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Abstract. The present study aimed to investigate the curative
effect of high‑dose methotrexate (HD‑MTX) combined with
teniposide (Vm26) vs. HD‑MTX alone in the treatment of
primary central nervous system lymphoma (PCNSL), in order to
provide data for assisting decisions associated with clinical treatment. Data from 56 patients with PCNSL admitted in Shanghai
Huashan Hospital (Shanghai, China) from January 2009 to
December 2014 were included into the present study. Clinical
data, curative effects and prognosis of patients in these two
groups were retrospectively analyzed using SPSS 20 statistical
software. In the HD‑MTX+Vm26 group, 12 patients (42.85%)
achieved complete remission (CR) and 10 patients (35.71%)
achieved partial remission (PR), while in the HD‑MTX group
7 patients (25%) achieved CR and 11 patients (39.29%) achieved
PR (P=0.158). The median progression‑free survival (PFS) time
was 22 months in the HD‑MTX+Vm26 group and 12 months in
the HD‑MTX group (P=0.019). The median overall survival
time was 57 months in the HD‑MTX+Vm26 group, and
28 months in the HD‑MTX group (P=0.013). Compared with
HD‑MTX alone, the combined treatment of HD‑MTX+Vm26
had an improved curative effect in the treatment of PCNSL,
effectively controlled tumor progression in patients, prolonged
survival time and improved prognosis. Age was an independent
prognostic factor in patients with PCNSL. Patients with an age
of ≤60 years exhibited longer PFS compared with patients with
an age of >60 years.
Introduction
Primary central nervous system lymphoma (PCNSL) is a
malignant tumor confined to the brain, pia mater, spinal cord

or eye (1). A study at the Massachusetts General Hospital
from 1958 to 1989 showed that a total of >90% of patients
with PCNSL have diffuse large B cell lymphoma (2), which
exhibits high invasion rates and poor prognosis. Poor
prognostic factors include age, Karnofsky score, serum
lactate dehydrogenase (LDH), cerebrospinal fluid protein,
B cell lymphoma 6 protein expression (3) and reduced
lymphocytes (4).
PCNSL cells usually present with diffuse infiltration.
Therefore, it is difficult to completely remove by surgery;
and its recurrence rate is high (5). Previously, whole brain
radiotherapy was performed as a first‑line therapy; however,
treatment with radiotherapy alone confers disease recurrence
and neurotoxicity (6,7), which limits its clinical application.
High‑dose methotrexate (HD‑MTX) has an affirmed curative
effect, but the complications, such as neurotoxicity, limit its
dose (8,9). In addition, the 2‑year overall survival (OS) rate of
HD‑MTX monotherapy is only 61‑63% (10,11), which is not
satisfying. At present, the preferred regimen is the combined
treatment based on HD‑MTX (combined with cytarabine,
rituximab and idarubicin) (12‑18). However, the combination of HD‑MTX based chemotherapy is still under debate.
Teniposide (Vm26) has high liposolubility, which makes it is
able to pass the blood‑brain barrier, and it has a slower elimination rate (19). Fan et al (20) Revealed that MTX+Vm26 did
not significantly improve the median progression‑free survival
of patients, but complete remission (CR) and overall response
(OR) were significantly increased. In the present study,
the clinical curative effects of HD‑MTX+Vm26 vs. Vm26
alone were compared, with the aim of providing a useful
reference for clinical practice.
Materials and methods

Correspondence to: Dr Xiao‑Ping Xu, Department of Hematology,
Huashan Hospital Affiliated to Fudan University, 12 Middle Urumqi
Road, Shanghai 200040, P.R. China
E‑mail: xpxu123doc@163.com

Key words: methotrexate, teniposide, primary central nervous
system lymphoma, curative effect, prognosis

