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Abstract
Purpose Primary central nervous system lymphoma (PCNSL) is a rare malignancy of the central nervous system with high
invasiveness. There is little consensus on the treatment of PCNSL. This study retrospectively studied data from PCNSL
patients in a single center to summarize treatment experience and explore prognostic factors.
Methods Survival curves were drawn using the Kaplan–Meier method and prognostic factors were analyzed using Cox’s
hazards model.
Results In multivariate analysis, cerebrospinal fluid lactic acid dehydrogenase (CSF LDH; p= 0.005 and p= 0.002),
neutrophil to lymphocyte ratio (NLR; p= 0.014 and p= 0.038), and completion of four cycles of induction therapy (p<
0.001and p< 0.001) were significant and independent predictors of overall survival (OS) and progression-free survival
(PFS), respectively.
Conclusion On the basis of this study, we propose that PCNSL patients should receive early induction therapy with
sufficient cycles. Subsequent consolidation therapy can prevent relapses and improve survival. In patients with PCNSL,
the independent prognostic factors for OS and PFS were CSF LDH level, NLR, and full cycles of induction therapy.

Keywords PCNSL · Clinical outcomes · Prognostic factor analysis · Autologous stem cell transplantation · Whole brain
radiotherapy

Introduction

Primary central nervous system lymphoma (PCNSL) is
a form of extranodal non-Hodgkin lymphoma that involves
different structures including the brain, meninges, spinal
cord, and/or eyes, without evidence of systemic disease.
Characterized by rarity but high invasiveness, the overall
incidence of PCNSL is 0.47 per 100,000 people per year
[1]. Patients have a limited survival time and the recurrence
rate is high.

The symptoms of PCNSL lack specificity. Moreover,
the tumor grows at different sites, so the presentation of
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PCNSL may vary. Compared with other intracranial tu-
mors, PCNSL tends to grow in the periventricular region.
Most of the clinical manifestations are caused by intracra-
nial occupying lesions, including intracranial hypertension
and neurological damage. For instance, headache, vomit-
ing, consciousness and/or cognitive impairment, and limb
movement or sensory dysfunction are common symptoms
of the disease [2]. A combination of physical examina-
tion, imaging examinations, and pathology are required
to confirm the diagnosis. The gold standard for diagnos-
ing central nervous system (CNS) lymphoma is stereo-
tactic biopsy, and 95% of cases have a histology of dif-
fuse large B-cell lymphoma (DLBCL) [3]. DLBCL in the
brain reveals highly proliferative lymphoma cells that dif-
fusely infiltrate the brain parenchyma in a typical angio-
centric growth pattern [4]. In accordance with the 2016
revision of the World Health Organization classification
of lymphoid neoplasms, the term primary CNS lymphoma
is defined as primary CNS DLBCLs. The major cell-of-
origin classification is the non-germinal center B-cell-like
(NGCB) type, which has a typical immunohistochemical
profile of CD10–BCL6–MUM1+/– or CD10–BCL6+MUM1+
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[5]. It is thought that PCNSL arises from B cells that ar-
rest at exit stages of B-cell germinal centers. Various patho-
genetic mechanisms in PCNSL have been described, includ-
ing dysregulations by genetic alterations in signaling path-
ways of NF-kB, JAK/STAT, Toll-like receptors, and B-cell
receptors. Mutations in specific genes, including MYD88,
PIM1, TBL1XR1, TRDM1, BTG2, and PRDM1, contribute
to disease pathogenesis [6]. Analyzing mutated genes, de-
tecting Epstein-Barr virus (EBV)-EBER, and genetically
testing MYC translocation and BCL2, BCL6, and IgH re-
arrangement, as well as testing mutations in MYD88 and
CD79B, will be helpful for differential pathologic diagno-
sis [7]. Patients were risk stratified according to the Interna-
tional Extranodal Lymphoma Study Group (IELSG) clas-
sification and the Memorial Sloan-Kettering Cancer Center
(MSKCC) prognostic model. The IELSG included age, the
Eastern Cooperative Oncology Group (ECOG) performance
score, serum lactic acid dehydrogenase (LDH) levels, cere-
brospinal fluid (CSF) protein levels, and involvement of
deep regions of the brain (periventricular, basal ganglia,
brainstem, and/or cerebellum). The MSKCC was simpler
and included three classes: class 1 (patients <50 years),
class 2 (patients ≥50 years; Karnofsky performance score
[KPS] ≥70), and class 3 (patients ≥50; KPS <70) [8,
9]. In recent years, a number of studies have suggested
that complete blood cell count (CBC)-derived inflammatory
biomarkers such as neutrophil-to-lymphocyte ratio (NLR)
and platelet-to-lymphocyte ratio (PLR) can be used as sim-
ple prognostic markers for a variety of cancers [10–12].
Many studies have suggested that the NLR is a prognos-
tic indicator in aggressive NHL, especially DLBCL and
peripheral T-cell lymphoma (PTCL) [13, 14]. The occur-
rence and development of PCNSL is affected by the sys-
temic inflammatory response, so CBC-derived inflamma-
tory biomarkers such as NLR and PLR are expected to play
an important role in predicting the efficacy of treatment and
the survival rate of PCNSL patients [15].

