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Abstract
Central nervous system (CNS) relapse of diffuse large B-cell lymphoma (DLBCL) is a rare but devastating event. Intrave-
nous high-dose methotrexate (HD-MTX) is recommended as CNS prophylaxis, but the optimal timing and dose has not 
been elucidated. Here, we report a multicenter analysis of prophylactic HD-MTX administration for DLBCL. Two hundred 
eighty-four patients receiving HD-MTX either concurrent with each induction chemotherapy cycle (n = 221) or at the end 
of induction therapy (EOI, n = 63) were included. Patients with CNS-IPI scoring 4–6, and/or testicular involvement, and/or 
double/triple hit lymphoma, were stratified into the high-risk group and the others into the moderate-risk group. Concurrent 
HD-MTX was associated with increased risk of grade 3/4 treatment-related toxicity (OR,1.49; P = 0.006) and subsequent 
chemotherapy delays (OR, 1.87; P = 0.003) in multivariate analysis. With a median follow-up of 36.0 months, no significant 
difference in CNS relapse rate was identified between the concurrent and EOI groups (3.2% vs 4.8%, P = 0.34), even in the 
high-risk group. Analysis on systemic MTX dose suggested that high-dose MTX (≥ 2 g/m2) was associated with better CNS 
relapse control only in the high-risk group, but not in the moderate-risk group. This study may elucidate the superiority of 
EOI HD-MTX to some extent. High MTX dose (≥ 2 g/m2) may not be necessary for the moderate-risk patients.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most com-
mon subtype of non-Hodgkin’s lymphoma [1]. Despite the 
significant improvement in outcomes of DLBCL since the 
introduction of rituximab [2–5], a minority of patients 
still suffer from relapse within the central nervous system 
(CNS). CNS relapse of DLBCL is an uncommon but dev-
astating event, with a median survival of 2–5 months [6].

The poor outcome of CNS relapse highlights the need 
to identify high-risk patients at diagnosis. A validated 
clinical risk model consisting of the five International 
Prognostic Index (IPI) factors plus kidney and/or adre-
nal gland involvement (CNS-IPI) can identify a high-risk 
group with a > 10% risk of CNS relapse [7]. Involvement 
of certain extranodal sites, especially testicular involve-
ment, also confers increased risk even with early-stage dis-
ease [8–12]. Adverse biomarkers include dual expression 
of MYC and BCL2 by immunohistochemistry (DEL) [13], 
as well as high-grade B-cell lymphoma with translocation 
of MYC, BCL2, and/or BCL6 (double/triple hit lymphoma 
(DHL/THL)) [14–16].

CNS prophylaxis should be considered for patients with 
high risk factors of CNS relapse. Intrathecal methotrex-
ate (MTX) has been widely employed, but no significant 
preventive benefit favoring this approach could be identi-
fied based on available data [17–23]. Substantial evidences 
from retrospective studies suggest that intravenous high-
dose MTX (HD-MTX) could be effective as prophylaxis 
for CNS relapse [22, 24–26]. Although there has been 
some debate about this prophylaxis according to recent 
studies [27, 28], HD-MTX is still considered a routine 
therapy for high-risk patients at present and recommended 
by the National Comprehensive Cancer Network (NCCN) 
guidelines. However, the optimal timing and dose of HD-
MTX prophylaxis are incompletely elucidated. CNS events 
typically occur within 5–6 months after diagnosis [29, 
30], which forms the rationale for concurrent HD-MTX 
delivery with induction chemotherapy. The NCCN guide-
lines also recommend systemic MTX given at the end of 
induction therapy (EOI) in selected patients. However, the 
decision of delivery timing is usually made by clinicians 
according to patients’ performance status, organ function, 
and prognostic factors, instead of being guided by recog-
nized criteria. Besides, current recommended dose of pro-
phylactic MTX is 3–3.5 g/m2, which is largely extrapolated 
from the treatment experience of primary CNS lymphoma 
[31, 32], and prophylactic strategies of Burkitt lymphoma 
[33, 34] and acute lymphoblastic leukemia [35]. The dose-
dependent effect of systemic MTX has not been validated 
with clinical data. It is also unclear whether the optimal 
dose is different among patients with different risk levels. 