Data acquisition. A total of 56 patients with PCNSL who
were admitted, but had not been treated, to the Department
of Hematology of Huashan Hospital Affiliated to Fudan
University (Shanghai, China) from January 2009 to
December 2014 were enrolled into the present study. Due to
the retrospective nature of the present study, the requirement
for ethical approval was waived by the Ethics Committee of
Huashan Hospital (Shanghai, China). The cohort of 56 patients
comprised 38 males and 18 females. The age of these patients
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ranged between 25‑74 years, with a median age of 54.5 years.
A total of 13 patients (23.21%) were ≥60 years.
According to the treatment regimen received, patients
were divided into two groups: A HD‑MTX+Vm26 group
and HD‑MTX group (n=28 in each group). A retrospective
analysis method was adopted. Inclusion criteria were as
follows: i) Patients who were first diagnosed with PCNSL;
ii) patients with a negative HIV test result; iii) patients with
diagnosis supported by pathological evidences; iv) patients
who had completed at least three courses of chemotherapy;
v) patients with changes in intracranial lesions that had been
followed up by imaging tests (MRI or PET‑CT) prior to diagnosis and subsequent to chemotherapy; and vi) patients who
were diagnosed based on the 2008 World Health Organization
classification of hematopoietic and lymphoid neoplasms (21).
Exclusion criteria were as follows: Congenital or acquired
immunodeficiency, including patients with previous organ
transplantation, concurrent treatment with immunosuppressive drugs, and AIDS‑related PCNSL; disease confined to the
eye without another localization in the central nervous system
(CNS); the presence or history of systemic lymphoma; any
prior malignancy with the exception of adequately treated
nonmelanoma skin cancer and carcinoma in situ of the cervix
uteri; a serious impairment of cardiac, renal, or liver function;
pregnancy; any severe uncontrolled infection; prior chemotherapy, with the exception of corticosteroids, for a maximum
period of 6 weeks before and after diagnosis or surgery; and
Burkitt's lymphomas of low‑grade T‑cell lymphomas.
Tissue and reagents. 56 cases of excised tissue or biopsy tissue
of brain tumor were collected, fixed by 3.7% neutral formaldehyde at room temperature for 6‑12 h, until further processing,
routinely dehydrated, embedded by paraffin, sliced into 3‑µm
thick sections, and then subjected to H&E staining (stained with
Gill's hematoxylin for 2‑3 min and eosin for 10‑20 sec at room
temperature) and immunohistochemical staining. In immunohistochemical staining, the tissue was embedded by paraffin,
sliced into 4‑µm thick sections, dewaxed with 100% xylene and
concentration gradients of alcohol (100% EtOH for 5 min twice,
95% EtOH for 4 min twice, 80% EtOH for 4 min) according to
the standard operation process, and repaired in citrate buffer
(pH 6.0; Shanghai Xin Yu Biotech Co., Ltd, Shanghai, China)
and boiled for 10 min. After natural cooling, the endogenous
peroxidase activity was blocked using 3% hydrogen peroxide
at room temperature for 10 min, and the sections were blocked
using 10% goat serum/PBS at room temperature for 30 min,
then and treated with the primary antibodies and incubated
at 4˚C overnight: CD10 (1:50; cat. no. ab951), CD19 (1:200;
cat. no. ab134114), CD38 (1:200; cat. no. ab108403), CD3 (1:30;
cat. no. ab16669), Bcl‑6 (undiluted; cat. no. ab172610) and Bcl‑2
(1:100; cat. no. ab32124), which were purchased from Abcam
(Cambridge, UK); MPO (1:50; cat. no. TC66701‑2), CD5 (1:100;
cat. no. M364101‑2), CD38 (1:50; cat. no. TC67401‑2), CD56
(1:50; cat. no. TC67401‑2), CD4 (1:10; cat. no. FR86850‑2),
CD8 (1:10; cat. no. F076501‑2), CD23 (1:50; cat. no. IS78130‑2),
Kappa (1:2,500; cat. no. A019102‑2) and Lambda (1:2,500;
cat. no. 239222), which were purchased from Dako; Agilent
Technologies, Inc. (Santa Clara, CA, USA); CD20 (1:100;
cat. no. MA513141), CD79a (1:100; cat. no. 186490) and
MIB‑1 (1:100; cat. no. PA5‑16446), which were purchased

