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Abstract

Introduction: Primary central nervous system lymphoma (PCNSL) is a rare extranodal type of non-Hodgkin’s lympho-
ma. Diffuse large B cell lymphoma (DLBCL) is most often histopathologically confirmed. Modern PCNSL therapy should
include an induction and a consolidation phase. Treatment regimens are based on high doses of methotrexate, and
the intensity of therapy is adapted to the age of patients and their biological condition.

Material and methods: The aim of this study was a retrospective analysis of the effectiveness and toxicity of therapy
used in patients diagnosed with DLBCL of the central nervous system (CNS), treated at the Department of Hemato-
logy, Blood Neoplasms and Bone Marrow Transplantation in Wroclaw, Poland, between 2015 and 2022. The analyzed
population included 46 patients with a median age of 64.5 years (range: 27-80). Patients were treated according to
the R-MATRix, R-MPV, or R-HD-MTX-ARA-C regimen.

Results: After the first-line treatment, complete remission (CR) was achieved in 11 patients, partial remission (PR) in
15, and seven did not respond to the therapy. 11 patients died and two were not qualified for chemotherapy due to
their poor general condition. The effectiveness of R-MATRix and R-MPV was similar.

Conclusions: We have shown that the use of the MATRix regimen is associated with greater toxicity and prolonged
neutropenia.

Keywords: primary central nervous system lymphoma, diffuse large B-cell lymphoma of central nervous system,
immunochemotherapy, toxicity

Acta Haematologica Polonica 2024; 55, 3: 151-156

tumor. Much less common are T-cell lymphomas, Burkitt's
lymphoma, lymphoblastic lymphomas and marginal zone
lymphomas [2, 3]. The pathogenesis of PCNSL remains

Introduction

Primary central nervous system lymphoma (PCNSL) is

arare, extranodal form of non-Hodgkin’s lymphoma (NHL),
which accounts for ¢. 4% of all primary brain tumors. Accor-
ding to the new WHO classification (5™ edition), PCNSL is
included in primary large B-cell lymphoma of immune-pri-
vileged sites [1]. PCNSL is limited to the brain, spinal cord,
eyeballs, meninges, cranial nerves, and cerebrospinal fluid.
In 90-95% of cases, diffuse large B cell ymphoma (DLBCL)
is diagnosed based on histopathological examination of the
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unknown in most cases, but the defined risk factors for
PCNSL include HIV infection or fully developed AIDS, inborn
errors of immunity, and chronic immunosuppression after
organ transplantation. The median age at diagnosis in pa-
tients with PCNSL is 65 years, and the incidence of PCNSL
increases with age [4].

The most common symptoms of PCNSL include de-
terioration of cognitive functions, personality changes,

WOLOG
ok %,

Copyright © 2024

¢ The Polish Society of Haematologists and Transfusiologists,

P
2o

e
% S
H5104- 10

IH)T]

%

Insitute of Haematology and Transfusion Medicine.

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to down-
load articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

www.journals.viamedica.pl/acta_haematologica_polonica

/

7



Acta Haematologica Polonica 2024, vol. 55, no. 3

confusion, focal neurological deficits, headaches, hydro-
cephalus, nausea and vomiting caused by intracranial hy-
pertension [3, 5]. Sometimes, rapid neurological decline
is observed. Convulsive incidents occur less frequently
than in other brain tumors (10-20% of patients), eyeball
involvement is also possible in 15-20%, and blurred vision
may precede, or coexist with, neurological symptoms. Ge-
neral symptoms are very rare in this patient population [5].
PCNSL is an aggressive lymphoma, and although the re-
sponse to chemotherapy and radiotherapy varies between
70% and 90%, relapses are frequent and are associated
with a poor prognosis [4]. PCNSL therapy includes multi-
drug chemotherapy regimens in combination with an anti-
-CD20 monoclonal antibody, and autologous bone marrow
stem cell transplantation in patients with at least a partial
response to treatment. In patients not eligible for trans-
plantation, radiotherapy is recommended [5].

