-free
survival to 57 days (95% CI 29–175 days), overall
survival to 20.9 months (95% CI 2.9–47 months).

Methods. This pilot study was conducted by the
National Cancer Institute–sponsored New Ap-
proaches to Brain Tumor Therapy (NABTT) CNS
Consortium to determine the response rate to ritux-

imab monotherapy in patients with recurrent or re-
fractory PCNSL (NCT00072449). Rituximab was
administered at a dose of 375 mg/m2 as a single IV
infusion every week for up to 8 weeks. MRI scans
were performed every 2 months and radiographic re-
sponses were determined using standard criteria.6 Re-
sponses were confirmed with a follow-up MRI 1
month after first declaration of complete response
(CR) or partial response (PR).

Results. Twelve patients were enrolled at 4 NABTT
institutions. Patient characteristics are enumerated in
the table. The median time from initial diagnosis of
PCNSL to relapse was 19 months (3.1– 64.3
months). All patients had failed prior methotrexate-
based treatment. The median number of rituximab
infusions for patients treated on this study was 6
(range 3–8). Confirmed responses were achieved in
4/11 (36%) patients (3 CR, 1 PR). One additional
patient achieved a CR but died of infection 63 days
after starting rituximab and before the response
could be confirmed on follow-up MRI. Including
the latter patient resulted in an unconfirmed re-
sponse proportion of 5/12 (42%). One patient was
on dexamethasone at the time of radiographic PR
but steroids were subsequently discontinued. No
other responding patients were on corticosteroids at
the time of rituximab treatment. The median
progression-free survival was 57 days (95% confi-
dence interval [CI] 29–175 days) and the median
overall survival was 20.9 months (95% CI 2.9–47
months). Ten patients have developed progressive
disease and 8 patients have died. The median
progression-free survival and overall survival for the 4
patients achieving a confirmed radiographic response
were 7.6 (5.7 to 36.2) months and 47 (9.1 to 47)
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Table Patient characteristics

Characteristics Values

Median age, y (range) 64 (31–81)

Male:female 7:5

Median KPS score (range) 85 (60–100)

Median MMSE score (range) 29 (18–30)

Abbreviations: KPS " Karnofsky Performance Scale;
MMSE " Mini-Mental State Examination.
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trast enhancement secondary to BBB disruption.
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rituximab, with MRI responses achieved in 36% of
patients and extension of median progression-free
survival to 57 days (95% CI 29–175 days), overall
survival to 20.9 months (95% CI 2.9–47 months).
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Consortium to determine the response rate to ritux-
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administered at a dose of 375 mg/m2 as a single IV
infusion every week for up to 8 weeks. MRI scans
were performed every 2 months and radiographic re-
sponses were determined using standard criteria.6 Re-
sponses were confirmed with a follow-up MRI 1
month after first declaration of complete response
(CR) or partial response (PR).

Results. Twelve patients were enrolled at 4 NABTT
institutions. Patient characteristics are enumerated in
the table. The median time from initial diagnosis of
PCNSL to relapse was 19 months (3.1– 64.3
months). All patients had failed prior methotrexate-
based treatment. The median number of rituximab
infusions for patients treated on this study was 6
(range 3–8). Confirmed responses were achieved in
4/11 (36%) patients (3 CR, 1 PR). One additional
patient achieved a CR but died of infection 63 days
after starting rituximab and before the response
could be confirmed on follow-up MRI. Including
the latter patient resulted in an unconfirmed re-
sponse proportion of 5/12 (42%). One patient was
on dexamethasone at the time of radiographic PR
but steroids were subsequently discontinued. No
other responding patients were on corticosteroids at
the time of rituximab treatment. The median
progression-free survival was 57 days (95% confi-
dence interval [CI] 29–175 days) and the median
overall survival was 20.9 months (95% CI 2.9–47
months). Ten patients have developed progressive
disease and 8 patients have died. The median
progression-free survival and overall survival for the 4
patients achieving a confirmed radiographic response
were 7.6 (5.7 to 36.2) months and 47 (9.1 to 47)
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19 (26.3 %) patients of the control group discontinued

treatment prematurely: one patient (no staging) with an

initial KPS of only 10 % did not benefit from treatment and
was referred after cycle two to palliative supportive care.

One patient had PD after the second cycle and therapy was

changed to cytarabine (AraC). For one patient (uCR) treat-
ment was changed to AraC and thiotepa, because of hepatic

toxicity after cycle two. Two patients (CR) declined further
treatment after cycles two and four, respectively. In the

rituximab group, treatment was discontinued prematurely

for 5/17 (29.4 %) patients: one patient (CR) did not benefit
from treatment and was referred to palliative supportive care

after cycle three. For two patients (uCR and CR, respec-

tively) treatment was changed to AraC because of nephro-
toxicity after cycles three and four, respectively. For one

patient (CR) treatment was stopped after cycle five because

of accumulative hematologic toxicity. One patient (uCR)
declined any further chemotherapy after cycle four and she

was referred to WBI.

Response to chemotherapy and follow-up

In the control group, 13/19 (68.4 %) patients achieved CR/

uCR, 4/19 (21.1 %) patients achieved PR, one patient
(5.3 %) had PD, and one patient was not evaluable for

response assessment (Table 2). In contrast, in the rituximab

group, 17/17 (100 %) patients achieved CR/uCR. CR/uCR
proved to be significantly different between the groups

(p = 0.02). For all nine patients with uCR (two in control

group, seven in the rituximab group) there was no evidence
of tumor progression or recurrence in follow-up MRI

4–8 weeks after termination of treatment. This was also

supported by significantly higher PFS-6 in the rituximab
group (63.2 vs. 94.1 %, p = 0.04).

Five of 19 (26.3 %) patients in the control group (39 PR

and 19 PD after chemotherapy, 19 uCR but hepatic tox-
icity) and 1/17 (5.9 %) patients in the rituximab group (19

uCR, declined further chemotherapy) were treated with

adjuvant WBI (p = 0.18). Of those patients who had

Table 1 Comparison of
baseline characteristics and
demographic factors

Y years, KPS Karnofsky
performance status,
MSKCC Memorial Sloan
Kettering Cancer Center,
CSF cerebrospinal fluid

Control group
(MTX ? IFO)

Rituximab group
(MTX ? IFO ? R)

p

Male, n (%) 11/19 (57.9) 11/17 (64.7) 0.74

Age, y, median (range) 66 (36–78) 66 (39–79) 0.65

Age[65 y, n (%) 10/19 (52.6) 9/17 (52.9) 1.00

Age[50 y, n (%) 17/19 (89.5) 15/17 (88.2) 1.00

KPS, median (range) 50 (10–100) 50 (20–90) 0.61

MSKCC score 1, n (%) 3 (15.8) 2 (11.8) 1.00

MSKCC score 2, n (%) 6 (31.6) 5 (29.4) 1.00

MSKCC score 3, n (%) 10 (52.6) 10 (58.8) 0.75

Ocular involvement, n (%) 1/18 (5.6) 1/15 (6.7) 1.00

Lymphomatous meningitis, n (%) 2/18 (11.1) 3/15 (20.0) 0.64

CSF pleocytosis, n (%) 10/18 (55.6) 11/15 (73.3) 0.47

CSF elevated protein, n (%) 11/18 (61.1) 12/15 (80.0) 0.28

Table 2 Comparison of
response to chemotherapy, PFS-
6, WBI, and relapse rate of
patients with CR to
chemotherapy without WBI

