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. We performed a retrospective study of 49 patients with newly diagnosed primary central nervous

. system lymphoma (PCNSL), to compare the efficacy and safety of different high-dose methotrexate

. (HD-MTX) based systemic chemotherapy regimens as induction therapy. 25 patients received AB +-R

. alternative regimen (consist methotrexate, ifosfamide, vindesine, dexamethasone, carmustine and

© teniposide), while others received HD-MTX + R regimen. The complete response rate and overall

. response rate of AB & R group and HD-MTX £ R group were 36.83% vs. 33.33%, and 68.42% vs. 71.43%,

. while the 2-year OS and PFS rate were 71.43% vs. 74.62%, and 42.86% vs. 54.64%, respectively. In

. Age > 60 subgroup, the 2-year OS and PFS rate of AB 4= R group and HD-MTX == R group were 81.82%

: vs.33.33%, and 54.55% vs. 33.33%. No significant differences were found in grade 3 or 4 toxicity rate.

Generally, HD-MTX =+ R regimen was not inferior to AB - R alternative regimen, but AB 4= R alternative

. regimen seemed achieving more survival benefits in the elderly. We suggest to adjust HD-MTX &R
regimen by changing the dose-reduction strategy especially in elderly patients and adding other
powerful drugs that can well penetrate blood-brain barrier to improve the efficacy.

: Primary central nervous system lymphoma (PCNSL) is a rare type of extra-nodal non-Hodgkin lymphoma, the
. incidence is increasing with aging, showing the highest incidental risk in patients over 75 year-old". The lesions
© are often limited to the brain, leptomeninges, eyes, and spinal cord at diagnosis. The prognosis of PCNSL is
: considered poor. The prognostication of the disease is also distinct from the Ann Arbor index, the International
* Extranodal Lymphoma Study Group (IELSG) described 5 parameters associated with poor prognosis in PCNSL?,
. including age, ECOG score, LDH and CSF protein level, and tumor located in deep regions of brains. PCNSL
© management techniques include chemotherapy, whole brain radiotherapy (WBRT), high-dose chemotherapy
: supported by autologous stem cell transplantation (ASCT), surgery et al.’. High-dose methotrexate (HD-MTX) is
* considered the most important component in front-line PCNSL chemotherapy regimens’. However, the efficacy
. of HD-MTX monotherapy is not satisfying enough with the 2-year overall survival (OS) rate only 61-63%*°.
. Given the evidence from multiple centers, HD-MTX based combination chemotherapy seems to be a superior
: option for induction therapy of PCNSL®®. The constituent of combination chemotherapy remains a subject of
. some debate. In our research, we aimed to explore the efficacy and safety of different HD-MTX based systemic
. chemotherapy regimens. Also, considering the age as a significant parament for both incidence and prognosis, we
. paid special attention to the elderly population.
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AB =+ R alternative regimen (n=23) HD-MTX £ Rregimen (n=24) | p-value

Age (years) * 57 (17,78) 56 (39, 69)
Age>60 11/23 (48%) 7/24 (29%) 0.19
Gender, male 15/23 (65%) 8/24 (33%) 0.03
iggipfrformame 17/22 (77%) 15/24 (63%) 035
LDH >250U/L 6/18 (33%) 3/22 (14%) 0.26
CSF protein >0.45g/L 13/17 (76%) 13/17 (76%) 1.00
Deep lesion 9/21 (43%) 13/24 (54%) 0.45
IELSG score

0-2 6/14 (43%) 8/17 (47%) 0.82

3-4 8/14 (57%) 9/17 (53%) 0.82
Pathologic type

DLBCL 17/23 (74%) 18/24 (75%) 0.93

B-NHL (unclassified) 5/23 (22%) 5/24 (21%) 1.00

Unclear 1/23 (4%) 1/24 (4%) 1.00
Site of involvement

Leptomeninges 2/23 (9%) 0/24 (0%) 0.23

Eyes 0/23 (0%) 3/24 (13%) 0.23

Nerve roots 0/23 (0%) 1/24 (4%) 1.00
Supplementary Treatment

Systemic rituximab 8/23 (35%) 15/24 (63%) 0.06

Intrathecal chemotherapy | 23/23 (100%) 21/24 (88%) 0.23

WBRT 9/23 (39%) 6/24 (25%) 0.30

ASCT 0/23 (0%) 2/24 (8%) 0.23

Courses < 3 2/23 (9%) 2/24 (8%) 1.00

Table 1. Baseline characteristics and supplementary treatments of patients with primary central nervous
system lymphoma. *Median value (range). DLBCL, diffuse large B-cell lymphoma.

