
Clinical Outcomes and Treatment Patterns of Primary Central 
Nervous System Lymphoma: Multicenter Retrospective Analysis

Objectives: Primary central nervous system lymphoma (PCNSL) is a rare malignant disease with poor prognosis. Its low 
incidence leads to challenges in decision-making for treatment. As a matter of fact, there is still no consensus on the 
appropriate treatment modalities. In this context, the objective of this study is to investigate and comparatively assess 
the efficacies of several treatment modalities in the treatment of PCNSL.
Methods: Thirty-four patients diagnosed with PCNSL at 5 different hematology centers between 2007 and 2021 were 
included in the study. Patients’ data from all five centers were collected retrospectively. Since ibrutinib is not approved 
for this indication in Turkey, consent for off-label use of ibrutinib is obtained from each patient. Ethics committee ap-
proval was obtained on June 9, 2021 with decision number 2021/18-05.
Results: The median age of the patients was 59 (min.: 22, max.: 78) years. The male-to-female ratio was 1.26/1. Nineteen 
(55.9%) patients had Eastern Cooperative Oncology Group (ECOG) performance score of ≥2. Fifteen (44.1%) patients had 
normal lactate dehydrogenase (LDH) levels and only 14.7% of the patients had B symptoms at the time of diagnosis. 
Magnetic resonance imaging (MRI) revealed a single mass lesion in 14 (41.2%) patients. As an induction therapy, meth-
otrexate-based regimen was administered in 29 (85.3%) patients. Only 14 of the 34 patients received 4 or more cycles of 
high-dose methotrexate (MTX). About 32.4% of the patients received radiation therapy (RT) during follow-up as a part of 
induction therapy. Five patients received only RT due to poor performance status. Ibrutinib was administered in 5 patients 
for refractory disease. It was determined that four or more cycles of MTX treatment increased progression-free survival 
(PFS) (p=0.031) and overall survival (OS) (p=0.012). Moreover, RT improved PFS (p=0.023). Considering that the complete 
response achieved by induction therapy influences long-term survival, achievement of the best response to the treatment 
regimens administered in combination with new agents may prolong survival (PFS: p=0.01, OS: p=0.023).
Conclusion: The findings of this study indicate that the initial response to treatment is crucial. Additionally, it was 
found that high-dose MTX treatment should be administered for 4 cycles or more in order to achieve the best results. 
Furthermore, it was determined that ibrutinib monotherapy was well-tolerated in our patients with relapsed/refractory 
disease, with excellent clinical benefits. In conclusion, a combination therapy consisting of high-dose MTX, ibrutinib, 
and rituximab appears to be a promising initial treatment approach in appropriate patients.
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Primary central nervous system lymphoma (PCNSL) is a 
subtype of extra-nodal non-Hodgkin lymphoma (NHL), 

in which the involvement is restricted to brain, spinal cord, 
cranial nerves, leptomeninges, and vitreo-retina.[1,2] It is 
relatively rare tumor, accounting for about 1% of NHLs and 
3–4% of intracranial tumors.[3] More than 95% of PCNSL 
cases are diffuse large B cell lymphoma (DLBCL), which is 
listed as a separate entity in the World Health Organization 
(WHO) Classification of Tumors of Hematopoietic and Lym-
phoid tissues, 2016 and WHO Classification of Tumors of 
the Central Nervous System, 2021.[4,5]

The treatment of PCNSL includes variety approaches with 
chemotherapy and radiotherapy (RT). RT is associated with 
high-risk of severe neurotoxicity. One of the alternative op-
tions to RT is systemic chemotherapy (CT). However, the 
blood-brain barrier is emerging as a problem that creates a 
challenge in the use of systemic CT.[6] In this context, high-
dose methotrexate (MTX), which can cross the blood-brain 
barrier, is considered the first-line treatment option in PCNSL. 
Better survival outcomes were reported with high-dose MTX 
in combination with rituximab and temozolomide.[7,8] Never-
theless, 20-30% of the patients with PCNSL relapse within 6 
months, regardless of whether they received induction ther-
apy with high-dose MTX. Therefore, consolidation therapy is 
becoming increasingly important.[9]

The low incidence of PCNSL makes it difficult to conduct 
large, prospective, and randomized studies, leading to in-
ability to establish the optimal treatment to date. In this 
context, the objective of this study is to fill the gap at this 
point by comparatively evaluating the treatment trends 
currently used in daily clinical practice, as well as address-
ing the treatments that would best fit the patients with re-
lapsed/refractory disease and helping establish a standard-
ized treatment approach for PCNSL.