Therefore, we conducted this multicenter, retrospective 
study to investigate the optimal timing and dose, as well as 
the risk-adapted strategy of prophylactic MTX in DLBCL.

Methods

Patient population and treatment

Clinical data of all DLBCL patients consecutively treated 
with intravenous HD-MTX between 2005 and 2020 at the 
Sun Yat-sen University Cancer Center, Guangdong Pro-
vincial People’s Hospital, Sun Yat-sen Memorial Hospital, 
and ZhuJiang Hospital of Southern Medical University in 
China were reviewed, and eligible patients were included. 
The inclusion and exclusion criteria are listed in the Sup-
plemental Method. All patients underwent CT/PET-CT 
scanning for staging. Craniocerebral MR and cerebrospinal 
fluid (CSF) examinations were performed for patients with 
clinical suspicion of CNS disease. The project was approved 
by the institutional review board of all participating centers.

Patients with high risk factors of CNS relapse, includ-
ing CNS-IPI scoring 4–6, involvement of certain extranodal 
sites (e.g., testes, kidney, adrenal gland), DHL/THL, and 
DEL, were subjected to HD-MTX prophylaxis. HD-MTX 
prophylaxis was given either concurrent with each induction 
cycle or at the EOI. The delivery timing, dose, and number 
of cycles were mainly decided by clinicians. Since this is 
a retrospective study with a long time span, the criteria for 
MTX delivery could not be completely unified. Patients were 
pretreated with hydration and urine alkalinization, and then 
received leucovorin rescue 24 h after the initiation of MTX 
infusion. All the patients underwent CT/PET-CT scanning as 
response assessment. CNS disease was diagnosed according 
to radiologic findings and/or detection of lymphoma cells in 
CSF. Patients submitted their written informed consents in 
accordance with the Declaration of Helsinki.

Statistical analyses

For patients with high-risk CNS-IPI, testicular involvement, 
and DHL/THL, there is a > 10% risk of CNS relapse [7–12, 
14–16]. Thus, we stratified the patients into two risk groups: 
patients with CNS-IPI scoring 4–6, and/or testicular involve-
ment and/or DHL/THL, formed the high-risk group; the oth-
ers formed the moderate-risk group. This risk stratification 
criteria were also applied in a Canadian research [27].

The clinical features of subgroups were compared using 
Mann–Whitney U test, χ2 test, and Fisher’s exact test. Logis-
tic-regression analysis was used to estimate odds ratios (OR) 
for toxic events, chemotherapy delays, and complete remis-
sion (CR) rate of induction therapy. CNS relapse-free sur-
vival (CRFS), progression-free survival (PFS), and overall 
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survival (OS) were calculated using Kaplan–Meier analysis 
and compared using the log-rank test. A P value < 0.05 was 
considered statistically significant.

We also used the combination of Cox regression and 
restricted cubic splines (RCS) [36, 37] with three knots at 
the 10th, 50th, and 90th percentiles to flexibly model the 
non-linear relationship of MTX dose and other covariates 
with progression and mortality. This analysis was performed 
using the rms package in R software, version 3.6.3. The sig-
nificance of non-linear association was determined by a P 
for non-linearity < 0.05.