The aim of this retrospective analysis was to assess
the effectiveness and toxicity of PCNSL therapy in patients
hospitalized in the Department of Hematology, Blood Neo-
plasms and Bone Marrow Transplantation, Wroclaw Medi-
cal University, Wroclaw, Poland between 2015 and 2022.

Material and methods

Study population
This retrospective analysis included 46 patients (27 wo-
men and 19 men) diagnosed with PCNSL treated in the
Department of Hematology, Blood Neoplasms and Bone
Marrow Transplantation at Wroclaw Medical University
between 2015 and 2022. The median age was 64.5 years
(range: 27-80). All patients underwent stereotactic brain
biopsy with tumor samples taken. All cases were diagnosed
with DLBCL based on histopathological examination of
the tumor. In one patient, lymphoma was associated with
fully-symptomatic AIDS. The clinical symptoms in patients
included focal signs, aphasia, disorientation, visual distur-
bances, psychomotor retardation, dizziness and heada-
ches. According to the MSKCC (Memorial Sloan Kettering
Cancer Center) prognostic score, 5/46 patients were low
risk, 20 were intermediate risk, and 21 were high risk [6].

Patients qualified for the MATRix and R-HD-MTX-ARA-C
regimens were aged under 65, in good clinical condition,
and without comorbidities. Patients qualified for the R-MPV
regimen were aged 65 or over, in a worse general condi-
tion, and with additional diseases.

The clinical data of the patients is set out in Table I.

Statistical analysis

We assessed overall response rate (ORR), overall survival
(0S), progression free survival (PFS) and toxicity of treat-
ment. OS was calculated from the start of treatment until
death or until the date of the final follow-up, and PFS was
assessed from the start of treatment until the date of

Table I. Clinical data of patients

Number of patients 46

Age 64.5 years (range: 27-80)

Sex 19 male
27 female

Histopathological diagnosis 46 DLBCL CNS

AIDS-related PCNSL 1

Symptoms, n (%)

Focal 21 (45%)

Aphasia 14 (31%)

Confusion 10 (22.5%)

Vision disorders 8 (17.5%)

Psychomotor retardation 8 (17.5%)

Dizziness 7 (15%)

Headaches 7 (15%)

MSKCC — risk groups, n (%)

Low risk 5 (11%)

Intermediate risk 20 (43%)

High risk 21 (46%)

ECOG, n (%)

0 3 (6%)

1 17 (37%)

2 12 (26%)

3 4 (9%)

4 10 (22%)

PCNSL — primary central nervous system lymphoma; DLBCL — diffuse large B-cell lymphoma; CNS
— central nervous system; AIDS — Acquired Immune Deficiency Syndrome; MSKCC — Memorial
Sloan Kettering Cancer Center prognostic model

disease progression, relapse, or death. Statistical analysis
was performed using the R program. The Kaplan-Meier
estimation method was used to evaluate OS and PFS. Dif-
ferences between groups of patients were analyzed using
a log rank test. The end-point estimates were given with
a 95% confidence interval (Cl).

Results

Treatment

26 patients with PCNSL were qualified for R-MPV chemothe-
rapy (rituximab, methotrexate, procarbazine, vincristine),
11 patients received treatment according to the MATRix
protocol (methotrexate, cytarabine, thiotepa, rituximab),
six patients received R-HD-MTX-ARA-C (rituximab, metho-
trexate, cytarabine), and one received R-HD-MTX (rituximab,
methotrexate) [7, 8].

