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Rituximab with high-dose
methotrexate is effective

and cost-effective in newly
diagnosed primary central nervous
system lymphoma

Xianggui Yuan'?, Teng Yu'3, Yurong Huang®3, Huawei Jiang?, Xiaohua Xu?, Yun Liang'* &
Wenbin Qian®2*

Induction chemotherapy based on high-dose methotrexate is considered as the standard approach
for newly diagnosed primary central nervous system lymphomas (PCNSLs). However, the best
combination chemotherapeutic regimen remains unclear. This study aimed to determine the efficacy
and toxicities of rituximab with methotrexate (R-M regimen). Consecutive 37 Chinese patients
receiving R-M regimen as induction chemotherapy were retrospectively identified from January
2015 to June 2020 from our center in eastern China. Fourteen patients receiving rituximab plus
methotrexate with cytarabine (R-MA regimen) at the same period were identified as the positive
control group. The response rates, survival, toxicities, length of hospital stay (LOS), and cost were
compared. Compared with the R-MA regimen, the R-M regimen showed comparable response rate and
survival outcomes, but had fewer grade 3-4 hematological toxicities, shorter LOS, lower mean total
hospitalization cost and lower mean total antibiotic cost. Complete remission at the end of induction
chemotherapy and ECOG >3 were independent prognostic factors for overall survival. In conclusion,
R-M regimen is an effective and cost-effective combination treatment for PCNSLs, which warrants
further evaluation in randomized trials.

Primary central nervous system lymphoma (PCNSLs) is a rare and aggressive extranodal non-Hodgkin lym-
phoma located in the brain, leptomeninges, spinal cord, eyes or cerebrospinal fluid (CSF)'. PCNSLs are char-
acterized by short-lasting responses and poor prognosis. High-dose methotrexate (HD-MTX) is the standard
treatment for newly diagnosed PCNSLs. However, the efficacy of HD-MTX monotherapy is unsatisfactory with
a median overall survival (OS) of 16-38 months and progression-free survival (PFS) of 4-10 months®™. As such,
other drugs in combination with HD-MTX have been investigated to improve the outcome®. Cytarabine (Ara-
C) is a cell cycle-phase specific antimetabolite, commonly used in chemotherapy for hematologic malignancies.
IELSG20, a phase 2 trial, indicated that the combination of Ara-C with HD-MTX increased the CR rate (46%
vs. 18%) and improved the 3-year OS (46 vs. 32%) in PCNSLs*. IELSG32, another phase 2 trial, revealed that
patients receiving the HD-MTX plus Ara-C (MA regimen) together with thiotepa and rituximab (MATRix) had
a higher CR rate (49 vs. 23%) and improved PFS and OS, than those receiving the MA regimen alone®. Although
combination chemotherapeutic regimens bring increasing efficacy, hematological toxicities are the primary
concerns. Therefore, the best combination chemotherapeutic regimen remains unclear.

Rituximab, a highly specific monoclonal antibody against CD20, is widely used to treat diffuse large B cell
lymphoma (DLBCL). The combination of rituximab with the cyclophosphamide, doxorubicin, vincristine and
prednisone (R-CHOP) regimen has been proved to significantly improve the OS of systemic DLBCL’. Although
rituximab’s clinical effect in PCNSLs remains controversial due to its large size and poor penetration of the
blood-brain barrier (BBB), several preliminary studies suggest that adding rituximab to cytotoxic chemother-
apy is safe and effective for PCNSLs*®°. Studies have indicated that rituximab is likely to reach therapeutic
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concentrations and can induce responses in contrast-enhanced lesions, in which there is a substantial disruption
of the BBB!®!!. Two randomized controlled trials were designed to formally determine the effects of rituximab on
PCNSLs. The IELSG32 study stated that the addition of rituximab to the MA regimen (R-MA regimen) was more
likely to induce a response than the MA regimen alone (ORR,74 vs. 53%) and there was a trend for improved PFS
(p value 0.051) and OS (p value 0.095) with overall minimal added toxicities®. However, the HOVON 105/ALLG
NHL 24 study, a phase 3 randomized study, did not find significantly increased PFS, or OS from the addition of
rituximab to the MTX, carmustine, teniposide, and prednisolone (MBVP) chemotherapy regimen compared
with the MBVP regimen alone in newly-diagnosed PCNSLs'2, which was contrary to the results in the IELSG32
study. Interestingly, subgroup analysis in the HOVON105 study showed that the application of rituximab might
benefit patients under 60 years of age. Even with the conflicting results of the above two prospective randomized
studies, given the relatively low toxicities and single-agent activity of rituximab in relapsed/refractory PCNSLs,
rituximab has been widely used in clinical practice and incorporated into clinical trials'?.

To balance therapy intensification with side effects in our center, rituximab with methotrexate (R-M regimen)
is widely applied for PCNSLs. This study aimed to retrospectively evaluate the efficacy and toxicities of the R-M
regimen as induction chemotherapy for newly diagnosed PCNSLs.