Results

Forty-nine consecutive patients were enrolled in our retrospective analysis. 25 patients received AB £ R alterna-
tive regimen based therapy, while the other 24 patients received HD-MTX =+ R regimen based therapy. 2 patients
receiving AB = R alternative regimen were lost to follow-up and excluded from the analysis in the AB &+ R alterna-
tive regimen group, while no loss in the HD-MTX =+ R regimen group. The median follow-up duration of patients
received AB & R alternative regimen and patients received HD-MTX + R regimen was 37 months (range, 1-133
months) and 13 months (range, 1-52 months) respectively.

Patient characteristics. The baseline characteristics and supplementary treatments of the patients are
shown in Table 1. The median age at diagnosis of patients received AB £ R alternative regimen and patients
received HD-MTX £ R regimen was 57 years (range, 17-78) and 56 years (range, 39-69) respectively. 15 (65%)
patients in AB £ R alternative regimen group and 8 (33%) patients in HD-MTX =+ R regimen group were male.
Among the patients with detailed International Extranodal Lymphoma Study Group (IELSG) score, 57% in
AB £ R alternative regimen group and 53% in HD-MTX =+ R regimen group had higher IELSG score (3-4). Two
patients in AB + R alternative regimen group had leptomeningeal lymphoma, three patients in HD-MTX =+ R reg-
imen group had eyes involvement, and one patient in HD-MTX =+ R regimen group had nerve root involvement.

The total number of patients received intravenous rituximab was 8 (35%) in AB & R alternative regimen group
and 15 (63%) in the HD-MTX £ R group. 9 (39%) patients in AB £ R alternative regimen group and 6 (25%)
patients in HD-MTX =+ R regimen group received whole brain radiotherapy. 2 (8%) patients in HD-MTX £R
regimen group received autologous stem cell transplantation (ASCT). There were 2 patients who failed to finish
3 courses of chemotherapy due to early disease-related deaths or inadequate follow-up duration in each group.

Survival data. Till the last follow-up, 14 patients died in AB + R alternative regimen group, 9 of them were
due to progressive disease. While 10 patients died in the HD-MTX = R regimen group, 7 were due to progres-
sive disease. There were 2 patients in AB £ R alternative regimen group and 1 patient in HD-MTX =+ R regi-
men group died for rapid disease progression before the 2nd course chemotherapy (which was defined as early
disease-related deaths). In consideration of the limited effects of the chemotherapy under this circumstances, we
excluded the data of these 3 patients. The 2-year OS rate was 71.43% in AB £ R alternative regimen group and
74.62% in HD-MTX + R regimen group respectively. And the 2-year PFS rate was 42.86% in AB £ R alternative
regimen group and 54.64% in HD-MTX =+ R regimen group respectively. No significant differences were found in
OS (p=0.20) or PFS (p =0.98). The survival curve is shown as Fig. 1.
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Figure 1. Overall survival and progression-free survival of patients with primary central nervous system
lymphoma. (a) Overall survival. (b) Progression free survival.

AB + R alternative regimen (n=19) | HD-MTX &+ Rregimen (n=21) | p-value
CR 7 (36.84%) 7 (33.33%) 1.00
PR 6 (31.58%) 8(38.10%) 0.75
OR | 13(68.42%) 15 (71.43%) 1.00
SD 2(10.53%) 2(9.52%) 1.00
PD | 4(21.05%) 4(19.05%) 1.00

Table 2. Treatment response of patients with primary central nervous system lymphoma at 6 months. CR,
Complete Remission; PR, Partial Remission; OR, Overall Remission (defined as the rate of CR and PR); SD,
Stable Disease; PD, Progressive Disease.

Response to treatment. In AB=+R alternative regimen group, besides the early disease-related deaths,
2 more patients failed to be evaluated due to the patients’ personal denial. Among the rest patients who have
finished evaluation, 7 (36.84%) patients achieved complete response within 6 months, and 6 (31.58%) patients
achieved partial response within 6 months. In HD-MTX + R regimen group, 2 patients were excluded due to
their inadequate follow-up period (less than 6 months). Among the rest patients who have finished evaluation, 7
(33.33%) patients achieved complete response within 6 months, and 8 (38.10%) patients achieved partial response
within 6 months. And the treatment response in both group was presented in Table 2 in detail.