2/46 patients were not qualified for chemotherapy
due to poor general condition. In all patients who recei-
ved high doses of methotrexate treatment, serum metho-
trexate concentrations were monitored. All patients quali-
fied for immunochemotherapy were treated with primary
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prophylaxis of neutropenia with granulocyte-colony stimu-
lating factor (G-CSF). As part of the consolidation, nine
patients who responded to the therapy underwent auto-
logous bone marrow stem cell transplantation (autoPB-
SCT, peripheral blood stem cell transplantation). Six of
these nine patients underwent MATRix treatment and the
other three underwent R-HD-MTX-ARA-C treatment. Before
transplantation, all patients achieved complete remission
(CR). The conditioning regimen was based on carmustine,
etoposide and thiotepa. Three months after transplanta-
tion, CR was maintained in all patients, which was confir-
med by magnetic resonance imaging. Seven patients are
still alive, one patient died due to SARS-COV-2 infection,
and one has been lost to follow-up. Median follow-up in
patients after autotransplantation was 23 months (range:
13-65). Seven patients who, due to age and biological
condition, were not eligible for autotransplantation, un-
derwent whole brain radiation therapy (WBRT). The dose
of WBRT was 24 Gy or 36 Gy, depending on the response
to chemotherapy.

For the whole study population, median follow-up was
13 months (range: 1-24).

Response to treatment

After first-line treatment, 11 patients achieved CR, 15
achieved partial remission (PR), seven achieved no re-
sponse (NR), and 11 died before response evaluation.
The assessment of the treatment was performed after
three cycles of chemotherapy and the end of treatment
using brain magnetic resonance imaging (MRI). The overall
response rate (ORR) after the first line of treatment in the
whole analyzed population was 56.5%. The median OS was
18 months, and the median PFS was 10 months. In the
group of seven patients who did not respond to first-line
therapy (three after MATRix and four after R-MPV), the
second-line treatment was temozolomide with high doses
of methotrexate and cytosine arabinoside in two patients,
lenalidomide monotherapy in three, and radiotherapy only
in two. CR was achieved in two patients, PR in two, and no
response in three. The cause of death in five patients was
disease progression, in three patients it was severe infec-
tious complications, in two patients it was brain edema,
and in one patient it was perforation of the large intestine.
A comparison of the MATRix, R-MPV, and R-HD-MTX-ARA-C
regimens is set out in Table II.

Therapy toxicity

Neutropenia <0.5 10°/uL (grade 4) occurred more often
in patients receiving MATRix than R-MPV (63% vs. 23%).
The median duration of neutropenia after the MATRix
regimen was 12 days as opposed to two days after the
R-MPV regimen. Febrile neutropenia occurred in 36% of
patients receiving MATRix and in 7% of patients receiving
R-MPV. Increases in transaminase levels (grades 3-4)
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were observed in 36% of patients after MATRix and in
26% of patients after R-MPV. Other less frequent adverse
reactions included nephrotoxicity grades 2-3 in 6.5% (three
patients), neurotoxicity grade 3 in 9% (four patients), septic
shock grade 4 in 9% (four patients), skin lesions grades
2-3in 2% (one patient), and pneumonia grade 3 in 4.5%
(two patients).

Discussion

For years, radiotherapy has been the basis of PCNSL tre-
atment, but only its combination with chemotherapy has
significantly improved results in this patient population
[9]. Currently, chemotherapy plays an essential role in the
treatment of PCNSL. The CHOP regimen (cyclophosphami-
de, doxorubicin, vincristine, prednisone) has been shown
to be ineffective in the treatment of patients with PCNSL
[10]. However, the addition of high doses of methotrexate
(HD-MTX) to the CHOP regimen has resulted in increased
toxicity without improvement in response compared to HD-
-MTX monotherapy [11].

The modern approach to the treatment of patients with
PCNSL includes two main stages of therapy: the induction
phase and the consolidation phase. Induction treatment
is polychemotherapy containing high doses of methotre-
xate. The exact dose and duration of HD-MTX administra-
tion have not been defined, but in most analyses, a dose
of >3 g/m?in a 3-hour infusion seems to be optimal. The
randomized International Extranodal Lymphoma Study
Group — 20 (IELSG20) study showed that the addition of
high doses of cytarabine to HD-MTX results in higher ra-
tes of CR, and prolongs the PFS, compared to MTX mo-
notherapy [12].