Patients and methods

Patients. From January 2015 to June 2020, consecutive patients with newly diagnosed PCNSLs, receiving
the R-M regimen as induction therapy at the Second Affiliated Hospital, Zhejiang University, were identified
from medical records. Given the inaccessibility of thiotepa in China, the R-MA regimen but not the MATRix
regimen was widely applied since the IELSG32 results was first published in 2016. Thus, patients receiving the
R-MA regimen at the same period were identified as the positive control group. Patients fulfilling the following
criteria were enrolled in the study: newly diagnosed patients with PCNSL, definite pathological diagnosis of
DLBCL, and measurably enhanced lesions for response assessment. Patients with isolated ocular lymphomas
or HIV- associated lymphoma were excluded. Informed consent was obtained from all patients enrolled in this
study. According to the updated WHO classifications, the diagnosis of PCNSLs was confirmed by two patholo-
gists and consensus was reached for each patient. This study was approved by the Ethics Committee of the Sec-
ond Affiliated Hospital, Zhejiang University. All research was performed in accordance with relevant guidelines/
regulations in accordance with the Declaration of Helsinki. Informed consent was obtained from all participants
and/or their legal guardians.

Treatment protocol. Patients were scheduled to receive 6 cycles of induction chemotherapy on a 21-day
cycle. Thereafter, consolidation treatment with whole-brain radiation therapy (WBRT, 30-36 Gy followed by a
limited field to gross disease to 45 Gy) was administered, depending on their age, financial situation and willing-
ness. Patients who failed to reach PR after 4 courses of induction chemotherapy or progressed at any time were
withdrawn and received salvage treatment. The R-M regimen consisted of rituximab and MTX, while the R-MA
regimen consisted of rituximab, MTX and Ara-C. Rituximab (375 mg/m2) was administered on day 0. HD-
MTX (3.5 g/m2) was administered intravenously over 4 h on day 1. Patients received adequate pre-and post-
MTX hydration, urinary alkalization and leucovorin rescue. Leucovorin rescue was started 24 h after completing
HD-MTX infusion and administered at 15 mg every 6 h until serum MTX levels were <0.05 umol/l. Ara-C (2 g/
m2) was administered intravenously every 12 h on days 2-3. All patients who had grade 3-4 neutropenia with
infection received prophylactic lenograstim after each cycle and the dose of Ara-C was reduced thereafter.

Response evaluation. Treatment responses were evaluated every 2 induction chemotherapy cycles or at
any time the neurological symptoms worsened or re-emerged by brain magnetic resonance imaging (MRI) with
contrast enhancement. The responses were classified as complete remission (CR), unconfirmed complete remis-
sion (CRu), partial remission (PR), stable disease (SD), or progression disease (PD), according to the Interna-
tional Primary CNS Lymphoma Collaborative Group (IPCG) criteria'*. For statistical analysis, CR and CRu
defined by the IPCG criteria were combined into a single “CR” category previously defined by Response Evalua-
tion Criteria in Solid Tumors in this study. Overall response = CR + PR. After completing the treatment, patients
were assessed by repeated enhanced brain MRI every 3 months for the first 2 years and every 6 months for the
next 3 years. OS was determined as the period from the date of diagnosis of PCNSLs to death from any cause or
the last follow-up. PFS was defined as the time from diagnosis to disease progression or death due to PCNSL or
last follow-up.

Determination of length of hospital stay (LOS). LOS was calculated from the day of chemotherapy to
discharge and recorded in whole days. When a case was readmitted for side effects, the duration was added to
the initial LOS. LOS was calculated for the R-M group and R-MA group, respectively.

Cost analysis. The cost of hospital stays and antibiotics was determined from patient billing records and
converted to US dollars at the currency exchange rate at the time of this study. The cost of hospital stays and
antibiotics were calculated for the R-M group and R-MA group, respectively.

Toxicity evaluation. Treatment toxicities were evaluated according to the National Cancer Institute Com-
mon Toxicity Criteria (CTCAE) version 4.0(https:// evs.nci.nih.gov/ftpl/CTCAE /CTCAE_ 4.03).
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Statistical analysis. Continuous variables were summarized as means with 95% confidence intervals (95%
CIs) and compared with an unpaired t-test. Categorical variables were summarized as frequencies with associ-
ated percentages. The patient characteristics and treatment responses of the two therapeutic groups were com-
pared using the chi-square test or Fisher’s exact test. The OS and PES were calculated with the Kaplan-Meier
method and compared with the log-rank test. The multivariate analysis for OS and PFS was performed based on
the Cox proportional hazards regression model. The results were expressed as hazard ratios (HR) and their 95%
ClIs. Those factors with p values less than 0.1 in univariate analysis were used to construct multivariate models
for OS and PFS. Landmark-analyses was used to minimize the bias in favor of responders who could survive
long enough to have a response assessment. For continuous variables, the best-identified cutoff point was deter-
mined by receiver operating characteristic (ROC) curve analysis. All statistical analyses were performed using
SPSS v17.0 for Windows (SPSS Inc, Chicago, IL). An alpha value of two-sided p <0.05 was considered statisti-
cally significant.

Ethics approval. This study was approved by the Human Ethics Committee of the Second Affiliated Hospi-
tal, School of Medicine, Zhejiang University, China.

Consent to participate. Informed consent was obtained from all participants included in the study.