The treatment of PCNSL is divided into two phases: in-
duction and consolidation. There is no consistent standard
strategy because few phase III randomized clinical trials
have been conducted for PCNSL treatment. It is wildly ac-
cepted that high-dose methotrexate (HD-MTX)-based poly-
chemotherapy is the backbone of induction treatment for
newly diagnosed PCNSL [16]. Rituximab, a monoclonal
antibody targeting the B cell surface antigen CD20, is also
an important part in common induction regimens. While
PCNSLs are sensitive to chemotherapy, the survival out-
comes and prognosis of PCNSL remain poor compared
with that of systemic lymphoma because of the existence of
the blood–brain barrier and some other reasons. Approxi-
mately 50% of cases experience relapse in the first 2 years,
and fewer than 20% of patients are long-term disease-free
survivors; thus, improvement in the efficacy of induction

therapy and the consolidation therapy following remission
is urgently needed [17, 18]. Two principal consolidation
approaches are currently used: whole–brain radiotherapy
(WBRT) or high-dose chemotherapy and autologous stem
cell transplant (HDC-ASCT) [19]. Clinical strategies vary
based on the concrete state of each patient, such as age and
response to induction therapy. Additionally, novel agents
such as lenalidomide and ibrutinib are currently under in-
vestigation as maintenance strategies [20].

In the present study, we collected information from 124
PCNSL patients at our institution from July 2009 to April
2022. Here, we aimed to investigate the basic character-
istics of these patients and treatments and further sought
underlying prognostic factors of the disease and long-term
survival outcomes.

Materials andmethods

Patient data

A total of 139 patients were diagnosed with central nervous
system lymphoma (CNSL) at our center between July 2009
and April 2022; 7 patients with secondary central nervous
system lymphoma (SCNSL) and 8 patients who were lost
to follow-up were excluded, leaving 124 patients for study
analysis. None of the cases of PCNSL were associated with
immunodeficiency. All patients underwent chemotherapy,
and some patients also underwent radiotherapy (RT) and
ASCT. All eligible patients were followed up from the date
of diagnosis until death, loss to follow-up, or study ter-
mination on April 22, 2023. The baseline data were eval-
uated before any treatment, including symptomatic treat-
ment (for example, steroid therapy), surgery, induction, and
consolidation therapy. The median length of follow-up was
24.5 months. All patients were followed up by magnetic res-
onance imaging (MRI) after every 2–3 courses of induction
chemotherapy, after consolidation therapy, then at 3-month
intervals during the first 3 years, and every 6 months for the
next 2 years. Follow-up information was obtained directly
from inpatient and outpatient information systems or from
telephone interviews. The clinical data, including demo-
graphic characteristics, previous history, signs and symp-
toms, imaging, pathologic reports, treatment modalities and
survival data, were retrospectively reviewed. It is worth
mentioning that routine blood results were also collected
before induction therapy began. The NLR and PLR were
calculated as follows: NLR= neutrophil count/lymphocyte
count, PLR= platelet count/lymphocyte count.
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Table 1 Treatment characteristics

Treatments Total patients %

Surgery

Biopsy 65 52.4

Resection 59 47.6

Induction therapy

Completed 101 81.5

GCB group 32 –

NGCB group 64 –

– Chemotherapy 40 –

– Chemotherapy+ TKIs 24 –

Incomplete 23 18.5

Consolidation therapy

RT 28 22.6

ASCT 9 7.2

ASCT+RT 1 0.8

GCB germinal center B cell-like, NGCB non-germinal center
B cell-like, TKIs tyrosine kinase inhibitors, RT radiotherapy,
ASCT autologous stem cell transplant

Treatment modalities

The different treatments are presented in Table 1. The man-
agement of PCNSL is contentious because of the current
absence of a uniform consensus on the optimal treatment
regimen. Due to the diffusely infiltrative growth of tumors,
the effect of surgery is limited. Surgical resection might
play a role in significantly improving overall survival (OS)
and progression-free survival (PFS) compared with stereo-
tactic biopsy in a subset of patients. The whole cohort of our
study received surgery to clarify the diagnosis by pathologi-
cal and immunohistochemical examination, with 65 patients
diagnosed by stereotactic biopsy and 59 patients diagnosed
by surgical resection.