CR complete response,
uCR complete response,
unconfirmed, PR partial
response, SD stable disease,
PD progressive disease, n.a. not
assessable

Control group
(MTX ? IFO)

Rituximab group
(MTX ? IFO ? R)

p

Response to chemotherapy

CR/uCR, n (%) 13/19 (68.4) 17/17 (100) 0.02

CR, n (%) 11/19 (57.9) 10/17 (58.8)

uCR, n (%) 2/19 (10.5) 7/17 (41.2)

PR, n (%) 4/19 (21.1) 0/17 (0)

SD, n (%) 0/19 (0) 0/17 (0)

PD, n (%) 1/19 (5.3) 0/17 (0)

n.a. (%) 1/19 (5.3) 0/17 (0)

PFS-6 (%) 12/19 (63.2) 16/17 (94.1) 0.04

WBI adjuvant, n (%) 5/19 (26.3) 1/17 (5.9) 0.18

WBI anytime, n (%) 8/19 (42.1) 5/17 (29.4) 0.5

Relapses following CR to
chemotherapy only, n (%)

6/12 (50) 8/16 (50)
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achieved CR to primary treatment without WBI, 6/12

(50 %) patients in the control group and 8/16 (50 %)
patients in the rituximab group relapsed during follow-up.

After a median follow-up time of 30 months (2–54) in the

control group and 18 months (3–32) in the rituximab group
we found no significant difference in median TTF (6 vs.

11 months, hazard ratio (HR) 1.21, 95 % confidence

interval (95 % CI) 0.54–2.83, p = 0.62), median PFS (9
vs. 18 months, HR 1.14, 95 % CI 0.48–2.76, p = 0.75),

and median OS (both not reached, HR 1.88, 95 % CI
0.52–6.94, p = 0.33) (see Fig. 1).

Toxicity

Overall, toxicity of chemotherapy was not significantly

different between the groups (Table 3). Treatment with
MTX and IFO was associated with high hematologic tox-

icity grades III and IV. Hepatic toxicity grade III or IV was

evident in six patients. There was no case of nephrotoxicity
grade III or IV in either group. Treatment had to be stopped

prematurely because of toxicity more often in the rituximab

group (3 vs. 1 patient) but this difference was not signifi-
cant. There was no treatment-associated death in either

group.

Discussion

As the main result of this trial we found that addition of

rituximab to high-dose MTX and IFO was associated with

a significantly increased CR/uCR for patients with newly-
diagnosed PCNSL. Of course, several limitations of the

design of the trial must be considered and, therefore, our

results must be interpreted with caution. Most importantly
this was no blinded randomized controlled trial but a ret-

rospective observational study comparing two consecu-

tively treated patient groups. On the other hand both groups
were equally balanced not only with regard to the strongest

known prognostic factors, age and MSKCC prognostic

score, but also with regard to all other baseline character-
istics. Furthermore, treatment protocols did not differ other

than the additional application of rituximab during cycles

1–3 in the rituximab group, and all patients were treated in
the same institution and in most cases even by the same

team. We therefore believe that comparison of these two

groups is reasonable and informative.
For systemic DLBCL there is strong evidence from

randomized controlled trials that CR is improved by

combining rituximab with the CHOP (cyclophosphamide,
vincristine, prednisolone, doxorubicine) regimen, e.g. from

63 to 75 % [5]. To date no such randomized trials evalu-

ating patients with PCNSL exist. There are only a few
small single-arm studies reported which evaluated different

Fig. 1 There was no statistically significant difference in time to TTF
(a), progression free survival (PFS; b), and OS (c) between the groups
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Abstract Rituximab improves outcome for patients with
systemic diffuse large B-cell lymphoma (DLBCL) and has

therefore become a standard component of the treatment of

this disease. However, it is unclear whether rituximab is
efficacious in patients with primary CNS lymphoma

(PCNSL), a rare DLBCL variant, also. The purpose of this

study was to evaluate the effect of rituximab on the com-
plete response (CR) rate after chemotherapy with metho-

trexate (MTX) and ifosfamide (IFO) of patients with

PCNSL. This is a retrospective, observational, single-cen-
ter trial analyzing 36 consecutive patients with newly

diagnosed, CD-20-positive PCNSL who were treated pri-

marily with chemotherapy between March 2007 and
December 2010. We compared 19 patients who were

treated with MTX and IFO with 17 patients who were

treated with the same regimen plus rituximab. The addition
of rituximab to MTX and IFO was correlated with a sig-

nificant increase in the CR rate (100.0 vs. 68.4 %,

p = 0.02). Furthermore, six-month progression-free sur-
vival was significantly higher for the rituximab group (94.1

vs. 63.2 %, p = 0.04). Toxicity did not differ significantly
between the groups. Our results indicate that rituximab

might be efficacious in the treatment of PCNSL and sup-

port addition of this drug to current treatment protocols
until data from randomized controlled trials becomes

available. Immunochemotherapy with MTX, IFO, and rit-

uximab seems to have excellent activity as induction che-
motherapy and should be further tested in prospective

trials.

Keywords Rituximab !Methotrexate ! Ifosfamide !NHL !
PCNSL

Introduction

Primary central nervous system lymphoma (PCNSL) is a

rare extranodal non-Hodgkin lymphoma (NHL) confined to
the brain, spinal cord, leptomeninges, and eyes. No opti-

mum therapy has yet been defined. Primary treatment

usually consists of high-dose methotrexate (MTX)-based
chemotherapy with or without adjuvant whole-brain irra-

diation (WBI). With such treatment regimens median

overall survival of 15–60 months can be achieved [1].
Because WBI leads to high incidence of severe leukoen-

cephalopathy with cognitive impairment, many efforts

have been made to improve the efficacy of chemotherapy
and most centers try to postpone radiation therapy until

tumor progression or recurrence [2–4].

The monoclonal CD-20 antibody rituximab has proved
excellent efficacy against a variety of systemic B-cell

NHLs and has become a standard component of the treat-

ment of these patients [5]. In contrast, the efficacy of rit-
uximab against PCNSL is unclear. Approximately 95 % of

PCNSL are of B-cell origin and are characterized by

extensive expression of CD-20. It is well known that rit-
uximab cannot pass the intact blood–brain barrier (BBB),

because of its large molecular size; it may therefore be not

efficacious against PCNSL. Current evidence of the effect
of rituximab in PCNSL treatment mainly arises from a few

case series or small single-arm trials; no controlled, ran-

domized trials have been conducted. Despite this lack of
evidence, in recent years rituximab has already been

incorporated into PCNSL treatment protocols in most

centers in the US and in Europe. The purpose of this study
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ABSTRACT

Objective: To evaluate the efficacy of rituximab (R) when added to high-dose methotrexate (HD-
MTX) in patients with newly diagnosed immunocompetent primary CNS lymphomas (PCNSLs).

Methods: Immunocompetent adults with newly diagnosed PCNSL treated at The Johns Hopkins
Hospital between 1995 and 2012 were investigated. From 1995 to 2008, patients received
HD-MTX monotherapy (8 g/m2 initially every 2 weeks and after complete response [CR] monthly
to complete 12 months of therapy). From 2008 to 2012, patients received the same HD-MTX
with rituximab (375 mg/m2) with each HD-MTX treatment. CR rates and median overall and
progression-free survival were analyzed for each patient cohort in this single-institution, retro-
spective study.