The choice of PCNSL therapy depends primarily on the
patient’s age, which is one of the most important prognostic
factors. Other parameters that influence the therapeutic
decision regarding the use of HD-MTX-based chemothera-
py include comorbidities and organ dysfunctions. In fact,
there is no defined age that would constitute a boundary
between younger and older patients. According to some
authors, age >60 years is a contraindication to consolida-
tion of megachemotherapy supported by autologous bone
marrow stem cell transplantation (HDC/ASCT) [13]. The
same treatment with ASCT was performed in 33 patients
<65 years of age. In the study population, ORR was 94%,
and 2-year PFS was 79% [12]. The randomized phase I
study IELSG32 showed that the addition of thiotepa, ritu-
ximab to HD-MTX and cytarabine (MATRIx regimen) signifi-
cantly improved survival compared to the combination of
HD-MTX and cytarabine. ORR was 87%, 2-year PFS 62%,
and 2-year OS 67%. The IELSG32 study was conducted in
53 centers in five European countries, and the MATRix re-
gimen has become the new standard of treatment in young
patients with PCNSL [8].
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Table Il. Comparison of MATRix, R-MPV, R-HD-MTX-ARA-C treatment regimens

Regimen type MATRix R-HD-MTX-ARA-C
Number of pa- 11 6

tients

Median age 60 (27-65) 67 (58-75) 61 (42-64)
Median of admi- 2 (1-4) 4(1-6) 2(1-4)

nistered cycles

Side effects Neutropenia grade 4 — 7 (63%) Neutropenia grade 4 — 6 (23%)  Neutropenia grade 4 — 3 (50%)
Hepatotoxicity grades 3-4 — 4 (36%)  Hepatotoxicity — Hepatotoxicity grades 3-4 — 2 (33%)
Brain edema grade 3 — 3 7 (26%)
Septic shock grade 4 — 2 Septic shock grade 4 —
Pneumonia grade 3 — 2 2
Nephrotoxicity grades 2-3 — 2 Brain edema grade 3 — 1
Skin lesions grades 2-3 — 1 Nephrotoxicity grades 2-3 — 1

CR 2 (18%) 6 (23%) 1 (14%)

PR 4 (36%) 9 (26%) 4 (57%)

NR 3 4 _

ORR (%) 545 57.6 83

Death 2 (one patient progression after 7 (two patients infectious 2 (progression)

cycle 2, and one patient infectious
complications after cycle 1)

complications, two patients
progression, two patients brain

edema, and one patient intesti-
nal perforation)

CR — complete remission; PR — partial remission; NR — no response; ORR — overall response rate

The prognosis of older patients with PCNSL remains
poor, with a median OS of less than two years [14]. In ge-
neral, chemotherapy based on HD-MTX is quite well tolera-
ted by older patients. However, ¢.7-10% of patients treated
with HD-MTX require discontinuation of therapy, while 26-
44% require reduction of MTX dosage due to deteriorated
kidney function [14, 15]. A large meta-analysis including
783 immunocompetent patients with PCNSL over the age
of 60 showed no significant difference in survival between
patients who received HD-MTX with oral alkylating agents
and more intensive chemotherapy [16]. The PRIMAIN stu-
dy assessed elderly patients with PCNSL >65 years of age
who received three cycles of HD MTX with an oral alkylating
agent and rituximab followed by procarbazine maintenance.
The complete remission rate in the study population was
36%, and the 2-year PFS was 37% [17].