from Zymed; TDT (undiluted; cat. no. PL0403179) and
CyclinD1 (1:50; cat. no. or677046), which were purchased
from Neomarkers (https://univ.biomart.cn/). After washing
with PBS, the tissue sections were placed to react with
biotin‑labeled rabbit anti‑guinea pig IgG secondary antibody
(1:1,000; cat. no. QN2726; Beijing Baiaoleboke Co., Ltd.,
Beijing, China) at 37˚C for 30 min. The sections were washed
with PBS for 5 min, repeated three times, then incubated with
VECTA STAIN Elite ABC standard kit (Vector Laboratories,
Inc., Burlingame, CA, USA) according to the manufacturer's
protocol at 37˚C for 30 min, finally the signals were visualized
with a chromogenic kit (Vector Laboratories, Inc.) according
to the manufacturer's protocol or by microscopic examination:
Optical microscope (Olympus BX41, Olympus Corporation,
Tokyo, Japan) was used, and x4, x10 and x40 objectives were
used for observation, respectively.
Data acquisition included the following aspects: i) Basic
information; ii) diagnostic information; iii) clinical manifestations; iv) imaging manifestations; v) histopathology
and laboratory examination indices; vi) treatment situations;
vii) Eastern Cooperative Oncology Group (ECOG) score (22),
and; viii) curative effect.
Treatment regimens and treatment response assessment.
The assessment of the treatment response was based on the
consensus standards developed by the International Primary
CNS Lymphoma Collaborative Group (IPCG) (23), consist
of complete response (CR), partial response (PR), progressive disease (PD), and stable disease (SD). Overall response
(OR) includes PR and CR. The summary of the assessment
criteria is presented in Table I. The follow‑up deadline was
December 31, 2015.
There were XX courses of treatment. In each course
of treatment, the total dose of MTX was 3.0 g/m 2, while
the total dose of Vm26 was 300 mg, while the total dose of
Vm26 in every course of treatment was 300 mg. During the
intravenous administration of MTX, patients were required to
undergo hydration and alkalization, and to receive leucovorin
rescue. The interval between chemotherapy sessions was three
weeks. Treatment regimens were altered if patients suffered
from disease progression, or if unacceptable toxic reactions
occurred.
Statistical analysis. The collected data were analyzed using
SPSS 20.0 software (IMB Corp., Armonk, NY, USA). Overall
survival (OS) time was defined as the period from the time
the patient was diagnosed to the time the patient succumbed,
or up to the follow‑up deadline. Progression‑free survival
(PFS) was defined as the period from the time the patient was
diagnosed to disease recurrence/progression or last point of
contact with the patient. Univariate analysis was conducted
using a log‑rank test, survival analysis was conducted using
Kaplan‑Meier curves and log‑rank test and multivariate
analysis was conducted using a Cox's regression. P<0.05 was
considered to indicate a statistically significant difference.
Results
Patients. The cohort of 56 patients comprised 38 males
and 18 females. The age of these patients ranged between
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25‑74 years, with a median age of 54.5 years. A total of
13 patients (23.21%) were ≥60 years.
Clinical characteristics of patients
Clinical symptoms. The common symptoms of PCNSL include
elevated intracranial pressure (53.6%), somatic dysfunction (53.6%), cognitive dysfunction (33.9%), impaired vision
(30.3%) and language disorder (17.9%).
Imaging tests. All patients underwent cranial magnetic
resonance imaging, and 17 additionally underwent positron
emission tomography‑computed tomography. Patients with
multiple lesions accounted for 60.7% of the total cohort, and
patients with deep lesions accounted for 60.7%. The frontal
lobe was the most common lesion site, accounting for 46.4%
patients, followed by the parietal lobe (25%) and basal
ganglia (23.2%).
ECOG score results. A total of 12 patients received 1 point,
13 patients received 2 points, 26 patients received 2 points,
4 patients received 3 points and 2 patients received 5 points.
Patients who received a score within 1‑3 points accounted for
91% of the total cohort.
Histopathology and laboratory tests
Histopathology. The histopathology of all 56 patients was
diffuse large B cell lymphoma.
Cerebrospinal fluid examination. Cerebrospinal fluid examination was performed on 26 patients. Among 26 patients, a
Pandy's test exhibited a positive result in 19 patients (73.1%),
the protein content increased in 18 patients (69.1%), and spinal
cord involvement, such as chest‑back or lower‑back pain,
weakness of lower limbs, paraplegia and superficial sensory
dullness or disappearance, occurred in 11 patients (42.3%).
Spinal cord involvement: i) The patients had periodical lumbar
pain and compression symptoms; ii) Enhanced MRI revealed
lesions; iii) The lesions shrunk after treatment.
Serum LDH and serum and urinary β2‑microglobulin (MG)
examination. Serum LDH (normal range from 109 to 245 U/l)
was increased in 21 patients (37.5%), serum β2‑MG (normal
range from 1 to 2.8 µg/ml) was increased in 32 patients (57.1%),
and urinary β2‑MG (normal range from 0 to 0.3 µg/ml) was
increased in 21 patients (37.5%).
Treatment protocol
Treatment regimen. Treatment regimens were divided into
three categories: i) Radiotherapy + chemotherapy (radiotherapy
followed by chemotherapy); ii) chemotherapy + radiotherapy
(chemotherapy followed by radiotherapy); iii) chemotherapy
alone. All had been done. 7 patients received radiotherapy +
chemotherapy, 20 patients received chemotherapy + radiotherapy, and 29 patients received chemotherapy alone. MTX
group: 3 patients received radiotherapy + chemotherapy,
13 patients received chemotherapy + radiotherapy, and
13 patients received chemotherapy alone.
The 56 patients in the present study all received chemotherapy regimens with HD‑MTX. Among these patients,
51.8% patients were treated with chemotherapy alone, and the