Results: A total of 81 patients were identified: 54 received HD-MTX (median age 66 years) while
27 received HD-MTX/R (median age 65 years). CR rates were 36% in the HD-MTX cohort and
73% in the HD-MTX/R cohort (p 5 0.0145). Median progression-free survival was 4.5 months
in the HD-MTX cohort and 26.7 months in the HD-MTX/R cohort (p 5 0.003). Median overall
survival was 16.3 months in the HD-MTX cohort and has not yet been reached in the HD-MTX/R
cohort (p 5 0.01).

Conclusions: The addition of rituximab to HD-MTX appears to improve CR rates as well as overall
and progression-free survival in patients with newly diagnosed PCNSL. Comparisons of long-term
survival in the 2 cohorts await further maturation of the data.

Classification of evidence: This study provides Class III evidence that in immunocompetent
patients with PCNSL, HD-MTX plus rituximab compared with HD-MTX alone improves CR and
overall survival rates. Neurology® 2014;83:235–239

GLOSSARY
CI 5 confidence interval; CR 5 complete response; ECOG 5 Eastern Cooperative Oncology Group; HD-MTX 5 high-dose
methotrexate; NABTT5 New Approaches to Brain Tumor Therapy; OS 5 overall survival; PCNSL5 primary CNS lymphoma;
PFS 5 progression-free survival; R 5 rituximab.

Primary CNS lymphomas (PCNSLs) account for 2% to 3% of primary brain cancers. Although
these tumors are rare, there is the potential for cure and therefore efforts have been made to iden-
tify the optimal treatment strategy for PCNSLs.1–11 High-dose methotrexate (HD-MTX) is the
backbone of most modern chemotherapy regimens. Various MTX-based regimens (with or
without radiation therapy) have been assessed with overall similar results of relatively high
response rates, but long-term control rates have been limited. Until 2008, patients with newly
diagnosed PCNSL at Johns Hopkins were treated with HD-MTX as outlined in the New
Approaches to Brain Tumor Therapy (NABTT) Study.1

Given that the vast majority of PCNSLs are CD20-expressing B-cell lymphomas and that
rituximab, a CD20-targeted monoclonal antibody, has demonstrated significant improvement
in overall survival (OS) in virtually all systemic B-cell lymphomas, it is hypothesized that ritux-
imab may improve the response rate and long-term control of PCNSLs. Despite concerns that
this large monoclonal antibody would not be able to cross the blood-brain barrier, preliminary
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data suggest that rituximab may have activity
in PCNSLs.11–13 Based on these observations,
rituximab (given with every cycle of HD-
MTX) was added to the institutional standard
protocol for patients with newly diagnosed
PCNSL at Johns Hopkins.

This retrospective review was undertaken to
assess whether the addition of rituximab to the
HD-MTX regimen described by the NABTT
CNS Consortium improves complete response
(CR) rates, progression-free survival (PFS), or
OS in patients with newly diagnosed PCNSL.

METHODS Study objectives. The primary objective of this
institutional review board–approved, single-institution, retrospective
study was to determine whether the addition of rituximab to
HD-MTX (HD-MTX/R) improves the CR rate compared with
HD-MTX alone in immunocompetent adult patients with newly
diagnosed PCNSL (level of evidence: Class III).

Secondary objectives were to examine potential differences in
OS and PFS in these 2 patient populations (level of evidence:
Class III).

Patient population. Immunocompetent patients with newly
diagnosed and previously untreated PCNSL aged 18 years or older
were identified using the Sidney Kimmel Comprehensive Cancer
Center registry. HIV-positive patients or patients receiving
immunosuppressive therapy at the time of diagnosis (with the
exception of steroids) were excluded. All patients who received at
least one treatment with HD-MTX (8 mg/m2 with dose
adjustments based on estimated creatinine clearance) at The
Johns Hopkins Hospital between 1995 and 2012 were included
in the analysis.

Study measures. In our institutional practice, MRI scans are ob-
tained every 2 cycles of treatment and used as the primary means for
assessing partial response or CR. The MRI protocol consisted of
standard sagittal and axial T1-weighted, axial T2-weighted, fluid-
attenuated inversion recovery, diffusion-weighted imaging, and
sagittal and axial postcontrast T1-weighted images. For this
study, all available imaging data were rereviewed centrally in a
nonblinded manner by one radiologist (D.B.) using previously
published PCNSL response criteria.14 Patients’ responses were
considered evaluable for CR if they had a baseline contrast MRI
and if sufficient imaging data were available to determine when a
CR was achieved or when the time of progression could be defined.

All patients included in this study had survival information
available from medical records and/or publically available vital
statistics and could be evaluated for OS. Progression was defined
as evidence of progression on imaging, based on clinical progres-
sion as documented in clinician notes, or death from disease pro-
gression. Patients without information to determine time of
progression (such as patients who were lost to follow-up) were
censored at the time last known to be alive and progression-free.

Performance status was determined retrospectively based on
information available in patient charts. Because of the retrospec-
tive nature of this data collection, not all patients had a perfor-
mance status documented at baseline. To be able to separately
analyze data from patients who, based on their performance
status, would have met common clinical trial enrollment criteria,
patients were grouped into Eastern Cooperative Oncology Group
(ECOG) scores 0–2 (typical criterion for enrollment in clinical

trials) and ECOG scores $2 (poor performance status). A more
detailed separation among the better performance status groups,
ECOG scores 0, 1, and 2, was not possible based on available data
in the patient charts.

Treatment regimen. Cohort 1 (HD-MTX, 1995–2008) pa-
tients were treated according to the NABTT procotol.1 Cohort
2 (HD-MTX/R, 2008–2012) patients were treated with HD-
MTX 8 g/m2 (day 1) and rituximab 375 mg/m2 (day 3) every
14 days until CR, progression or intolerable toxicities, or inability
to receive HD-MTX. After CR, 2 more cycles were given every
14 days, followed by monthly treatments of HD-MTX/R for the
total duration of 1 year. Each treatment cycle was standardized
and required an inpatient admission. Patients received IV
hydration and oral or IV sodium bicarbonate for urine
alkalinization. Once alkalinization was achieved (urine pH
$7.5), patients received premedication with an antiemetic and
infusion of MTX at 8 g/m2 over 4 hours. The creatinine clearance
was initially measured. Our practice changed in later years and
from then on the calculated creatinine clearance was used.15 The
dose was adjusted, if needed, based on the creatinine clearance or
toxicity. The dose was reduced by the percentage reduction of the
creatinine clearance below 100 (e.g., a creatinine clearance of
75 mL/min resulted in a dose reduction of 25%). During and
after infusion of MTX, IV hydration and urine alkalinization
were continued. MTX levels were obtained at 24 and 48 hours
postinfusion and until the MTX level was#0.20 mM. Rituximab
375 mg/m2 was administered on day 3 of treatment. The initial
infusion was done over 60 minutes for the first cycle, and it was
reduced to a 30-minute infusion during subsequent doses if no
infusion reaction was observed.