Results

Patient characteristics and treatment overview

A total of 1056 patients were reviewed, and 284 eligible 
patients were included. The baseline characteristics of 
patients classified by MTX delivery timing and risk level 
of CNS relapse are summarized in Table 1 and Table 2. 
Two hundred twenty-one patients received concurrent HD-
MTX and 63 received EOI HD-MTX. The median number 
of HD-MTX cycles in the concurrent and EOI groups were 
4 (range, 1–8) and 2 (range, 1–4), respectively. Two hun-
dred thee patients received MTX with the dose < 3 g/m2, 
and 81 patients with the dose ≥ 3 g/m2. The median time 
between the start of chemotherapy cycles and HD-MTX 
delivery in the concurrent group was 4 days (range, 0–17). 
Two hundred ten (74%) patients also received intrathecal 
methotrexate and cytarabine as prophylaxis, and the median 
number of intrathecal cycles was 5 (range, 1–8). Seventy-
three patients received < 4 cycles of concurrent intrathecal 
prophylaxis, and 137 patients received ≥ 4 cycles. In terms 
of first-line therapy, 207 patients were treated with R-CHOP 
(cyclophosphamide, doxorubicin, vincristine, prednisone 
and rituximab), 15 patients with CHOP, 59 patients with 
DA-EPOCH-R (dose-adjusted etoposide, prednisone, vin-
cristine, cyclophosphamide, doxorubicin, and rituximab), 
and 3 patients with DA-EPOCH. The median numbers of 
CHOP ± R and EPOCH ± R cycles were both 6 (range, 2–8). 
One hundred four patients were stratified into the high-risk 
group, including 42 with CNS-IPI 4–6 points, 42 with tes-
ticular involvement, 8 with DHL/THL, and 12 with two risk 
factors simultaneously.

Concurrent HD‑MTX was associated with more 
frequent toxic events

A total of 1094 HD-MTX cycles were given in the concur-
rent (n = 953) and EOI groups (n = 141). Baseline charac-
teristics were well-balanced between two groups (Table 1). 
The treatment-related toxic events after HD-MTX cycles are 

shown in Table S1. More hematological toxic events were 
observed in the concurrent group than the EOI group. No 
difference in the incidence of non-hematological toxicity 
was observed between two groups.

However, the hematological toxic events in the concurrent 
group might be caused by the inherent toxicity of induction 
regimens. In this study, the contribution of concurrent HD-
MTX to the toxic events was the main area of concern. Thus, 
we compared the toxic events after induction cycles between 
the concurrent and EOI groups, and the latter group was 
regarded as a “control” to indicate how many toxic events 
were caused by induction therapy alone. Patients in the con-
current and EOI groups received a total of 1197 and 380 
cycles of induction therapy, respectively. The toxic events 
after induction cycles are shown in Table S2. The concur-
rent group was still associated with more hematological 
toxicity than the EOI group, including grade 3/4 leucope-
nia (P < 0.001) and neutropenia (P < 0.001). The incidence 
of gastrointestinal events was also higher in the concurrent 
group (P = 0.009). Five patients suffered grade 1–2 nephro-
toxicity in the concurrent group and none in the EOI group. 
The impact of concurrent HD-MTX on grade 3/4 toxicity 
after induction cycles was also evaluated in multivariate 
analysis. Concurrent HD-MTX was the only factor associ-
ated with higher incidence of grade 3/4 toxicity (OR, 1.49; 
95%CI, 1.12–2.00; P = 0.006) (Fig. 1a).

Concurrent HD‑MTX was associated with increased 
risk of chemotherapy delays

The toxicity-related delays of subsequent induction cycles 
between two groups were further compared, and the EOI 
group acted as a “control” again. Among the 1197 induc-
tion cycles in the concurrent group, 248 (21%) cycles were 
observed with toxicity-related delays and delays ≥ 7 days 
were seen in 55% (137/248) of all delayed cycles. Among the 
380 induction cycles in the EOI group, 62 (16%) cycles were 
observed with toxicity-related delays and delays ≥ 7 days 
were seen in 37% (23/62) of all delayed cycles. Concurrent 
HD-MTX was the only factor independently associated with 
subsequent chemotherapy delays ≥ 7 days in multivariate 
analysis (OR, 1.87; 95%CI, 1.24–2.82; P = 0.003) (Fig. 1b).