Toxicity. In total, 142 cycles of AB £ R alternative regimen were administered, while 117 cycles of
HD-MTX =+ R regimen were administered. During these courses of induction chemotherapy, total 26 (18.31%)
grade 3 or 4 toxicity events occurred to 9 (39.13%) patients in AB & R alternative regimen, while total 21 (17.95%)
grade 3 or 4 toxicity events occurred to 10 (41.67%) patients in HD-MTX =+ R regimen group. No significant
differences were found between the 2 groups (p=1.00). The grade 3 or 4 hematologic toxicity rate was 7.04% in
AB =+ R alternative regimen and 5.98% in HD-MTX + R regimen group respectively. No significant differences
were found between the 2 groups (p=0.80). The grade 3 or 4 neurologic toxicity rate was 4.23% in AB £ R alter-
native regimen and 1.71% in HD-MTX + R regimen group respectively. No significant differences were found
between the 2 groups (p =0.30, seen in Supplementary Table 1).

Subgroup analysis. In Age> 60 subgroup, 11 patients received AB = R alternative regimen, 6 patients
received HD-MTX =+ R regimen. there is no difference between the two regimens in baseline characteristics and
supplementary treatments except gender, (64% of patients in AB £ R alternative regimen group are male, 33%
of patients in HD-MTX 4 R regimen group were male, seen in Supplementary Table 2). The median OS and
2-year OS rate were 50.3 months and 81.82% in AB + R alternative regimen group vs. 10.3 months and 33.33%
in HD-MTX =+ R regimen group, respectively, which is significant (p =0.02). However, the difference of PFS
curves showed no statistical significance with p=0.15. The median PFS and 2-year PES rate were 24.9 months
and 54.55% in AB £ R alternative regimen group vs. 6.0 months and 33.33% in HD-MTX % R regimen group,
respectively. The survival curve in age over 60 subgroup was presented in Fig. 2.

In Age > 60 subgroup, 67 cycles of AB£R alternative regimen were administered, while 27 cycles of
HD-MTX £ R regimen were administered. No significant differences were found in grade 3 to 4 toxicity events
rate (19.41% in AB =+ R alternative regimen group vs. 22.22% in HD-MTX £ R regimen group, p=0.78). The
grade 3 or 4 hematologic toxicity rate was 10.45% in AB & R alternative regimen and 7.4% in HD-MTX £R
regimen group respectively. No significant differences were found between the 2 groups (p=1.00). The grade
3 or 4 neurologic toxicity rate was 2.99% in AB &R alternative regimen and 3.70% in HD-MTX % R regimen
group respectively. No significant differences were found between the 2 groups (p=1.00, seen in Supplementary
Table 3).

In other subgroups based on age, serum LDH level, CSF protein level, deep lesions, ECOG score and IELSG
score, we found no significant differences in OS, PFS, CR rate, or PR rate between the two regimens (seen in
Supplementary Figure 1 and Supplementary Table 4). In addition, we compared the OS, PES, CR rate, or PR
rate between the patients who received rituximab or not in AB & R alternative regimen group, as well as in
HD-MTX +£R regimen group.
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Figure 2. Subgroup analysis. (a) Overall survival of patients over 60 years old. (b) Progression free survival of
patients over 60 years old.

Discussion

We performed a retrospective study of two different HD-MTX based combination chemotherapies that carried
out in our center. Since AB =+ R alternative regimen consist too many kinds of drugs, plus its complicated proce-
dure and long duration of hospitalization, we changed the induction therapy into HD-MTX = R regimen. There
is no significant difference in survival and response rate between the two regimens, indicating the efficacy of
HD-MTX =+ R regimen was not inferior to that of AB + R alternative regimen. The incidence of neurologic tox-
icity events of HD-MTX = R group was slightly lower than that of AB £ R alternative regimen despite of no
statistical significance, which may be due to the limited sample size. Also, there was no significant difference in
grade 3-4 toxicity events between the two regimens either. Some tenser and more complicated systemic chemo-
therapy regimens, such as MBVP and CHOD/BVAM, consist similar components in our AB & R alternative reg-
imen, were reported with substantial toxicity”!°. Nadia N. Laack et al. reported 28% grade 3 or higher neurologic
toxicity rate of CHOD/BVAM regimen’. Philip M.P. Poortmans et al. reported 10% toxic death rate of MBVP
regimen'’. Therefore, adverse effects, especially neurologic side effects, should be carefully monitored when tense
and complicated chemotherapy used.