Methods
This was a multi-center and retrospective study which in-
cluded patients with PCNSL from five different hematology 
centers between 2007 and 2021. The diagnosis of PCNSL 
was made according to the International Classification of 
Diseases (ICD). All patients underwent positron emission 
tomography or full body computed tomography (CT) scan 
and bone marrow biopsy to exclude systemic lymphoma. 
Human Immunodeficiency Virus (HIV)-related cases were 
also excluded. Additionally, since ibrutinib is not approved 
for this indication in Turkey, a separate consent for off-label 
use of ibrutinib was obtained from each patient. The study 
consisted of 34 patients who met the study inclusion cri-
teria. The study protocol was approved by the local ethics 
committee, with the decision date 09.06.2021 and num-

ber 2021/18-05. The research material comprised patients’ 
demographic characteristics, symptoms at the time of ad-
mission, age at diagnosis, results of the imaging studies, 
ECOG (Eastern Cooperative Oncology Group) performance 
scores, central nervous system (CSF) involvement, labora-
tory results, treatments, final hospital visit, information re-
garding disease progression and mortality.

Results
The clinical and demographic characteristics of the pa-
tients are shown in Table 1. Accordingly, 19 (52.75%) pa-
tients were male, and the male/female ratio was 1.26. The 
median age of the patients was 59 (min:22-max:78) years. 
ECOG performance scores at the time of diagnosis were ≥2 
and <2 in 44.1% and 55.9% of the patients, respectively. 
Twenty (58.8%) patients had multiple lesions. Most of the 
patients did not have B symptoms. About 55.9% (n=19) of 
the patients were examined for CSF involvement, and CSF 
involvement was detected in 16% (n=3) of the patients 
who underwent CSF examination (Table 1). In all patients, 
diagnosis of PCNSL was made by biopsy; histologically, all 
patients had diffuse large B-cell lymphoma.

Table 1. Clinical and Demographic Characteristics of the Patients

Median age; years (min., max.) 59 (22–78)
Age
 <65 24 (70.6)
 ≥65 10 (29.4)
Gender
 Male 19 (55.9)
 Female 15 (44.1)
ECOG score
 <2 15 (44.1)
 ≥2 19 (55.9)
Exitus 16 (47.1)
B symptoms
 Positive 5 (14.7)
 Negative 29 (85.3)
CSF involvement  
 (+) 3 (8.8)
 (-) 16 (47.1)
 NA 15 (44.1)
Type of lesion
 Unifocal 14 (41.2)
 Multifocal 20 (58.8)
Site of involvement 
 Cerebral 34 (100)
 Other 0

n: number; min.: minimum; max.: maximum; ECOG: Eastern Cooperative 
Oncology Group; CSF: central nervous system; NA: not applicable.
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The laboratory findings of all patients at the time of admis-
sion are shown in Table 2. Accordingly, 47.1% (n=16) of the 
patients had elevated (above the upper limit) lactate dehy-
drogenase (LDH) levels. The data for LDH levels in 8.8% of 
the patients(n=3) were missing. About 38.2% (n=13) of the 
patients had low (<3.5 g/dL) albumin levels.

