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Diffuse large B-cell lymphoma (DLBCL) accounts for 30% of non-
Hodgkin’s lymphomas and is known to comprise heterogeneous
groups. We previously reported that CD5+ DLBCL is a clinically
distinct subgroup of these tumors that is associated with poor
prognosis. In our current study, we have used gene expression
profiling technology in an attempt to identify new markers
and to further characterize the biological features of CD5+ DLBCL.
Candidate genes, which showed the greatest difference in
expression between 22 CD5+ and 26 CD5– DLBCL cases, were
selected from our screening and subjected to clustering
analysis. This resulted in identification of a specific mRNA
profile (a CD5 signature) for CD5+ DLBCL. The CD5 signature
included downregulated extracellular matrix genes such as
POSTN, SPARC, COL1A1, COL3A1, CTSK, MMP9 and LAMB3, and
comprised upregulated genes including TRPM4. We tested this
CD5 signature for its potential use as a relevant marker for CD5+

DLBCL and found that it did indeed recognize this subgroup.
The tumors identified by the CD5 signature contained most of
the CD5+ DLBCL cases and some CD5– DLBCL cases. Moreover, the
subgroup of cases with this CD5 signature showed a poorer
prognosis. The subsequent application of the CD5 signature to
the analysis of an independent series of DLBCL microarray data
resulted in identification of a subgroup of DLBCL cases with a
similar clinical outcome, further suggesting that the CD5 signature
can be used as a clinically relevant marker of this disease. (Cancer
Sci 2006; 97: 868–874)

Diffuse large B-cell lymphoma (DLBCL) is the most
common form of non-Hodgkin’s lymphoma.(1) Because

it is known to include pathophysiologically and clinically
heterogeneous groups, the proper identification of well-defined
DLBCL subgroups has become an urgent requirement for
clinicians. We previously reported that CD5+ DLBCL is a
clinically distinct subgroup of DLBCL, accounting for 5–
10% of all DLBCL.(2,3) Moreover, this subgroup of cases is
characterized by more aggressive clinical features and poorer
prognosis, compared with CD5– DLBCL.(3) Genomic aberrations
that are characteristic of CD5+ DLBCL have also been
identified.(4–6) CD5 positivity is essential for the detection
of CD5+ DLBCL cases but is also a marker of mantle cell

lymphoma (MCL), and indeed some instances of CD5+

DLBCL possess similar histological features to MCL. For
such cases, the use of other markers such as cyclin D1 has
become important,(1) and this indicates that the detection of
CD5 alone is not sufficient to define the entire spectrum of
CD5+ DLBCL tumors. Hence, CD5 can serve as an effective
marker when it is used in combination with other biological
indicators but it is clear that more effective markers for
CD5+ DLBCL will need to be identified.

Expression profiling of mRNA has been used previously as
a marker for subgroups of DLBCL.(7–10) Activated B-cell-like
(ABC) and germinal-center B-cell-like (GCB) DLBCL are
examples of subgroups of DLBCL that have been identified
in this way.(7,8) It is thus possible that the use of expression
profiling can yield novel and effective markers for defining
subgroups of DLBCL, in conjunction with established markers
such as CD5. With these findings in mind, we compared
the expression profiles of 22 cases of CD5+ and 26 cases of
CD5– DLBCL in the present study to identify better markers
that may provide new insights into our understanding of
the pathobiology of CD5+ DLBCL.

Materials and Methods

Patients and samples
The lymph node samples and clinical data used in our present
analyses were obtained through an Institutional Review Board
approved protocol from 22 patients with CD5+ DLBCL, and a
further 26 individuals with CD5– DLBCL. Within these subject
groups, 74% of the CD5+ DLBCL cases (14/17) and 29% of the
CD5– DLBCL cases (7/24) were associated with extranodal
sites (at least one site). None of these patients had a previous
history of lymphoma and all 48 individuals received adequate
treatment with cyclophosphamide, adriamycin, vincristine and
predonine (CHOP)-like regimens. The median follow-up time
was 2.4 years and the 5-year overall survival rate of the DLBCL
patients was 40%. Each of the 22 CD5+ DLBCL cases was
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diagnosed for CD5 positivity by immunohistology and four
of these cases were confirmed by fluorescence-activated cell
sorter (FACS) analysis. All of the 26 CD5– DLBCL cases
were diagnosed for CD5 negativity also by immunohistology
and 23 of these were confirmed by FACS analysis. Either
Leu1 (Becton Dickinson, Mountain View, CA, USA) or 4C7
(Novocastra, Newcastle, UK) was used as the monoclonal
antibody for detection of CD5 antigen. The lymphomas were
judged to be CD5 positive when more than 20% of the tumor
cells showed positive staining.(3) Classical cytogenetics was
used to confirm a negative t(11;14) in each case to exclude
the diagnosis of a large cell variant of mantle cell lymphoma.

