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ABSTRACT
CD5-positive diffuse large B-cell lymphoma (CD5+ DLBCL) is characterized by a poor prognosis and frequent central nervous
system (CNS) relapse. Sandwich therapy comprising dose-adjusted (DA)-EPOCH-R (etoposide, prednisolone, vincristine,
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cyclophosphamide, doxorubicin, and rituximab) and high-dose methotrexate (HD-MTX) (DA-EPOCH-R/HD-MTX) showed
excellent efficacy and manageable safety in a phase II study of patients diagnosed with stage II-IV CD5+ DLBCL. To validate
the results of that study and elucidate the current state of treatment for CD5+ DLBCL, we retrospectively analyzed the out-
comes of patients with CD5+ DLBCL diagnosed between 2016 and 2021 who received anthracycline-containing chemotherapy
with rituximab. Among the 346 patients evaluated, 62 (18%) received DA-EPOCH-R/HD-MTX. The median follow-up time was
43 months. In 55 patients with stage II-IV disease treated with DA-EPOCH-R/HD-MTX, the 2-year overall survival (OS),
progression-free survival, and cumulative incidence of CNS relapse were 87% (95% CI, 73%-94%), 76% (95% CI, 61%—-86%), and
7.3% (95% CI, 2.4%-16%), respectively. There were no treatment-related deaths. Febrile neutropenia occurred in 18 (33%) pa-
tients. Multivariate analysis of the 346 patients identified elevated serum lactate dehydrogenase levels, multiple extranodal
involvement, no intrathecal MTX (IT-MTX), and no DA-EPOCH-R/HD-MTX as independent risk factors for OS. Only one CNS
relapse event was observed in 28 patients who received both HD-MTX and IT-MTX. Our study provides real-world data on the
treatments and outcomes of a large number of patients. The favorable survival and manageable toxicity of DA-EPOCH-R/HD-
MTX have been validated in clinical settings. The use of HD-MTX and IT-MTX might be effective for preventing CNS relapse in

patients with CD5+ DLBCL.

1 | Introduction

CD5-positive diffuse large B-cell lymphoma (CD5+ DLBCL)
comprises 5%-10% of DLBCL-not otherwise specified (NOS) and
is associated with elderly onset, advanced stage at diagnosis,
elevated serum lactate dehydrogenase (LDH) levels, and
frequent involvement of extranodal sites [1-5]. Ninety percent
of CD5+ DLBCL cases are positive for BCL2 according to
immunohistochemistry, and up to 80% of CD5+ DLBCL cases
are classified as the activated B-cell (ABC) type by gene
expression profiling [5-7]. Direct sequencing and next-
generation sequencing revealed that myeloid differentiation
primary response 88 (MYDS88) (L265P) and CD79B mutations
are detected in 33%-52% and 38% of patients with CD5+
DLBCL, respectively [8, 9].

Patients with CD5+ DLBCL exhibit significantly worse survival
than those with CD5-negative DLBCL after treatment with R-
CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine,
and prednisolone) [10-15]. The dose-adjusted (DA)-EPOCH-R
(etoposide, prednisolone, vincristine, cyclophosphamide, doxo-
rubicin, and rituximab) regimen is known to have excellent
efficacy in treating BCL2-positive DLBCL [16, 17]. CD5+
DLBCL is also characterized by a high incidence of central
nervous system (CNS) relapse (13%), involving mainly the brain
parenchyma [2, 4]. High-dose methotrexate (HD-MTX), which
penetrates the blood-brain barrier, has been used as prophylaxis
for CNS relapse in high-risk patients with DLBCL [18, 19]. To
explore a more effective first-line chemotherapy for CD5+
DLBCL, we conducted a phase II study of a sandwich therapy of
DA-EPOCH-R combined with HD-MTX (DA-EPOCH-R/HD-
MTX) for newly diagnosed stage II-IV CD5+ DLBCL patients
(UMINO000008507). Two cycles of HD-MTX were added between
the fourth and fifth cycles of DA-EPOCH-R because CNS
relapse events in CD5+ DLBCL patients treated with (R)-
chemotherapy are often documented during first-line treatment
[2, 4]. That study enrolled 47 eligible patients and showed
excellent efficacy, as follows: 2-year overall survival (OS), 89%;
progression-free survival (PFS), 79%; and cumulative incidence
of CNS relapse, 9% [20]. Major toxicity included grade 4 neu-
tropenia in 46 (98%) patients, grade 4 thrombocytopenia in 12
(26%) patients, and febrile neutropenia in 31 (66%) patients.