Statistical analysis. Patient baseline characteristics were sum-
marized using descriptive statistics. The proportion of patients
with CR was assumed to follow an independent binomial distri-
bution. Chi-square test statistics were used for proportional
comparison. OS time was calculated from the time initial
treatment started until death from any cause, or censored if the
subject was alive at the time of last follow-up. PFS time was
calculated from the time initial treatment started until the date
the disease progressed, or censored if the patient had no
progressive disease at the time of last follow-up. Survival
probability was estimated using the Kaplan-Meier method.16

The confidence interval (CI) of median survival time was

Table Demographics

HD-MTX/R
(n 5 27)

HD-MTX
(n 5 54)

Median age at
diagnosis, y (range)

65 (44–85) 66 (32–79)

Age distribution, n (%)

30–45 y 1 (4) 7 (13)

46–55 y 4 (15) 8 (15)

56–65 y 8 (29) 14 (26)

66–75 y 11 (41) 17 (31)

Older than 75 y 3 (11) 8 (15)

Sex, % male 56 50

ECOG scores 0–2, % 67 65

Abbreviations: ECOG 5 Eastern Cooperative Oncology
Group; HD-MTX 5 high-dose methotrexate; R 5 rituximab.
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constructed by the method of Brookmeyer and Crowley.17

Differences in survival or PFS between treatments or between
tumor response groups were evaluated with the log-rank test.
All p values are reported as 2-sided, and all analyses were
conducted using SAS software (version 9.2; SAS Institute,
Cary, NC).

Standard protocol approvals, registrations, and patient
consents. This retrospective study was approved by the institu-
tional review board at Johns Hopkins University. Consent from
patients was not required and was waived.

RESULTS A total of 81 patients with newly diag-
nosed PCNSL who received at least one dose of

HD-MTX (8 g/m2) at Johns Hopkins between 1995
and 2012 were identified for this retrospective analysis.
Fifty-four patients received treatment with MTX
monotherapy (HD-MTX) and 27 patients received
HD-MTX/R. Of these, there were sufficient data to
evaluate the responses of 50 patients (93%) in the HD-
MTX cohort and 24 patients (89%) in the HD-MTX/
R cohort. The median follow-up time was 16.2
months (range, 0.6–176.2 months) in the HD-MTX
group and 18.1 months (0.9–70.3 months) in the
combination therapy group. The 7 patients who
could not be evaluated for response had insufficient
imaging data or available medical records (e.g.,
patients who initiated their treatment at The Johns
Hopkins Hospital and who continued it elsewhere).
These patients could, however, be included in the
survival analysis. The 2 cohorts showed a similar
distribution of age, performance status, and sex (table).

CR was identified in 36% of patients in the HD-
MTX monotherapy cohort and in 73% of patients
who received HD-MTX/R (p 5 0.0145). Overall
complete and partial responses were 60% and 89%,
respectively. The median number of cycles to CR was
5 (range, 2–15) in the HD-MTX monotherapy
cohort and 5 (range, 2–21) in the combination
cohort.

Median OS (all 81 patients were included in the
analysis) was 16.3 months (95% CI: 7.4–31.1
months) in the HD-MTX monotherapy cohort and
it has not yet been reached in the HD-MTX/R cohort
(p 5 0.01; figure 1A). Median PFS was 4.5 months
(95% CI: 2.9–13.6 months) in the HD-MTX mono-
therapy cohort compared with 26.7 months in the
combination therapy cohort (95% CI: 20.9 months
to not reached) (p 5 0.003; figure 1B).

To compare our results with data from previously
published studies, we also performed subgroup data
analysis of patients with an ECOG performance sta-
tus of #2 (because it had been used as an eligibility
criterion in prior clinical trials). Including only these
better performance status patients, the median OS for
patients treated with HD-MTX alone was 28.6
months (95% CI: 7.4–50.6 months), and it has not
yet been reached in the combination therapy group.
Median PFS in these patients was 5.2 months (95%
CI: 3–22.2 months) in the monotherapy cohort and
26.7 months in the combination cohort (p5 0.016).

We then assessed median OS and PFS in all
patients who had achieved a CR (both groups com-
bined) compared with those who did not achieve a
CR. In patients who did achieve a CR, median OS
was 80.4 months vs only 5.8 months (95% CI:
3.3–9 months) in patients who did not achieve a
CR (p , 0.0001; figure 2A). Median PFS was 50.9
months (95% CI: 24.5–136.4 months) vs 3 months
(95% CI: 1.9–3.5 months), respectively (p, 0.0001;

Figure 1 Overall and progression-free survival in patients with PCNSL treated
with HD-MTX with or without rituximab

Overall (A) and progression-free (B) survival of patients with newly diagnosed PCNSL treated
with HD-MTX/R vs HD-MTX between 1995 and 2012. The shorter follow-up of the combi-
nation arm is explained by the later introduction of rituximab, which was added to the
HD-MTX regimen starting in 2008. HD-MTX 5 high-dose methotrexate; PCNSL 5 primary
CNS lymphoma; R 5 rituximab.
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26.7 months in the combination cohort (p5 0.016).

We then assessed median OS and PFS in all
patients who had achieved a CR (both groups com-
bined) compared with those who did not achieve a
CR. In patients who did achieve a CR, median OS
was 80.4 months vs only 5.8 months (95% CI:
3.3–9 months) in patients who did not achieve a
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months (95% CI: 24.5–136.4 months) vs 3 months
(95% CI: 1.9–3.5 months), respectively (p, 0.0001;
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Overall (A) and progression-free (B) survival of patients with newly diagnosed PCNSL treated
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Key Points

• We conducted a phase-2
study in newly diagnosed
PCNSL utilizing R-MPV and
HDC with ASCT.

• Excellent disease control and
OS (2-year PFS: 79%) were
observed, with an acceptable
toxicity profile and minimal
neurotoxicity.

High-dose methotrexate-based chemotherapy is the mainstay of treatment of primary

central nervous system lymphoma (PCNSL), but relapses remain frequent. High-dose

chemotherapy (HDC) with autologous stem-cell transplant (ASCT) may provide an

alternative to address chemoresistance and overcome the blood-brain barrier. In this

single-center phase-2 study, newly diagnosed PCNSL patients received 5 to 7 cycles

of chemotherapy with rituximab, methotrexate (3.5 g/m2), procarbazine, and vincristine

(R-MPV). Those with a complete or partial response proceeded with consolidation HDC

with thiotepa, cyclophosphamide, and busulfan, followed by ASCT and no radiotherapy.

Primary end point was 1-year progression-free survival (PFS), N5 32.Median agewas 57,

andmedian Karnofsky performance status 80. Following R-MPV, objective response rate

was 97%, and 26 (81%) patients proceeded with HDC-ASCT. Among all patients, median

PFS and overall survival (OS) were not reached (median follow-up: 45months). Two-year

PFS was 79% (95% confidence interval [CI], 58-90), with no events observed beyond

2 years. Two-year OSwas 81% (95%CI, 63-91). In transplanted patients, 2-year PFS andOSwere 81%. There were 3 treatment-related

deaths. Prospective neuropsychological evaluations suggested relatively stable cognitive functions posttransplant. In conclusion,

this treatment was associated with excellent disease control and survival, an acceptable toxicity profile, and no evidence of

neurotoxicity thus far. This trial was registered at www.clinicaltrials.gov as NCT00596154. (Blood. 2015;125(9):1403-1410)

Introduction

More than 90% of patients with primary central nervous system
lymphoma (PCNSL)display adiffuse largeB-cell lymphoma (DLBCL)
phenotypic subtype, but standard DLBCL regimens such as cyclo-
phosphamide, doxorubicin, vincristine and prednisone and variations
are ineffective in this disease.1,2 This has been explained by poor
penetration of these agents across the blood-brain barrier (BBB), a
problem that has been partially addressed with the development of
high-dose methotrexate-based regimens (HD-MTX) that result in
therapeutic central nervous system (CNS) and cerebrospinal fluid
(CSF) levels after rapid infusions of 1.5 to 8 g/m2.3-5 Such high
methotrexate doses are made possible with the concomitant use of
leucovorin, which prevents bone marrow and systemic organ damage,
while limiting rescue of lymphoma cells in the CNS because it has poor
BBB penetration. This clever strategy, used with or without whole-
brain radiotherapy (WBRT), has resulted in remarkable survival im-
provements, with recent studies reportingmedian overall survival (OS)
of 31 to 79 months,6-13 as compared with 12 months observed with
WBRT alone.14 In spite of these improvements, early and late relapses
remain frequent, and the majority of patients still die of disease.15