All 124 patients received HD-MTX-based chemotherapy
as first-line induction treatment, including MATRix (HD-
MTX, cytosine arabinoside, thiotepa, and rituximab), MOP
(HD-MTX, vincristine, and procarbazine), and R-MPV
(methotrexate, procarbazine, and vincristine). Overall, 23
(18.5%) patients did not complete induction therapy be-
cause of tumor progression or intolerance to drugs; thus,
these patients received palliative therapy as their sole
treatment. Of the remaining 101 patients, 64 had NGCB
subtypes and tyrosine kinase inhibitors (TKIs) were part of
the treatment regimen of 24 patients, with an increase in
use over time.

A total of 30.6% of the patients received consolida-
tion treatment after induction therapy, consisting of WBRT
(22.6%), HDC-ASCT (7.2%), and HDC-ASCT+RT. Inten-
sity-modulated radiotherapy was administered in 29 pa-
tients (IMRT). Patients were in the supine position and
fixed with individualized head, neck, and shoulder ther-
moplastic masks to scan simulation positioning enhanced

computed tomography (CT) and MRI from the top of the
head to the lower margin of the fourth cervical vertebra.
The positioning images were imported into the Eclipse TPS
(Varian Medical Systems, Palo Alto, CA, USA) through
the Varian network. All gross tumor volume (GTV) images
were contoured by the same radiologist based on MRI and
positron-emission tomography (PET), and confirmed by an
experienced radiation oncologist. The clinical target vol-
ume (CTV) was defined as the potential microscopic tumor
including whole brain, the upper two cervical vertebrae,
and the posterior part of the orbit. PGTV was expanded
by 0.5cm from the GTV, while the PTV was expanded
by 0.3cm from the CTV. All of the 29 patients under-
went whole-brain radiotherapy (WBRT). Sequential boost
RT was added to WBRT in 22 patients. The dose of the
whole brain ranged from 23.4 to 41.4Gy and that of gross
disease localization was boosted to 36–50.4Gy. The mean
dose of whole brain was 31.8Gy (95% CI= 29.3–34.4). The
mean dose of the boost was 46.7Gy (95% CI= 45.2–48.2).
One patient proceeded to HDC-ASCT following WBRT.

Statistical analysis

The primary endpoints were OS and PFS. OS was defined
as the time from diagnosis to death from any cause. PFS
was defined as the time from diagnosis to the first instance
of disease progression, recurrence, or death from any cause.
Survival curves were estimated using the Kaplan–Meier
method and were analyzed with the log-rank test. Uni-
variate and multivariate analyses were carried out by using
Cox proportional hazards regression models to determine
independent prognostic factors. Multivariate Cox analysis,
performed to determine the independent prognostic factors
based on the statistically significant factors selected by uni-
variate analyses, were presented as hazard ratios (HRs) with
their corresponding 95% confidence intervals (CIs). A p-
value of <0.05 was considered statistically significant. All
statistical analyses were conducted using R software (ver-
sion 4.1.0, 18.05.2021; Posit, PBc, Vienna, Austria).

Results

Optimal cut-off values for NLR and PLR

Receiver operating characteristic (ROC) curves were an-
alyzed by comparing the area under the curve (AUC) to
calculate the optimal cutoff values for NLR and PLR. The
optimal cutoff values for NLR and PLR for OS were 2.77
(sensitivity: 0.783; specificity: 0.655) and 173 (sensitivity:
0.500; specificity: 0.779), respectively. The optimal cut-off
values for PFS were 4 (sensitivity: 0.776; specificity: 0.708)
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Table 2 Main characteristics at diagnosis

Characteristic Value

Gender

Male 75 (60.5%)

Female 49 (39.5%)

Age

Range 20–79

≤60 years 86 (69.4%)

>60 years 38 (30.6%)

ECOG-PS

<2 62 (50.0%)