In the population of PCNSL patients we analyzed, inten-
sive treatment with the MATRix, R-HD-MTX-Ara-C regimen
was administered to 17 patients. These were patients un-
der 65, in good clinical condition, with no comorbidities.
26 patients were qualified for the less intensive R-MPV
regimen due to age, poor biological condition and comor-
bidities. In nine patients who achieved at least a partial
response, consolidation with megachemotherapy suppor-
ted by autoPBSCT was performed. According to data from
a large multicenter study, the CRR after PBSCT was 77%,
with 3-year PFS and OS of 67% and 81% respectively. The

median follow-up was 57 months, and treatment-related
mortality was 5% [18]. In our center, the conditioning re-
gimen used was thiotepa, etoposide and carmustine. No
deaths related to transplant megachemotherapy were ob-
served. Seven patients are still in remission (six after MA-
TRix treatment and one after R-HD-MTX-ARA-C), which is
77% and is comparable to the study cited above. The me-
dian follow-up in this group of patients is 23 months.

Our data confirms that induction with HD-MTX and PB-
SCT consolidation is an effective therapeutic option in youn-
ger patients with PCNSL. Seven patients in remission after
induction treatment, who were not treated with autoPBSCT
due to age and comorbidities, were qualified for brain ra-
diotherapy. According to the available literature, only one
randomized study has compared WBRT with observation
of patients after induction treatment. The use of WBRT
improved PFS, but there was no difference in 0S [19]. The
British Journal of Haematology published a paper by Ostro-
wska et al. presenting the results of treatment of patients
with PCNSL with the R-MIV regimen (rituximab, methotre-
xate, ifosfamide and vincristine). The ORR was 73%. Grade
3-4 hematological toxicity was low [20].

The response rate to therapy in our analyzed population
was 56.5%. CR was confirmed in 24% of patients, and PR
in 33%. These results are slightly lower compared to data
from the literature [13-15]. This is probably related to the
poor general condition of some patients; patients with
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ECOG 3 and 4 constituted as much as 30% of our analy-
zed group. In patients who did not achieve remission after
first-line therapy, temozozolomide with HD-MTX and cyta-
rabine was used in two patients, lenalidomide in three and
palliative therapy in two. CR was achieved in two patients
receiving temozolomide, and PR was achieved in two pa-
tients receiving lenalidomide. There is no strictly defined
procedure to distinguish resistant from relapsed PCNSL.
If it is a late recurrence of the disease >24 months, HD-
-MTX-based regimens can be repeated, after which a re-
sponse has been achieved. In early recurrences of the
cancer process, experts prefer to use regimens based on
high doses of ifosfamide (R-IE, rituximab, ifosfamide, eto-
poside), which, according to data, shows a response rate
of 38% and 2-year survival of 25% [21]. However, this is
an intensive treatment that can only be offered to patients
in good clinical condition. Temozolomide (TMZ) is an alky-
lating drug that is well tolerated and effective in brain tu-
mors of various etiologies.

In a prospective phase Il study, TMZ was used as mo-
notherapy in patients with refractory/relapsed PCNSL.
ORR was 31% [22]. In a similar study of 17 patients with
previously treated PCNSL, response to TMZ was achieved
in 47% of patients [23]. However, median OS was short in
both analyses [21, 22]. Inmunomodulatory drugs such as
lenalidomide and pomalidomide have some effectiveness
in PCNSL therapy. In a phase |l study, lenalidomide was
used in combination with rituximab, followed by lenalido-
mide maintenance in 50 patients with refractory/relapsed
PCNSL. ORR was achieved in 48% of patients and CR in
29%. Median PFS was 7.8 months [24]. In turn, the use of
pomalidomide in combination with dexamethasone and
subsequent maintenance with pomalidomide monothera-
py allowed the achievement of CR in 32% of patients, with
a median PFS of 5.3 months [25]. In relapsed/refractory
PCNSL, the effectiveness of the class 1 Bruton’s kinase
inhibitor ibrutinib has been demonstrated, both as mo-
notherapy and in combination with chemotherapy. The use
of ibrutinib at a dose of 560 mg daily resulted in an ORR
of 50%, while increasing the dose to 840 mg daily increa-
sed the ORR to 77%. However, the therapy was complica-
ted by an increased rate of invasive aspergillosis in 39%
of patients [26, 27]. CAR-T, anti-CD19 chimeric antigen
receptor therapy, has been approved for the treatment of
refractory and relapsed cases of DLBCL. Data from some
trials indicates the effectiveness of CAR-T also in patients
with secondary CNS involvement in the course of DLBCL.
It seems that CAR-T is a therapy that will also be a benefi-
cial therapeutic option in patients with PCNSL in refractory
and recurrent cases [28].