High-dose chemotherapy (HDC) followed by autologous stem-
cell transplant (ASCT) has been proposed as an alternative con-
solidation therapy in PCNSL.16 In addition to overcoming intrinsic
chemoresistance of lymphoma cells, HDC-ASCT may improve
disease control by affording higher CNS drug concentrations,
circumventing chemoresistance mediated by the BBB, a similar
“high-dose/ rescue” paradigm proved successful in the development
of HD-MTX. We previously conducted a phase-2 study in newly
diagnosed PCNSL testing an induction chemotherapy with HD-
MTX and cytarabine, followed by consolidation HDC-ASCT
utilizing carmustine (BCNU), etoposide, cytarabine, and melphalan
(BEAM).17 Unfortunately, that treatment resulted in suboptimal
disease control, with an intent-to-treat (ITT) 3-year event-free sur-
vival (EFS) of only25%, anda 3-yearOSof 60%. In thepresent study,
we sought to optimize this strategy by utilizing an enhanced induc-
tion regimen consisting of rituximab, methotrexate, procarba-
zine, and vincristine (R-MPV),6 as well as a more aggressive, CNS
penetrant HDC regimen consisting of thiotepa, busulfan, and cyclo-
phosphamide (TBC).16
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diagnosis, discovered upon post hoc radiology review, deeming the
patient ineligible. Themedian age was 57 (range: 23-67) andmedian
Karnofsky performance status (KPS) was 80 (40-100). Table 1 shows
detailed patient characteristics.

Induction treatment

Induction R-MPV was well tolerated, with no treatment-related
deaths and no treatment discontinuation because of toxicity; grades
3 and 4 toxicities are summarized in Table 2. Following 5 R-MPV
cycles, 14 patients were in CR/CRu, 16 in PR, and 1 progressed
(Table 3 and patient flowchart [supplemental Appendix]). One ad-
ditional patient had undergone complete resection prior to enroll-
ment and had no measurable disease at baseline; that patient was
stable after 5 cycles of R-MPV. All patients in less than CR, in ad-
dition to 2 patients in CR/CRu with incomplete resolution of symp-
toms after 5 cycles, received 2 additional R-MPV cycles (N 5 19).
The objective response rate after R-MPV, defined as CR, CRu, or PR
after 5 or 7 cycles in eligible patients with measurable disease (N5 31
evaluable) was 97% (95% confidence interval [CI], 83-100).

HDC-ASCT

Thirty-one (97%) patients were deemed eligible for transplant based on
response,which includes the completely resected patientwho remained
stable following 7 R-MPV cycles. A total of N 5 26 (81%) patients
eventually received HDC-ASCT. The other 5 patients did not undergo
transplant becauseof refusal/consentwithdrawal (N52) or physician’s
decision (N 5 3) and were removed from study. There were no har-
vesting failures.

Table 4 summarizes toxicities observedwithTBCandmedian times
to hematologic recovery. There was no venoocclusive disease. Two
patients died of transplant-related acute complications: a 57-year-old
patient developed a Stevens-Johnson syndrome, and a 59-year-old
patient developed septic shock. Another patient aged 61 developed
a fatal chronic colitis of undetermined etiology, potentially representing
graft-versus-host disease. In that patient, symptoms started 3 weeks

following transplant and responded poorly to corticosteroids. To date,
no patient has developed secondary malignancies.

PFS and OS

Among all patients (N5 32), the median PFS has not been reached
(Figure 1A), and the 1-year PFS estimate is 82% (95% CI, 62-92).
There have been no events after 2 years, and the 2-year, 3-year, and
5-year PFS estimates are 79% (95%CI, 58-90). Aside from the toxic
deaths, there was no treatment discontinuation because of toxicities,
and EFS and PFS are identical. The events were toxic deaths (N5 3),
progression during R-MPV (N5 1), and progression after transplant
(N5 2).

The median OS (Figure 1B) has not been reached, and the 1-year
OS is 88% (95% CI, 70-95). No deaths were observed beyond
2 years, with a 2-year, 3-year, and 5-year OS of 81% (95% CI,
63-91). The median follow-up of survivors is 45 months (range:
27-86).

Among the 26 transplanted patients, the 1-year PFS is 85%
(95%CI, 64-94), and the 2-year, 3-year, and 5-year PFS estimates are
81% (95% CI, 60-92); the median PFS was not reached (Figure 1C).
The 1-year OS is 88% (95% CI, 68-96), and the 2-year, 3-year, and
5-year OS estimates are 81% (60% to 92%); the median OS was
not reached (Figure 1C).

The effects of age were analyzed according the MSK RPA class
cutoff of 50.21 Patients age #50 tended to achieve superior PFS
(P5 .05, Figure 1D) andOS (P5 .06), with no observed progression
or death of any cause.

The outcomes of patients removed from study in spite of being
eligible for transplant (N 5 5) were as follows: 2 patients chose to
receive high-dose cytarabine and no further treatment; 1 of those
relapsed and received salvage chemotherapy and HDC-ASCT with
TBC. The remainder 3 patients chose to receive WBRT (2 patients:
23.4 Gy; 1 patient: 45 Gy) and have never relapsed. All 5 patients
remain alive, but as described previously, they were censored at the
time of last on-study radiographic assessment for the purposes of
PFS calculation, and therefore the reported PFS end points do not
reflect these additional treatments.

Neuropsychological testing, QoL, and radiographic evaluation

of neurotoxicity

No clinical neurotoxicity, defined as neurologic deterioration in the
absence of disease progression, was reported by treating physicians.
In addition, 16 progression-free patients participated in the neuro-
psychological and QoL evaluations (Figure 2 and supplemental
Appendix).

Table 1. Patient characteristics (N 5 32)

Characteristic Value

Median age (range) 57 (23-67)

Age ,60 21 (66%)

Age ,50 11 (34%)

Median KPS (range) 80 (40-100)

KPS ,70 6 (19%)

KPS ,50 1 (3%)

Women 15 (47%)

Men 17 (53%)

MSK RPA

Class I 11 (34%)

Class II 15 (47%)

Class III 6 (19%)

DLBCL 32 (100%)

CSF cytology*

Positive 1 (3%)

Suspicious 2 (6%)

Not performed 1 (3%)

Ocular involvement 3 (9%)

Median product of tumor diameters (range) 6 cm2 (0-20 cm2)

MSK RPA, Memorial Sloan-Kettering prognostic score determined by recursive
partitioning analysis (I, age ,50; II, age $50 and KPS $70; III, age $50 and
KPS ,70).

*Conventional cytology; flow cytometry not performed.