Some studies showed that, more complicated and tenser chemotherapy may not bring better treatment
response or survival benefits'. The overall response rates of HD-MTX plus oral chemotherapy and more aggres-
sive HD-MTX-based therapies were similar (73% vs. 75%), moreover, there was no difference between 2-year OS
rates of HD-MTX plus oral chemotherapy and more aggressive HD-MTX-based therapies'?. Some drugs in these
more aggressive HD-MTX-based therapies may have poor blood-brain barrier penetration ability and question-
able efficacy in PCNSL!L. On the other hand, the intravenous administration of MTX was recommended at a
dose of 3-8 g/m?, infused within 3 hours, with the interval less than 3 weeks'. Irrational administration of MTX
compromise its effect in PCNSL. These points may explain the similar response and survival benefits in AB =R
alternative regimen and HD-MTX =+ R regimen. Even AB + R alternative regimen included more kinds of drugs,
some of these drugs had poor blood-brain barrier penetration ability, and the interval of MTX in AB £ R alter-
native regimen was too long. While the clinical practice of MTX in HD-MTX = R regimen was more rational.

Although the addition of rituximab were reported to be effective in PCNSL by some studies'*~!, HD-MTX £+ R
regimen should be modified and improved to achieve better clinical outcome, since the blood-brain barrier
penetration ability of rituximab is not satisfying enough'’. Several other drugs were found to be effective in
PCNSL, such as cytarabine, procarbazine, temozolomide, and thiotepa!®!#-*°. Addition of cytarabine to HD-MTX
improved complete response rate (46% vs. 18%) and 3-year OS (46% vs. 32%)'®. Another IELSG phase 2 trial
showed that patients treated with methotrexate-cytarabine plus thiotepa and rituximab had higher complete
remission rate than those treated with methotrexate-cytarabine alone (49% vs 23%)'°. A randomised phase 2
trial in elderly population also presented satisfying response rates of methotrexate, procarbazine, vincristine, and
cytarabine combination chemotherapy and methotrexate, temozolomide combination chemotherapy?. Further
study about blood-brain barrier penetrated drugs are needed to discover the best HD-MTX based combination
chemotherapy.

Age is an independent risk factor for PCNSL. Elderly patients have poorer prognosis than younger patients.
In the Age > 60 subgroup, the overall survival of HD-MTX + R regimen were obviously shorter than AB+R
alternative regimen. One reason we proposed to this result may be the inappropriate dose-reduction of MTX
in elderly patients in HD-MTX + R regimen, which is short of efficacy for controlling the progressive disease
(50% of elderly patients in HD-MTX =+ R regimen reduce MTX dose from 5g/m? to 3.5 g/m?, while age-based
dose-reduction strategy was not adopted in AB £ R alternative regimen).

Concerning management approaches of PCNSL for elderly patients, it is widely believed that HD-MTX-based
chemotherapy is safe and effective as initial treatment. However, the standard dose of intravenous MTX hasn’t
reached a consensus. And the relationship between the dose of MTX and treatment response is not sure?! Some
studies suggested that the dose-reduction of MTX might cause the decrease of drug concentration in cerebrum?,
as well as the impairment of efficacy. However, the opposite side claimed that AUCyrx was negatively correlated to
overall survival?. So far, most studies adopted MTX dose-adjustment strategy in elderly patients with PCNSL*.
Based on 5 prospective studies of adverse effects in elderly patients, the elderly population can well tolerate MTX
at the dose lower than 3.5g/m??>-°. If MTX is used at doses of 4-8 g/m? as single agent, or at doses of 1.5-3.5g/m?
in combination with other cytotoxic drugs, dose adjustment should be carefully carried out according to glomer-
ular filtration rate®. Since lower creatinine clearance is independently associate with better prognosis®', the dose
adjustment based on creatinine clearance does not affect treatment response and clinical outcome?®?. We believe
that it is reasonable to adjust MTX doses according to creatinine clearance. Unfortunately, the dose-reduction in
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HD-MTX + R regimen in our study was not strictly based on estimated glomerular filtration rate (eGFR), which
might result in the disappointing outcome of these patients. We strongly recommend that, the dose adjustment of
MTX should be carried out based on eGFR, instead of reducing doses for all elderly patients.