Since the first publication of these results, DA-EPOCH-R/HD-
MTX has been introduced in practice in Japan. The establish-
ment of a standard therapy for rare diseases will require
outcome studies investigating the relevance of new treatments
in a real-world setting. To validate the results from the clinical
trial of DA-EPOCH-R/HD-MTX and elucidate the current status
and prognostic factors of CD5+ DLBCL, we conducted a large
retrospective cooperative study of patients with CD5+ DLBCL
diagnosed between 2016 and 2021 in Japan.

2 | Material and Methods

2.1 | Study Design

This was a multicenter retrospective study of patients with
CD5+ DLBCL in Japan. The diagnosis of CD5+ DLBCL was
made at each participating hospital according to the revised 4th
edition WHO criteria as DLBCL, NOS with CD5 expression in
tumor cells based on immunohistochemistry and/or flow
cytometry. The data of consecutive patients diagnosed with
CD5+ DLBCL from January 2016 to December 2021 were
retrospectively collected from 30 hospitals. Subtyping of DLBCL
cell-of-origin was determined based on Hans' criteria [21]. G-
banding and fluorescence in situ hybridization studies for
MYC were performed at the physician's discretion. In this study,
we defined the retrospective validation DA-EPOCH-R/HD-MTX
cohort as the cohort of patients who received DA-EPOCH-R
followed by HD-MTX and additional cycle(s) of DA-EPOCH-R.

The purpose of this study was to validate the results from the
clinical trial of DA-EPOCH-R/HD-MTX and elucidate the cur-
rent status and prognostic factors of CD5+ DLBCL. Patients
who had CNS involvement at diagnosis and those who had not
received any anthracycline-containing chemotherapy with rit-
uximab were excluded.

2.2 | Statistical Analysis

For validation analysis, the outcomes of stage II-IV patients
who received DA-EPOCH-R/HD-MTX in our cohort were
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compared with those of patients in the previous phase II study
[20]. For analyses of clinical features, treatment choices, and
prognostic factors, all eligible patients with CD5+ DLBCL were
included.

The primary endpoint in this study was OS. The secondary
endpoints were PFS, the cumulative incidence of CNS relapse,
and toxicity. OS was defined as the time from the date of
diagnosis to the date of death from any cause. PFS was defined
as the time from the date of diagnosis to the earliest date of
progression, relapse, or death from any cause. Toxicity was
graded according to the Common Terminology Criteria for
Adverse Events version 5.0. The distributions of variables be-
tween the two groups were assessed using Fisher’s exact test.
Survival estimates were calculated using the Kaplan-Meier
method. The cumulative incidence of CNS relapse was analyzed
using Gray’s test, with CNS relapse and death without CNS
involvement as competing events. The 95% confidence intervals
(CIs) were estimated using Greenwood’s formula. The details of
the univariate analysis, multivariate analysis, and propensity
score-matched analysis are given in the Supporting
Information S2: Methods. All p values were two-sided and had
an overall significance level of 0.05. Statistical analyses were
performed using the SPSS version 29 (IBM, NY, USA) package
and EZR version 1.64 [22].