Results
Patient characteristics and treatment. A total of 34 patients receiving R-M regimen were enrolled.
The diagnosis was achieved by surgery (40.5%), or stereotactic biopsy (59.5%), and no patients were diagnosed
based on CSE. All PCNSLs were confirmed to be DLBCL. The median age of patients was 62 years (range, 27 to
80 years; 23 patients were>60 years old, and 14 were<60 years old). Five patients (13.5%) had elevated LDH
above the upper limit of normal. 77.1% (27/35) patients had non-germinal center B cell-like (non-GCB) DLBCL.
Fourteen patients receiving the R-MA regimen as induction chemotherapy were identified as the positive
control group. The characteristics of the 51 patients are described in Table 1. These patients were treated accord-
ing to their age, financial situation and willingness. The demographics and baseline clinical characteristics (sex,
ECOG, LDH, deep structure involvement, biopsy type, Karnofsky performance status (KPS), CD10, C-Myc,
Bcl-2, Bcl-6, MUM-1, pathological phenotype, and CSF protein) were not different between patients treated with
the R-M and R-MA regimens, except for the age and number of lesions. Patients in the R-M group were older
(p=0.006) than the R-MA group, and more patients in the R-M group had multiple lesions (p = 0.024). No vitreo-
retinal lymphoma was identified through slit lamp examination by specialized ophthalmologist in both groups.
Among the 34 out of 51 patients undoing routine CSF examination, no lymphoma cells were identified in CSF.

Response and survival. Thirty-seven patients received a total of 184 cycles of the R-M regimen with
a median of 6 cycles per patient (range, 1-6). At the last follow-up, 20 achieved CR (54.1%), 8 achieved PR
(21.6%), 0 had SD (0%), and 9 had PD (24.3%). Seven (18.9%) patients were consolidated with WBRT. Fourteen
patients received a total of 39 cycles of the R-MA regimen, with a median of 3 cycles per patient (range, 1-6).
At the last follow-up, 5 patients achieved CR (35.7%), 2 achieved PR (14.3%), 1 had SD (7.1%), and 6 had PD
(42.9%). Four (28.6%) patients were consolidated with WBRT. The R-M regimen produced a comparable CR
rate (54.1 vs. 35.7%, p=0.24) and overall response rate (ORR) (75.6% vs. 50.0%, p=0.078), compared with the
R-MA regimen (Fig. 1A).

Follow-up data were available for all patients in both groups. The median follow-up duration was 30.0 months
(range,1-76) in the R-M group, which was similar to 27.5 months (range, 1-51) in the R-MA group (p=0.44).
The median OS was not reached in either cohort with estimated 3-year OS rates of 54.4% and 51.9% in the R-M
and R-MA group, respectively. The median PFS of the R-M group was 19.0 months (95% CI, 16.0-22.0) and the
median PFS of R-MA group was 9.0 months (95% CI, 0-27.3). The estimated 2-year PFS rates were36.6% and
42.9% in the R-M and R-MA groups, respectively. The PFS (Fig. 1B).and OS (Fig. 1C) for the R-M group were
not inferior to the R-MA group (p=0.94, p=0.85, respectively.).

Toxicity and cost. Thirty-seven patients received a total of 184 cycles of the R-M regimen with a median
of 6 cycles per patient (range, 1-6). Twenty-four of the 37 patients completed the entire protocol. Only 1 patient
(2.7%) was withdrawn due to severe myelosuppression with infection and 9 patients (24.3%) were withdrawn
due to disease progression. The remaining 3 patients were withdrawn due to personal reasons. Fourteen patients
received a total of 39 cycles of the R-MA regimen, with a median of 3 cycles per patient (range, 1-6). Only three
of the 14 patients completed the entire protocol. Indeed, five patients (35.7%) were withdrawn due to severe
myelosuppression with infection, and six patients (42.9%) were withdrawn due to the disease progression. The
total chemotherapy completion rate was higher in the R-M group than in the R-MA group (64.9 vs. 21.4%,
p=0.006) (Fig. 1D). The chemotherapy interruption rate due to toxicities was significantly lower in the R-M
group than in the R-MA group (2.7 vs. 35.7%, p=0.004).

The most frequent toxicities were hematologic toxicities and infection, as summarized in Table 2. The R-M
group experienced significantly fewer frequent grade 3-4 hematological toxicities (3.4 vs. 59.0%, p <0.001) and
febrile neutropenia (2.7 vs. 41.0%, p <0.001) than the R-MA group. Patients in the R-M group experienced signifi-
cantly less frequent grade 3 neutropenia (1.6 vs. 15.4%, p=0.001), grade 4 neutropenia (1.1 vs. 43.6%, p<0.001),
grade 3 anemia (0.5 vs. 12.8%, p=0.001), grade 4 anemia (0 vs. 10.3%, p=0.001) and grade 4 thrombopenia (1.1
vs. 51.3%, p<0.001) than the R-MA group. Urinary tract infections (1.6 vs. 17.9%, p <0.001) and pneumonia (1.6
vs. 17.9%, p<0.001) were also observed much less frequently in the R-M group than in the R-MA group. Other
nonhematological toxicities were generally mild to moderate and reversible and occurred at similar frequencies
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Factors Total (n=51) | R-M (n=37) R-MA (n=14) | p value

(median, range) | 60 (27-80) 62 (27-80) 56 (41-64) 0012
Age (year) >60y 25 (49.0%) 23 (62.2%) 2 (14.3%) ’