≥2 62 (50.0%)

Lateralization

Unilateral 92 (74.2%)

Bilateral 32 (25.8%)

Location

Non-deep lesion 44 (35.5%)

Deep lesion 80 (64.5%)

Cell of origin

GCB 36 (29.0%)

NGCB 82 (66.1%)

Uncertain 6

Ki-67

<90 78 (62.9%)

≥90 39 (31.5%)

Unknown 7

CSF LDH

Normal 74 (59.7%)

Elevated 40 (32.3%)

Unknown 10

CSF protein

Normal 39 (31.5%)

Elevated 75 (60.5%)

Unknown 10

IELSG

Low (0–1) 21 (16.9%)

Intermediate (2–3) 75 (60.5%)

High (4–5) 18 (14.5%)

Unknown 10

MSKCC

Low 43 (34.7%)

Intermediate 53 (42.7%)

High 28 (22.6%)

ECOG-PS Eastern Cooperative Oncology Group performance status,
GCB germinal center B cell-like, NGCB non-germinal center B
cell-like, CSF LDH cerebrospinal fluid lactic acid dehydrogenase,
CSF cerebrospinal fluid, IELSG International Extranodal Lymphoma
Study Group, MSKCC Memorial Sloan-Kettering Cancer Center

and 170.59 (sensitivity: 0.647; specificity: 0.713), respec-
tively.

Patient characteristics

A total of 124 patients with a confirmed diagnosis of
PCNSL at Xiangya Hospital, Central South University,
China, between July 2009 and April 2022 were retro-
spectively analyzed. Patients without a positive histologic
diagnosis or follow-up visits were excluded. The basic
clinical characteristics of the patients are summarized in
Table 2. Among 124 PCNSL patients in our cohort, 75 were
males and the remaining 49 were females. The mean age
at diagnosis was 53.9 years (range 20–79). According to
Eastern Cooperative Oncology Group performance status
(ECOG-PS), which was evaluated before any treatment,
including symptomatic treatment (for example, glucocor-
ticoid), surgery, induction, and consolidation therapy, the
number of patients with ECOG <2 was the same as that
with ECOG ≥2. The majority of the tumors had a uni-
lateral location, and there was deep lesion involvement in
80 cases. For the IELSG risk score, most patients (60.5%)
were classified in the intermediate-risk group, with 21
(16.9%) and 18 (14.5%) patients in the low- and high-risk
groups, respectively. A total of 43 (34.7%), 53 (42.7%) and
28 (22.6%) patients were stratified into the low, intermedi-
ate, and high MSKCC risk groups, respectively. Regarding
cell origination, 118 patients could be clearly identified
by pathological and immunohistochemical methods: 36
(29.0%) patients had germinal center B cell-like (GCB),
and 82 (66.1%) had NGCB.

Survival according to patient baseline characteristics

The median duration of follow-up for the whole cohort was
24.5 months. The median OS was 34 months (95% CI=
26–57 months), with 1-year, 2-year, 3-year, and 5-year OS
rates of 79.0%, 61.2%, 48.1%, and 35.8%, respectively.
The median PFS was 21 months (95% CI=13–34 months),
with 1-year, 2-year, 3-year, and 5-year PFS rates of 59.7%,
44.6%, 37.9%, and 28.9%, respectively. As illustrated by
the survival curves (Figs. 1, 2, and 3), no statistically sig-
nificant difference was observed in OS (p= 0.41) or PFS
(p= 0.14) between patients older than 60 years and patients
aged 60 years or younger. The median OS (40 months vs.
33 months, p= 0.49) and PFS (30 months vs. 10 months, p=
0.14) of male and female patients were not significantly dif-
ferent. The median OS of patients with ECOG <2 and ≥2
were 40 months and 33 months, respectively, with no statis-
tically significant difference observed (p= 0.084). The me-
dian PFS of patients with ECOG <2 and ≥2 was 23 months
and 16 months, respectively, with no statistically significant
difference observed (p= 0.096). Patients with normal CSF
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Fig. 1 Overall and progression-free survival stratified by patient baseline characteristics
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Fig. 2 Overall and progression-free survival stratified by different treatments

LDH levels had better OS (p= 0.013) and PFS (p= 0.0096)
than those with elevated CSF LDH levels. Regarding CBC-
derived inflammatory biomarkers, higher NLR (p< 0.0001)
and PLR (p= 0.01) were significantly associated with lower
OS. Similarly, higher NLR (p< 0.0001) and PLR (p= 0.013)
were significantly associated with lower PFS.