Based on this analysis we have shown that the MATRix
regimen is more toxic than R-MPV. The long duration of
neutropenia and more frequent infectious complications
resulted in the delay of subsequent treatment cycles, which

Justyna Rybka et al., PCNSL treatment

undoubtedly affects the response. Comparing the effecti-
veness of MATRix and R-MPV, ORR in patients after MATRix
therapy was 54.5% and after R-MPV treatment was 57.6%.
These observations are preliminary, and further analyses,
including those to be conducted at other hematology cen-
ters in Poland, are planned.

Article information and declarations

Acknowledgments
None.

Authors’ contributions

JR — data analysis, writing the main text of the article, pre-
paration of the manuscript. BK — collecting the database,
data analysis. ABF — collecting the database, data analysis.

Conflict of interest
None.

Ethics statement

Authors declare that informed consent for publication was
not obtained, as published data does not allow for patient
identification.

Funding
None.

Supplementary material
None.

References

1. Alaggio R, Amador C, Anagnostopoulos |, et al. International Agency
for Research on Cancer/World Health Organization. The 5th edition
of the World Health Organization classification of haematolymphoid
tumours: lymphoid neoplasms. Leukemia. 2022; 36(7): 1720-1748,
doi: 10.1038/s41375-022-01620-2, indexed in Pubmed: 35732829.

2. Phillips EH, Fox CP, Cwynarski K. Primary CNS lymphoma. Curr Hema-
tol Malig Rep. 2014; 9(3): 243-253, doi: 10.1007/511899-014-0217-
2, indexed in Pubmed: 24969265.

3. Carrabba MG, Reni M, Foppoli M, et al. Treatment approaches for
primary CNS lymphomas. Expert Opin Pharmacother. 2010; 11(8):
1263-1276, doi: 10.1517/14656561003767456, indexed in
Pubmed: 20429667.

4. Schaff LR, Grommes C. Primary central nervous system lymphoma.
Blood. 2022; 140(9): 971-979, doi: 10.1182/blood.2020008377,
indexed in Pubmed: 34699590.

5. Chiavazza C, Pellerino A, Ferrio F, et al. Primary CNS lymphomas:
challenges in diagnosis and monitoring. Biomed Res Int. 2018;
2018: 3606970, doi: 10.1155/2018/3606970, indexed in
Pubmed: 30035121.

6. Abrey L, Ben-Porat L, Panageas K, et al. Primary central nervous
system lymphoma: the Memorial Sloan-Kettering Cancer Center prog-
nostic model. J Clin Oncol. 2006; 24(36): 5711-5715, doi: 10.1200/
jc0.2006.08.2941, indexed in Pubmed: 17116938.

www.journals.viamedica.pl/acta_haematologica_polonica /



Acta Haematologica Polonica 2024, vol. 55, no. 3

10.

11.

12.

13.

14.

15.

16.

17.

Omuro A, Correa DD, DeAngelis LM, et al. R-MPV followed by high-
dose chemotherapy with TBC and autologous stem-cell transplant
for newly diagnosed primary CNS lymphoma. Blood. 2015; 125(9):
1403-1410, doi: 10.1182/blood-2014-10-604561, indexed in
Pubmed: 25568347.