<60y 26 (51.0%) 4(37.8%) 12 (85.7%) 0,002

Male 28 (54.9%) 22 (59.5%) 6 (42.9%) ’
Gender

Female 23 (45.1%) 5(40.5%) 8(57.1) 0.29

Yes 24 (47.1%) 21 (56.8%) 3(21.4%) ’
Multifocal lesions

No 27 (52.9%) 16 (43.2%) 11 (78.6%) 0.024

Present 31 (60.8%) 22 (59.5%) 9 (64.3%) ’
Deep-brain involvement

Absent 20 (39.2%) 15 (40.5%) 5 (35.7%) o5

Surgical 21 (41.2%) 15 (40.5%) 6 (42.9%) ’
Biopsy type

Stereotactic 30 (58.8%) 22 (59.5%) 8(57.1%)

1 0 (0%) 0 (0%) 0 (0%) 058

2 26 (51.0%) 17 (45.9%) 9 (64.3%) ’
ECOG score

3 15 (29.4%) 12 (32.4%) 3(21.4%)

4 10 (19.6%) 8(21.6%) 2 (14.3%) 051

<70 32 (62.7%) 24 (64.9%) 8 (57.1%) ’
KPS score

>70 19 (37.3%) 13 (35.1%) 6 (42.9%) 0.61
LDH Elevated 7 (13.7%) 5(13.5%) 2 (14.3%) ’

Normal 44 (86.3%) 32 (86.5%) 12 (85.7%) 100

Elevated 22/34 (64.7%) | 16/25 (64.0%) | 6/9 (66.7%) '
CSF protein

Normal 12/34 (35.3%) | 9/25 (36.0%) 3/9 (33.3%) 100

Negative 53.3% 53.1% 53.8% '
C-Myc

Positive 46.7% 46.9% 46.2% 0.96

Negative 34.0% 35.3% 30.8% '
Bcl-2

Positive 66.0% 64.7% 69.2% L00

Negative 20.4% 22.2% 15.4% ’
Bcl-6

Positive 79.4% 77.8% 84.6% 071

Negative 77.6% 80.6% 69.2% '
CD10

Positive 122.4% 19.4% 30.8% 0.40

Negative 14.6% 20% 0% ’
MUM-1

Positive 85.4% 80% 100% 0.17

Non-GCB 35/48(72.9%) 27/35(77.1%) 8/13(61.5%)
Pathology phenotype 0.28

GCB 13/48(27.1%) 8/35(22.9%) 5/13(38.5%)

Table 1. Baseline patient characteristics and the distribution of lymphoma subtypes. Notes CSE, cerebrospinal
fluid; ECOG, Eastern Cooperative Oncology Group; GCB, germinal center B-cell-like; KPS, Karnofsky
performance status; LDH, lactate dehydrogenase; R-M, combination regimen of high-dose methotrexate and
rituximab; R-MA, combination regimen of rituximab, high-dose methotrexate and cytarabine.

across both treatment groups. No treatment-related deaths were observed in either group. There were 2 cases of
atrial fibrillation, one case of deep vein thrombosis, one case of acute heart failure, and one case of grade 4 skin
rash in the R-MA group.

The average LOS was 5.7 days (95% CI 5.3-6.1) in the R-M group, which was shorter than 15.2 days (95% CI
12.7-17.3) observed in the R-MA group (p <0.001) (Fig. 1E). The mean total hospitalization cost per cycle of the
R-M regimen per patient was $5536 (95% CI 4830-6454), with a mean total antibiotic cost per cycle per patient
of $157 (95% CI 37-291). The mean total hospitalization cost per cycle of the R-MA regimen per patient was
$8741 (95% CI 6904-10,352), with a mean total antibiotic cost per cycle per patient of $822 (95% CI 417-1185).
The mean total hospitalization cost (Fig. 1F). and mean total antibiotic cost per cycle per patient (Fig. 1G) in
the R-MA group were 1.58 times (p =0.0009) and 5.24 times (p =0.0026) that of the R-M group, respectively.

Univariate and multivariate analyses of prognostic indicators. To identify the prognostic indi-
cators, all 51 patients were enrolled in the univariate and multivariate analyses. The results of univariate and
multivariate analyses of prognostic indicators are summarized in Table 3. The univariate analysis indicated that
GCB subtype (p=0.019, Fig. 2A), WBRT consolidation (p=0.033), and CR at the end of the induction therapy
(p=0.002, Fig. 2B) were associated with increased PFS. While age > 60 (p=0.041), ECOG >3 (p=0.024, Fig. 2D),
and CR at the end of the induction therapy (p=0.006, Fig. 2E) were associated with increased OS. Disappoint-
ingly, we did not observe any association of LDH or deep brain involvement with PES or OS. We incorporated
all those factors with p values<0.1 in univariate analysis into the multivariate Cox analysis revealed that GCB
subtype(p=0.014) and CR at the end of induction chemotherapy (p=0.009) were identified as dependent prog-
nostic indicators for PFS. While ECOG >3 (p=0.025), and CR at the end of induction chemotherapy (p=0.002)
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Figure 1. Response, survival and cost by treatment group. (A) Response; (B) Progression-free survival; (C)
Overall survival; (D) Chemotherapy completion rate; (E) Average length of hospital stay; (F) Average total
hospital cost per course per patient; (G) Average antibiotic costs per course per patient.