Microarray procedures
Total RNA extracts were isolated from each specimen by
cesium chloride centrifugation, as described previously.(11) An
oligonucleotide array, custom-made for the Cancer Institute
of the Japanese Foundation for Cancer Research and on
which 21 619 genes had been spotted, was used for analysis
according to the manufacturer’s protocol (Agilent Technologies,
Palo Alto, CA, USA). The probe consisted of a mixture of
an experimental Cy5-labeled cRNA and control Cy3-labeled
cRNA, with the latter prepared from a pool of total RNA
from 10 hyperplastic lymph node samples. Non-flagged array
elements with a fluorescent intensity greater than 300 (one
standard deviation below the mean of all fluorescent data)
were considered well measured. Ratios of the fluorescence
of the experimental Cy5-labeled samples to that of the
Cy3-labeled controls were then log transformed (base 2).

Clustering analyses of microarray data
Genes that showed the greatest average difference in expression
between 22 cases of CD5+ and 26 cases of CD5– DLBCL
after log transformation were selected from the screening.
A hierarchical clustering algorithm was then applied to the
DLBCL cases, according to the expression level of these
genes, with the aid of Cluster and TreeView programs
(http://rana.lbl.gov/EisenSoftware.htm).(12) The classification
of either ABC or GCB DLBCL was based on the analysis of
100 genes identified in a previous study.(8) Our array slides
contained 67 of these genes, which we used in a simple
clustering method. Log-transformed ratios were centered by
subtracting the median observed value of each of the genes
for clustering analysis.(8)

Analysis of the published microarray data
The DLBCL gene expression profile data generated by the
Cancer Genomics group were obtained from the supplemental
data listed in at http://www.broad.mit.edu/cancer/pub/dlbcl.(10)

None of the 176 DLBCL cases listed here had a previous
history of lymphoma. The array fluorescence of these genes
was log-transformed and centered by subtracting the median
observed value of each of the genes for clustering analysis.

Results

Identification of CD5 signature genes for the CD5+ DLBCL 
subgroup
Genes showing differential expression between 22 CD5+ and
26 CD5– DLBCL were identified and 24 of these candidates

showed an average expression difference of more than 2.5-fold
between these tumor subgroups (Fig. 1a). These genes were
therefore selected for clustering analysis and are referred
to as CD5 signature genes. A further 70 genes showing a
difference of more than 2-fold were also subjected to the
same analysis.

Clustering analysis of CD5 signature genes in CD5+-type 
and CD5–-type DLBCL
Hierarchical clustering analysis with each of the identified 24
CD5 signature genes, applied to all 48 DLBCL cases, is shown
in Fig. 1b. A further series of analyses using the 70 genes
produced almost identical results (data not shown). It was noted
that many of the genes that were found to be downregulated in
CD5+ DLBCL, such as POSTN, SPARC, COL1A1, COL3A1,
CTSK, MMP9 and LAMB3, are associated with the extracellular
matrix (Fig. 1b). UCHL1 and CR2 were also found to be
downregulated in CD5+ DLBCL tumors and are known to
be expressed in T cells, macrophages and follicular dendritic
cells, which are subsets of cells that function during the
immune response (Fig. 1b).