The elderly is a population more likely to experience adverse effects. AB & R alternative regimen consist more
kinds of drugs, which may result in various toxicity events. Another study found that CHOD/BVAM chemother-
apy caused more obvious neurologic side effects in elderly patients®. In our study, we didn’t find significant dif-
ference of incidence of grade 3—4 toxicity events in Age > 60 subgroup between the two regimens, which perhaps
due to limited sample size.

Our study was limited by the small sample size, especially in the subgroup analysis. AB + R alternative regi-
men and HD-MTX + R regimen were used in different periods. Such difference in treatment date and follow-up
duration might result in many confounding factors, such as the supportive treatment and management abilities,
which might influence the results.

In conclusion, the efficacy and safety of HD-MTX =+ R regimen was not inferior to those of AB =+ R alternative
regimen. But HD-MTX =+ R regimen showed unfavorable outcome in patients older than 60 years. We suggest
to adjust this regimen by changing the dose-reduction strategy and adding other powerful drugs that can well
penetrate blood-brain barrier. Further study about blood-brain barrier penetrated drugs are needed to discover
the best HD-MTX based combination chemotherapy.

Methods

Patient selection. We performed a retrospective analysis of the newly diagnosed PCNSL patients accepted
at least one course of AB & R alternative regimen or single high-dose methotrexate & rituximab (HD-MTX +R)
regimen at Peking Union Medical College Hospital, from August 1999 to August 2016. The inclusion criteria of
this study are: the PCNSL diagnosis confirmed by pathologic examination, without any evidence of lymphoma
outside brain, meninges, eyes, spinal cord or nerve roots detected by bone marrow biopsy, CT, or PET-CT. No
prior chemotherapy was accepted except steroids. The exclusion criteria of this study includes infection of HIV or
immunodeficiency caused by any other reasons; any other CNS disease including other type of tumor, hereditary
disease, or metabolic disease; pregnancy or lactating.

The trial was approved by the Ethical Institutional Review Board of the Peking Union Medical College
Hospital in accordance with the Declaration of Helsinki, and all patients gave written informed consent. The
datasets generated during and/or analysed during the current study are available from the corresponding author
on reasonable request.

Data collected (BASELINE DATA). We collected data of patient characteristics, patterns of care and out-
come by reviewing medical records and making telephone calls.

Patient characteristics (basic patient information and baseline disease information). Patients’ gender, age, date
of the initial diagnosis, clinical classification, pathologic subtype, special site of involvement, results of cerebro-
spinal fluid examination, results of cranial MRI or PET-CT, ophthalmologic examination, Eastern Cooperative
Oncology Group (ECOG) score, International Extranodal Lymphoma Study Group (IELSG) score, serum lactate
dehydrogenase (LDH) level, and cerebrospinal fluid (CSF) protein level at first diagnosis, hemoglobin level, neu-
trophils counts, lymphocytes counts, platelet counts, ALT level, AST level, total bilirubin and direct bilirubin level
within 14 days before the initiation of the first course of chemotherapy were all collected.

Approach to PCNSL management/care Pattern of care. 25 of 27 patients diagnosed with PCNSL between
August 1999 and April 2012 were treated with AB & R alternative regimen as induction therapy. Due to the com-
plexity of its component and procedure, and long duration of hospitalization, we changed the induction therapy
into HD-MTX + R regimen from May 2012 to August 2016. The details of AB £ R alternative regimen were
presented in another article from our center®. Briefly, Regimen A consist of methotrexate 3 g/m?*d, ifosfamide
800 mg/m*d, vindesine 4 mg/d, dexamethasone 10 mg/m?.d. Regimen B consist of carmustine 125 mg/d, ten-
iposide 50 mg/d, vindesine 4 mg/d, dexamethasone 10 mg/m?*-d. The procedure of HD-MTX =+ R regimen was
similar to the regimen reported by James L. R, et al.? with small difference of the dose of HD-MTX and the use of
temozolomide, considering the adverse effects and patients’ tolerance. In HD-MTX 4 R regimen group, Patients
were given intravenous methotrexate 5g/m?d, over 4hours, every 14 days. If the patients older than 65, the dose
of MTX would be reduced 1/3. Whether rituximab (375 mg/m?*d) used or not is depended on patients” preference
and immune status.