The treatments are shown in Table 3. Accordingly, 85.2% 
(n=29) of patients received MTX-based regimens, whereas 
the remaining 5 patients received RT alone. As the initial 
treatment, of the 29 patients who received MTX-based 
treatments; 11 patients received high-dose MTX in combi-
nation with RT, 9 patients received high-dose MTX in com-
bination with rituximab, 8 patients received high-dose MTX 
alone, and 1 patient received MATRix (methotrexate, cyta-
rabine, thiotepa and rituximab) protocol. Fourteen patients 
received 4 or more cycles of high-dose MTX. The dose of 
MTX was 5 g/m2 in 21 patients, 3.5 g/m2 in 7 patients and 8 
gr/m2 in 1 patient. RT was used both alone and in combina-
tion, at a treatment dose of 36Gy/20Fr. The dose of RT was 
similar in patients treated with RT alone or in combination 
with MTX. After the initial treatment, complete response 
(CR) was achieved in 18 patients and partial response (PR) 
in 6 patients. The remaining 10 patients were considered to 
have a refractory disease. Four patients underwent autolo-
gous stem cell transplantation (ASCT) as a consolidation 
treatment.

Clinical parameters were evaluated in univariate analysis 
in order to assess their effects on progression-free sur-
vival (PFS) and overall survival (OS). It was determined 
that achieving CR after the first treatment (PFS, p=0.001; 
OS, p=0.023) and receiving 4 or more cycles of high-dose 
MTX (PFS, p=0.031; OS, p=0.012) were associated with lon-
ger survival. Receiving combination therapy consisting of 
high-dose MTX and radiotherapy was found to be associ-
ated with longer PFS (p= 0.023), but not with longer OS. 
Univariate analysis did not reveal any significant correla-
tion between survival and other parameters including age, 
gender, ECOG score >2, B symptoms, number of lesions, 
cerebrospinal fluid involvement, and LDH or albumin levels 
(Table 4).

Table 2. Laboratory findings at admission

Parameter Median Range n 
  value  (min., max.)

Hemoglobin (g/dL) 12.8  (6.4–15.8) 34 
WBC (x103)  7.8  (2.6–18.4) 34 
Plt (uL) 246  (61–430) 34
Sedimentation rate (mm/hrs) 21.5 (3–95) 32
AST (U/L)  19 (10–73) 34
Creatinine (mg/dL) 0.8  (0.5–1.1) 34
LDH (U/L) 229  (133–852) 31
LDH (n, %)
 (≥220 U/L) 16(47.1)  31
 (<220 U/L) 15(44.1)
 NA 3(8.8)
CRP (mg/L)  4.5 (0.1–79) 32
Albumin (g/dL) 3.6  (2.4–4.2) 33
Albumin (n, %)
 (<3.5 g/dL) 13 (38.2)  34
 (≥3.5 g/dL) 20 (58.8)
 NA 1 (2.9)

min.: minimum; max.: maximum; n: number; WBC: white blood cell count; 
Plt: platelet (thrombocyte) count; AST: aspartate aminotransferase; LDH: 
lactate dehydrogenase; NA: not applicable; CRP: C-reactive protein.

Table 3. Treatments

  n %

Initial treatment 34 100
 MTX-based 29 85.3
 High-dose MTX  8 23.5
 MTX + RT 11 32.4
 R-MTX 9 26.5
 MATRix 1 2.9
 RT alone 5 14.7
Radiotherapy
 Yes 16 47.05
 No 18 52.95
Rituximab
 Yes 10 29.4
 No 24 70.6
High dose MTX ≥4 cycles
 Yes 14 41.2
 No 20 58.8
Dose of MTX
 3.5 g/m2 7 20.6
 5 g/m2 21 61.8
 8 g/m2 1 2.9
 Total 29 85.3
Response
 CR  18 52.9
 PR 6 17.6
 RD 10 29.5
ASCT
 Yes 4 11.7
 No 30 88.3
Total 34 100

n: number; MTX: methotrexate; HD: high-dose; RT: radiotherapy; R: 
rituximab; MATRix: methotrexate, cytarabine, thiotepa and rituximab; CR: 
complete response; PR: partial response; RD: refractory disease; ASCT: 
autologous stem cell transplant.
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Multivariate analysis was performed using the Cox propor-
tional-hazards model to further evaluate the independent 
prognostic factors including gender, ECOG score, number of 

lesions, radiotherapy treatment, treatment response and use 
of 4 or more cycles of MTX. The initial response to treatment 
(PFS: p=0.01, OS: p=0.00), and receiving 4 or more cycles of 

Table 4. Results of the Univariate Analysis (Kaplan–Meier Method and Long-Rank Test)

Parameter   Median Survival (months)