Our clustering analysis further enabled us to classify the
DLBCL cases under study into two groups, one comprising 20
CD5+ and 11 CD5– DLBCL cases, and the other consisting
of 14 CD5– and two CD5+ DLBCL samples (Fig. 1b). This
indicated that the CD5 signature genes could potentially serve
as markers for subgroups that are related to CD5+ DLBCL.
All except two cases of CD5+ DLBCL could be included in
the first of these two groups, which we designated as CD5+-
type DLBCL, in order to distinguish it from CD5+ DLBCL
(Table 1). The second group is referred to as CD5–-type DLBCL
(Table 1). One CD5– DLBCL case could not be assigned to
either of these subgroups. The clinical features of CD5+-type
and CD5–-type DLBCL are shown in Table 2. Patients with
CD5+-type DLBCL showed a more advanced tumor stage at
diagnosis, compared with the CD5–-type DLBCL cases (stage
III/IV: 90% and 50%, respectively; P = 0.0062), and also
displayed a higher international prognostic index(13) (IPI score
3–5: 66% and 27%, respectively; P = 0.0398). In addition,
the overall survival of patients with CD5+-type DLBCL after
treatment with CHOP-like regimens was significantly poorer
than patients with CD5–-type DLBCL (Fig. 1c; P = 0.0006).

In the CD5+-type DLBCL group, we assigned 11 CD5–

DLBCL cases (Table 1), and these were further examined
to explore whether in fact any similarities to CD5+ DLBCL
existed. Both groups showed similar clinical features except
for performance status (Table 3) and no significant differences
in survival were observed between the two (P = 0.31, log-rank
test; data not shown). However, the CD5– DLBCL cases in
the CD5+-type DLBCL group did show a significantly poorer
prognosis than their CD5– DLBCL counterparts in the CD5–

-type DLBCL group (P = 0.0333; data not shown), indicating
that these 11 CD5– DLBCL cases had some clinical features
that could be regarded as similar to CD5+ DLBCL.

Incidence of ABC and GCB DLBCL among the 48 DLBCL 
subject cases
Clustering analysis using 67 of the 100 established ABC and
GCB markers(8) was applied to our current 48 DLBCL cases,
and it was found that these cases could be classified as either
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ABC or GCB DLBCL (Fig. 2a). Kaplan–Meier analysis further
revealed that the ABC DLBCL cases under analysis showed
a significantly poorer prognosis, compared with the GCB
DLBCL samples (Fig. 2b; P = 0.0028). This is in agreement
with results reported previously.(7,8)

Application of the CD5 signature to published microarray 
data
In order to further test the validity of our CD5 signature, we
applied it to published microarray data. Among the data from
the Cancer Genomics group, comprising the expression level
of 44 792 genes from 176 DLBCL cases, we were able to
locate 22 (91%) of the 24 CD5 signature genes. Clustering
analysis of these DLBCL cases, carried out with 22 of the
CD5 signature genes, identified two subgroups of DLBCL,
showing downregulation and upregulation of extracellular
matrix genes, respectively (Fig. 3a). In addition, the mRNA
profiles of these subgroups were similar to the profiles obtained
from our current DLBCL cases, such that the first subgroup
could be identified as CD5+-type and the second subgroup as
CD5–-type. The CD5+-type DLBCL cases again showed a

Table 1. Diffuse large B-cell lymphoma (DLBCL) subgroups defined
by different markers

Surface marker

mRNA profiling marker

CD5+-type DLBCL 
(n = 31)

CD5–-type DLBCL 
(n = 16)

CD5+ DLBCL (n = 22) 20 2
CD5– DLBCL (n = 25) 11 14

P = 0.0008†

†P-values were calculated with Fisher’s exact test.

Fig. 1. CD5 signature genes define CD5+-type and CD5–-type
diffuse large B-cell lymphoma (DLBCL). (a) Differences in the expression
of CD5 signature genes. Genes showing the highest level of
differential expression between 22 CD5+ and 26 CD5– DLBCL
cases are aligned, and multiples of the average differences in their
expression levels are shown on the vertical axis. Twenty-four genes
showing an average difference of more than 2.5-fold between the
subgroups were designated as the CD5 signature genes. Seventy
genes in total showed a difference of more than 2.0-fold.
(b) Hierarchical clustering of 48 DLBCL cases via the expression levels
of the 24 CD5 signature genes. Each row represents one gene.
The dendrogram on the left shows the degree to which each gene
is related to the others. Half of the CD5 signature genes in CD5+