Survival in associationwith treatment modality

The pathological diagnosis was established by biopsy in
65 patients and by resection in 59 patients. No significant
difference was observed in the survival outcomes between
the biopsy and resection groups (p= 0.1; p= 0.33). The me-
dian OS was higher in the induction therapy group than
in the salvage therapy group (47 months vs. 7 months, p<
0.0001), and induction therapy was shown to have a sig-
nificant impact on PFS (p< 0.0001). Among 64 patients
with the NGCB subtype who received induction therapy, the
chemotherapy plus TKI group showed higher 2-year OS and
PFS rates when compared with those of the chemotherapy
group (91.7% vs. 52.5%, p= 0.00031; 86.5% vs. 35.7%, p=
0.00017). The 2-year OS rates for the RT+ASCT, ASCT,
and RT groups were 100, 88.9, and 77.9% (p= 0.44), re-
spectively. The 2-year PFS rates for the RT+ASCT, ASCT,

and RT groups were 100, 88.9, and 69.4% (p= 0.26), re-
spectively.

Survival in association with various
clinicopathological factors

There were significant differences in terms of median PFS
(48 months vs. 29 months, p= 0.0092) between the GCB
and NGCB groups but not in terms of OS (40 months vs.
14 months, p= 0.07) between the GCB and NGCB groups.
For patients with Ki-67≥90 and <90, no statistically sig-
nificant differences were observed in terms of median OS
(33 months vs. 46 months, p= 0.36) and PFS (19 months vs.
23 months, p= 0.73). Patients with and without deep lesions
showed no significant differences in OS (p= 0.62) or PFS
(p= 0.43). No statistically significant difference was ob-
served in terms of OS (p= 0.53) or PFS (p= 0.24) between
patients with unilateral and bilateral lesions. The 2-year
OS rates of the MSKCC low-, intermediate-, and high-risk
groups were 64.5%, 67.1%, and 45.6%, respectively, with
no statistically significant difference observed (p= 0.19).
The 2-year PFS rates of the MSKCC low-, intermediate-,
and high-risk groups were 50.4%, 48.9%, and 27.8%, re-
spectively, with no statistically significant difference ob-
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Fig. 3 Overall and progression-free survival stratified by clinicopathologic factors

served (p= 0.11). The 2-year OS rates of the IELSG low-,
intermediate-, and high-risk group were 76.2%, 64.7%, and
41.2%, respectively (p= 0.082). The 2-year PFS rates of
the IELSG low-, intermediate-, and high-risk groups were
61.9%, 43.9%, and 38.1%, respectively, with no statistically
significant difference observed (p= 0.33).

Prognostic analysis

As shown in Fig. 4, elevated CSF LDH (HR= 2.16,
95% CI= 1.26–3.71, p= 0.005), higher NLR (HR= 2.38,

95% CI= 1.19–4.78, p= 0.014), and the noncompletion
of four cycles of induction therapy (HR= 0.21, 95% CI=
0.11–0.39, p< 0.001) were independent prognostic factors
for poor OS in the multivariate analysis. Normal CSF
LDH, lower NLR, and the completeness of four cycles of
induction therapy were statistically significant independent
prognostic factors for better PFS (HR= 0.002, 95% CI=
1.36–3.74, p= 0.002; HR= 1.82, 95% CI= 1.03–3.22, p=
0.038; HR= 0.22, 95% CI= 0.11–0.41, p< 0.001; respec-
tively), while higher PLR and NGCB lost their significance.
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Fig. 4 Multivariate Cox regres-
sion analysis of factors affecting
overall (a) and progression-free
survival (b)

Failure patterns and treatments

During the follow-up period, the death toll was 72, whereby
41 deaths were caused by recurrence, 23 by tumor pro-
gression, 3 by treatment-related adverse events, and the re-
maining 5 due to other causes. In our study cohort, 51 of

124 patients (41.1%) experienced recurrence during follow-
up. The median time to recurrence was 14 months (range
2–129). For the patients who did not finish full cycles
of induction therapy, the median time to recurrence was
4 months (range 2–21). The relapse of 49 patients occurred
in the central nervous system: 16 patients had in situ re-
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Table 3 Studies reporting survival outcomes for PCNSL

Reference Year Period Patients Treatment Follow
up
(months)

