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CTLs are obtained from the same ethnic group. In addition, by
adopting other immunophenotyping readouts such as production of
IL-2 from CD4' T cells, this method could be applied o
identification of MHC class ll-restricted minor H antigens which
have crucial roles in controlling CTL functions upstream, This may
open a new field n the study of allo-HSCT since MHC class
H-restricted mHags have been technically difficult to identify by
conventional methods.

Finally, the discovery of ACC-1¢ as a novel minor H antigen
indicates that all the mismatched transplants at this locus could be
cligible for allo-immune therapies, since we have previously
demonstrated that the counter allele also encodes a minor H
antigen, ACC-1Y, which is preferentially expressed and presented
on blood components including leukemic cells and may serve as a
target of allo-immunity.”* Indeed. CTLs specific for ACC-2, an
HLA-B44—restricted minor H antigen restricted by the third exonic
SNP on BCL2A1," was independently isolated from the peripheral
blood of a patient with recurrent leukemia re-entering complete
remission after donor lymphocyte infusion.” The number of
cligible allo-HSCT recipients has now been effectively doubled,
accounting for 50% of transplants with HLA-A24 or 20% of all
transplantations performed in the Asian population. In conclusion,
we have described a simple but powerful method for minor H
mapping to efficiently accelerate the discovery of novel minor H
antigens that will be needed to contribute to our understanding of
the molecular mechanism of human allo-immunity.
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Abstract

We recently established a novel drug delivery system (DDS) using oligomannose-coated liposomes (OMLs) which are
probably taken up by macrophages (M) to carry anti-cancer drugs to milky spots known as preferential metastatic sites
of gastric cancers [Y. Ikehara, T. Niwa, L. Biao, S.K. Ikchara, N. Ohashi, T. Kobayashi, Y. Shimizu, N. Kojima, H. Nak-
anishi, A carbohydrate recognition-based drug delivery and controlled release system using intraperitoneal macrophages
as a cellulur vehicle, Cancer Res. 66 (2006) 8740-8748]. In the present study, we applied this intraperitoneal DDS for sys-
temic cancer immunotherapy employing ovalbumin (OVA) as a model antigen. The cells taking up the OMLs containing
FITC-OVA injected into the peritoneal cavity were predominantly Md, as they showed adhesive characteristics and
expressed F4/80 and CD11b almost exclusively, The phagoeytic cells also took up bare OVA directly to the same extent
as OML-enclosed OVA (OML-OVA), as it is a highly mannosilated protein. The phagocytic cells taking up OML-OVA,
however, could activate OVA-specific CD8” (from OT-1: H-2K"/OVA,5; s-specific) and CD4™ (from OT-11: H-2A"/
OVAaa; sae-specific) T cells much more effectively in virro than those taking up bare OVA, Furthermore, only the mice
pre-immunized with OML-OVA rejected E.G7-OVA (OVA-transfected EL4) but not EL4. These results indicate that

" Corresponding author, Address: Molecular Medicine Team of Research Center for Medical Glycoscience, National Institute of
Advanced Industrial Science and Technology, Tsukuba, Japan, Tel.: +81 29 861 5833; Fax: +8] 29 861 3462.
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the OMLs can also be used as an effective antigen delivery system for cancer immunotherapy activating both CTL and Th

subsets,
© 2007 Elsevier Ireland Lid. All nights reserved.
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1. Introduction

While recent advances in tumor immunology
enable us to identify tumor antigens recognized by
T cells and understand the molecular and cellular
bases of T cell-mediated anti-tumor responses, the
clinical realization of effective immunotherapy for
solid tumors has not yet been convincingly achieved
[1.2]. Many CD8" and CD4" T cells recognizing
tumor antigen in the context of MHC class 1 and
I1, respectively, have been reported. and the former
are known to be a major effector of the adaptive
anti-tumor immune responses [3-5]. CD4" T cells
play an important role for the expansion and persis-
tence of CD8" T cells, while some of them are
known to function as regulatory cells [5-7]. Optimal
anti-tumor immune responses are therefore consid-
ered to require the concomitant activation of both
CD8" and CD4™ T cells and the selective activation
of CD4" T cells with helper but not regulatory func-
tions [8]. Endogenous and exogenous antigens are
presented as peptides preferentially by MHC class
I and 11, respectively, and most tumor antigen pep-
tides are derived from the proteins expressed endog-
enously. Novel methods to make tumor antigens
presented simultaneously by both MHC class |
and I1 molecules are therefore needed for the con-
comitant activation of antigen-specific CD8" and
CD4" T cells, and many attempts have been made
for this purpose [2,3.8].

We recently developed a novel drug delivery sys-
tem (DDS) using oligomannose-coated liposomes
(OMLs) [9.10] which are effectively taken up by
F4/80" intraperitoncal cells to carry anti-cancer
drugs to milky spots known as a preferential meta-
static site of gastric and ovarian cancers [9.11,12].
We demonstrated that this system could control
the formation of overt metastasis of seeded gastric
cancer cells at the extra-nodal lymphoid tissues such
as the omentum [10].

In the present study, we applied this OML-
based intraperitoncal DDS for cancer immuno-
therapy using ovalbumin (OVA) as a model anti-
gen, aiming at the concomitant activation of

antigen-specific CD8" and CD4" T cells. Perito-
neal phagocytic cells took up OML containing
OVA and then migrated into milky spots as previ-
ously reported. In addition, they activated both
OVA-specific CD8" [13,14] and CD4" [15] T cells
effectively in wvirro. Spleen cells from OML-
enclosed OVA (OML-OVA)-injected mice showed
an effective killing activity against E.G7-OVA
(OVA-transfected EL4) [16] but not EL4 [17]
in virro, and only the mice pre-immunized with
OML-OVA rejected E.G7-OVA but not EL4
in vivo. In light of these results obtained in vitro
and in vive, the potential of our novel OML-based
immunization method for the prevention of tumor
metastasis is discussed.