3 | Results

3.1 | Patient Characteristics

A total of 413 patients diagnosed with CD5+ DLBCL between
January 2016 and December 2021 in 30 hospitals were retro-
spectively registered. Among the 413 patients, 22 were excluded
because of an ineligible diagnosis or insufficient clinical infor-
mation, 18 had CNS involvement at diagnosis, and 27 did not
receive any anthracycline-containing chemotherapy with ritux-
imab. Overall, 346 patients were deemed eligible (Figure S1). No
patient had a past medical history of lymphoproliferative dis-
orders, including chronic lymphocytic leukemia or small lym-
phocytic lymphoma.

The baseline clinical features and disease characteristics of all
346 patients are listed in Table 1. The median age at diagnosis
was 71 (range, 23-92) years. Among them, 266 patients (77%)
were older than 60 years, and 252 (73%) had stage III or IV
disease. According to Hans' criteria, the non-germinal center B-
cell (GCB) type accounted for 67% of the 274 patients examined.
According to the CNS-International Prognostic Index (CNS-IPI),
144 (42%) patients were in the high-risk group.

MYC rearrangements were assessed by fluorescence in situ hy-
bridization (n = 35) and G-banding (n = 159) in the entire
retrospective cohort. G-banding results were obtained for 77
cases, and no results were obtained for 82 cases due to poor
proliferation. There were no patients with double/triple-hit
lymphoma according to the institutional diagnosis. MYC rear-
rangement was documented in 5 cases: two by fluorescence in
situ hybridization, two by t(8;14) via G-banding, and one by
adding 8(q24) via G-banding.

3.2 | First-Line Treatment

Among the 346 patients, 62 (18%) received DA-EPOCH-R/HD-
MTX, and 284 (82%) were treated with the other R-chemo group
(Supporting Information S2: Table S1). The regimens of the
other R-chemo group were R-CHOP (n = 228, 66%), DA-
EPOCH-R (n = 29), and R-pirarubicin (THP)-COP (n = 27).
The median age was 67 years (range, 29-75) in the DA-EPOCH-
R/HD-MTX group and 72 years (range, 23-92) in the other R-
chemo group (Table 1). Although the DA-EPOCH-R/HD-MTX
group tended to have more patients with Eastern Cooperative
Oncology Group performance status (ECOG PS) > 1 than the
other R-chemo group did (p = 0.09), the DA-EPOCH-R/HD-
MTX group included significantly fewer patients
aged > 60 years (p < 0.01).

For CNS prophylaxis, HD-MTX alone was used in 84 patients
(24%), intrathecal (IT)-MTX alone was used in 69 (20%), and
both HD-MTX and IT-MTX were used in 28 (8%) (Supporting
Information S2: Table S2). The other 165 (48%) patients did not
receive any CNS prophylaxis. Among the 144 patients in the
high-risk group of the CNS-IPI, 68 (41%) received no CNS
prophylaxis, 35 (42%) received HD-MTX, 27 (39%) received IT-
MTX, and 14 (50%) received both HD-MTX and IT-MTX.
Among the 28 patients who received both HD-MTX and IT-
MTX, 5 (18%) and 6 (21%) patients had testis and paranasal si-
nus involvement, respectively.

3.3 | Validation Analysis of the Phase II Study of
DA-EPOCH-R/HD-MTX in the Retrospective
Validation Cohort

The baseline clinical features of 310 patients with stage II to IV
CD5+ DLBCL are shown in Supporting Information S2: Table
S3. DA-EPOCH-R/HD-MTX was selected for 55 (18%) patients
with stage II-IV disease (Figure 1A). Eight cycles of DA-
EPOCH-R were given in 31 patients, 7 in 13 patients, 6 in 8
patients, 5 in 2 patients, and 4 in 1 patient.

The median follow-up time was 43 months. The 2-year OS and
PFS in the retrospective validation DA-EPOCH-R/HD-MTX
cohort were 87% (95% CI, 73%-94%; Figure 1B) and 76% (95%
CI, 61%-86%; Figure 1C), respectively. The 2-year cumulative
incidence of CNS relapse was 7.3% (95% CI, 2.4%-16%;
Figure 1D). Comparing the retrospective validation DA-
EPOCH-R/HD-MTX cohort (n = 32) with the phase II DA-
EPOCH-R/HD-MTX cohort (n = 32), there was no significant
difference in the OS (p = 0.32, Figure 2A) or PFS (p = 0.93,
Figure 2B) between the two groups in the propensity score-
matched analysis. Survival analysis comparing stage II to IV
patients who received DA-EPOCH-R/HD-MTX and those
treated with other R-chemo in the entire retrospective cohort is
summarized in the Supplementary Results (Figure S4).