OS Other survival rate

Zhu, T. et al. [57] 2015 1999–2012 37 CMT only, WBRT+
CMT

50 3-year:
46.9%

–

Koh, H.K. et al.
[58]

2017 2000–2011 220 CMT±RT, RT only 38 5-year:
51.4%

5-year PFS: 42.1%

Patekar, M. et al.
[59]

2019 2001–2017 99 Surgery± CMT±RT 34 31.7 –

Yuan, X.G. et al.
[21]

2020 2003–2017 167 CMT±RT, RT only 25 5-year:
35%

1-year OS: 72%
2-year OS: 50%
1-year PFS: 58%
2-year PFS: 33%
5-year PFS: 20%

Neuhauser, M.
et al. [60]

2019 2005–2010 189 CMT±RT, RT only 12 5-year:
24.4%

–

She, C. et al. [61] 2015 2006–2014 30 Surgery only, CMT only,
RT±CMT

29 5-year:
13.3%

2-year OS: 46.7%
6-month PFS: 60.0%
1-year PFS: 43.3%

Mao, C. et al.
[62]

2019 2004–2017 91 CMT±RT 18.9 5-year:
47.5%±
7.5%

5-year PFS: 37.0± 6.5%

Sopittapan, T.
et al. [50]

2020 2005–2018 87 Palliative treatment,
WBRT only, CMT only,
WBRT+CMT

18.3 5-year:
4.6%

1-year OS: 29%
2-year OS: 21.5%

Niparuck, P. et al.
[63]

2019 2010–2017 43 Surgery+ CMT±WBRT,
surgery+WBRT

17 7-year:
40%

7-year RFS: 70%

CMT chemotherapy, RFS relapse-free survival, WBRT whole brain radiotherapy, RT radiotherapy

currence and 33 had other sites of CNS recurrence. Among
them, multifocal recurrences were noted in 14 patients. Two
patients showed extra-CNS relapse.

After recurrence, 3 patients with a single lesion were
treated by stereotactic radiosurgery (SRS), 19 received
chemotherapy, 7 received radiotherapy, and 7 received
chemotherapy plus radiotherapy. Among them, 3 patients
received immunotherapy in addition to chemotherapy or
radiotherapy. The remaining 13 patients died within days of
detection of recurrence and therefore did not have a chance
to receive treatment. The 2 patients with extra-CNS relapse
underwent a systemic lymphoma chemotherapy regimen.

Discussion

In our study, the 1-year, 2-year, 3-year, and 5-year OS rates
were 79.0%, 61.2%, 48.1%, and 35.8%, respectively, and
the 1-year, 2-year, 3-year, and 5-year PFS rates were 59.7%,
44.6%, 37.9%, and 28.9%, respectively. The survival out-
comes of PCNSL patients in other reports are shown in
Table 3. The OS of our study was similar to the results
of previous studies, while the outcomes of PFS showed
considerable variance among the current studies. The rea-
son for this disparity is probably the number of patients
included and the difference in consolidation therapy. Yuan,

X.G. et al.’s study represented the largest sample of PCNSL
patients in a single institution, with 3-year OS and PFS
rates of 50% and 33%, respectively. The 3-year PFS rates
of our study were higher than those of Yuan, X.G., et al.’s
study, which may be because no patients received ASCT in
their study cohort [21]. Even so, a considerable percentage
of progression was observed in our study. Close follow-up
and salvage techniques will be needed in these patients.

There are some controversies remaining regarding the
current treatment methods for PCNSL. Previous studies
have reported that resection had no benefit for improv-
ing survival and may even lead to higher mortality rates
[22, 23]. In such infiltrative tumors within the surrounding
brain structures, aggressive surgery might lead to poor clin-
ical outcomes. However, different views have emerged in
recent years. Rae, A.I., et al.’s study found that craniotomy
is associated with a survival benefit over biopsy; moreover,
patients with better prognostic factors had an even longer
survival benefit with craniotomy [24]. Similarly, some stud-
ies suggest that surgical resection might be a better choice
for some patients [25–27]. Overall, the role of surgical re-
section for PCNSL is still unclear, and there is no guideline
or consensus as yet. In our study, OS was better in patients
who received resection than in those who received biopsy;
however, the results were not statistically significant (p=
0.1). No discernible differential PFS trend was observed
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between the two surgical techniques. Biopsy has the main
advantage of less aggressiveness and a shorter recovery pe-
riod before induction therapy, while resection could relieve
cranial hypertension and mass effect immediately, as well
as alleviating tumor load, thus elevating the efficacy of sub-
sequent treatment. The surgical method should be selected
according to the specific case on the premise of ensuring
safety.