The potential association between HD-MTX delivery tim-
ing and response to induction therapy was explored. How-
ever, patients who received EOI HD-MTX were selected 
only if they have complete or partial remission after induc-
tion therapy in clinical practice, but patients in the concur-
rent group were at continuous risk of progression throughout 
the treatment. To avoid this selection bias, we eliminated 
9 patients with stable or progressive disease (SD/PD) dur-
ing the induction therapy in the concurrent group before 
the comparison. The CR rate of the concurrent group was 
inferior to EOI HD-MTX group (74% vs 90%, P = 0.02, 
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Table 1  Clinical features of 284 
DLBCL patients classified by 
HD-MTX delivery timing

Characteristic All (n = 284) Concurrent (n = 221) EOI (n = 63) P

Age
Median (years) 50 50 48
 ≤ 60 years 225 (79%) 177 (80%) 48 (76%) 0.67
 > 60 years 59 (21%) 44 (20%) 1 5(24%)
Sex
Male 185 (65%) 143 (65%) 42 (67%) 0.77
Female 99 (35%) 78 (35%) 21 (33%)
ECOG PS
0–1 254 (89%) 201 (91%) 53 (84%) 0.08
 ≥ 2 30 (11%) 20 (9%) 10 (16%)
Elevated LDH
Yes 131 (46%) 101 (46%) 30 (48%) 0.26
No 153 (54%) 120 (54%) 33 (52%)
Hans COO
Non-GCB 176 (62%) 141 (64%) 35 (56%) 0.23
GCB 108 (38%) 80 (36%) 28 (44%)
Double/triple hit
Yes 12 (4%) 7 (3%) 5 (8%) 0.10
No 272 (96%) 214 (97%) 58 (92%)
Double expressing
Yes 123 (43%) 94 (43%) 29 (46%) 0.62
No 161 (57%) 127 (57%) 34 (54%)
Ann Arbor stage
I or II 66 (23%) 56 (25%) 10 (16%) 0.29
III or IV 218 (77%) 165 (75%) 53 (84%)
Number of extranodal site
0–1 150 (53%) 115 (51%) 35 (54%) 0.76
 > 1 134 (47%) 106 (49%) 28 (46%)
Extranodal site of lymphoma involvement
Kidney and/or adrenal gland 42 (15%) 32 (14%) 10 (18%) 0.78
Testis 54 (19%) 47 (21%) 7 (11%) 0.07
Nasal/paranasal sinuses 40 (14%) 33 (15%) 7 (11%) 0.44
Orbit 9 (3%) 6 (3%) 3 (5%) 0.42
Breast 20 (7%) 18 (8%) 2 (3%) 0.26
Ovaries/uterus 11 (4%) 8 (4%) 3 (5%) 0.71
Bone 54 (19%) 45 (20%) 9 (14%) 0.28
Bone marrow 20 (7%) 15 (7%) 5 (8%) 0.75
Liver 21 (7%) 18 (8%) 3 (5%) 0.58
Lung 23 (8%) 18 (8%) 5 (8%) 1.00
CNS-IPI
Low (0–1) 90 (32%) 74 (34%) 16 (26%) 0.14
Intermediate (2–3) 142 (50%) 109 (49%) 33 (52%)
High (4–6) 52 (18%) 38 (17%) 14 (22%)
Intrathecal prophylaxis
Yes 210 (74%) 169 (76%) 41 (65%) 0.13
No 74 (26%) 52 (24%) 22 (35%)
Introduction regimen
R-CHOP 207 (73%) 156 (71%) 51 (81%) 0.48
CHOP 15 (5%) 13 (6%) 2 (3%)
DA-EPOCH-R 59 (21%) 49 (22%) 10 (16%)
DA-EPOCH 3 (1%) 3 (1%) 0
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Table S3). In multivariate analysis, concurrent HD-MTX 
delivery (OR, 0.39; 95%CI, 0.16–0.94; P = 0.04) and 
induction therapy containing rituximab (OR, 2.97; 95%CI, 
1.00–8.79; P = 0.03) were significantly associated with the 
CR rate of induction therapy (Fig. 1c).