The incidences of grade 3 to 4 adverse events observed during
DA-EPOCH-R/HD-MTX are listed in Table 2. The grade 4 non-
hematologic toxicities included infection (4%), tumor lysis syn-
drome (2%), and thrombosis (2%). The most common grade 3
non-hematologic adverse event was infection (11%). Febrile
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TABLE 1 | Patient demographics and baseline clinical characteristics in the entire retrospective cohort (n = 346).

All patients (n = 346)

DA-EPOCH-R/HD-MTX (n = 62)

The other R-chemo (n = 284)

Characteristic n (%) n (%) n (%) p
Age (years)
Median 71 (23-92) 67 (29-75) 72 (23-92) <0.01
(range)
< 60 years 80 (23) 26 (42) 54 (19)
> 60 years 266 (77) 36 (58) 230 (81)
Sex
Male 187 (54) 32 (52) 155 (55) 0.68
Female 159 (46) 30 (48) 129 (45)
Stage
I-1I 94 (27) 18 (29) 76 (27) 0.75
-1V 252 (73) 44 (71) 208 (73)
ECOG PS
0or1l 240 (69) 37 (60) 203 (72) 0.09
>1 106 (31) 25 (40) 81 (29)
Extranodal site(s)
0or1l 201 (58) 31 (50) 170 (60) 0.16
>1 145 (42) 31 (50) 114 (40)
Serum LDH
Normal 100 (29) 13 (21) 87 (31) 0.16
Elevated 246 (71) 49 (79) 197 (69)
IPI
Low/low-int 128 (37) 23 (37) 105 (37) 1.00
High-int/high 218 (63) 39 (63) 179 (63)
B symptoms
Absent 242 (71) 40 (66) 202 (72) 0.35
Present 100 (29) 21 (34) 79 (28)
Unknown 4 1 3
COO (Hans)
GCB 92 (34) 13 (27) 79 (35) 0.32
Non-GCB 182 (66) 36 (74) 146 (65)
Unknown 72 13 59
CNS-IPI
Low 59 (17) 13 (21) 46 (16) —
Intermediate 143 (41) 22 (36) 121 (43)
High 144 (42) 27 (44) 117 (41)

Abbreviations: CNS, central nervous system; COO, cell-of-origin; DA-EPOCH-R, dose-adjusted etoposide, prednisolone, vincristine, cyclophosphamide, doxorubicin and
rituximab; ECOG PS, Eastern Cooperative Group Performance Status; GCB, germinal center B; HD-MTX, high-dose methotrexate; int, intermediate; IPI, International
Prognostic Index; LDH, lactate dehydrogenase; R-chemo, rituximab-containing chemotherapy.

*DA-EPOCH-R/HD-MTX versus the other R-chemo.

neutropenia was reported in 18 (33%) patients. There were no
severe renal adverse events or treatment-related deaths. There
was no obvious increase in severe toxicity between the patients
treated with 8 cycles of DA-EPOCH-R and those who received
fewer than 8 cycles of DA-EPOCH-R in the retrospective valida-
tion DA-EPOCH-R/HD-MTX cohort (Supporting Information S2:
Table S4).