Table 2. Grades 3 and 4 toxicities reported during R-MPV (N 5 32)

Toxicity Grade 3 Grade 4

Hemoglobin 6 18%

Neutrophils 6 18% 1 3%

ALT and/or AST 14 42% 3 9%

Creatinine 5 15%

Infection 4 12%

Peripheral neuropathy 2 6%

Fatigue 2 6%

Thrombosis/embolism 1 3% 2 6%

Constipation 1 3%

Syncope 1 3%

Encephalopathy 1 3%

ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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As shown in Figure 2A, at baseline, there was evidence of
impairment in several cognitive domains, characterizing baseline
disease burden. Results of LMM analysis showed significant posi-
tive linear time components (months since baseline) for the HVLT-
R–Delayed Recall and HVLT-R–Discrimination Index (P , .05),
indicating continuous improvement in scores from baseline over
time. Likewise, all of the other tests had significant positive linear
components up to 12 to 18 months posttransplant. However, a
significant (TMT Part A, TMT Part B, Brief Test of Attention,
HVLT-R–Total Learning; P, .05) or marginally significant (Con-
trolled Word Association Test, GPT–Dominant Hand, GPT–Non-
Dominant Hand; P, .10) quadratic time component was observed,
suggesting that the rate of cognitive improvement slowed by 12 to
18 months posttransplant.

Self-reportedQoL largelymirrored the improvement of cognitive
function in the LMM analysis (Figure 2B). FACT-BR scores sig-
nificantly improved from baseline, with slowed improvement by 12
to 18 months posttransplant; BDI scores significantly and linearly
decreased over time.

Analysis of white matter abnormalities (Figure 2C) showed an im-
provement after R-MPV, with 81% of patients displaying scores
2 to 3 at baseline, compared with 19% after R-MPV (McNemar’s x2

P5 .002). Following transplant, there was an increase in white matter
abnormalities, with 44% of patients with scores 2 to 3 (McNemar’s x2

P 5 .046), which then remained stable over time. No scores above
3 were seen at any time.

Discussion

In this phase-2 study, patients with newly diagnosed PCNSL were
treated with R-MPV chemotherapy, followed by consolidation
HDC-ASCT with TBC in responding patients and no further treat-
ment until progression. Favorable disease control was observed
(2-year PFS, 75%; 2-year OS, 81%), far exceeding results of our
previous experience with HDC-ASCT in PCNSL utilizing HD-
MTX/cytarabine and BEAM.17 Importantly, no clinically significant
neurotoxicity has developed to date, and QoL continuously improved
over time.

A number of factors contributed to the favorable results observed
in this trial, in comparison with our previous study (Table 5).17 The
induction chemotherapy performed better, with a higher response
rate (97%) that increased the number of patients undergoing HDC-
ASCT (81%) andminimized disease burden prior to transplant (69%
transplanted in CR). This excellent performance confirms our pre-
vious experiencewith R-MPV,6which seems superior to results with
MPV, although it remains difficult to determine the contribution of

rituximab, currently being investigated in an ongoing randomized
trial. Moreover, the TBC regimen, although more toxic, resulted in
improved, durable disease control, likely reflecting higher CNS drug
levels in comparison with BEAM.

The TBC regimen was chosen based on favorable results ob-
served in recurrent PCNSL.16,22-25 In a multicenter phase-2 study
(N5 43),16 TBC was used following a cytarabine/etoposide (CYVE)
salvage chemotherapy, achieving PFS of 12 months and OS of
18months. Among transplanted patients (N5 27), PFSwas 41months.
Three patients died of CYVE, but there were no transplant-related
deaths, which is in line with other studies on TBC in CNS lym-
phomas24,25 and other malignancies,26-28 all reporting transplant-
related mortality under 5%. In our study, treatment-related mortality
appeared higher, but it is difficult to determine if this could be
because of a higher susceptibility specific to PCNSL patients, or
if it could reflect a less selected patient population, as compared
with recurrent disease patients receiving TBC after surviving highly
toxic salvage chemotherapies, such as CYVE. Also of interest is
the fact that some patients in Soussain’s study16 were transplanted
in spite of no response to CYVE and still survived longer (OS:
9 months) than CYVE-refractory patients who were not transplanted
(OS: 5 months). This raises the intriguing question of whether
the chemoresistance observed in recurrent CNS lymphoma after
induction chemotherapies can be at least in part a consequence of the
BBB reducing drug access, which could be overcome by the high
chemotherapy doses afforded by transplant-based strategies. This
question was not addressed in our study, given that only 1 patient
progressed on R-MPV, and as per protocol design, she did not
receive HDC-ASCT.

In addition to our previous study with BEAM, a number of trials
have examined the use of HDC-ASCT in newly diagnosed PCNSL
(Table 5). However, interpreting results is difficult because, unlike
our trials, a significant proportion of patients in those studies also
received WBRT, given either as adjuvant treatment post-ASCT to
all patients or to patients who did not achieve a CR to induction.
In a study of 30 patients, methotrexate, cytarabine, and thiotepa
induction was followed by HDC-ASCT with BCNU/thiotepa, and
hyperfractionated WBRT (45 Gy for CR and 50 Gy for PR).29,30

The 3-year OS was 69% in all patients, and 87% in transplanted
patients. There was no neuropsychological evaluation, but 5 patients
developed clinically defined neurotoxicity. That same group
subsequently reported a small series (N 5 13) using a similar

Table 3. Response status after R-MPV and following transplant

CR/CRu PR SD PD

Response after 5 R-MPV cycles (N 5 32) 14 (44%) 16 (50%) 1* (3%) 1 (3%)

Best response to R-MPV induction

chemotherapy (5 or 7 cycles) (N 5 32)

21 (66%) 9 (28%) 1* (3%) 1 (3%)

Pretransplant response status in the

transplanted patients (N 5 26)

18 (69%) 7 (27%) 1* (4%) 0 (0)

Best response after transplant (N 5 26) 21 (81%) 3 (11%) 1* (4%) 1 (4%)

*This 1 patient had no measurable disease at start of R-MPV because of
complete resection, remained stable after 7 cycles of R-MPV and underwent
HDC-ASCT, and was considered nonevaluable for objective response rate
assessment.

Table 4. Number of patients experiencing grades 3 to 5 toxicities
from transplant, and time to hematologic recovery (N 5 26)

Nonhematologic Grade 3 Grade 4 Grade 5

Febrile neutropenia 11 42%

Infection 4 15% 2 8% 1 4%

Skin rash 1 4% 1 4% 1 4%

Chronic colitis 1 4%

Encephalopathy 1 4%

Dehydration 1 4%

Cardiac failure 1 4%

Weight loss 1 4%

Nausea 1 4%

Diarrhea 1 4%

Mucositis 1 4%

Engraftment

Median time to neutrophil recovery (.500/mm3): 9 d (range: 7-15)

Median time to platelet recovery (.25 000/mm3): 15 d (range: 10-124)

Median duration of hospital admission for HDC-ASCT: 26 d (range 20-90)
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strategy, but withoutWBRT if a CRwas achieved, and the 3-year OS
was 77%31; that study has been expanded,32 and final results are
awaited. In anotherphase-2 study (N525), inductionwithMTX3g/m2,
BCNU, etoposide, and methylprednisolone followed by HDC-
ASCT (BEAM) and WBRT (30 Gy) achieved 3-year EFS of
58% and 3-year OS of 64%. There was no neuropsychological
follow-up, but at least 1 patient developed neurotoxicity.33A study in
28 patients used 2 doses of single-agent HD-MTX, followed by
HDC-ASCT (busulfan/thiotepa), and WBRT 45 Gy if less than CR.
Three of the 9 irradiated patients died of neurotoxicity, for a 2-year
OS of 48%.34 Another study focusing on patients with primary and
secondary CNS lymphoma of various histologies and previous treat-
ments selected for transplant used rituximab combined with TBC as
myeloablative regimen and found a favorable toxicity profile, with
a 2-year PFS of 81%.35 Additional retrospective studies have been
reported, adding to anecdotal experience with HDC-ASCT in CNS
lymphoma.36-39

The lack of clinically detectable neurotoxicity is a favorable
aspect of our regimen, but comprehensive neuropsychological eval-
uations are essential to fully characterize neurotoxic effects that
may impair QoL in long-term survivors. In line with previous reports
of R-MPV in PCNSL,6 results showed marked improvements in
cognitive function and QoL following induction MTX chemother-
apy, reflecting a decrease in disease burden. Following transplant,
neuropsychological test scores remained overall stable, with self-
reported QoL continuously improving. However, we found some

indications of acute neurotoxicity following TBC, as exemplified by
the increase in white matter abnormalities, and a mild, transient
decrease in some neurocognitive scores at the first posttransplant
evaluation (Figure 2A and supplemental Appendix). Moreover, the
rate of cognitive improvement slowed after 12 to 18 months, and
long-term follow-up is warranted to determine whether this could
represent a trend toward development of late-delayed neurotoxicity.