  PFS (95% CI) p  OS (95% CI) p

Age (years)  0.816   0.334
 <65 10.0 (7.0–12.9)   38.0 (0–81.2) 
 ≥65 19.0 (9.2–28.7)   NA 
Gender   0.266  0.842
 Male 20.0 (3.2–36.7)   38.0 (6.3–69.6) 
 Female 10.0 (6.2–13.7)   49.0 (0.0–98.3) 
ECOG PS  0.890   0.701
 ≤2 11.0 (0.0–50.6)   39.0 (0.5–77.4) 
 >2 12.0 (6.6–17.3)   NA 
B symptoms  0.434   0.485
 Yes 11.0 (8.8–13.1)   38.0 (0.0–76.9) 
 No 12.0 (1.7–22.2)   39.0 (0.0–88.8) 
CSF involvement  0.254   0.465
 Yes 11.0 (0.0–25.4)   38.0 
 No 13.0 (8.0–17.9)   NA 
 NA 10.0 (0.0–22.3)   39.0 (2.7–75.5) 
Number of lesions  0.903   0.302
 1 13.0 (0.0–27.0)   NA 
 ≥2 11.0 (5.3–16.6)   38.0 (0.0–90.1) 
LDH level  0.887   0.699
 <220 10.0 (5.7–14.2)   NA 
 ≥220 13.0 (2.9–23.0)   39.0 (36.3–41.6) 
Albumin level  0.216   0.240
 <3.5 10.0 (8.3–11.6)   15.0 (0.0–45.7) 
 ≥3.5 19.0 (7.8–30.1)   NA 
RT  0.023    0.129
 Yes 39.0 (4.7–73.2)   49.0 
 No 10.0 (7.5–12.4)   12.0 (0.0–24.7) 
Rituximab   0.080   0.244
 Yes 10.0 (2.1–17.9)   38.0 
 No 19.0 (5.8–32.1)   49.0 (0.0–98.5) 
Cycle of high-dose MTX   0.031   0.012
 <4 cycles 8.0 (2.9–13.0)   8.0 (0.4–15.5) 
 ≥4 cycles 19.0 (4.3–33.6)   49.0 (34.9–63.0) 
Response  0.001   0.023
 CR 49.0 (0.0–104.1)   49.0 
 PR 9.0 (5.0–12.9)   10.0 (4.1–15.8) 
 RD 4.0 (0.0–8.2)   6.0 (0.3–11.7) 
ASCT  0.813   0.823
 Yes  10 (0–36.7)   49.0 
 No 12.0 (7.1–16.8)   38.0 (8.4–67.5)

PFS: progression-free survival; OS: overall survival; p: probability; CI: confidence interval; NA: not applicable; ECOG: Eastern Cooperative Oncology Group; 
CSF: central nervous system; LDH: lactate dehydrogenase; RT: radiotherapy; CR: complete response; PR: partial response; RD: refractory disease; ASCT: 
autologous stem cell transplantation.
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high-dose MTX (PFS: p=0.04, OS: p=0.04) were found to be 
significantly correlated with PFS and OS (Table 5).

Survival Analysis of Patients with Relapsed/ 
Refractory PCNSL
Twenty-three patients with PCNSL had refractory disease 
who progressed or relapsed after first-line treatment. Of 
these patients, 13 were female and 16 were under 65 years 
old. Six of these patients received high-dose MTX alone, 6 
received high-dose MTX in combination with Rituximab, 
7 received MTX in combination with RT, 3 received RT 
alone, and 1 received MATRix protocol, as first-line treat-
ment. Subsequently, 4 of these patients underwent ASCT, 
1 patient continued high-dose MTX, 1 patient received 
ifosfamide+etoposide, 5 patients received ibrutinib alone, 
and 12 patients were treated with palliative care. Because 

ibrutinib is not licensed in Turkey for this indication, ap-
proval for the off-label use of ibrutinib in our patients was 
obtained from the Ministry of Health, Republic of Turkey. 
Ibrutinib was administered at a dose of 560 mg per day. 
The first-line treatment of the patients who received ibru-
tinib in the second-line was high-dose MTX+Rituximab 
in 2 patients, MATRix protocol in 1 patient, MTX+RT in 1 
patient, and RT alone in an elderly patient. Of the 5 pa-
tients who received ibrutinib in the second-line, 2 elderly 
patients with life-threatening condition died under ibru-
tinib treatment, whereas the other 3 patients survived 
for a median follow-up duration of 14 months. One of 
the patients who received ibrutinib treatment developed 
mild but temporary neutropenia, without any aspergillus 
infection.