Grade 3 neutropenia 3(1.6%) 6(15.4%) 0.001
Grade 4 neutropenia 2(1.1%) 17(43.6%) <0.001
Grade 3 thrombopenia 4(2.2%) 3(7.7%) 0.10
Grade 4 thrombopenia 2(1.1%) 20(51.3%) <0.001
Grade 3 anemia 1(0.5%) 5(12.8%) 0.001
Grade 4 anemia 0(0%) 4(10.3%) 0.001
Febrile neutropenia 5(2.7%) 16(41.0%) <0.001
Urinary tract infection 3(1.6%) 7(17.9%) <0.001
Pneumonia 3(1.6%) 7(17.9%) <0.001
Oral candidiasis 3(1.6%) 0(0%) 1.00
Sepsis 1(0.5%) 1(2.6%) 0.32
Acute infectious enteritis 1(0.5%) 0(0%) 1.00
Herpes zoster 1(0.5%) 0(0%) 1.00
Grade 3 Hepatotoxicity 3(1.6%) 3(7.7%) 0.068
Grade 4 Hepatotoxicity 1(0.5%) 0(0%) 1.00
Creatinine elevated 2(1.1%) 0(0%) 1.00
Deep vein thrombosis 0(0%) 1(2.6%) 0.18
Atrial fibrillation 0(0%) 2(5.1%) 0.03
Acute heart failure 0(0%) 1(2.6%) 0.18
Grade 4 skin rash 0(0%) 1(2.6%) 0.18

Table 2. Main adverse effects by treatment group. Notes R-M, combination regimen of high-dose
methotrexate and rituximab; R-MA, combination regimen of rituximab, high-dose methotrexate and
cytarabine.
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PES (O]
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
Variable No. event /total | HR(95% CI) Pvalue | HR(95% CI) pvalue | No. event /total | HR (95% CI) pvalue | HR (95% CI) p value
Age > 60y 17/25 1.47(0.71-3.05) | 0.299 13/25 2.83(1.04-7.69) | 0.041 | 2.56(0.91-7.21) |0.074
Deep-brain involvement | 20/31 1.11(0.55-2.25) | 0.755 13/31 0.90(0.38-2.11) | 0.805
ECOG>3 9/10 1.94(0.89-4.20) | 0.095 | 1.80(0.76-4.29) | 0.183 | 7/10 2.83(1.15-7.00) |0.024 | 3.14(1.16-8.54) |0.025
Elevated LDH 5/7 1.12(0.53-2.38) | 0.764 4/7 1.73(0.58-5.12) | 0.323
Multiple focal 18/24 1.84(0.92-3.66) | 0.083  |1.42(0.63-3.21) |0.399 | 12/24 1.49(0.64-3.45) | 0.353
Cytarabine treatment | 8/14 0.97(0.44-2.16) | 0.940 6/14 1.09(0.43-2.80) | 0.853
WBRT consolidation | 5/11 0.35(0.14-0.92) |0.033 | 0.39(0.12-1.16) |0.088  |3/11 0.38(0.11-1.28) | 0.118
GCB subtype 3/11 0.24(0.07-0.79) |0.019 | 0.21(0.06-0.73) |0.014  [2/11 0.28(0.07-1.21) |0.089 | 0.30(0.07-1.31) |0.109
g:natt theend of treat- 1 0.32(0.15-0.66) |0.002 | 0.35(0.16-0.76) |0.009 | 6/25 0.26(0.11-0.74) |0.006 | 0.20(0.07-0.55) |0.002
<19 months 11/25 0.22(0.10-0.50) | 0.000 | 0.32(0.14-0.76) | 0.01 6/25 0.18(0.04-0.83) |0.028 | 0.17(0.04-0.80) |0.025
>19 months 3/12 0.74(0.08-7.25) |0.797 | 1.23(0.11-13.7) | 0.86 2/20 0.36(0.10-1.29) | 0.12 0.17(0.03-0.93) | 0.041
Table 3. Univariate and multivariate analyses of overall and progression-free survival. Notes CI, confidential
interval; CR, complete remission; HR, hazard ratio; ECOG, Eastern Cooperative Oncology Group; GCB,
germinal center B-cell-like; LDH, lactate dehydrogenase; OR, overall remission; OS, overall survival; PFS,
progression-free survival.
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Figure 2. Kaplan-Meier survival curves and landmark analysis. (A) Progression-free survival by pathological
subtype (GCB vs. non-GCB); (B) Progression-free survival by response (CR vs. not CR) at the end of induction
chemotherapy; (C) Landmark analysis of progression-free survival by response (CR vs. not CR) at the end of
induction chemotherapy; (D) Overall survival by subtype (ECOG >3 vs. ECOG < 3); (F) Overall survival by
response (CR vs. not CR) at the end of induction chemotherapy; (E) Landmark analysis of overall survival by
response (CR vs. not CR) at the end of induction chemotherapy.
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were independent prognostic factors for OS. To further delineate the impacts of end-of-induction response on
survival, we performed additional landmark analysis with landmark time at 19 months (median PFS time). This
analysis showed CR at the end of induction chemotherapy were associated with better PFS (Fig. 2C) and OS
(Fig. 2F) only in the early survival time. Moreover, cox analysis indicated CR at the end of induction chemo-
therapy was a dependent prognostic indicator for OS both in early period and late period of survival time.