3.4 | Survival Analysis of the Entire Retrospective
Cohort

In all 346 patients, OS and PFS at 2 years were 80% and 67%,
respectively (Figure S2A,B). Univariate analysis for OS identi-
fied five risk factors, namely, IPI, serum hypoalbuminemia,
elevated soluble interleukin-2 receptor levels, no use of IT-MTX,
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relapse (D) in the retrospective validation DA-EPOCH-R/HD-MTX cohort. CNS, central nervous system; DA-EPOCH-R, dose-adjusted etoposide,
prednisolone, vincristine, cyclophosphamide, doxorubicin, and rituximab; HD-MTX, high-dose methotrexate; R-chemo, rituximab-containing
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vincristine, cyclophosphamide, doxorubicin, and rituximab; HD-MTX, high-dose methotrexate; R-chemo, rituximab-containing chemotherapy.
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and no use of DA-EPOCH-R/HD-MTX. Multivariate analysis of
OS identified elevated serum LDH (hazard ratio [HR], 2.75; 95%
CI, 1.35-5.58; p = 0.005), > 1 extranodal involvement (HR, 2.73;

TABLE 2 | Adverse events in the retrospective validation DA-EPOCH-R/HD-MTX cohort (stage II-IV, n = 55).

95% CI, 1.63-4.56; p < 0.001), IT-MTX (HR, 0.47; 95% CI, 0.28-
0.79; p = 0.004), and DA-EPOCH-R/HD-MTX (HR, 0.36; 95% ClI,
0.18-0.73; p = 0.005) as independent prognostic factors (Table 3).

Grade 3 n (%)

Grade 4 n (%)

Hematologic adverse events
Neutropenia
Leukopenia
Thrombocytopenia
Anemia

Febrile neutropenia

Non-hematologic adverse events

AST increased
ALT increased
Hyponatremia
Constipation
Nausea
Infection
Allergic reaction

Tumor lysis syndrome

Peripheral sensory neuropathy

Pneumonitis
Thrombosis
Others

2 (4)
3(5)
15 (27)
29 (53)
18 (33)

24
3 (5)
1(2)
24
2(4)
6 (11)
1Q2)
1(2)
2 (4)
1(2)
0
3 (5)

48 (87)

43 (78)

16 (29)
2 (4)

Note: Grade 3 Gastrointestinal disorders - Other, specific (intestinal emphysema) (n = 1), mucositis (n = 1), and fatigue (n = 1) were observed.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; DA-EPOCH-R, dose-adjusted etoposide, prednisolone, vincristine, cyclophosphamide,

doxorubicin, and rituximab; HD-MTX, high-dose methotrexate.

TABLE 3 | Univariate and multivariate analyses for factors affecting the OS in the entire retrospective cohort (n = 346).

Univariate Multivariate

Variable HR 95% CI P HR 95% CI p
Age > 60 years 2.04 1.14-3.60 0.01 1.39 0.78-2.49 0.27
Elevated serum LDH 3.63 1.94-6.81 < 0.001 2.75 1.35-5.58 0.005
ECOGPS>1 1.94 1.29-2.93 0.002 1.31 0.82-2.10 0.26
Stage III or IV 1.75 1.04-2.96 0.04 0.64 0.33-1.25 0.19
Extranodal sites > 1 2.29 1.52-3.46 < 0.001 2.73 1.63-4.56 <0.001
Hypoalbuminemia 2.29 1.40-3.73 < 0.001 1.16 0.68-2.00 0.58
Elevated sIL-2R 3.31 1.22-9.01 0.02 1.23 0.35-4.30 0.75
Male sex 1.20 0.79-1.80 0.39 — — —
Non-GCB (Hans) 1.22 0.73-2.02 0.45 — — —
HD-MTX 0.75 0.48-1.17 0.20 — — —
IT-MTX 0.57 0.35-0.93 0.03 0.47 0.28-0.79 0.004
Both HD-MTX and IT-MTX 0.74 0.34-1.60 0.45 — — —
DA-EPOCH-R/HD-MTX 0.51 0.27-0.99 0.046 0.36 0.18-0.73 0.005