CNS relapse and survival outcomes of patients 
receiving HD‑MTX

With a median follow-up of 36.0 months (range, 0.9–180.4), 
ten CNS relapse occurred (Table S4). Seven (70%) relapses 
occurred in brain parenchyma, 2 (20%) involved in lep-
tomeninges, and 1 (10%) in both. Six patients developed 
isolated CNS relapse, two developed CNS relapse with 
concurrent systemic relapse, one developed CNS relapse 
after systemic relapse, and one developed CNS relapse with 
primary refractory systemic disease. The median time to 
CNS relapse was 23 months (range, 2.7–132.9). The inci-
dence of CNS relapse for CNS-IPI low (0–1), intermediate 
(2–3), and high (4–6) risk group were 2.2%, 3.5%, and 5.7%, 
respectively. Three (5.6%) patients with testicular involve-
ment developed CNS relapse, compared with 3.0% (n = 7) of 
patients without testicular involvement. Risk of CNS relapse 
in patients with other risk factors is presented in Table S5. 
The CNS recurrence rate of patients receiving additional 
intrathecal MTX was 2.8%, compared with 5.4% for patients 
omitting intrathecal MTX. The cumulative incidence of CNS 
relapse in the concurrent and EOI groups were 3.2% (n = 7) 
and 4.8% (n = 3), respectively. One patient developed CNS 
relapse during induction therapy in the concurrent group 
and was excluded before the comparison. The 3-year CRFS 
of patients in the concurrent and EOI groups was 97.4% 
(95%CI, 94.9–99.9%) and 95.9% (95%CI, 90.4–101.4%), 
respectively (P = 0.34) (Fig. 2a).

The prophylactic effect among patients with different 
risk levels was further investigated. Seven (6.7%) CNS 
relapses occurred in the high-risk group and three (1.7%) 
occurred in the moderate-risk group, including one with 
CNS relapse during induction therapy and excluded before 

subgroup analysis. The baseline characteristics were well-
balanced between the concurrent and EOI groups in both 
risk subgroups (Table S6). In the high-risk group, the 3-year 
CRFS was 94.9% (95%CI, 89.2–100.6%) in the concurrent 
group, and 94.4% (95%CI, 83.8–105.0%) in the EOI group 
(P = 0.77) (Fig. 2b). In the moderate-risk group, the 3-year 
CRFS was 99.3% (95%CI, 97.9–100.7%) in the concurrent 
group, and 96.9% (95%CI, 90.8–103.0%) in the EOI group 
(P = 0.32) (Fig. 2c).

The potential association of HD-MTX delivery timing 
and systemic disease control was explored. SD/PD patients 
in the concurrent group were excluded before analysis to 
avoid the immortal time bias. In the high-risk subgroup, the 
5-year PFS of the EOI group tends to be higher than that of 
the concurrent group (69.8% vs 34.1%, P = 0.09) (Fig. 2b). 
No difference of PFS between these two groups for patients 
with moderate risk was observed (Fig. 2c).

High MTX dose was associated with better 
CNS relapse control in the high‑risk group, 
but not the moderate‑risk group

To quantify the dose-dependent effect, we used restricted 
cubic splines to allow for non-linear relationships between 
MTX dose and survival outcomes. This model suggested 
that the risk (hazard ratio, HR) of disease progression 
decreased sharply until 1.5–3.0 g/m2 in the high-risk group 
(P for non-linearity = 0.042) (Fig S1a). However, the dose-
dependent effect of MTX on PFS disappeared in the mod-
erate-risk group (P for non-linearity = 0.864). After adjust-
ment for all covariates (age, gender, ECOG PS, LDH, stage, 
and number of extranodal site involvement), the HR curves 
revealed similar trends for PFS (Fig S1b).

Since the HR approached 1 at 2 g/m2, we divided the 
patients into 2 groups: high dose (≥ 2  g/m2) and low 
dose(< 2 g/m2). The baseline characteristics were well-bal-
anced between the high- and low-dose groups in both risk 
subgroups (Table S7). In the high-risk group, the median 
numbers of HD-MTX cycles of the low- and high-dose 

ASCT, autologous stem cell transplantation; EOI, end of induction therapy; ECOG PS, Eastern Cooperative 
Oncology Group performance status; LDH, lactate dehydrogenase; COO, cell of origin; GCB, germinal 
center B-cell-like; CNS-IPI, International Prognostic Index for central nervous system relapse; CHOP ± R, 
cyclophosphamide doxorubicin vincristine, prednisone with or without rituximab; EPOCH ± R, etoposide, 
prednisone, vincristine, cyclophosphamide, doxorubicin, with or without rituximab