HD-MTX-based chemotherapy is currently the recog-
nized induction therapy. The main controversy is the com-
bination of agents. Based on the results of the phase II
IELSG32 trial, MATRix (HD-MTX, cytarabine, thiotepa,
and rituximab) is one of the most preferred options. How-
ever, high hematological toxicity was reported in subse-
quent results [17, 28, 29]. Furthermore, rituximab was con-
sidered to be the chief component of treatment since more
than 90% of patients were CD20+. Nevertheless, it is diffi-
cult to penetrate the blood–brain barrier (BBB) because of
its macromolecular characteristics. There have been only
two randomized studies regarding the efficacy of ritux-
imab in PCNSL, and the studies reported conflicting results
[17, 30]. In addition, novel drugs against PCNSL, such as
monoclonal antibodies, immunomodulatory drugs (IMiDs),
Bruton’s tyrosine kinase (BTK) inhibitors, and PD-1 in-
hibitors, with more rapid penetration of the BBB and less
toxicity, have shown excellent results in several clinical tri-
als [31–33]. Alterations in B-cell antigen receptor (BCR)
signaling, which is involved in PCNSL pathogenesis and
regulation of development, participate in the differentiation
and survival of B lymphocytes. BTK is the central signal-
ing node of the BCR signaling pathway [34]. A prospective
study in 52 patients with relapsed/refractory (r/r) PCNSL
demonstrated a response rate of 52% with ibrutinib, and
even patients without obvious genomic alterations in the
BCR pathway demonstrated a response to ibrutinib [33].
In our study, all patients were treated with HD-MTX-con-
taining induction chemotherapy. In our study, 64 of the 101
patients were NGCB subtype, 40 received HD-MTX-based
chemotherapy, and 24 patients added TKIs to the induction
regimens. It is obvious that the addition of TKIs signif-
icantly improved OS (91.7% vs. 52.5%, p= 0.00031) and
PFS (86.5% vs. 35.7%, p= 0.00017). It is worth mentioning
that earlier use of TKIs led to better survival for the NGCB
subtype.

ASCT and WBRT were effective in PCNSL as con-
solidation therapy. In the largest randomized phase III
trial to date, 551 patients received high-dose MTX-based
chemotherapy with or without WBRT (SD 1.8Gy, ED
45Gy). There was no difference in median OS between
those who received WBRT and those who did not, while
those who received WBRT had a longer median PFS (15.4
vs. 9.9 months, p= 0.034) [35]. However, compliance was
far from satisfactory because only 318 of 551 patients in

the trial received treatment. In addition, population im-
balances after induction chemotherapy were another flaw
that could affect the results. The dose-dependent toxicity
of WBRT is an important factor limiting its application.
With whole-brain doses greater than 30Gy, the incidence
of neurocognitive decline after WBRT is relatively high.
According to a meta-analysis published in 2015, WBRT
is independently associated with an increased risk of neu-
rologic side effects, which is approximately 5.23 times as
high as among those who did not receive WBRT [36]. The
survival benefit of WBRT should be balanced against the
increased risk of neurotoxicity. In the PRECIS study, 140
patients aged 18 to 60 were randomized to receive WBRT
(40Gy) or ASCT after induction therapy. No significant
differences were observed in 8-year OS between the ASCT
and WBRT groups (69% vs. 65%, respectively, p= 0.90).
There were 3 cases of recurrence in the ASCT group and
24 in the WBRT group (HR= 0.13, p< 0.001) [37]. A meta-
analysis in an evidence-based expert consensus in China
showed that higher grade 3/4 hematologic adverse events
(AEs) occurred in the ASCT group than in the WBRT
group [38]. HDC-ASCT was only suitable for young pa-
tients (<70 years) with no related complications and intact
neurocognitive function [39, 40]. The high incidence of
hematologic adverse events and the possibility of treat-
ment-related death should also be noted. The components
of HDC before ASCT need to be explored in the future.
Considering the dose-related neurotoxicity of radiother-
apy, reduced-dose whole-brain radiotherapy (rd-WBRT),
used initially in the particularly fragile patient population
of children with medulloblastoma, has been proposed for
PCNSL treatment [41]. Those achieving a CR received
23.4Gy and those with a PR received 30Gy± simultaneous
integrated boost up to 40Gy. The efficacy and safety of this
strategy have been demonstrated in several studies in recent
years [42, 43]. However, no study has directly compared
the curative effect and side effects of ASCT and rd-WBRT.
Among 38 patients who received consolidation therapy in
our cohort, the OS and PFS of the ASCT group were better
than those of the RT group; however, the results were not
statistically significant (p= 0.26 and p= 0.14, respectively).
This might be related to our small sample size and the
younger age composition of the consolidation treatment
group. Further prospective trials are needed, on the one
hand to optimize HDC regimens of ASCT and on the
other hand to reduce long-term neurotoxicity via improved
radiotherapy techniques and dose adjustment.