Our study has some limitations. Inclusion criteria allowed for
enrollment of patients regardless of performance status, and up to
72 years old, but our oldest patient was 67, and median age was 57,
which is younger than the typical PCNSL population enrolled in
non-ASCT trials; only 19% of patients had an MSK RPA class III.
Therefore, resultsmust be compared against other PCNSL transplant
trials (Table 5), rather than nontransplant treatment strategies that are
inclusive of a wider population of patients. Moreover, the R-MPV
regimen has not been formally tested without a consolidation strat-
egy such asWBRT or HDC-ASCT. Therefore, it is difficult to assess
whether such patients with a more favorable prognosis40 could have
achieved similar results with R-MPV alone and without any con-
solidation treatment. It is noteworthy that salvage treatments including
TBC-based HDC-ASCT16,24 or even WBRT41,42 are also effective in
this population and will require further investigation. Ongoing study
Radiation Therapy Oncology Group 1114 is investigating R-MPV
with andwithout reduced-doseWBRTandwill provide further data on
the relevance of consolidation treatments in newly diagnosed PCNSL.
Finally, this was a single-institution trial, and even though we are

Figure 1. PFS and OS. (A) PFS, all patients (N 5 32). (B) OS, all patients (N 5 32). (C) PFS and OS in transplanted patients. (D) PFS according to age (above 50 vs 50
and under). P 5 .05.
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The pathogenesis of primary and second-

ary central nervous system (CNS) lym-

phoma poses a unique set of diagnostic,

prognostic, and therapeutic challenges.

During the past 10 years, there has been

significant progress in the elucidation of

the molecular properties of CNS lympho-

mas and their microenvironment, as well

as evolution in the development of novel

treatment strategies. Although a CNS lym-

phomadiagnosiswas once assumed to be

uniformly associated with a dismal prog-

nosis, it is now reasonable to anticipate

long-term survival, and possibly a cure,

for a significant fraction of CNS lymphoma

patients. The pathogenesis of CNS lym-

phomas affects multiple compartments

within the neuroaxis, and proper treatment

of the CNS lymphoma patient requires a

multidisciplinary team with expertise not

only in hematology/oncology but also in

neurology, neuroradiology, neurosurgery,

clinical neuropsychology, ophthalmology,

pathology, and radiation oncology. Given

the evolving principles of management and

the evidence for improvements in survival,

our goal is to provide anoverviewof current

knowledge regarding the pathogenesis of

CNS lymphomasand tohighlightpromising

strategies that we believe to be most

effective in establishing diagnosis, staging,

and therapeuticmanagement. (Blood. 2013;

122(14):2318-2330)

Introduction

Central nervous system (CNS) involvement of non-Hodgkin lym-
phoma (NHL) occurs in 2 patterns: (1) primary CNS lymphoma
(PCNSL), which is limited to the brain parenchyma, intraocular
compartment, cranial nerves, leptomeninges, and, rarely, spinal cord1,2;
and (2) secondary CNS lymphoma (SCNSL), in which there is
concomitant systemic, and CNS localization of lymphoma, often
within the leptomeningeal compartment.

PCNSL is a rare brain tumorwith an annual incidence in theUnited
States of approximately 1900 new cases each year. Although PCNSL
constitutes approximately 3% of all newly diagnosed brain tumors,
and 2% to 3%of all cases ofNHL, the Surveillance, Epidemiology and
End Results (SEER) database suggests that the incidence of this
neoplasm may be increasing among patients age 65 and older, with
patients older than 75 having the highest incidental risk.3

Because the CNS complications of NHL are relatively rare, there is
limited prospective and/or randomized data to guide its therapy. His-
torically, CNS lymphomas have been associated with a very poor
prognosis.4 On the other hand, an accumulation of recent prospective
phase 1/2 results, as well as retrospective series, demonstrate repro-
ducible improvements in outcomes for patients with PCNSL and
SCNSL.5-9 Because published evidence for therapeutic advances
may not be uniformly reflected in population-based data, there is a
possibility that patients in the community may not routinely receive
optimal therapy. Our goal in this review is to highlight areas of
progress and to provide an overview of current knowledge regarding
the pathogenesis of PCNSLs and SCNSLs. In addition, we will
illuminate strategies we believe to be most effective in establishing
diagnosis and staging, as well as in therapeutic management.

Etiology of CNS lymphomas

As for most other types of NHL, the etiology of CNS lymphoma-
genesis is largely undefined and the mechanistic basis for brain

tropism is not understood. The most significant risk factors for
CNS involvement of lymphoma are acquired or congenital im-
munodeficiency states. Patients with Wiskott-Aldrich syndrome,
ataxia-telangiectasia, and severe-combined or common-variable
immunodeficiency have a 4% lifetime risk for developing PCNSL.
The lifetime risk for development of CNS posttransplant lymphopro-
liferative disorder (PTLD) is 1% to 2% for renal transplant patients
and 2% to 7% for cardiac, lung, and liver transplant recipients, with
a probable etiologic relationship between PCNSL and T cell–specific
immunodeficiency caused by agents such as mycophenolate mofetil.10

PCNSL is also an AIDS-defining illness associated with a very
low CD4 T-cell count (,50 cells/mL) and, as with PTLD, AIDS-
related PCNSL shares a near 100% association with Epstein-Barr
virus (EBV). Although only 20% of systemic AIDS-related lym-
phomas are associated with EBV, infection of the tumor clone
by EBV appears to significantly increase the risk of CNS in-
volvement.11 By contrast, EBV infection is rarely detected in CNS
lymphomas that develop in immunocompetent patients, consistent
with a distinct pathogenesis.

Histology and molecular pathogenesis

Among immunocompetent patients, PCNSL usually presents as
a solitary supratentorial mass within periventricular white matter,
often with subependymal spread and significant vasogenic edema
and mass effect: the displacement of normal brain structures. The
frequency of multiple lesions is increased twofold in immune-
suppressed patients. It is well established that the radiographic
and the gross appearance of the tumor underestimate the extent of
disease because PCNSL can be highly infiltrative, particularly at
relapse, prompting its designation as a “whole brain disease.”12 A
unique histopathologic feature of most CNS lymphomas is that
of angiotropism, in which lymphoma cells preferentially accumulate
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“ in summary, given the data from a number of 
prospective trials as well as clinical series that 
document activity of rituximab in the setting of CNS 
lymphomas, as monotherapy and in combination with 
MTX-based induction regimens, we recommend the 
incorporation of intravenous Rituximab in CD20+ 
CNS lymphoma-directed therapies.”  
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Trial for Patients With Newly Diagnosed Primary Central Nervous System (CNS) Lymphoma

  Purpose

This is a multicenter open label randomized phase II trial.