2099

remaining 48.2% patients were treated with chemotherapy and
radiotherapy. The majority of the patients received radiotherapy
followed by chemotherapy; only 7 patients (12.5%) received
chemotherapy followed by radiotherapy. These results revealed
that the median PFS was 20 months and the median OS time
was 31 months in patients who received chemotherapy alone.
The median PFS and median OS were 21 and 37 months,
respectively, in patients who received chemotherapy followed
by radiotherapy; while median PFS and median OS were
22 and 52 months, respectively, in patients who received
radiotherapy followed by chemotherapy. Between patients who
received chemotherapy alone and the patients who received
chemotherapy combined with radiotherapy, the difference in
PFS was not statistically significant.
Curative effect analysis
Treatment response. The evaluation of disease progression
was performed following three courses of chemotherapy for
all patients. In the MTX+Vm26 group, 12 patients (42.85%)
achieved CR, 10 patients (35.71%) achieved PR and the OR
rate was 78.57%. In the MTX group, 7 patients (25%) achieved
CR, 11 patients (39.29%) achieved PR and the OR rate was
64.3%. Differences in CR and OR between these two groups
were not statistically significant (Table II).
PFS and OS. At the end of the follow‑up, 26 patients succumbed,
29 patients survived, and 1 patient in the MTX+Vm26 group
was lost to follow‑up subsequent to confirmation of relapse.
The median PFS were 22 and 12 months in the MTX+Vm26
and MTX groups, respectively; the median OS rates were
57 and 28 months, respectively. These two indices were
significantly increased in the MTX+Vm26 group compared
with the MTX group (P<0.05; Table II). The median OS was
40 months in 55 patients (total patient cohort minus 1 patient
lost to follow up) (Fig. 1A). Comparison of the median OS
between the two treatment groups revealed that the OS of the
MTX+Vm26 group was significantly increased compared with
the MTX group (Fig. 1B).
Mortality. Overall, mortality was 47.3% at the end of follow‑up,
in which 13 patients (47.3%) were from the MTX group and
13 patients (48.1%) were from the MTX+Vm26 group, and
the difference between the mortality rates between the two
treatment groups was not statistically significant (P=0.898).
Disease progression. A total of 30 patients exhibited disease
progression at the end of the follow‑up, in which 16 patients
(57.14%) were from the MTX group and 14 patients (50%) were
from the MTX+Vm26 group; the difference between these two
groups was not statistically significant (P=0.592).
Prognosis analysis
Univariate analysis. Univariate analysis was performed to
analyze factors that may be associated with the prognosis of
disease. The disease progression curve was evaluated using the
Kaplan‑Meier method and the factors were compared using
a log‑rank test. Detailed results are indicated in Table III.
Univariate analysis revealed that age was a prognostic factor
in patients with PCNSL, and the median PFS of patients with
an age >60 years was 10 months shorter compared with that in
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Table I. Criteria for assessment of therapeutic effects.
Treatment
response

Imaging
examination

Dosage of
glucocorticoid

CR
CRu

No enhancement
Nil
No enhancement
Any
No abnormal lesions
Any
PR
Enhanced lesion was
No association
reduced by 50%		
PD
No enhancement
No association
			
Tumor was reduced by 25% No association
or new lesion appeared

Ophthalmologic
examination
Normal
Normal
Micro RPE was abnormal
Micro RPE was abnormal or
normal
Vitreous cell or retinal infiltration,
reduction
Recurrence or new eye lesions

Cerebrospinal
fluid examination
Negative
Negative
Negative
Negative
Persistent positive or suspicious
positive
Recurrence or positive

CR, complete remission; Cru, unconfirmed complete remission; RPE, retinal pigment epithelial cells; PR, partial remission; PD, disease
progression: SD, stable disease, in a state between PR and PD. In the present study, CR included CR and CRu.