Table 1  (continued) Characteristic All (n = 284) Concurrent (n = 221) EOI (n = 63) P

Introduction regimen containing rituximab
Yes 266 (94%) 205 (93%) 61 (97%) 0.38
No 18 (6%) 16 (7%) 2 (3%)
Consolidative ASCT
Yes 13 (5%) 11 (5%) 2 (3%) 0.74
No 271 (95%) 210 (95%) 61 (97%)
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groups were 3.5 (range, 1–8) and 4 (range, 1–8), respec-
tively. In the moderate-risk group, the median number of 
HD-MTX cycles of these two dose groups was both 4 (range, 
1–8). In the high-risk group, low-dose MTX demonstrated 
an inferior CNS relapse control compared with high-dose 
MTX, with the 3-year CRFS of 85.8% (95%CI, 70.7–100.9) 
in the low-dose group vs 98.1% (95%CI, 94.4–101.8%) in 
the high-dose group (P = 0.04). Patients receiving low dose 
of MTX also tended to have inferior 5-year PFS (P = 0.07) 
and 5-year OS (P = 0.06) (Fig. 3a). However, in the mod-
erate-risk group, CRFS (P = 0.49), PFS (P = 0.20), and OS 
(P = 0.82) were not dependent on MTX dose (Fig. 3b).

Discussion

CNS prophylaxis in DLBCL has remained as a controver-
sial issue for a long time. HD-MTX is widely employed 
but carries with the risk of toxic events including renal 
dysfunction, mucositis, and infection. Thus, it is important 
to estimate the effect of different administrations of HD-
MTX in order to optimize its delivery. We used the EOI 
group as a reference to determine whether concurrent HD-
MTX increased the incidence of toxicity and chemotherapy 
delays of induction therapy. Concurrent HD-MTX was asso-
ciated with increased incidence of grade 3/4 toxicity and 
delays ≥ 7 days of subsequent chemotherapy. The clinical 
significance of these increased toxicity and delays is actually 
ambiguous. Although in this study, the EOI group was also 
associated with higher CR rate and tended to have better PFS 
in the high-risk group, we could not conclude that increased 
toxicity and delays of concurrent HD-MTX could result in 
inferior treatment response and systemic disease control. We 
acknowledge that the response to induction therapy and sys-
temic disease control was influenced by many confounding 
factors. Also, the influence of immortal time bias between 
the EOI and concurrent groups could not be completely 
avoided, although we have controlled this by eliminating the 
PD/SD patients in the concurrent group before the compari-
son. Therefore, this study is not powered to prove this cau-
sality. However, considering the aggressive clinical course 
of DLBCL, delays ≥ 7 days could affect the maintenance of 
dose intensity, which may consequently influence the effi-
cacy of induction therapy. Notably, patients with high risk of 
CNS relapse are also at a high risk of systemic recurrence, 
so the difference of CR rate and PFS observed in this study 
should still be concerning.

With a median follow-up of 36.0 months, the cumula-
tive incidence of CNS relapse for concurrent HD-MTX and 
EOI HD-MTX groups were 3.2% and 4.8%. No statistical 
difference of CNS relapse rate between the concurrent and 
EOI groups was observed (P = 0.34), which is consistent 
with another study in British focusing on the timing of 

Table 2  Clinical features of 284 DLBCL patients stratified by risk of 
CNS relapse

ASCT, autologous stem cell transplantation; ECOG PS, Eastern 
Cooperative Oncology Group performance status; LDH, lactate 
dehydrogenase; COO, cell of origin; GCB, germinal center B-cell-
like; EOI, end of induction therapy; CHOP ± R, cyclophosphamide 
doxorubicin vincristine, prednisone with or without rituximab; 
EPOCH ± R, etoposide, prednisone, vincristine, cyclophosphamide, 
doxorubicin, with or without rituximab

Characteristic All (n = 284) High risk (n = 104) Moderate 
risk (n = 180)