Table 5. Results of the Multivariate Analysis 

Covariates  PFS   OS

  HR (95% CI)  p  HR (95% CI)  p

Male vs. female 1.46 (0.45–4.78)  0.52 1.54 (0.48–4.90)  0.46
ECOG PS (≤2 vs. >2) 0.3 (0.07–1.17)  0.08 0.33 (0.08–1.29)  0.11
Multiple lesions 2.96 (0.81–10.83)  0.10 2.64 (0.73–9.50)  0.13
Radiotherapy 0.59 (0.14–2.48)  0.47 0.47 (0.1–2.08)  0.32
High-dose MTX ≥4 cycles 0.28 (0.08–0.96)  0.04 0.3 (0.09–0.98)  0.04
Response 9.12 (1.6–51.8)  0.01 10.6 (1.79–63.06)  0.00

PFS: progression-free survival; OS: overall survival; HR: hazards ratio; CI: confidence interval; p: probability; ECOG: Eastern Cooperative Oncology Group.

Figure 1. Treatments given in Relapsed/Refractory PCNSL patients.

Table 6. Demographics and Treatment Modalities of Patients with 
Relapsed/Refractory 

Characteristic n=23  (%) 

Age (years) 
 ≤65 16  69.5 
 >65 7  30.5 
Sex 
 Male 10  43.5 
 Female 13  56.5 
First-line treatment 
 High-dose MTX 6  26 
 RT alone 3  13 
 High-dose MTX + RT 7  30.5 
 High-dose MTX + Rituximab 6  26 
 MATRix 1  4.5 
Consolidation/maintenance treatment 
 ASTC 4  17.4 
 Ibrutinib 5  21.7 
 High-dose MTX 1  4.4 
 Ifosfamid+Etoposit 1  4.4 
 Palliative Care 12  52.1 
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Discussion
The findings of this study revealed that the mortality and 
morbidity rates of patients with PCNSL were very high, 
regardless of the hematology centers where the patients 
were diagnosed and treated. It was observed that each he-
matology center applied a different treatment approach. 
This finding was attributed to the fact that there is no stan-
dard treatment approach in PCNSL due its very low inci-
dence. The treatment approach used in the treatment of 
PCNSL generally consists of induction and consolidation 
therapy. However, given the high recurrence rates, mainte-
nance therapy is also critical, as demonstrated in this study. 
High-dose MTX is the most important building block in the 
treatment of PCNSL. As a matter of fact, high-dose MTX 
alone may also be used to treat PCNSL. However, more re-
cently, the use of high-dose MTX in combination with other 
methods has been shown to produce better results.[10]

Rituximab, the anti-CD20 antibody, has been used as a part 
of combination therapy in the treatment of patients with 
PCNSL. Houillier et al. reported that the addition of ritux-
imab to the combination therapy including MTX, procar-
bazine, vincristine, and cytarabine resulted in an improve-
ment in the overall treatment response rate. In comparison, 
in this study, rituximab was added to the high-dose MTX 
therapy in 9 of the 34 patients. One patient received ritux-
imab as part of the MATRIx protocol. Of these 9 patients, 
six presented with refractory disease or recurrence within 
1 year. The patient who received rituximab as part of the 
MATRIx protocol also became resistant to this treatment. As 
a result, it was determined that the addition of rituximab to 
the treatment of PCNSL did not improve PFS (p=0.08) or OS 
(p=0.244). The low number of patients using rituximab in 
our study was also effective in this result. There appears to 
be no significant treatment-related toxicity and rituximab 
is generally well-tolerated. For these reasons, despite the 
lack of definitive evidence, many patients with PCNSL are 
treated with rituximab. However, there is still no consensus 
on the overall benefit of the addition of rituximab to the 
combination regimens containing MTX.[8,11,12]