Discussion

We retrospectively evaluated the efficacy, toxicity and cost of the R-M regimen, and compared it with the R-MA
regimen. We found that the response rates and survival were not significantly different between the two regimens,
indicating that the efficacy of the R-M regimen was comparable to the R-MA regimen. However, the R-M regimen
yielded a higher chemotherapy completion rate with fewer severe toxicities, shorter LOS and lower cost than the
R-MA regimen for patients with newly diagnosed PCNSLs.

Induction chemotherapy based on HD-MTX is considered as the standard approach for newly diagnosed
PCNSLs. However, the best chemotherapeutic regimen remains unclear. Combinations with other chemothera-
peutic agents have been shown to improve response and survival in patients with PCNSL, although few rand-
omized clinical trials have supported this practice’. However, comparisons were still challenging due to differing
treatment schedules, consolidation strategies, and dosages and patient heterogeneity between the studies. It
seems that adding more drugs into the HD-MTX-based chemotherapy regimens tends to improve the outcome
but brings more toxicities. Even with the conflicting results of rituximab in two prospective randomized studies,
the relatively low toxicities and single-agent activity of rituximab in relapsed/refractory PCNSLs have resulted
in its widespread use. Therefore, among these combination regimen, R-M regimen appears to be the combina-
tion chemotherapy with the least additional toxicities. Holdhoff et al.? revealed that compared with the single
HD-MTX group, the R-M regimen improved CR rates and survival. In contrast, Kansara et al.’ reported that the
addition of Rituximab to HD-MTX did not appear to improve outcomes. Both studies indicate that the addition
of rituximab was feasible and well tolerated with overall minimal added toxicities. Our data suggest that the
efficacy of the R-M regimen is comparable to that of the R-MA regimen, and most importantly, the R-M regimen
shows the advantage of a better toxicity profile and less burden for health systems, although the sample size of
the current study was small.

The combination of HD-Ara-C with HD-MTZX has significantly improved outcomes, as described in large
studies®'>. After the IELSG20 results were first published in 2009%, HD-Ara-C was widely applied in the man-
agement of PCNSLs. Recently, several studies reported the disappointing results of the HD-Ara-C containing
regimens. One retrospective study demonstrated that neither PFS nor OS was higher in the Ara-C group than a
therapeutic regimen without Ara-C'¢. A randomized clinical trial(RCT) by Wu et al.'” showed that the non-Ara-
C group (receiving the fotemustine, teniposide, and dexamethasone (FTD) regimen) had better apparent effects
and safety than the Ara-C group (receiving the MA regimen). Hematological toxicities were the main concern.
As expected, grade 3-4 hematological toxicities including neutropenia (90%, 56% and 59%, respectively), throm-
bocytopenia (92, 74 and 59%, respectively) and anemia (46%, 36% and 23%, respectively) were quite common
in the IELSG20 trial, IELSG32 trial and the current study. Chemotherapy interruption due to toxicities occurred
in 17.9%, 12% and 35.7% of patients in the IELSG20, IELSG32 and the current study, respectively. What's worse,
a treatment-related mortality of 6-9% was observed in these clinical trials. Thus, more effective and less toxic
therapeutic regimens are urgently needed to balance therapy intensification with side effects, especially for old
and weak patients. Our data suggest that the efficacy of the R-M regimen is comparable to that of the R-MA
regimen with much fewer toxicities. We considered that the high frequency of grade 3-4 side effects with Ara-C
might compromise the OS benefit. These toxicities were the main contributors to cost and prolonged hospital
stay, resulting in a financial burden. In recent years, newly developed targeted drugs may provide new treatment
options in PCNSL patients'®. Ibrutinib (a selective covalent BTK inhibitor)'?, nivolumab? (a PD1 block) and
lenalidomide (an immunomodulatory imide drug)?', showed promising response rates in refractory/recurrent
PCNSL patients with good tolerability. we initiated a phase-2 trial, comparing the efficacy and safety of the R-M
regimen with or without lenalidomide for newly-diagnosed PCNSLs, is ongoing (NCT04481815). As a result, we
believe that in the era of rituximab and new targeted drugs, the role of HD-Ara-C in the induction chemotherapy
for PCNSLs needs to be reassessed, which warrants further evaluation in randomized trials.

There are two prognostic scoring systems developed specifically for PCNSLs. One is the International Extran-
odal Lymphoma Study Group (IELSG) scoring system, which divides patients into three different risk classes
based on age, ECOG performance status, LDH, CSF total protein concentration, and involvement of deep brain
structures?. The other is the Memorial Sloan-Kettering Cancer Center (MSKCC) scoring system, which divides
patients into three different risk classes, using age and KPS?. Although the prognostic value of most factors
remains controversial, performance status and age are the most consistent prognostic factors for PCNSLs. In
our retrospective analysis, ECOG >3 was predictive of prognosis in multivariate analyses. In systemic DLBCL,
the GCB subtype is associated with a better prognosis than the non-GCB subtype?*. However, multiple previous
studies reported no significant difference in survival between patients with GCB and those with non-GCB of
PCNSLs**?. In contrast to previous studies, we found that none of the 11 patients in the GCB group died by
the last follow-up and GCB was associated with increased PES in both the univariate analyses and multivariate
analyses. Interestingly, we found that end-induction response could be used for patient prognostication. Patients
who did not achieve CR at the end of induction treatment had a poor OS compared with those who did, indicat-
ing that treatment should be resumed for those without CR with consolidation (such as WBRT or autologous
bone marrow transplantation) at the end of induction treatment*%,