In addition to systemic chemotherapy, all the patients without contraindications for lumbar puncture accepted
intrathecal administration of cytarabine 50 mg, MTX 10 mg, and dexamethasone 5 mg during every course. Based
on patients’ preference, some patients accepted WBRT as consolidation therapy. They were treated with 40-50 Gy
WBRT plus a tumour-bed boost of 8-16 Gy.

All the patients received adequate hydration, urinary alkalization, and leucovorin rescue before and after
methotrexate.

The date of initiation of chemotherapy, details of regimen, doses, courses of chemotherapy, and whether
WBRT or ASCT received or not were all recorded. The adverse events and toxicity were evaluated according to
National Cancer Institute Common Toxicity Criteria for Adverse Events, version 3.0.

Outcome. 'The follow-up of all patients were collected by reviewing medical records and making telephone
calls. We recorded the treatments, responses, date and cause of death in the follow-up. The last follow-up was
finished on November 1%, 2016. Responses to treatment were evaluated according to The International Primary
CNS Lymphoma Collaborative Group response criteria®, based on the results of cerebrospinal fluid examination,
cranial MRI or PET-CT. Overall survival (OS) was calculated from the date of initiation of chemotherapy to the

SCIENTIFICREPORTS |7: 17053 | DOI:10.1038/s41598-017-17359-1 5



www.nature.com/scientificreports/

date of death from any cause, or censored if the subject was alive at the time of last follow-up. Progression-free
survival (PFS) was calculated from the date of initiation of chemotherapy to the date the disease progressed, or
censored if the patient had no progressive disease at the time of last follow-up.

Subgroup analysis. The subgroup analysis was based on age, serum LDH level, CSF protein level, deep lesions,
ECOG score and IELSG score, which are independent prognostic indicator for PCNSL?, According to the prog-
nostic value, the ECOG scores were grouped into 2 groups (0-1 vs > 1), while the IELSG scores were also grouped
into 2 groups (0-2 vs 3-4), and the cutoff of LDH value and CSF protein level is 250 U/L and 0.45 g/L respectively.
the OS and PFS were compared between the two chemotherapy in these subgroups.

Statistics. Baseline characteristics of patients were summarized using descriptive statistics. We analyzed the
difference in baseline characteristics and supplementary treatments between the two treatment regimen groups
with Chi-square test or Fisher’s test. OS and PFS was estimated using the Kaplan-Meier method. The differences
between two treatment regimen groups were evaluated with the log-rank test. The proportion of response to
treatment was assumed to follow an independent binomial distribution. Chi-square test or Fisher’s test were used
for proportional comparison. Two-tailed p-value < 0.05 was considered to be statistically significant for all tests.
All analyses were conducted using GraphPad Prism 6 (GraphPad Software, San Diego, CA, USA).

References

1. Villano, J. L., Koshy, M., Shaikh, H., Dolecek, T. A. & McCarthy, B. . Age, gender, and racial differences in incidence and survival in
primary CNS lymphoma. Br ] Cancer 105, 1414-1418 (2011).

2. Ferreri, A. J. M. et al. Prognostic scoring system for primary CNS lymphomas: The International Extranodal Lymphoma Study
Group experience. J. Clin. Oncol. 21, 266-272 (2003).

3. Rubenstein, J. L., Gupta, N. K., Mannis, G. N., LaMarre, A. K. & Treseler, P. How I treat CNS lymphomas. Blood 122, 2318-2330
(2013).

4. Cher, L., Glass, J., Harsh, G. R. & Hochberg, F. H. Therapy of primary CNS lymphoma with methotrexate-based chemotherapy and
deferred radiotherapy: preliminary results. Neurology 46, 1757-1759 (1996).

5. Guha-Thakurta, N., Damek, D., Pollack, C. & Hochberg, F. H. Intravenous methotrexate as initial treatment for primary central
nervous system lymphoma: Response to therapy and quality of life of patients. J. Neurooncol. 43, 259-268 (1999).