Enrolled Primary Central Nervous System Lymphoma (PCNSL) patients will be stratified according to the IELSG score and randomized to
receive one of the follows as primary chemotherapy:

Arm A: Methotrexate (MTX) + Cytarabine (Ara-C)

Arm B: MTX + Ara-C + rituximab

Arm C: MTX + Ara-C + rituximab + thiotepa.

Chemotherapy will be administered every three weeks. The maximum number of chemotherapy induction courses will be 4. Patients in Stable
Disease (SD) or better after two courses will receive two more courses of the same primary chemotherapy regimen. Stem-cells harvest will be
performed in the three arms after the second course. After 4 courses response assessment will be performed.

Patients who will not achieve SD or better after the 4th course, as well as those who will experience Progressive Disease (PD) at any time and
those who will not achieve a sufficient stem cell harvest, will receive Whole Brain Radiation Therapy (WBRT) 36-40 Gy +/- tumor bed boost of 9 Gy.

Patients who will achieve SD or better after the 4th course will be stratified according to objective response to primary chemotherapy and to
primary chemotherapy regimen and randomly allocated to receive as consolidation therapy one of the follows:

Arm D: WBRT 36 Gy +/- boost 9 Gy

Arm E: Carmustine (BCNU) + Thiotepa + Autologous Peripheral Blood Stem Cell Transplant (APBSCT) Patients in Complete Response (CR)
after WBRT or APBSCT will remain in follow-up. Patients who will not achieve a CR after WBRT will be managed according to physician's
preferences. Patients who will not achieve a CR after APBSCT will be referred to WBRT.

Condition Intervention Phase

Central Nervous System Lymphoma Drug: Methotrexate
Drug: Ara-C
Drug: Rituximab
Drug: Thiotepa
Radiation: radiotherapy
Drug: BCNU
Other: APBSCT

Phase 2

Study Type: Interventional
Study Design: Allocation: Randomized

Endpoint Classification: Efficacy Study
Intervention Model: Parallel Assignment
Masking: Open Label
Primary Purpose: Treatment

Official Title: Randomized Phase II Trial On Primary Chemotherapy With High-Dose Methotrexate And High-Dose Cytarabine With Or Without
Thiotepa, And With Or Without Rituximab, Followed By Brain Irradiation Vs. High-Dose Chemotherapy Supported By Autologous
Stem Cells Transplantation For Immunocompetent Patients With Newly Diagnosed Primary CNS Lymphoma



LA BARRIERA EMATOENCEFALICA 

STRATEGIE PER SUPERARE LA BARRIERA 

1) Rottura dell’integrità della barriera su BASE OSMOTICA 



LA BARRIERA EMATOENCEFALICA 

ROTTURA DELLA BARRIERA SU BASE OSMOTICA 

Ø   una transitoria e reversibile rottura della barriera si può 
ottenere attraverso l’infusione per via intra-arteriosa di un agente 
iperosmolare (mannitolo), che può indurre le cellule endoteliali a 
ritirarsi, consentendo così l’apertura delle tight junctions 

Ø   studi farmacocinetica nell’animale hanno mostrato che la 
permeabilità al methotrexate raggiunge il suo massimo entro 15 
minuti dopo l’infusione del mannitolo e ritorna a livelli 
preinfusione entro 2 ore 

Ø   l’infusione arteriosa del mannitolo consente una “delivery” 
intracerebrale del methotrexate da 10 a 100 volte superiore 
rispetto all’infusione endovenosa 



Soluzione iperosmolare 

H2O 

ENDOTELIO 

CAPILLARE 

TIGHT JUNCTIONS 

LA BARRIERA EMATOENCEFALICA 

ROTTURA DELLA BARRIERA SU BASE OSMOTICA 



LA BARRIERA EMATOENCEFALICA 

PROCEDURA DI ROTTURA OSMOTICA DELLA BARRIERA 

Ø  anestesia generale 

Ø   premedicazione con anticonvulsivante (nel 6% circa delle 
procedure si possono manifestare crisi convulsive, generalmente 
focali) 

Ø  infusione di atropina per la prevenzione della bradicardia 

Ø   posizionamento di un catetere per via transfemorale nella 
arteria carotide interna (a livello di C1-C2) o in arteria vertebrale (a 
livello di C4-C5), a seconda della sede del tumore 

Ø   infusione del mannitolo al 25% in sede intra-arteriosa alla 
velocità di 4-10 mL/secondo per 30 secondi, monitorando il flow-
rate in fluoroscopia 



LA BARRIERA EMATOENCEFALICA 

ROTTURA DELLA BARRIERA SU BASE OSMOTICA 

Ø  a tutt’oggi nell’uomo sono state riportate oltre 8000 procedure 
di rottura osmotica della barriera, senza un significativo eccesso 
di eventi tossici, comunque controllabili 

Ø  la reale efficacia della procedura è difficile da valutare, sia  per 
la mancanza di studi prospettici, sia soprattutto per la invasività 
e per la delicatezza  delle manovre, che richiedono competenze 
e abilità multidisciplinari 

Ø  riportata CR 58%, PFS a 5 anni 31% con accettabile morbidità 
e neurotossicità (Angelov L, JCO 2009) 

“I do not expect that BBB disruption and intra-arterial 
chemotherapy will be used worldwide in the next years…”  

(Andrès Ferreri, Blood 2011) 



LA BARRIERA EMATOENCEFALICA 

ALTRE TECNICHE PER INDURRE LA ROTTURA DELLA 
INTEGRITÁ DELLA BARRIERA  

Ø  infusione di solventi (dimetilsulfossido, etanolo) o di metalli 
(alluminio) 

Ø  irradiazione ad alte energie 

Ø  induzione di situazioni patologiche, come ipossia, ipercapnia 
o ipertensione 

Ø   somministrazione di farmaci, come il metrazolo, che può 
transitoriamente aumentare la permeabilità della barriera, 
associandosi tuttavia alla induzione di marcate convulsioni 

Ø  MRI-guided focused ultrasound 



LA BARRIERA EMATOENCEFALICA 

STRATEGIE PER SUPERARE LA BARRIERA 

2) Uso dei sistemi di trasporto endogeni 



LA BARRIERA EMATOENCEFALICA 

STRATEGIE PER SUPERARE LA BARRIERA 

3) Inibizione dei sistemi di trasporto di efflusso extra-SNC del farmaco 



LA BARRIERA EMATOENCEFALICA 

STRATEGIE PER SUPERARE LA BARRIERA 

4) Modificazioni della struttura del farmaco per aumentare la lipofilia 

  Formazione di liposomi e immunoliposomi peghilati 



LA BARRIERA EMATOENCEFALICA 

STRATEGIE PER SUPERARE LA BARRIERA 

6) Nanobiotecnologie 

Poligenic nanoparticles, liposomas, 
solid-lipid nanoparticles, micelles, 
nanogels, dendrimers. 



NANONEUROMEDICINE 

Ø “Surface engineering of nano-sized carriers, that 
are able to remain stable in the bloodstream, 
protect the drug from metabolic reactions, promote 
the long-lasting release of the drug and directly 
interact with the transport systems present at the 
BBB endothelial cells.” 

Ø Concerns: 
•  Biocompatibility 
•  Selectivity 
•  Safety 