Ferreri AJM, Cwynarski K, Pulczynski E, et al. International Extran-
odal Lymphoma Study Group (IELSG). Chemoimmunotherapy with
methotrexate, cytarabine, thiotepa, and rituximab (MATRix regi-
men) in patients with primary CNS lymphoma: results of the first
randomisation of the International Extranodal Lymphoma Study
Group-32 (IELSG32) phase 2 trial. Lancet Haematol. 2016; 3(5):
e217-e227, doi: 10.1016/52352-3026(16)00036-3, indexed in
Pubmed: 27132696.

Ferreri AJM, Abrey LE, Blay JY, et al. Summary statement on primary
central nervous system lymphomas from the Eighth International
Conference on Malignant Lymphoma, Lugano, Switzerland, June 12
to 15, 2002. J Clin Oncol. 2003; 21(12): 2407-2414, doi: 10.1200/
JC0.2003.01.135, indexed in Pubmed: 12805341.

Mead GM, Bleehen NM, Gregor A, et al. A medical research council
randomized trial in patients with primary cerebral non-Hodgkin lym-
phoma: cerebral radiotherapy with and without cyclophosphamide,
doxorubicin, vincristine, and prednisone chemotherapy. Cancer. 2000;
89(6): 1359-1370, indexed in Pubmed: 11002232.

Glass J, Shustik C, Hochberg FH, et al. Therapy of primary central
nervous system lymphoma with pre-irradiation methotrexate, cyclo-
phosphamide, doxorubicin, vincristine, and dexamethasone (MCHOD).
J Neurooncol. 1996; 30(3): 257-265, doi: 10.1007/BF00177277,
indexed in Pubmed: 8943101.

Ferreri A, Reni M, Foppoli M, et al. High-dose cytarabine plus high-dose
methotrexate versus high-dose methotrexate alone in patients with
primary CNS lymphoma: a randomised phase 2 trial. Lancet. 2009;
374(9700): 1512-1520, doi: 10.1016/s0140-6736(09)61416-1, in-
dexed in Pubmed: 19767089.

Houillier C, Taillandier L, Lamy T, et al. Whole brain radiotherapy
(WBRT) versus intensive chemotherapy with haematopoietic stem
cell rescue (IC + HCR) for primary central nervous system lympho-
ma (PCNSL) in young patients: an intergroup Anocef-Goelams ran-
domized phase Il trial (PRECIS). Blood. 2016; 128(22): 782-782,
doi: 10.1182/blood.v128.22.782.782.

Kasenda B, Ferreri AJM, Marturano E, et al. First-line treatment and
outcome of elderly patients with primary central nervous system
lymphoma (PCNSL)-a systematic review and individual patient data
meta-analysis. Ann Oncol. 2015; 26(7): 1305-1313, doi: 10.1093/
annonc/mdv076, indexed in Pubmed: 25701456.

lllerhaus G, Marks R, Miiller F, et al. High-dose methotrexate com-
bined with procarbazine and CCNU for primary CNS lymphoma in the
elderly: results of a prospective pilot and phase Il study. Ann Oncol.
2009; 20(2): 319-325, doi: 10.1093/annonc/mdn628, indexed in
Pubmed: 18953065.

Fritsch K, Kasenda B, Hader C, et al. Immunochemotherapy with ritux-
imab, methotrexate, procarbazine, and lomustine for primary CNS lym-
phoma (PCNSL) in the elderly. Ann Oncol. 2011; 22(9): 2080-2085,
doi: 10.1093/annonc/mdq712, indexed in Pubmed: 21303800.
Fritsch K, Kasenda B, Schorb E, et al. High-dose methotrexate-based
immuno-chemotherapy for elderly primary CNS lymphoma patients

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

(PRIMAIN study). Leukemia. 2017; 31(4): 846-852, doi: 10.1038/
leu.2016.334, indexed in Pubmed: 27843136.

lllerhaus G, Kasenda B, lhorst G, et al. High-dose chemotherapy with
autologous haemopoietic stem cell transplantation for newly diag-
nosed primary CNS lymphoma: a prospective, single-arm, phase 2
trial. Lancet Haematol. 2016; 3(8): €388-e397, doi: 10.1016/S2352-
3026(16)30050-3, indexed in Pubmed: 27476790.