Table II. Comparison of the curative effects between treatments groups.
Group
CR
PR
SD
PD
OR
Median PFS, months
Median OS, months

MTX + Vm26

MTX

χ2

P‑value

12 (42.85%)
10 (35.71%)
4 (14.29%)
2 (7.14%)
22 (78.57%)
22
57

7 (25%)
11 (39.29%)
4 (14.29%)
6 (21.43%)
18 (64.3%)
12
28

1.991
0.076
0.000
1.313
1.400
5.462
6.196

0.158
0.783
1.000
0.252
0.237
0.019
0.013

CR, complete response; PR, partial remission; SD, stable disease; PD, progressive disease; OR, overall response; PFS, progression‑free
survival; OS, overall survival; MTX, methotrexate; Vm26, Teniposide.

patients with an age of ≤60 years (Fig. 1C). These are consistent
with the results of previous studies (24‑26). The median PFS
was 69 months in patients who achieved CR following three
courses of treatment, and was 20 months in patients who did
not achieve CR. The difference between these two was marked,
but was not statistically significant (P= 0.061). The median
PFS was 12 months in the MTX group, and 22 months in the
HD‑MTX+Vm26 group, and the difference between these two
groups was statistically significant (P=0.033; Fig. 1D).
Multivariate analysis. As identified from the univariate analysis, those progression‑associated factors with a P<0.05, and
factors with a P>0.05 with a PFS presenting a difference, were
analyzed using multivariate analysis. These results revealed
that age and treatment regimen were independent risk factors
that affect the progression of PCNSL (Table IV).
Toxic reaction. A total of 8 patients (28.57%) in the Vm26+MTX
group and 6 patients (21.43%) in the MTX group exhibited
grade 3/4 hematologic leukopenia. A total of 5 patients in
the MTX+Vm26 group (17.86%) and 3 patients in the MTX
group (10.71%) exhibited agranulocytosis and fever. A total of
7 patients (25%) developed pneumonia. In addition, 5 patients

in the MTX+Vm26 (17.86%) and 4 patients in the MTX group
(14.29%) exhibited grade 2 liver function impairment (Table V).
No patients exhibited ≥grade 3 hyperpyrexia and cardiac toxicity.
Discussion
PCNSL is a rare type of extra‑nodal lymphoma. The initial
symptoms include changes in cognitive function, increased
intracranial pressure and hemiplegia. During the early stage,
lesions are confined to the CNS; and in the late stage, <10%
of patients exhibit tumors that spread outside the CNS (27).
Although the cancer cells originates from lymphocytes,
PCNSL usually is considered as a brain tumor in practice
due to its therapeutic challenges, such as drug delivery
through blood‑brain barrier, and cerebral toxicity (28). Due
to these unique characteristics of the clinical symptoms and
biological behaviors of the tumor cells in PCNSL, the 2008
WHO Hematopoietic and Lymphoid Classification lists it as
an independent disease entity (21). In the past three decades,
epidemiological data in Western countries, such as Norway
and Sweden revealed that the incidence of PCNSL continues
to increase (29‑31). The prognosis of patients with PCNSL
is relatively poor, and the prognosis of patients with HIV
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Figure 1. Median OS and PFS. (A) Median OS in 55 patients. (B) Median OS between the two groups. (C) The association between PFS and age. (D) The
association between PFS and courses of treatment. OS, overall survival; PFS, progression‑free survival. MTX, methotrexate; Vm26, Teniposide.

infection is particularly poor (32). In the present study, no
patient had HIV infection.
Statistical data from the United States of America between
2000‑2004 revealed that the average age of patients diagnosed
with PCNSL was 60 years, and the age of the majority of patients
ranged within 50‑65 years (5,33,34). A study conducted in
Spain revealed that within the period 1990‑2010, the average
age of patients diagnosed with PCNSL was 59.3 years (35). In
the present study, the average age of patients was 53.5 years,
which was decreased compared with that in other countries.
PCNSL exhibits three pathological types: DLBCL, T cell
lymphoma and other types of B cell lymphoma. DLBCL
accounts for >90% of PCNSL (36). The pathological types of
the 56 patients were all DLBCL in the present study.
The clinical symptoms of patients with PCNSL were
associated with the location of tumor lesions (37,38). A study
in Spain revealed that patients with cognitive function decline
accounted for 33.4%, and those with cephalea accounted for
25% (35). The present study revealed that increased intracranial pressure and physical movement disorders were common,
and the rates for the two symptoms were 53.6%; followed by
cognitive dysfunction (33.9%), vision impairment (30.3%) and
language disorder (17.9%).