Our study has several limitations given that it is a retrospective, single-institution analysis with modest sam-
ple size. First, the CSF protein data of 33% of patients were not available for the current study, similar to other
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retrospective studies. Therefore, it was impossible to determine different responses among IELSG subgroups.
Second, it should be highlighted that only 3 of the 14 enrolled patients (21.4%) in the R-MA group completed the
entire protocol, which limited true judgments of its effectiveness. Third, there was an unusual high proportion of
early progression events (42.9%) in the R-MA arm, which may be due to the higher ECOG performance scores
in this real-world study. However, our study has strengths. All our patients had a uniform, identical pathological
diagnosis and received standardized treatment schedules, despite this being a retrospective study.

Conclusion

In conclusion, the efficacy of the R-M regimen is comparable to that of the R-MA regimen, but with fewer
toxicities, well tolerability, shorter LOS and lower cost. Our results suggest that R-M regimen is an effective
and cost-effective combination treatment for PCNSLs, which warrants further evaluation in randomized trials.

Data availability
All data generated or analyzed during this study are included in this published article.

Received: 25 December 2021; Accepted: 22 November 2022
Published online: 13 December 2022

References

1. Fox, C. P. et al. Guidelines for the diagnosis and management of primary central nervous system diffuse large B-cell lymphoma.
Brit. ]. Haematol. 184, 348-363. https://doi.org/10.1111/bjh.15661 (2019).

2. Holdhoft, M. et al. High-dose methotrexate with or without rituximab in newly diagnosed primary CNS lymphoma. Neurology
83, 235-239. https://doi.org/10.1212/WNL.0000000000000593 (2014).

3. Kansara, R. et al. Rituximab with high-dose methotrexate in primary central nervous system lymphoma. Am. J. Hematol. 90,
1149-1154. https://doi.org/10.1002/ajh.24204 (2015).

4. Ferreri, A. ]. 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. https://doi.org/10.1016/50140-
6736(09)61416-1 (2009).

5. Yang, H., Xun, Y., Yang, A. P, Liu, F. & You, H. Advances and challenges in the treatment of primary central nervous system
lymphoma. J. Cell. Physiol. https://doi.org/10.1002/jcp.29790 (2020).

6. Ferreri, A. . 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, €217-227. https://doi.org/10.1016/S2352-3026(16)00036-3 (2016).

7. Coiffier, B. et al. CHOP chemotherapy plus rituximab compared with CHOP alone in elderly patients with diffuse large-B-cell
lymphoma. N. Engl. ]. Med. 346, 235-242 (2002).

8. Sun, X. et al. Methotrexate-cytarabine-dexamethasone combination chemotherapy with or without rituximab in patients with
primary central nervous system lymphoma. Oncotarget 8, 49156-49164. https://doi.org/10.18632/oncotarget.17101 (2017).

9. Chen, C. et al. High-dose Methotrexate plus temozolomide with or without rituximab in patients with untreated primary central
nervous system lymphoma: A retrospective study from China. Cancer Med. 8, 1359-1367. https://doi.org/10.1002/cam4.1906
(2019).

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

11. Batchelor, T. T. et al. Rituximab monotherapy for patients with recurrent primary CNS lymphoma. Neurology 76, 929-930. https://
doi.org/10.1212/WNL.0b013e31820f2d94 (2011).

12. Bromberg, J. E. C. et al. Rituximab in patients with primary CNS lymphoma (HOVON 105/ALLG NHL 24): A randomised, open-
label, phase 3 intergroup study. Lancet Oncol. 20, 216-228. https://doi.org/10.1016/S1470-2045(18)30747-2 (2019).

13. Bromberg, J. E. C., van der Meulen, M. & Doorduijn, J. K. The role of rituximab in primary central nervous system lymphoma.
Curt. Oncol. Rep. 22, 78. https://doi.org/10.1007/s11912-020-00941-8 (2020).

14. Abrey, L. E. et al. Report of an international workshop to standardize baseline evaluation and response criteria for primary CNS
lymphoma. J. Clin. Oncol.: Off. ]. Am. Soc. Clin. Oncol. 23, 5034-5043 (2005).

15. Ferreri, A. J. M. et al. A multicenter study of treatment of primary CNS lymphoma. Neurology 58, 1513-1520 (2002).

16. Wang, X.-X. et al. Clinical outcomes of patients with newly diagnosed primary central nervous system lymphoma are compara-
ble on treatment with high-dose methotrexate plus temozolomide and with high-dose methotrexate plus cytarabine: A single-
institution experience. Leukemia Lymphoma 55, 2497-2501. https://doi.org/10.3109/10428194.2014.889823 (2014).

17. Wu, J. et al. Fotemustine, teniposide and dexamethasone versus high-dose methotrexate plus cytarabine in newly diagnosed primary
CNS lymphoma: A randomised phase 2 trial. J. Neuro-Oncol. 140, 427-434. https://doi.org/10.1007/s11060-018-2970-x (2018).

18. Mondello, P., Mian, M. & Bertoni, F. Primary central nervous system lymphoma: Novel precision therapies. Crit. Rev. Oncol.
Hematol. 141, 139-145. https://doi.org/10.1016/j.critrevonc.2019.06.009 (2019).