DLBCL showed low expression levels (upper portion of the figure,
shown in blue), some of which were related to the extracellular
matrix (POSTN, SPARC, COL1A1, COL3A1, CTSK, MMP9 and LAMB3).
The remaining CD5 signature genes in CD5+ DLBCL showed high
expression (lower portion of the figure, shown in red). The relative
expression of CD5 for each sample is indicated at the bottom of the
figure, which also shows the P-values of these genes, determined
using the Student’s t-test. Each column represents one DLBCL case
and the dendrogram on the top shows the degree to which each
DLBCL is related to the other tumor samples in terms of gene
expression. The DLBCL cases were divided into two subgroups: CD5+-
type (left) and CD5–-type DLBCL (right). There was a cluster of 15 CD5+

DLBCL cases at the core of the CD5+-type DLBCL group (marked with
dark blue lines). One CD5– DLBCL case, located in a row on the
extreme right, belonged to neither of the subgroups. (c) Kaplan–
Meier analysis of the CD5+-type and the CD5–-type DLBCL cases in
this study. The CD5+-type DLBCL patients showed a significantly
poorer prognosis than their CD5–-type DLBCL counterparts. The
P-values for these subgroups were analyzed using the log-rank test.
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trend toward a poorer prognosis than their CD5–-type counter-
parts, although this difference was not statistically significant
(P = 0.0762; Fig. 3b).

We investigated the relationship between CD5+-type and
CD5–-type DLBCL, and also between ABC and GCB DLBCL.
The 176 DLBCL cases were divided into 34 cases of ABC
DLBCL, 85 cases of GCB DLBCL and 57 cases of classless
leftovers on the basis of published data.(10,14) These ABC and
GCB DLBCL cases could be divided into CD5+-type and
CD5–-type DLBCL groups, so that the DLBCL cases could
be classified into four subgroups by combining these two
different modes of expression profiling. In the ABC DLBCL
group, the CD5+-type cases showed a poorer prognosis than
the CD5–-type cases (Fig. 4a; P = 0.0397). However, in the GCB
DLBCL group, there was no significant difference in survival
outcome between the CD5+-type and the CD5–-type cases
(Fig. 4b; P = 0.5073). Thus, the clinical outcome for the
CD5+-type cases in the ABC DLBCL group was poorer than
the outcomes in the other three subgroups.

We also attempted to apply the CD5 signature to other
published microarray data. However, as only eight (33%)
of the 24 CD5 signature genes could be found among the
Lymphochip microarray data,(8) we considered that the results
of any analysis using so few genes would not be meaningful.

Discussion

In a Japanese study, CD5+ DLBCL was identified as a known
subgroup of DLBCL that is associated with poor prognosis.(3)

Furthermore, CD5+ malignancies in Asian countries are different
from those in Western countries, as evidenced by the incidence
of chronic lymphocytic leukemia (CLL), which is the most
frequent leukemia in Europe and the USA, but occurs at one-
fifth of this rate in Japan.(1,15,16) In this regard, clinicians in
Asian countries are in a better situation to investigate CD5+

DLBCL due to a lower level of noise that would be caused
by high incidence of CLL and CLL-related malignancies. In
our current study, we attempted to elucidate novel markers
and further characterize the biological features of CD5+

DLBCL by means of expression profiling. Differentially
expressed genes between CD5+ and CD5– DLBCL samples
were selected and subjected to clustering analyses, resulting
in the identification of a specific mRNA profile of CD5+

DLBCL, which we refer to as a CD5 signature.
The CD5 signature shows a characteristic profile featuring

downregulated genes that are associated with the extracellular
matrix. This profile was also found in the DLBCL samples
from independent array data. The lack of an extracellular
matrix may well be partially responsible for the aggressive
clinical features that are characteristic of CD5+ DLBCL. Our
CD5 signature was compared with some reported gene sets
that are concerned with the DLBCL subgroups. (1) Gascoyne
et al. have reported 10 genes to be differentially expressed in
CD5+ and CD5– DLBCL.(17) MMP9 is one of these genes and was
in fact included in our CD5 signature gene set. (2) Kobayashi
et al. have previously described an mRNA profile for CD5+

DLBCL,(18) but our current findings are somewhat discordant
with these previous data. The study of Kobayashi et al. reported