Korfel A, Thiel E, Martus P, et al. Randomized phase Ill study of whole-
brain radiotherapy for primary CNS lymphoma. Neurology. 2015;
84(12): 1242-1248, doi: 10.1212/WNL.0000000000001395, in-
dexed in Pubmed: 25716362.

Ostrowska B, Domanska-Czyz K, Romejko-Jarosinska J, et al. Safety
and efficacy of induction immunochemotherapy with rituximab, meth-
otrexate, ifosfamide, and vincristine (R-MIV) in patients with primary
CNS lymphoma including recent COVID-19 pandemic experience. Br
J Haematol. 2023; 201(4): 663-672, doi: 10.1111/bjh.18687, in-
dexed in Pubmed: 36762710.

Mappa S, Marturano E, Licata G, et al. Salvage chemoimmunother-
apy with rituximab, ifosfamide and etoposide (R-IE regimen) in pa-
tients with primary CNS lymphoma relapsed or refractory to high-dose
methotrexate-based chemotherapy. Hematol Oncol. 2013; 31(3):
143-150, doi: 10.1002/hon.2037, indexed in Pubmed: 23161567.
Naidoo J, Panday H, Jackson S, et al. Optimizing the delivery of anti-
neoplastic therapies to the central nervous system. Oncology (Willis-
ton Park). 2016; 30(11): 953-962, indexed in Pubmed: 27854097.
Makino K, Nakamura H, Hide Tl, et al. Salvage treatment with temo-
zolomide in refractory or relapsed primary central nervous system
lymphoma and assessment of the MGMT status. J Neurooncol. 2012;
106(1): 155-160, doi: 10.1007/s11060-011-0652-z, indexed in
Pubmed: 21720808.

Ghesquieres H, Chevrier M, Laadhari M, et al. Lenalidomide in combi-
nation with intravenous rituximab (REVRI) in relapsed/refractory pri-
mary CNS lymphoma or primary intraocular lymphoma: a multicenter
prospective ‘proof of concept’ phase Il study of the French Oculo-Ce-
rebral lymphoma (LOC) Network and the Lymphoma Study Association
(LYSA)T. Ann Oncol. 2019; 30(4): 621-628, doi: 10.1093/annonc/
mdz032, indexed in Pubmed: 30698644.

Tun HW, Johnston PB, DeAngelis LM, et al. Phase 1 study of pomalido-
mide and dexamethasone for relapsed/refractory primary CNS or vitre-
oretinal lymphoma. Blood. 2018; 132(21): 2240-2248, doi: 10.1182/
blood-2018-02-835496, indexed in Pubmed: 30262659.

Grommes C, Pastore A, Palaskas N, et al. Ibrutinib unmasks critical
role of bruton tyrosine kinase in primary CNS lymphoma. Cancer Dis-
cov. 2017; 7(9): 1018-1029, doi: 10.1158/2159-8290.CD-17-0613,
indexed in Pubmed: 28619981.

Soussain C, Malaise D, Choquet S, et al. Ibrutinib monotherapy for
relapse or refractory primary CNS lymphoma and primary vitreoretinal
lymphoma: Final analysis of the phase Il ‘proof-of-concept’ iLOC study
by the Lymphoma study association (LYSA) and the French oculo-ce-
rebral lymphoma (LOC) network. Eur J Cancer. 2019; 117: 121-130,
doi: 10.1016/j.ejca.2019.05.024, indexed in Pubmed: 31279304.
Frigault MJ, Dietrich J, Martinez-Lage M, et al. Tisagenlecleu-
cel CAR T-cell therapy in secondary CNS lymphoma. Blood. 2019;
134(11): 860-866, doi: 10.1182/blood.2019001694, indexed in
Pubmed: 31320380.

www.journals.viamedica.pl/acta_haematologica_polonica