Addition of WBRT to the PCNSL treatment increases the risk 
of neurotoxicity. Comparisons according to treatment type 
revealed more pronounced cognitive impairment, par-
ticularly in the memory and attention/executive domains, 
among patients treated with WBRT±CT.[13] In the G-PCNSL-
SG1 trial, a randomized study, patients who achieved com-
plete remission after high-dose MTX were administered 
WBRT (45 Gy in 30 fractions) as a consolidation therapy. 
Consequentially, it was found that WBRT significantly im-
proved the PFS, but not the OS.[14] In comparison, in this 
study, RT was administered to a total of 16 patients. Five of 

these patients received RT alone, whereas the remaining 11 
patients received RT in combination with high-dose MTX. 
Similar to the results reported in the G-PCNSL-SG1 trial, it 
was determined that radiotherapy significantly improved 
the PFS (p=0.023), but not the OS (p=0.129). This finding 
was interpreted as that RT is beneficial when used in the 
right patient; however, it increases morbidity in general.

ASCT is commonly used as a consolidation therapy for 
treating PCNSL in selected patients.[15-17] In a phase II study, 
Omuro et al. reported significant improvements in PFS 
and OS after the administration of consolidation therapy 
with stem cell-assisted high-dose CT following 5–7 cycles 
of R-MPV (rituximab, methotrexate, procarbazine and vin-
cristine).[18] In comparison, in this study, only 4 of the 34 
patients underwent ASCT. The reason for the relatively low 
number of patients who underwent ASCT was not associ-
ated with the age of the patients (median age: 59 years) but 
related to their comorbidities and poor conditions at the 
time of admission. The results of the multivariate analysis 
did not indicate any benefit of ASCT on PFS (p=0.813) or OS 
(p=0.823). This finding was attributed to the low number of 
patients who underwent ASCT. 

In this study, the survival statistics of the patients who re-
ceived 4 cycles or more of high-dose MTX therapy were 
significantly better than that of other patients (median PFS: 
19 months vs. 8 months, p=0.031; median OS: 49 months 
vs. 8 months, p=0.012). In a retrospective study by Mao et 
al. including 91 patients, significant improvements were re-
corded in both PFS and OS in 61 patients who received 4 
or more cycles of high-dose MTX therapy (p=0.00 for both 
cases). Thus, taken together with the respective findings re-
ported in the literature, the findings of this study suggest 
that the high-dose MTX treatment should be administered 
for at least 4 cycles, if feasible.[19]

Of the 34 patients included in this study, 23 had either 
refractory or relapsed disease. In general, different PCNSL 
treatments were administered to the patients with re-
lapsed/refractory disease in the hematology centers 
included in this study. Accordingly, palliative care was 
preferred in more than half (52%) of the patients with re-
lapsed/refractory PCNSL, while ibrutinib therapy was ad-
ministered as a continuous treatment in 5 patients. Of the 
5 cases, 2 elderly patients with life-threatening condition 
died under ibrutinib. The remaining 3 patients were fol-
lowed up in stable condition under ibrutinib monothera-
py for 21 months, 14 months, and 5 months, respectively. 
It was observed that the patients, who received ibrutinib 
therapy, tolerated the therapeutic 560 mg ibrutinib dose 
very well. Fungal infection was not observed in any of 
the cases. Mild neutropenia was observed in only 1 pa-
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tient. Similarly, Soussain et al. also reported that 560 mg 
ibrutinib provided therapeutical efficacy in patients with 
relapsed/refractory PCNSL. They reported an overall re-
sponse rate of 52% following the use of ibrutinib during 
two periods of 28 days each. They reported the PFS and 
OS in patients with relapsed/refractory PCNSL who re-
ceived ibrutinib therapy as 4.8 months and 19.2 months, 
respectively. Pulmonary aspergillosis developed in 2 (4%) 
patients. There was no fatal bleeding. They concluded 
that ibrutinib demonstrated clinical efficacy in the brain, 
CSF, and intraocular compartment and was well-tolerated 
by patients with relapsed/refractory PCNSL.[20]