6. Wieduwilt, M. J. et al. Inmunochemotherapy with intensive consolidation for primary CNS lymphoma: a pilot study and prognostic
assessment by diffusion-weighted MRI. Clin. Cancer Res. 18, 1146-1155 (2012).

7. Korfel, A. et al. Phase II study of central nervous system (CNS)-directed chemotherapy including high-dose chemotherapy with
autologous stem cell transplantation for CNS relapse of aggressive lymphomas. Haematologica 98, 364-370 (2013).

8. Illerhaus, G. et al. High-dose chemotherapy and autologous stem-cell transplantation without consolidating radiotherapy as first-
line treatment for primary lymphoma of the central nervous system. Haematologica 93, 147-148 (2008).

9. Laack, N. N. et al. CHOD/BVAM Chemotherapy and Whole-Brain Radiotherapy for Newly Diagnosed Primary Central Nervous
System Lymphoma. Int. J. Radiat. Oncol. 81, 476-482 (2011).

10. Poortmans, P. M. P. et al. High-dose methotrexate-based chemotherapy followed by consolidating radiotherapy in non-AIDS-related
primary central nervous system lymphoma: European Organization for Research and Treatment of Cancer Lymphoma Group Phase
II Trial 20962. J. Clin. Oncol. 21, 4483-4488 (2003).

11. Kasenda, B. et al. First-line treatment and outcome of elderly patients with primary central nervous system lymphoma (PCNSL) - A
systematic review and individual patient data meta-analysis. Blood 120 21 (2017).

12. Kasenda, B. et al. First-line treatment and outcome of elderly patients with primary central nervous system lymphoma (PCNSL)-a
systematic review and individual patient data meta-analysis. Ann Oncol 26, 1305-1313 (2015).

13. Joerger, M., Huitema, A. D. R, Illerhaus, G. & Ferreri, A. J. M. Rational administration schedule for high-dose methotrexate in
patients with primary central nervous system lymphoma. Leuk. Lymphoma 53, 1867-1875 (2012).

14. Holdhoff, M. et al. High-dose methotrexate with or without rituximab in newly diagnosed primary CNS lymphoma. Neurology 83,
235-239 (2014).

15. Mocikova, H. et al. Role of rituximab in treatment of patients with primary central nervous system lymphoma: a retrospective
analysis of the Czech lymphoma study group registry. Leuk. Lymphoma 1-7 doi:https://doi.org/10.3109/10428194.2016.1167203
(2016).

16. Ferreri, A. J. M. et al. Chemoimmunotherapy with methotrexate, cytarabine, thiotepa, and rituximab (MATRix regimen) in patients
with primary CNS lymphoma: results of the first randomisation of the International Extranodal Lymphoma Study Group-32
(IELSG32) phase 2 trial. Lancet Haematol. 3, e217-e227 (2016).

17. Rubenstein, J. L. et al. Rituximab therapy for CNS lymphomas: Targeting the leptomeningeal compartment. Blood 101, 466-468
(2003).

18. Ferreri, A. J. M. et al. High-dose cytarabine plus high-dose methotrexate versus high-dose methotrexate alone in patients with
primary CNS lymphoma: a randomised phase 2 trial. Lancet (London, England) 374, 1512-1520 (2009).

19. Ferreri, A.J. M. et al. MATILDE regimen followed by radiotherapy is an active strategy against primary CNS lymphomas. Neurology
66, 1435-1438 (2006).

20. Omuro, A. et al. Methotrexate and temozolomide versus methotrexate, procarbazine, vincristine, and cytarabine for primary CNS
lymphoma in an elderly population: an intergroup ANOCEF-GOELAMS randomised phase 2 trial. Lancet Haematol. 2, e251-e259
(2015).

21. Hoang-Xuan, K. et al. Diagnosis and treatment of primary CNS lymphoma in immunocompetent patients: guidelines from the
European Association for Neuro-Oncology. Lancet. Oncol. 16, €322-32 (2015).

22. Graber, J. ]. & Omuro, A. Pharmacotherapy for primary CNS lymphoma: progress beyond methotrexate? CNS Drugs 25, 447-457
(2011).

23. The prognostic value of serum methotrexate area under curve in elderly primary CNS lymphoma patients.

24. Kerbauy, M. N. et al. Challenges and opportunities in primary CNS lymphoma: A systematic review. Radiother. Oncol. 122, 352-361
(2017).