Abbreviations: CD5+ DLBCL, CD5-positive diffuse large B-cell lymphoma; CI, confidence interval; DA-EPOCH-R, dose-adjusted etoposide, prednisolone, vincristine,
cyclophosphamide, doxorubicin, and rituximab; ECOG PS, Eastern Cooperative Group Performance Status; GCB, germinal center B; HD-MTX, high-dose methotrexate;
HR, hazard ratio; IT-MTX, intrathecal methotrexate; LDH, lactate dehydrogenase; OS, overall survival; sIL-2R, soluble interleukin-2 receptor.
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3.5 | Analysis of CNS Relapse in the Entire
Retrospective Cohort

Among all 346 patients, the cumulative incidence of CNS
relapse at 2 years was 8.5% (Figure S2C). Univariate analysis
revealed that a high CNS-IPI was a risk factor for CNS relapse
(HR, 2.20; 95% CI, 1.09-4.43; p = 0.03), and patients with > 1
extranodal involvement (HR, 1.83; 95% CI, 0.91-3.67; p = 0.09),
bone marrow involvement (HR, 1.98; 95% CI, 0.97-4.04,
p = 0.06), and paranasal sinus involvement (HR, 2.41; 95% CI,
0.96-6.09; p = 0.06) tended toward CNS relapse (Supporting
Information S2: Table S5). Among the 5 cases with MYC rear-
rangement, CNS relapse was not observed.

The cumulative incidence of CNS relapse at 2 years in patients
who received HD-MTX (n = 112) and those who did not
(n = 234) was 8.1% and 8.6%, respectively. There were no sig-
nificant differences in the cumulative incidence of CNS relapse
between the two groups (p = 0.89) (Figure 3B). The cumulative
incidence of CNS relapse at 2 years in patients who were treated
with IT-MTX (n = 97) was 7.5%, whereas that in patients who

A
Both HD-MTX
and IT-MTX
n=28
IT-MTX
alone
No CNS n=69
prophylaxis HD-MTX alone
n=165 n=284
C 051

o
N
1

o
w
1

o
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No IT-MTX (n = 249)

o
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1

Cumulative incidence (Probability)

IT-MTX (n =97)

o
o
1

Time (years)
Number at risk
IT-MTX 97 8 70 54 41 27 9 1
No IT-MTX 249 193 144 96 65 36 8 1

BothHDand IT-MTX 28 26 20 15 13 9

FIGURE 3 |
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did not receive IT-MTX (n = 249) was 8.9% (Figure 3C). There
were no significant differences in the cumulative incidence of
CNS relapse between the two groups (p = 0.61). The cumulative
incidence of CNS relapse at 2 years was 9.6%, 9.0%, 3.7% (n = 1),
and 8.5% for the HD-MTX alone, IT-MTX alone, both HD-MTX
and IT-MTX, and no prophylaxis groups, respectively
(Figure 3D). There were no significant differences in the cu-
mulative incidence of CNS relapse among the four groups.

3.6 | Patterns of Progression and Salvage Therapy
During the follow-up period, 123 patients experienced disease
progression. The 1-year OS after disease progression in patients
who experienced disease progression was 47% (Figure S3).

Among the 123 patients, 32 patients (26%) experienced disease
progression with CNS involvement, and 91 patients (74%)
experienced systemic progression without CNS involvement.
Among the 32 patients, 27 experienced isolated relapse in the
CNS, and 5 experienced concurrent systemic relapse

o]

o

3]
1

o
N
1

o
w
1

o
N

Gray's test, P =0.89

o
.
1

Cumulative incidence (Probability)

o
o
1

Time (years)
Number at risk
HD-MTX 112 98 74 49 36 26 8 1
No HD-MTX 234 184 140 101 70 37 9 1

D
0.5 1
=== No CNS prophylaxis (n = 165)

= === HD-MTX alone (n = 84)
£ 0.4 IT-MTX alone (n = 69)
. == Both HD and IT-MTX (n = 28)
Q
[}
@ 03 Both vs. No CNS prophylaxis: Gray's test, P = 0.35
3 Both vs. HD-MTX alone: Gray's test, P = 0.21
5 Both vs. IT-MTX alone: Gray's test, P = 0.30
o 0.2
o
£
o
Z 0.1
©
=
£
3 004