Age
Median (years) 50 54 47
 ≤ 60 years 225 (79%) 72 (69%) 153 (85%)
 > 60 years 59 (21%) 32 (31%) 27 (15%)
Sex
Male 185 (65%) 84 (81%) 101 (56%)
Female 99 (35%) 20 (19%) 79 (44%)
ECOG PS
0–1 254 (89%) 84 (81%) 170 (94%)
 ≥ 2 30 (11%) 20 (19%) 10 (6%)
Elevated LDH
Yes 131 (46%) 58 (56%) 73 (41%)
No 153 (54%) 46 (44%) 107 (59%)
Hans COO
Non-GCB 176 (62%) 69 (66%) 107 (59%)
GCB 108 (38%) 35 (34%) 73 (41%)
Double expressing
Yes 125 (43%) 50 (48%) 75 (42%)
No 159 (57%) 54 (52%) 105 (58%)
Ann Arbor stage
I or II 66 (23%) 15 (14%) 51 (28%)
III or IV 218 (77%) 89 (86%) 129 (72%)
Number of extranodal site
0–1 150 (53%) 44 (42%) 106 (59%)
 > 1 134 (47%) 60 (58%) 74 (41%)
CNS-IPI
Low (0–1) 90 (32%) 29 (28%) 61 (34%)
Intermediate (2–3) 142 (50%) 23 (22%) 119 (66%)
High (4–6) 52 (18%) 52 (50%) 0
Intrathecal prophylaxis
Yes 210 (73%) 85 (82%) 125 (69%)
No 74 (27%) 19 (18%) 55 (31%)
HD-MTX delivery timing
Concurrent 221 (78%) 80 (79%) 141 (78%)
EOI 63 (22%) 24 (21%) 39 (22%)
Introduction regimen
CHOP ± R 222 (79%) 88 (85%) 134 (74%)
EPOCH ± R 62 (21%) 16 (15%) 46 (26%)
Introduction regimen containing rituximab
Yes 266 (94%) 101 (97%) 165 (92%)
No 18 (6%) 3 (3%) 15 (8%)
Consolidative ASCT
Yes 13 (5%) 7 (7%) 6 (3%)
No 271 (95%) 97 (93%) 174 (97%)
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prophylactic HD-MTX [38]. It is difficult to conclude that 
HD-MTX delivered in two different timings has comparable 
prophylactic efficacy with a single study, given the low inci-
dence of CNS event. However, the consistency across two 
studies may be the evidence to support this notion. Moreo-
ver, the concurrent group received more cycles of HD-MTX 
(median number, 4 vs 2), but there was still not a suggestion 

of improved efficacy with concurrent HD-MTX. According 
to the above analysis, EOI delivery is likely to be a better 
choice with acceptable prophylactic efficacy and lower inci-
dence of toxic events.

The indications of HD-MTX prophylaxis varied among 
clinicians and centers in real-world practice, so the study 
population was heterogeneously constituted. We tried to 

Fig. 1  Odds ratios of treatment-
related toxicity, chemotherapy 
delays, and induction therapy 
response in patients receiv-
ing HD-MTX. Forest plot 
demonstrating the odds ratios 
(OR) and 95% confidence 
interval (CI) for treatment-
related toxicity, subsequent 
chemotherapy delays, and 
response to induction therapy 
after multivariable logistic 
regression in the overall cohort. 
a Grade 3/4 treatment-related 
toxicity after induction therapy. 
b Subsequent chemotherapy 
delays. c Complete remission 
rate of induction therapy. ECOG 
PS, Eastern Cooperative Oncol-
ogy Group performance status; 
LDH, lactate dehydrogenase; 
CrCl, creatinine clearance; 
EPOCH ± R, etoposide, pred-
nisone, vincristine, cyclophos-
phamide, doxorubicin, with 
or without rituximab; G-CSF, 
granulocyte colony-stimulating 
factor
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screen out a patient group with higher risk of CNS relapse 
with recognized risk factors and evaluate whether the pro-
phylactic measures should be given earlier in this group. 
In this study, patients stratified into the high-risk group 
showed a relatively higher CNS relapse rate (6.7%) than 
those stratified into the moderate-risk group (1.7%), but 
lower than the historical reports utilizing the same criteria 
for the high-risk stratification of CNS relapse [27]. This 
difference may result from the underdiagnoses of CNS 
relapses in the retrospective setting. The subgroup analysis 
failed to show the superiority of concurrent HD-MTX in 
the prevention of CNS events even for the high-risk group. 
However, considering the relatively small sample size 
of the high-risk group in this study and a reported CNS 
relapse incidence > 10%, decision of HD-MTX delivery 
timing for this patient cohort should still be made carefully 
in clinical practice.