Table 2. Characteristics of patients with diffuse large B-cell lymphoma (DLBCL)

Characteristic
CD5+-type DLBCL (n = 31) CD5–-type DLBCL (n = 31)

P-value†

n % n %

IPI factor
Age > 60 years 20 65 11 69 >0.99
Stage > 2 27 90 7 50 0.0062
LDH > normal 23 79 10 91 0.65
Performance status > 1 8 28 0 0 0.08
Extranodal site > 1 8 30 1 7 0.13

IPI score 3–5 (high) 19 66 3 27 0.0398

†P-values were calculated with Fisher’s exact test. IPI, international prognostic index; LDH, lactate dehydrogenase.

Table 3. Characteristics of patients with CD5+ diffuse large B-cell lymphoma (DLBCL) and CD5– cases in the CD5+-type DLBCL subgroup

Characteristic CD5+ DLBCL (n = 22)
CD5– DLBCL cases in the 

DLBCL subgroup (n = 22) P-value†

n % n %

IPI factor
Age > 60 years 13 59 8 73 0.70
Stage > 2 19 95 9 82 0.28
LDH > normal 17 85 7 70 0.37
Performance status > 1 8 40 0 0 0.0288
Extranodal site > 1 6 32 3 30 >0.99

IPI score 3–5 (high) 14 70 6 60 0.69

†P-values were calculated with Fisher’s exact test. IPI, international prognostic index; LDH, lactate dehydrogenase.
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ITGB1 as one of the strong classifier genes showing high
expression in CD5+ DLBCL, whereas our present analysis
shows its expression in CD5+ DLBCL to be 1.28 times lower
on average, compared with CD5– DLBCL. The classifier gene
CD36 was also reported by Kobayashi et al. to show high
expression levels in CD5+ DLBCL, but was found to be only
1.29 times higher in our present analysis. Significantly, none
of the CD5 signature genes that we identified overlap with
these previously characterized classifiers. These differences
may be partly due to the fact that the study of Kobayashi
et al. incorporated a 2400 spotted array, whereas we have
used a 21 619 gene array. (3) The lymph-node signature is a
profile of DLBCL reportedly related to clinical outcome and
includes many extracellular matrix-associated genes.(8) Of these
375 lymph-node signature genes, 124 were included in our
present data set and a further eight of our 24 CD5 signature
genes can be found in their data set.(8) However, only three

of these CD5 signature genes overlap, whereas the remaining
five differ from the lymph-node signature genes, suggesting
that our CD5 signature is likely to be different from the
lymph-node signature. (4) We previously reported that ABC
DLBCL was closely related to CD5+ DLBCL,(6) but none of
the ABC and GCB markers(7) overlap with the CD5 signature
genes. However, IRF4, which is one of the markers that shows
high expression in ABC DLBCL, was found in our current
analysis to be expressed at a level that was on average 1.56
times higher in CD5+ DLBCL than in CD5– DLBCL. Other
markers that have low expression in ABC DLBCL include

Fig. 2. Designation of activated B-cell-like (ABC) and germinal-center
B-cell-like (GCB) diffuse large B-cell lymphoma (DLBCL) subtypes
among the 48 DLBCL cases in this study. (a) Hierarchical clustering
of the 48 DLBCL subject cases based on the expression levels of 67
known ABC and GCB marker genes that are also common to our
dataset.(8) Our DLBCL samples were classified as ABC (left) and GCB
(right) DLBCL in terms of the specific mRNA profiles of these marker
genes. (b) Kaplan–Meier analysis of the ABC and GCB DLBCL samples
among the current 48 DLBCL cases. This survival analysis showed
significant differences between these subgroups.