Pathologic review of PCNSL cells appeared as round
or oval, medium to large cells, with vacuole nuclei and
prominent nucleoli. They were consistent with centrob-
lasts or immunoblasts morphologically. Lymphoma cells
grew in a typical perivascular pattern, diffusely infil-
trated the brain parenchyma, and were highly prolifer-
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Fig. 5 The hematoxylin–eosin
stain and immunohistochemi-
cal characteristics of primary
central nervous system lym-
phoma (PCNSL). PCNSL cells
diffusely infiltrated the brain
parenchyma and grew in a typ-
ical perivascular pattern (a, b).
Lymphoma cells appeared as
round or oval, medium to large
cells, with vacuole nuclei and
prominent nucleoli. They usu-
ally showed a high Ki-67 lev-
els (c). CD20, a classical B-cell
surface marker, showed intact
cell membrane positive stain-
ing (d). The most frequently
used immunohistochemical
markers are CD10 (e), BCL6 (f),
MUM1 (g), and BCL2 (h)

ative with Ki-67 levels up to 90% [44]. Approximately
90% of PCNSLs were diffuse large B-cell lymphomas
and were further subdivided into GCB and non-GCB
groups, as proposed by Hans et al. [45]. The GCB
phenotype was defined as CD10+BCL6+/–MUM1+/– or
CD10–BCL6+MUM1–, while the non-GCB phenotype was
defined as CD10–BCL6+MUM1+ or CD10–BCL6–MUM1+/–.
The latter subtype was generally correlated with inferior
clinical outcomes [46]. The pathological features of PCNSL
are shown in Fig. 5.

In numerous studies, age and performance status were
confirmed as independent prognostic factors in PCNSL

[47–49]. However, there is no consensus on the specific
definition of old age. Most prognostic studies of PCNSL
defined agedness as older than 60 years [50–52]. In fact,
this threshold should be based primarily on the ability to
tolerate more aggressive treatments such as ASCT. Other
prognostic factors reported in studies were race, sex, mar-
ital status, NLR, serum LDH level, PD-L1, and so on
[53–55]. The IELSG and MSKCC prognostic systems are
currently widely used. However, questions arose about the
availability of variables and the reproducibility of verifi-
cation in some studies, which limits their application in
clinical routine [56]. Our prognostic analysis showed that
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elevated CSF LDH, higher NLR, and the completeness of
four cycles of induction therapy are independent prognostic
factors for better OS in PCNSL patients. Our multivariate
Cox models identified CSF LDH, NLR, and four cycles
of induction therapy as independent factors affecting PFS.
The results suggested that CSF LDH and NLR might be
valuable for predicting the prognosis of PCNSL, which
serves as a basis for further study in combination with
clinical radiology and molecular databases, which can be
used to refine, optimize, and develop a prognostic model
of higher clinical value.

Some limitations of our study are noteworthy. This was
a retrospective analysis in a single center; therefore, we
failed to analyze specific agents used in induction therapy
and before ASCT; thus, we could not determine the supe-
rior regimens. Because few patients received ASCT or rd-
WBRT as consolidation therapy, we could not compare the
efficacy and toxicity of these two treatments. However, the
present retrospective cohort is one of the largest single-in-
stitutional published reports. This study also unveiled the
major prognostic factors and explored the potential benefit
gained from adding TKIs to induction therapy.

Conclusion

PCNSL is a rare tumor. Our study retrospectively ana-
lyzed the clinical characteristics of patients with PCNSL
in our center from July 2009 to April 2022, summarized
the treatment experience, and analyzed the prognostic fac-
tors. PCNSL is highly aggressive. Hence, we emphasize the
importance of early treatment and compliance with induc-
tion therapy. Further consolidation therapy is also necessary
because of the high recurrence rate of PCNSL. The value
and side effects of WBRT compared with those of ASCT
require further investigation.
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