19. Grommes, C. et al. Ibrutinib unmasks critical role of bruton tyrosine kinase in primary CNS lymphoma. Cancer Discov. 7, 1018-
1029. https://doi.org/10.1158/2159-8290.CD-17-0613 (2017).

20. Nayak, L. et al. PD-1 blockade with nivolumab in relapsed/refractory primary central nervous system and testicular lymphoma.
Blood 129, 3071-3073. https://doi.org/10.1182/blood-2017-01-764209 (2017).

21. Houillier, C. et al. Lenalidomide monotherapy as salvage treatment for recurrent primary CNS lymphoma. Neurology 84, 325-326.
https://doi.org/10.1212/WNL.0000000000001158 (2015).

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

23. Abrey, L. E. et al. Primary central nervous system lymphoma: The memorial Sloan-Kettering cancer center prognostic model. J.
Clin. Oncol.: Off. J. Am. Soc. Clin. Oncol. 24, 5711-5715 (2006).

24. Hans, C. P. et al. Confirmation of the molecular classification of diffuse large B-cell lymphoma by immunohistochemistry using
a tissue microarray. Blood 103, 275-282 (2004).

25. Ho, K. G. & Grommes, C. Molecular profiling of primary central nervous system lymphomas-predictive and prognostic value?.
Curr. Opin. Neurol. 32, 886-894. https://doi.org/10.1097/WC0.0000000000000759 (2019).

26. Raoux, D. et al. Primary central nervous system lymphoma: immunohistochemical profile and prognostic significance. Neuro-
pathol.: Off. ]. Jpn. Soc. Neuropathol. 30, 232-240. https://doi.org/10.1111/§.1440-1789.2009.01074.x (2010).

27. Martinez-Calle, N. et al. Outcomes of older patients with primary central nervous system lymphoma treated in routine clinical
practice in the UK: Methotrexate dose intensity correlates with response and survival. Brit. . Haematol. 190, 394-404. https://doi.
org/10.1111/bjh.16592 (2020).

Scientific Reports |

(2022) 12:21541 | https://doi.org/10.1038/s41598-022-24922-y nature portfolio


https://doi.org/10.1111/bjh.15661
https://doi.org/10.1212/WNL.0000000000000593
https://doi.org/10.1002/ajh.24204
https://doi.org/10.1016/S0140-6736(09)61416-1
https://doi.org/10.1016/S0140-6736(09)61416-1
https://doi.org/10.1002/jcp.29790
https://doi.org/10.1016/S2352-3026(16)00036-3
https://doi.org/10.18632/oncotarget.17101
https://doi.org/10.1002/cam4.1906
https://doi.org/10.1212/WNL.0b013e31820f2d94
https://doi.org/10.1212/WNL.0b013e31820f2d94
https://doi.org/10.1016/S1470-2045(18)30747-2
https://doi.org/10.1007/s11912-020-00941-8
https://doi.org/10.3109/10428194.2014.889823
https://doi.org/10.1007/s11060-018-2970-x
https://doi.org/10.1016/j.critrevonc.2019.06.009
https://doi.org/10.1158/2159-8290.CD-17-0613
https://doi.org/10.1182/blood-2017-01-764209
https://doi.org/10.1212/WNL.0000000000001158
https://doi.org/10.1097/WCO.0000000000000759
https://doi.org/10.1111/j.1440-1789.2009.01074.x
https://doi.org/10.1111/bjh.16592
https://doi.org/10.1111/bjh.16592

www.nature.com/scientificreports/

28. Houillier, C. et al. Radiotherapy or autologous stem-cell transplantation for primary CNS lymphoma in patients 60 years of age
and younger: Results of the intergroup ANOCEF-GOELAMS randomized phase II PRECIS study. J. Clin. Oncol.: Off. J. Am. Soc.
Clin. Oncol. 37, 823-833. https://doi.org/10.1200/JCO.18.00306 (2019).

Author contributions

X.Y. and T.Y. analyzed the patient data and wrote the manuscript; H.J. and Y.H. collected clinical data; X.X.
performed the statistical analysis; Y.L. and W.Q. designed and supervised the research project. All authors read
and approved the final manuscript. Consent to publish: Patients signed informed consent regarding publishing
their data and photograph.

Funding

This work was supported by funds from Translational Research Grant of HCRCH (2020ZKZC01), the National
Natural Science Foundation of China (No. 81830006), and Natural Science Foundation of Zhejiang Province of
China (No. LY15H160038).

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to Y.L. or W.Q.

Reprints and permissions information is available at www.nature.com/reprints.

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
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted 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 licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:21541 | https://doi.org/10.1038/s41598-022-24922-y nature portfolio


https://doi.org/10.1200/JCO.18.00306
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Rituximab with high-dose methotrexate is effective and cost-effective in newly diagnosed primary central nervous system lymphoma
	Patients and methods
	Patients. 
	Treatment protocol. 
	Response evaluation. 
	Determination of length of hospital stay (LOS). 
	Cost analysis. 
	Toxicity evaluation. 
	Statistical analysis. 
	Ethics approval. 
	Consent to participate. 

	Results
	Patient characteristics and treatment. 
	Response and survival. 
	Toxicity and cost. 
	Univariate and multivariate analyses of prognostic indicators. 

	Discussion
	Conclusion
	References