Fig. 3. Characterization of CD5+-type and CD5–-type diffuse large
B-cell lymphoma (DLBCL) with existing published microarray data.
(a) Clustering analysis of DLBCL samples from the Cancer Genomics
group in terms of the expression levels of 22 of the CD5 signature
genes. The DLBCL samples from published microarray data were
classified as CD5+-type (left) and CD5–-type (right) DLBCL. The CD5+-
type DLBCL was again characterized by downregulation of the
genes that are related to the extracellular matrix, but there were
some exceptions. The genes that showed a low expression level in
our CD5+-type DLBCL cases (Fig. 1b) are indicated in blue and those
with high expression (Fig. 1b) are shown in red. (b) Kaplan–Meier
analysis of the Cancer Genomics group DLBCL patients that were
subgrouped by means of the CD5 signature. The CD5+-type DLBCL
patients again showed poorer prognosis than the CD5–-type DLBCL
patients, although this difference was found not to be statistically
significant. The P-values for these subgroups were analyzed with
the log-rank test.
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CD10 and BCL6, expressed 1.39 times and 1.88 times lower,
respectively, in CD5+ DLBCL, and this is in agreement with
results reported previously.(6) (5) Array comparative genomic
hybridization (CGH) analyses have previously uncovered some
genomic imbalances that characterize CD5+ DLBCL,(5,6) one
of which is a loss of 9p21. This is consistent with our present
mRNA profile analysis, which shows that the expression of
CDKN2A, located on 9p21, is on average 1.5 times lower in
CD5+ DLBCL, compared with CD5– DLBCL. However, we
did not include this gene in the CD5 signature because its
differential expression was lower than the 2.5-fold cut-off
threshold. This threshold for inclusion in the CD5 signature
is probably one of the reasons why none of the CD5 signature
genes is located on chromosomal loci that have been shown
to be lost or gained in lymphoma.

Although the CD5 signature genes are statistically repre-
sentative of CD5+ DLBCL, there were some CD5– DLBCL

cases found to express the CD5 signature. Eleven of 26 CD5–

DLBCL cases expressed the CD5 signature, according to our
microarray data, and although only 5–10% of the published
cases were expected to be CD5+ DLBCL,(3) 50% of all DLBCL
cases from the Cancer Genomics group were found to express
the CD5 signature. The incidence of CD5– DLBCL cases
expressing the CD5 signature can be partly explained by
the results of the clustering analysis of our current cases
(Fig. 1b). The CD5+-type DLBCL group that we identified is
composed of two parts: a central cluster consisting of only
CD5+ DLBCL cases and the rest comprising mainly CD5–

DLBCL patients. This indicates that the CD5 signature provides
a rough identification of CD5– DLBCL with expression
profiles that are similar to those of CD5+ DLBCL, and that
these cases may in fact resemble CD5+ DLBCL. Indeed, these
same CD5– DLBCL cases did show clinical features that
resemble CD5+ DLBCL. We speculate that CD5– DLBCL
cases that show clinical features similar to CD5+ DLBCL
will become evident also in independent array data sets.

We utilized CD5 mRNA expression levels to determine
which samples could be assigned to the CD5+ DLBCL subgroup
among the available DLBCL cases of the Cancer Genomics
group. However, this turned out to be ineffective because the
CD5 expression levels evaluated by microarray did not cor-
relate with the results obtained by immunostaining or FACS
analysis. This discrepancy was most likely caused by back-
ground cells such as T cells that express CD5 more strongly
than CD5+ DLBCL. However, when the CD5 signature was
applied to independent data sets, it was found to be a useful
tool that could be used to assign CD5+ DLBCL cases.

The CD5+-type DLBCL tumors showed a significantly
poorer clinical outcome than the CD5–-type DLBCL in our
present analysis. The significance of the differences in
survival outcome between CD5+-type and CD5–-type DLBCL
was further examined by analysis of the independent data set
from the Cancer Genomics group and the P-value for this set
was calculated as 0.0762, whereas that for our current study
was 0.0037. Although the independent data set did not show
significance, there was a measurable trend toward a poor
prognosis, which should be noted. Interestingly, however, the
CD5+-type DLBCL of the ABC type showed the worst
prognosis, whereas the CD5–-type DLBCL of the ABC type
showed a better prognosis that was almost equivalent to the
GCB DLBCL cases. The two types of DLBCL of the GCB
type, however, showed no significant difference in clinical
outcome. We contend therefore that the CD5 signature could
serve as an effective future marker of DLBCL when used in
combination with ABC/GCB profiling subtypes. Hence, both
ABC/GCB and the CD5 signatures are likely to be effective
in identifying the DLBCL subtype with the poorest prognosis
and to thus help determine the most appropriate treatment
for DLBCL patients.
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