Statistics from the guidelines of the National Comprehensive
Cancer Network (NCCN) revealed that >90% of patients with
PCNSL exhibited lesions affecting the brain parenchyma, and
over one‑half of these patients possessed multiple lesions (39).
Fraser et al (40) demonstrated that 35% of patients with
PCNSL exhibited multiple lesions, and up to 38% of patients
exhibited lesions in the cerebral hemispheres. In the present
study, frontal lobe involvement (46.4%) accounted for the
largest proportion of lesion sites. The proportion of patients
with deep involvement was 60.7%. The majority of patients
exhibited multiple lesions (60.7%).
The physical fitness score of patients was one of the factors
that affected the choice of treatment regimens. It was not
recommended that patients with poor physical condition use
the HD‑MTX+Vm26 regimen (41). In the present study, the
ECOG scores of patients were concentrated within 1‑3 points.
Results of the cerebrospinal fluid examination in 26 patients
indicated that the Pandy's test demonstrated a positive result
in 19 patients (73.1%), and that the protein level in cerebrospinal fluid was increased in 18 patients (not examined using a
Pandy's test) (69.2%). The examinations of serum LDH, serum
β2‑MG and urine β2‑MG revealed that 37.5% of patients
exhibited increased serum LDH, 57.1% of patients exhibited

2102

WANG et al: CURATIVE EFFECT OF METHOTREXATE COMBINED WITH TENIPOSIDE

Table III. Univariate analysis.
Potential prognostic factors

PD/total cases

Median PFS, months

χ2

P‑value

Age, years		
20
6.021
0.014
≤60
19/43
22		
>60
11/13
12		
ECOG score, points			
0.017
0.896
0‑1
6/12
22		
≥1
24/44
20		
Deep lesions accumulating			
1.117
0.291
No
14/22
16		
Yes
16/34
20		
Number of lesions			
0.741
0.389
Single
14/22
16		
Multiple
16/34
20		
Serum LDH			
1.100
0.294
Normal (106‑211 U/l)
15/35
24		
Abnormally increasing
15/21
18		
Blood β2‑MG			
0.793
0.373
Normal (0.70‑1.80 mg/l)
14/24
17		
Abnormally increasing
16/32
22		
Urine β2‑MG			
0.076
0.783
Normal (<0.25 mg/l)
19/35
18		
Abnormally increasing
11/21
21		
CSF; Pandy's test			
1.670
0.196
Negative
4/6
10		
Positive
13/20
20		
CSF protein quantification			
0.948
0.330
Normal (150‑450 mg/l)
5/8
10		
Abnormally increasing
12/18
20		
CSF glucose level			
0.160
0.689
Normal (2.5‑4.4 mmol/l)
12/20
20		
Abnormal
5/6
20		
CSF chloride			
0.915
0.339
Normal (2.7‑3.9 mmol/l)
12/14
20		
Abnormal
5/12
22		
CSF white blood cell count			
2.296
0.130
Normal (0‑5/mm3)
12/19
24		
Abnormally increasing
5/7
20		
Lesion resection by surgery			
0.562
0.454
Yes
12/31
20		
No
18/25
22		
Received CR			
3.519
0.061
No
22/37
20		
Yes
8/19
69		
Chemotherapy regiments			
4.557
0.033
HD‑MTX
16/28
12		
HD‑MTX + Vm26
14/28
22
0.920
0.631
Therapeutic schedule				
Chemotherapy
16/29
18		
Chemotherapy + radiotherapy
4/7
21		
Radiotherapy + chemotherapy
10/20
22		
ECOG, Eastern Cooperative Oncology Group; PFS, progression‑free survival; LDH, lactate dehydrogenase; β2‑MG, β2‑microglobulin;
PD, progressive disease; CSF, cerebrospinal fluid; HD‑MTX, high‑dose methotrexate; Vm26, Teniposide
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Table IV. Multivariate analysis.
Factor

B

Age	‑0.886
Treatment remission
0.595
Treatment regimen
0.951

SE

Wald test

D.f.

P‑value

Exp (B)

95% CI

0.400
0.428
0.412

4.902
1.928
5.321

1
1
1

0.027
0.165
0.021

0.412
1.812
2.587

0.188‑0.903
0.783‑4.195
1.154‑5.803

B, regression coefficient estimate value; SE, standard error; D.f, degrees of freedom; Exp (B), odds ratio of the outcome; CI, confidence
interval.

Table V. Comparison of toxic reactions between MTX + Vm26 and MTX treatment groups.
Toxicity

MTX+Vm26 (%)

MTX (%)

χ2

P‑value

Hematologic
Grade 3‑4 leukopenia
8 (28.57)
6 (21.43)
0.381
0.537
Grade 3‑4 anemia
3 (10.71)
2 (7.14)
0.220
0.639
Grade 3‑4 PLT decrease
4 (14.29)
2 (7.14)
0.747
0.388
Non‑hematologic				
Grade 2 abnormal liver function
5 (17.86)
4 (14.29)
0.132
0.716
Grade 2 renal function damage
4 (14.29)
5 (17.86)
0.132
0.716
Grade 2 numbness
3 (10.71)
2 (7.14)
0.220
0.639
PLT, platelet; MTX, methotrexate; Vm26, Teniposide.