0 1 2 3 4 5 6 7

Time (years)
Number at risk

HD-MTXalone 84 72 54 34 23 17
IT-MTXalone 69 63 50 39 28 18

w o 0w
o = =0

Proportion of CNS prophylaxis (A). The cumulative incidence of CNS relapse in patients with CD5+ DLBCL treated with HD-MTX

(B), IT-MTX (C), or a CNS prophylaxis strategy (D) among the entire retrospective cohort. CD5+ DLBCL, CD5-positive diffuse large B-cell lymphoma;
CNS, central nervous system; HD-IT-MTX, intrathecal methotrexate; MTX, high-dose methotrexate.
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(Supporting Information S2: Table S2). The brain parenchyma
was the most common site of CNS relapse (n = 23, 72%).

Among the patients with disease progression after first-line
treatment, 15 and 3 patients underwent autologous and allo-
genic hematopoietic stem cell transplantation, respectively.
Chimeric antigen receptor T-cell therapy was performed for 5
patients.

4 | Discussion

To our knowledge, this is the largest study on the treatments
and outcomes of patients with CD5+ DLBCL in a real-world
setting. Our results confirmed the favorable survival and
manageable toxicity of DA-EPOCH-R/HD-MTX in clinical
practice. Our study provides additional information on CNS
prophylaxis during first-line treatment of CD5+ DLBCL.

Compared with patients in the phase II DA-EPOCH-R/HD-
MTX cohort [20], DA-EPOCH-R/HD-MTX was selected for
more patients with ECOG PS > 1 at initial diagnosis in the
retrospective validation DA-EPOCH-R/HD-MTX cohort (46%
vs. 4%). According to the propensity score-matched analysis,
there was no significant difference in OS or PFS between the
retrospective validation DA-EPOCH-R/HD-MTX cohort and the
phase IT DA-EPOCH-R/HD-MTX cohort. The favorable efficacy
of DA-EPOCH-R/HD-MTX for patients with stage II to IV
CD5+ DLBCL was validated in practice. The OS of the DA-
EPOCH-R/HD-MTX group tended to be better than that of the
other R-chemo group in the propensity score-matched analysis.
It should be noted that the survival benefit of DA-EPOCH-R/
HD-MTX in this study was not clear, considering immortal time
biases until the patients received DA-EPOCH-R followed by
HD-MTX and additional cycle(s) of DA-EPOCH-R. The
manageable toxicity of DA-EPOCH-R/HD-MTX in a clinical
trial was confirmed in the retrospective validation DA-EPOCH-
R/HD-MTX cohort. The incidence of cardiac events, peripheral
neuropathy, and thrombosis was low and comparable to the
incidence reported in the phase II DA-EPOCH-R/HD-MTX
cohort. Febrile neutropenia occurred at a high rate (65%) in the
phase II DA-EPOCH-R/HD-MTX cohort [20], and the incidence
was reduced to 33% in the retrospective validation DA-EPOCH-
R/HD-MTX cohort. There was no treatment-related death. The
grade 3 or higher adverse events that were not observed in the
phase II DA-EPOCH-R/HD-MTX cohort were grade 3 intestinal
emphysema (n = 1) and grade 3 fatigue (n = 1). These adverse
events were manageable. To exclude patients who received DA-
EPOCH-R/HD-MTX in the phase II DA-EPOCH-R/HD-MTX
cohort [20], we collected data from patients diagnosed with
CD5+ DLBCL from 2016 to 2021. DA-EPOCH-R/HD-MTX re-
quires hospitalization and is more complicated than R-CHOP.
These factors may explain why only 18% of patients with stage II
to IV disease received DA-EPOCH-R/HD-MTX as first-line
treatment in practice.