Multivariate analysis revealed that receiving 4 or more 
high-dose MTX cycles and response to first-line therapy 
were most important determinants of survival. Of the 
34 patients included in this study, CR was achieved in 18 
patients, PR was achieved in 6 patients but there was no 
response to treatment in 10 patients. Both PFS (p=0.001) 
and OS (p=0.023) were found to be significantly higher in 
patients with CR. Accordingly, it was concluded that the 
choice of first-line treatment is of critical importance since 
the achieving CR with first-line treatment provides the most 
favorable prognostic effect on survival. RT improved PFS 
outcomes, as well (p=0.023). Four or more cycles of high-
dose MTX therapy improved both PFS and OS (p=0.031 
and p=0.012, respectively). Ibrutinib was well-tolerated in 
relapsed/refractory patients. The use of ibrutinib mono-
therapy as the first-line therapy has provided clear ben-
efits. The combination therapies with acceptable toxicity 
profiles in particular come to the forefront in the treatment 
of patients with relapsed/refractory PCNSL. 

In conclusion, taken together with the relevant findings re-
ported in the literature, the findings of this study suggest 
that the concomitant use of ibrutinib with high-dose MTX 
and rituximab is well-tolerated and likely to result in high 
rate of CR, leading to significant improvements in both 
mortality and morbidity associated with PCNSL.

Disclosures

Ethics Committee Approval: Approval was obtained from the 
ethics committee of Dokuz Eylül University, Faculty of Medicine, 
with the decision dated 09.06.2021 and numbered 2021/18-05.

Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Authorship Contributions: Concept – S.G., I.A.; Design – S.G., 
I.A.; Supervision – I.A.; Materials – S.G., B.Y., E.E.Y., A.F.K.; Data col-
lection &/or processing – S.G., M.G., E.K., H.D.K., T.C., B.B.A., O.G.S., 
S.Y.K.; Analysis and/or interpretation – S.G., I.A.; Literature search 
– S.G., I.A.; Writing – S.G., I.A.; Critical review – S.G., I.A., G.H.O., F.D., 
B.U., M.A.O.

References
1. Yuan Y, Ding T, Wang S, Chen H, Mao Y, Chen T. Current and 

emerging therapies for primary central nervous system lym-
phoma. Biomark Res 2021;9:32. 

2. Deckert M, Engert A, Brück W, Ferreri AJ, Finke J, Illerhaus G, 
et al. Modern concepts in the biology, diagnosis, diferential 
diagnosis and treatment of primary central nervous system 
lymphoma. Leukemia 2011;25:1797–807. 

3. Villano JL, Koshy M, Shaikh H, Dolecek TA, McCarthy BJ. Age, 
gender, and racial diferences in incidence and survival in pri-
mary CNS lym  phoma. Br J Cancer 2011;105:1414–8. 

4. Swerdlow SH, Campo E, Harris NL, Jafe ES, Pileri SA, Stein H, et 
al. WHO classifcation of tumours of haematopoietic and lym-
phoid tissues. 4th ed. Lyon: IARC Press; 2017. 

5. WHO Classifcation of Tumours Editorial Board. WHO classifca-
tion of tumours of the central nervous system. 5th ed. Lyon: 
International Agency for Research on Cancer; 2021.

6. Schultz C, Scott C, Sherman W, Donahue B, Fields J, Murray K, 
et al. Preirradiation chemotherapy with cyclophosphamide, 
doxorubicin, vincristine, and dexamethasone for primary 
CNS lymphomas: initial report of radiation therapy oncology 
group protocol 88-06. J Clin Oncol 1996;14:556–64.  

7. Glass J, Won M, Schultz CJ, Brat D, Bartlett NL, Suh JH, et al. 
Phase I and II study of ınduction chemotherapy with metho-
trexate, rituximab, and temozolomide, followed by whole-
brain radiotherapy and postirradiation temozolomide for pri-
mary CNS lymphoma: NRG oncology RTOG 0227. J Clin Oncol 
2016;34:1620–5. 

8. Van Dijck R, Doorduijn JK, Bromberg JEC. The role of rituximab 
in the treatment of primary central nervous system lympho-
ma. Cancers (Basel) 2021;13:1920.