increased serum β2‑MG and 37.5% of patients exhibited
increased urinary β2‑MG.
The feasibility and effectiveness of HD‑MTX in the
treatment of PCNSL have been recognized. It may be used
for induction therapy and salvage therapy (1). Results of a
study conducted by Prica et al (42) revealed that compared
with chemotherapy alone, chemotherapy combined with
radiotherapy was an improved induction regimen in younger
patients (aged <60 years). However, due to toxic side effects,
it is recommended that elderly patients (>60 years old) should
receive chemotherapy alone (43,44). A study conducted by
Muirhead et al (45) revealed that for patients who were not
able to tolerate large‑dose chemotherapy, 3‑year survival
rates of salvage radiotherapy were increased compared with
that of the second‑line chemotherapy (60 vs. 33%). Salvage
radiotherapy may be a choice for young patients with recurrent/refractory PCNSL (7). The use of chemotherapy or
radiotherapy should be determined on an individual patient
basis. The 56 patients in the present study all received chemotherapy regimens with HD‑MTX. Among these patients,
51.8% patients were treated with chemotherapy alone, and the
remaining 48.2% patients were treated with chemotherapy and
radiotherapy. Between patients who received chemotherapy
alone and the patients who received chemotherapy combined
with radiotherapy, the difference in PFS was not statistically
significant. Additionally, whilst the difference in median
OS was notable, it was not statistically significant (P= 0.24).
This may be associated with not enough sample size between
chemotherapy alone group and chemotherapy combined with
radiotherapy group.

Total cranial irradiation may cause toxic side effects, such
as the decrease in cognitive function. Ongoing clinical trials
are being conducted on replacing radiotherapy alone, with
combined chemotherapy (46). On the basis of HD‑MTX, these
regimens contain 1‑3 chemotherapeutic drugs with different
mechanisms, such as HD‑Ara‑C, temozolomide, rituximab,
idarubicin and etoposide (12). Vm26 is a type of semi‑synthetic
derivative of podophyllotoxin, which has a high liposolubility
and may effectively pass through the blood‑brain barrier (19).
However, it remains unknown whether this drug, in combination with HD‑MTX, may improve the curative effect in the
treatment of PCNSL.
In the present study, in the HD‑MTX+Vm26 group,
12 patients (42.85%) achieved CR and 10 patients (35.71%)
achieved PR, while in the HD‑MTX group, 7 patients (25%)
achieved CR, 11 patients (39.29%) achieved PR, and the
OR rate was 64.3%. The difference of CR and OR between
these two groups was notable, but not statistically significant.
This may be associated with the small number of cases
in the two groups. The median PFS was 22 months in the
HD‑MTX+Vm26 group and 12 months in the HD‑MTX
group, and the difference between the two groups was statistically significant (P=0.019). The median OS was 57 months in
the HD‑MTX+Vm26 group and 28 months in the HD‑MTX
group (P=0.013). This suggests that HD‑MTX combined with
Vm26 may effectively improve the long‑term curative effect of
the treatment of patients with PCNSL.
Ferreri et al (33) conducted a multicenter retrospective
study. Their results revealed 5 factors that were associated with
poor prognosis: i) Age >60 years old; ii) ECOG grades 2‑4;
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iii) increased serum LDH; iv) increased protein level in cerebrospinal fluid; and v) tumors located in the deep areas of
brain tissues, including periventricular tissues, basal ganglia,
brainstem and cerebellum. Hu et al (47) demonstrated that
solitary or multiple tumor lesions were independent factors
that affected prognosis. Abrey et al (48) indicated that only
age and physical condition were of significance for prognosis.
Results of the associated prognostic factors in the present
study revealed that age was an independent prognostic factor
in patients with PCNSL in the univariate and multivariate
analyses. The time to disease progression in patients with an
age of >60 years was ~10 months shorter compared with that in
patients with an age of ≤60 years. This was consistent with the
results of the majority of studies conducted outside China (33).
In addition, the present study revealed that the difference in
chemotherapy regimen is also an independent prognostic
factor. Compared with HD‑MTX alone, the HD‑MTX+Vm26
regimen was not only useful in improving the CR rate for its
short‑term curative effect (three courses), it was also able to
improve its long‑term curative effect.
The present study revealed that the physical fitness scores
were not associated with prognosis. This may be due to the
small sample size in the present study. In addition, early studies
conducted in countries outside China primarily focused on the
association between physical fitness score and OS. However,
the present study focused on PFS duration. This may also lead
to different conclusions.
A previous study revealed that serum LDH level was an
independent prognostic factor for PCNSL: The prognosis of
patients with increased serum LDH level was poor (33). Results
of the present study revealed that serum LDH level exhibited no
significant effect on PFS in patients. Although there have been
multiple studies on the association between the survival time and
the serum and urinary β2‑MG levels in patients with PCNSL
worldwide, no consensus has been obtained (49). The results
of the present study revealed that increased serum and urinary
β2‑MG levels did not significantly affect the PFS of patients.
Increased protein levels in the cerebrospinal fluid in
patients with PCNSL suggest that these lesions may have
affected the cerebral pia mater (24). However, it may also be
induced by increased tumor load. These two factors may lead
to poor prognosis in patients (33). The present study revealed
that the increase in cerebrospinal fluid protein level led to a
significant difference in PFS, which were 20 and 10 months,
respectively. However, this is probably due to the small sample
size, and the difference was not statistically significant.
Results of a study conducted by Ferreri et al (33) revealed
that the 2‑year survival rate of patients with PCNSL who did
not exhibit deep structure involvement was ~42%, and that of
patients who demonstrated deep structure involvement was
28%. In the present study, 60.7% of patients exhibited lesions
that affected the deep structures. Furthermore, statistical data
revealed that this had no significant association with the PFS
of patients.
A previous study suggested that surgery did not confer
significant benefits to patients with PCNSL, and had risk of
damage to neural functions (28). Surgical removal is not recommended in the majority of cases (27). Cases of surgical operation
in patients with PCNSL were few, and little recent publications
have demonstrated that surgical resection could be established