DA-EPOCH-R/HD-MTX was identified as an independent
favorable prognostic factor for OS in the entire retrospective
cohort by multivariate analysis. However, a single-institution
retrospective analysis reported that DA-EPOCH-R therapy
alone did not improve the prognosis of patients with CD5+

DLBCL [23]. A possible reason for this difference is that many
patients with CD5+4 DLBCL are divided into a high-risk CNS-
IPI group or a non-GCB group, both of which are associated
with a high incidence of CNS relapse [24]. In the entire retro-
spective cohort, 42% of the patients were in the high-risk group
for CNS-IPI, and 67% were in the non-GCB group. A subgroup
analysis of an international observational study of HD-MTX as
CNS prophylaxis in high-risk aggressive B-cell lymphoma pa-
tients showed that no patient experienced CNS progression after
achieving a complete response with DA-EPOCH-R-like therapy
and HD-MTX [25]. Therefore, the addition of HD-MTX to DA-
EPOCH-R might confer benefits in the first-line treatment of
CD5+ DLBCL.

Although HD-MTX and IT-MTX are often used for CNS pro-
phylaxis in DLBCL patients [18, 19, 26], there is no optimal CNS
prophylaxis strategy based on the results of randomized
controlled trials. Thus, we analyzed CNS prophylaxis in CD5+
DLBCL patients using the largest number of patients. The cu-
mulative incidence of CNS relapse at 2 years in both the HD-
MTX and IT-MTX groups was low (3.7%), although not many
patients were analyzed (n = 28). Large retrospective studies
have shown that HD-MTX alone is not effective for CNS pro-
phylaxis in patients with DLBCL [27-29]. Moreover, IT-MTX
alone was not effective for CNS prophylaxis in patients with
DLBCL whose CNS-IPI was high [24]. A systematic review
showed that a lack of IT-MTX was not an independent factor for
CNS relapse [30]. The possible efficacy of combination therapy
with HD-MTX and IT-MTX for preventing CNS relapse war-
rants further investigation.

MYC rearrangements was present in 20% of cases with sec-
ondary CNS involvement with DLBCL (SCNSL) [31]. Among
the entire retrospective cohort, 5 cases with MYC rearrange-
ments did not have CNS involvement. Compared with those of
systemic DLBCL, the similarities between SCNSL and primary
CNS lymphoma (PCNSL) are in terms of antigen presentation
and immune surveillance mechanism aberrations [31]. PCNSL
is related to the MCD subtype, which is characterized by
MYDS88L265P and/or CD79B mutations [32, 33]. Similar to the
40% of cases with SCNSL [31], cases with CD5+ DLBCL
harboring MYD88L265P and CD79B mutations account for 33%-
52% and 38% respectively [8, 9]. Thus, patients with CD5+
DLBCL might develop CNS involvement via immune evasion
from the tumor microenvironment.

Possible limitations of this retrospective study include the het-
erogeneity of the treatment selection and the sparse information
from molecular analyses. Owing to the retrospective nature of
this study, we have no data on COO molecular typing, CD5 gene
expression, or MYC mutations. We could not perform additional
studies of the tumor microenvironment because of the lack of
sufficient clinical samples. A subgroup analysis of a phase III
study for untreated DLBCL has shown that polatuzumab
vedotin combined with rituximab, cyclophosphamide, doxoru-
bicin, and prednisone (pola-R-CHP) was effective for ABC
DLBCL [34]. Since CD5+ DLBCL is usually characterized as
ABC DLBCL [5-7], pola-R-CHP or pola-R-CHP combined with
HD-MTX might be effective for this disease, requiring further
investigation. DA-EPOCH-R/HD-MTX may remain a reason-
able treatment option, as supported by the results of the phase II
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study [20] and this study focused on CD5+ DLBCL. Another
study reported that the CD5 gene expression signature is a
useful biomarker for identifying DLBCLs sensitive to Bruton's
tyrosine kinase inhibition [35]. In conclusion, our present study
reveals the current state of first-line treatment for CD5+
DLBCL, including CNS prophylaxis. Further investigations are
warranted to establish an optimal treatment for CD5+ DLBCL
in the era of precision medicine.
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