25. Ghesquiéres, H. et al. Long-term follow-up of an age-adapted C5R protocol followed by radiotherapy in 99 newly diagnosed primary
CNS lymphomas: A prospective multicentric phase II study of the Groupe d’Etude des Lymphomes de 'Adulte (GELA). Ann. Oncol.
21, 842-850 (2009).

26. Fritsch, K. et al. Inmunochemotherapy with rituximab, methotrexate, procarbazine, and lomustine for primary CNS lymphoma
(PCNSL) in the elderly. Ann. Oncol. 22, 2080-2085 (2011).

27. Delattre, J. Y. & Baron, B. Chemotherapy Alone as Initial Treatment for Primary CNS Lymphoma in Patients Older Than 60 Years:
A Multicenter Phase II Study (26952) of the European Organization for Research and Treatment of Cancer Brain Tumor Group. 21,
2726-2731 (2003).

SCIENTIFICREPORTS |7: 17053 | DOI:10.1038/s41598-017-17359-1 6


http://dx.doi.org/10.3109/10428194.2016.1167203

www.nature.com/scientificreports/

28. Illerhaus, G. et al. High-dose methotrexate combined with procarbazine and CCNU for primary CNS lymphoma in the elderly:
results of a prospective pilot and phase II study. Ann. Oncol. 20, 319-325 (2009).

29. Zhu, J.]. et al. High-dose methotrexate for elderly patients with primary CNS lymphoma. Neuro Oncol 11, 211-215 (2009).

30. Bessell, E. M., Dickinson, P., Dickinson, S. & Salmon, J. Increasing age at diagnosis and worsening renal function in patients with
primary central nervous system lymphoma. J. Neurooncol. 104, 191-193 (2011).

31. Ferreri, A.]. M. et al. Area under the curve of methotrexate and creatinine clearance are outcome-determining factors in primary
CNS lymphomas. Br. J. Cancer 90, 353-358 (2004).

32. Yamanaka, R. et al. Modified ProMACE-MOPP hybrid regimen with moderate-dose methotrexate for patients with primary CNS
lymphoma. Ann. Hematol. 84, 447-455 (2005).

33. Bessell, E. M. et al. CHOD/BVAM regimen plus radiotherapy in patients with primary CNS non-Hodgkin’s lymphoma. Int. J. Radiat.
Oncol. Biol. Phys. 50, 457-464 (2001).

34. Zhu, T. et al. Clinical characteristics and outcome of patients with primary central nervous system lymphoma]. Chung-Hua Hsueh
Yeh Hsueh Tsa Chih Chinese J. Hematol. 36, 849-852 (2015).

35. Abrey, L. E. Report of an International Workshop to Standardize Baseline Evaluation and Response Criteria for Primary CNS
Lymphoma. J. Clin. Oncol. 23, 5034-5043 (2005).

Author Contributions
X.H., Y.L.J. and M.Q.O.Y. wrote the main manuscript, Y.L.J. conducted data analysis, X.H. and T.N.Z. collected
clinical data, D.B.Z. conducted and supervised the study. All authors reviewed the manuscript.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-017-17359-1.

Competing Interests: The authors declare that they have no competing interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2017

SCIENTIFICREPORTS |7: 17053 | DOI:10.1038/s41598-017-17359-1 7


http://dx.doi.org/10.1038/s41598-017-17359-1
http://creativecommons.org/licenses/by/4.0/

	Efficacy and safety of HD-MTX based systemic chemotherapy regimens: retrospective study of induction therapy for primary ce ...
	Results

	Patient characteristics. 
	Survival data. 
	Response to treatment. 
	Toxicity. 
	Subgroup analysis. 

	Discussion

	Methods

	Patient selection. 
	Data collected (BASELINE DATA). 
	Patient characteristics (basic patient information and baseline disease information). 
	Outcome. 
	Subgroup analysis. 

	Statistics. 

	Figure 1 Overall survival and progression-free survival of patients with primary central nervous system lymphoma.
	Figure 2 Subgroup analysis.
	Table 1 Baseline characteristics and supplementary treatments of patients with primary central nervous system lymphoma.
	Table 2 Treatment response of patients with primary central nervous system lymphoma at 6 months.