9. Ferreri AJM. Therapy of primary CNS lymphoma: role of inten-
sity, radiation, and novel agents. Hematology Am Soc Hema-
tol Educ Program 2017;2017:565–77. 

10. Hoang-Xuan K, Bessell E, Bromberg J, Hottinger AF, Preusser 
M, Rudà R, et al; European Association for Neuro-Oncology 
Task Force on Primary CNS Lymphoma. Diagnosis and treat-
ment of primary CNS lymphoma in immunocompetent pa-
tients: guidelines from the European Association for Neuro-
Oncology. Lancet Oncol 2015;16:e322–32.

11. Bojarczuk K, Siernicka M, Dwojak M, Bobrowicz M, Pyrzynska 
B, Gaj P, et al. B-cell receptor pathway inhibitors affect CD20 
levels and impair antitumor activity of anti-CD20 monoclonal 
antibodies. Leukemia 2014;28:1163–7. 

12. Houillier C, Ghesquières H, Chabrot C, Soussain C, Ahle G, 
Choquet S, et al. Rituximab, methotrexate, procarbazine, vin-
cristine and intensified cytarabine consolidation for primary 
central nervous system lymphoma (PCNSL) in the elderly: a 
LOC network study. J Neurooncol 2017;133:315–20. 

13. Correa DD, DeAngelis LM, Shi W, Thaler H, Glass A, Abrey LE. 



56 Guven et al., Clinical Outcomes and Treatment Patterns of Primary Central Nervous System Lymphoma / doi: 10.14744/ejmo.2023.64688

Cognitive functions in survivors of primary central nervous 
system lymphoma. Neurology 2004;62:548–55. 

14. Thiel E, Korfel A, Martus P, Kanz L, Griesinger F, Rauch M, et 
al. High-dose methotrexate with or without whole brain ra-
diotherapy for primary CNS lymphoma (G-PCNSL-SG-1): 
a phase 3, randomised, non-inferiority trial. Lancet Oncol 
2010;11:1036–47. 

15. Abrey LE, Moskowitz CH, Mason WP, Crump M, Stewart D, For-
syth P, et al. Intensive methotrexate and cytarabine followed 
by high-dose chemotherapy with autologous stem-cell res-
cue in patients with newly diagnosed primary CNS lympho-
ma: an intent-to-treat analysis. J Clin Oncol 2003;21:4151–6. 

16. Colombat P, Lemevel A, Bertrand P, Delwail V, Rachieru P, Brion 
A, et al. High-dose chemotherapy with autologous stem cell 
transplantation as first-line therapy for primary CNS lympho-
ma in patients younger than 60 years: a multicenter phase 
II study of the GOELAMS group. Bone Marrow Transplant 
2006;38:417–20. 

17. Montemurro M, Kiefer T, Schüler F, Al-Ali HK, Wolf HH, Herbst 
R, et al. Primary central nervous system lymphoma treated 

with high-dose methotrexate, high-dose busulfan/thiotepa, 
autologous stem-cell transplantation and response-adapted 
whole-brain radiotherapy: results of the multicenter Ost-
deutsche Studiengruppe Hamato-Onkologie OSHO-53 phase 
II study. Ann Oncol 2007;18:665–71.  

18. Omuro A, Correa DD, DeAngelis LM, Moskowitz CH, Matasar 
MJ, Kaley TJ, et al. R-MPV followed by high-dose chemother-
apy with TBC and autologous stem-cell transplant for newly 
diagnosed primary CNS lymphoma. Blood 2015;125:1403–10.  

19. Mao C, Chen F, Li Y, Jiang X, Liu S, Guo H, et al. Characteristics 
and outcomes of primary central nervous system lymphoma: 
a retrospective study of 91 cases in a chinese population. 
World Neurosurg 2019;123:e15–e24. 

20. Soussain C, Choquet S, Blonski M, Leclercq D, Houillier C, Rezai 
K, et al. Ibrutinib monotherapy for relapse or refractory prima-
ry CNS lymphoma and primary vitreoretinal lymphoma: Final 
analysis of the phase II '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–
30.