as a prognostic factor in PCNSL (32,37). In 2012, the results
of a German PCNSL SG‑1 trial revealed that surgical removal
may extend the PFS of patients (50-52). Fraser et al (40)
considered that surgical removal was advantageous to rapidly
relieving symptoms and decreasing glucocorticoid dose, which
eliminated the production of drug‑resistant tumor clones. In
addition, due to modern surgical positioning technology, in
2012 a German primary central nervous system lymphoma
(PCNSL) SG‑1 test revealed that, surgical resection of PCNSL
tumor lesions can prolong the progression free survival time
of patients (53,54). The results of the present study revealed
that median PFS was 20 months in patients who underwent
the surgical removal of lesions, while PFS was 22 months
in patients who underwent directional puncture biopsy. The
difference was not statistically significant between these two
surgical methods.
A previous study identified that patients with multiple
lesions exhibited shorter survival times (24), but this was not
recognized. An early study revealed that the number of lesions
would affect the survival time of patients, and the survival
time of patients with a large number of lesions is relatively
shorter (42). However, this research result has not been recognized. In the present study, univariate analysis of the number
of lesions also revealed that the difference in PFS between
patients with multiple lesions and patients with single lesion
was not statistically significant.
In the present study, the univariate analysis on the number
of lesions revealed that the difference in PFS between patients
with multiple lesions and patients with a single lesion was not
statistically significant.
In summary, the results of the present study revealed that
age and the treatment regimen were independent prognostic
factors of PCNSL. Compared with patients >60 years old,
patients who were ≤60 years old exhibited a significantly
prolonged PFS. At the same time, the PFS of patients who
received the combined treatment of Vm25+HD‑MTX was
significantly prolonged when comparing with HD‑MTX alone
treatment. The difference in the toxic reaction of chemotherapy was not statistically significant. However, the sample
size of the present study was small, and this single‑center
retrospective study has limitations. Therefore, the conclusions
of the present study should be confirmed through prospective
multicenter clinical trials in the future.
The clinical data of the 56 patients with PCNSL were
retrospectively analyzed. It was revealed that: i) Age is an
independent prognostic factor in patients with PCNSL, in
which patients who were ≤60 years old exhibited longer PFS
compared with patients who were >60 year old; ii) the median
PFS time was 69 months in patients who achieved CR following
three courses of treatment and 20 months in patients who did
not achieve remission, and the difference between these two
was marked but not statistically significant (P= 0.061); iii) PFS
time was 22 months in the HD‑MTX+Vm26 group and was
12 months in the MTX group, and median OS time was
57 months in the HD‑MTX+Vm26 group and was 28 months
in the MTX group. Both PFS time and median OS time were
significantly different between these two groups. Therefore,
compared with HD‑MTX alone, the combined treatment of
HD‑MTX+Vm26 exhibited a significantly improved long‑term
curative effect in the treatment of PCNSL.
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