In the analysis of prophylactic MTX dose, we observed 
that high MTX dose was associated with improved prophy-
lactic efficacy in the high-risk group, which may support 
the current use of high-dose MTX for this cohort. However, 
this dose-dependent effect was absent in the moderate-risk 
group, which may introduce a preliminary notion that high-
dose MTX may not be necessary for this cohort. There is 
another implication that any dose of systemic methotrexate 
may not be beneficial for the moderate-risk patients. Nota-
bly, results from recent large-sample studies suggested that 
there may be no rationale to use MTX prophylaxis in the 
immunochemotherapy era, even for patients with high risk 
factors of CNS relapse [27, 28]. Whether MTX prophylaxis 
should be given is an ongoing debate right now. In this study, 
whether low-dose MTX offers a benefit as compared to no 
systemic MTX in moderate-risk patients remains unknown 
and should be further compared. Besides, the effect of 

Fig. 2  Control of CNS relapse and survival outcomes of concurrent 
and EOI HD-MTX groups. Kaplan–Meier estimates the CNS relapse-
free survival (CRFS), progression-free survival (PFS), and overall 

survival (OS) according to MTX delivery timing. a CRFS, PFS, and 
OS of all patients. b CRFS, PFS, and OS of high-risk group. c CRFS, 
PFS, and OS of moderate-risk group. EOI, end of induction therapy
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systemic MTX dose on CNS relapse may be confounded 
by the use of intrathecal therapy. In the clinical practice, the 
choice of a low-dose MTX may also be related to elderly 
age, poor performance status, or pre-existing organ defi-
ciency. Although the baseline characteristics and the pro-
portion of patients receiving intrathecal therapy between the 
subgroups were balanced in this study, the selection bias 
may still exist. Overall, the dose-dependent effect of MTX 
needs to be further confirmed in prospective, randomized 
controlled trials.

This study has several limitations. First, as this study 
mainly focused on the administration of prophylactic HD-
MTX, patients with risk factors of CNS events but omit-
ting HD-MTX were not included. Therefore, whether HD-
MTX could bring benefit to the control of CNS events in 
the immunochemotherapy era as mentioned above was not 
evaluated. Also, it would be better to select a matched cohort 
of DLBCL patients who did not receive HD-MTX as a “con-
trol” when addressing whether concurrent HD-MTX would 
increase the incidence of toxic events and delay. Second, as 
a retrospective study, it is difficult to ensure that the baseline 
characteristics were fully balanced between groups, although 
no significant difference was found in this study. The indi-
cation for CNS prophylaxis evolved over time and varied 
between centers, and ultimate decisions were commonly 

made by clinicians. The selection bias among patients 
assigned to HD-MTX prophylaxis is inevitable, so this 
study may be underpowered when estimating the survival 
outcomes. Third, the sample size of the EOI group is much 
smaller than the concurrent group, which was largely inter-
preted by the preference for concurrent HD-MTX in clinical 
practice. Given the rarity of CNS relapse, the observations 
reported in this study are possibly a random effect caused by 
low patient numbers of the EOI group.

In general, EOI HD-MTX was associated with fewer toxic 
events, chemotherapy delays, and comparable CNS relapse 
risk than concurrent HD-MTX. To a certain extent, our study 
provided some clinical data support for the priority of EOI 
HD-MTX. High-dose MTX (≥ 2 g/m2) was associated with 
decreased risk of CNS relapse only in the high-risk group, 
but not in the moderate-risk group, suggesting that high 
MTX dose may not be necessary for moderate-risk patients.
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