2. Materials and methods
2.1, Mice

Female C57BL/6 (B6) mice (H-2%) at 8-12 weeks
of age were obtained from Charles River Japan
Inc. (Yokohama, Japan) and kept under standard
housing conditions. T cell receptor transgenic mice
OT-1 (specific for H-2KY/OVAast 364) [13.14] and
OT-11 (H-2A"/OVA333 330) [15] were obtained from
the Jackson Laboratory (Bar Harbor, ME) and main-
tained under specific pathogen-free conditions.  All
animal experiments were performed under the experi-
mental protocol approved by the Ethics Review Com-
mittee for Animal Experimentation of Aichi Cancer
Center.

2.2, Cell lines

EL4 [17], a Bé-derived thymoma cell line, was main-
tained in RPMI1640 medium (Invitrogen, Carlsbad.
CA) supplemented with 8% fetal bovine serum, 0.2%
L-glutamine, 100 U/ml penicillin, 100 pg/ml streptomycin,
0.1% Hepes, 0.1 mM non-essential amino acids, | mM
sodium pyruvate, and 50 pM 2-ME (complete RPMI).
EG.7-OVA (EL4 transfected with OVA gene) [16] was
obtained from ATCC (Manassas, VA) and maintained
in complete RPMI supplemented with 400 pg/ml G418
(Wako, Osaka, Japan) in a humidified 5% CO; incubator
at 37 °C.
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2.3 Man3-DPPE and liposome preparation

Dipalmitoylphosphatidylcholine (DPPC), cholesterol.
and dipalmitoylphosphatidylethanolamine (DPPE) were
purchased from Sigma - Aldrich(St. Louis, MO). Mannotrni-
ose (Man3: Manal-6(Mana1-3)Man) was purchased from
Funakoshi Co., Ltd. (Tokyo, Japan). Man3-DPPE was pre-
pared by conjugation of the mannotriose with DPPE by
reductive amination as described in previous papers
[10,18], The purity of Man3-DPPE was confirmed by
high-performance thin-layer chromatography (Silica gel
60 HPTLC plate, MERCK, Darmstadt, Germany) and
time-of-flight mass spectrometry (Auto FLEX, Bruker Dal-
tonics, Bremen, Germany). The purified Man3-DPPE was
quantified by determination of the phosphate contained.

Liposomes were prepared as described previously [10]
Briefly, a chloroform-methanol (2:1, v/v) solution con-
taining 1.5 pmol of DPPC and 1.5 pmol of cholesterol
was placed in a conical flask and dried by rotary evapora-
tion. Subsequently, 2 ml ethanol containing 0.15 pmol of
Man3-DPPE was added to the flask and evaporated 1o
prepare a lipid film containing neoglycolipids. Procedures
for protein-encasing of oligomannose-coated liposomes
(OMLs) were performed as described previously [10]
The multilamellar vesicles were generated with either
200 ul of FITC-labelled or non-labelled OVA (5.0 mg/
ml, Sigma-Aldrich), Alexa Fluor 680 (Molecular Probes,
Eugene. OR )-labelled bovine serum albumin (BSA, 5 mg/
ml, Sigma-Aldrich), or PBS in the dried lipid film by
intense vortex dispersion. The multilamellar vesicles were
extruded 10 times through polycarbonate membranes of
| ym pore (Nucleopore, Pleasanton, CA). Liposomes
entrapping proteins were separated from free untrapped
proteins by four successive rounds of washing in PBS with
centrifugation (20,000g. 30 min) at 4 °C. The amounts of
entrapped proteins were measured using a modified
Lowry protein assay reagent (Pierce, Rockford, IL) in
the presence of 0.3% (w/v) sodium dodecyl sulfate using
BSA as the standard.

2.4. Flow cytometry

One hour after intraperitoneal injection, peritoneal
exudate cells (PEC) were recovered from B6 mice with
Sml ice cold PBS. PEC were incubated on ice for
30 min  with fluorescein-labelled  antibodies against
mouse hematopoietic cell lineage markers after block-
ing with mouse Fc¢ Blocker (BD Biosciences, San Jose,
CA) and then analysed on a FACS Calibur (BD Bio-
sciences). The following monoclonal antibodies used in
this study were purchased or kindly provided: anti-F4/
80 (A3-1, Serotec Ltd., Oxford, UK), anti-MHC class
Il (M53/114.15.2, e-Bioscience, Boston, MA), anti-
CDI1b (M1/70.15, Caltag Laboratories, Burlingame,
CA), anu-CD3e (145-2C11, BD Biosciences), anti-
CDI19 (ID3, BD Biosciences), and anti-H-2K"D" (20-
8-4S, Dr. E. Nakayama, Okayama University).

2.5. Macrophage depletion by plastic adhesion

PEC suspension (2x 107 cells in 10ml of complete
RPMI} was poured mto a 75em” tissue culture flask
and incubated at 37 °C for 2 h in a humidified 5% CO,
incubator, Non-adherent cells were collected with
serum-free DMEM and subjected to FACS analysis.

2.6. In vitro activation of OV A-specific T cells

One hour after injection of either OML-encased OVA
or bare OVA into the peritoneal cavity of B6 mice, PEC
were recovered with Sml ice cold PBS. The PEC sus-
pended in complete RPMI were seeded into a 96-well cul-
ture plate (5 10° cells in each well) and incubated at
37 °C for overnight in a humidified 5% CO; incubator.
On the next day. non-adherent cells were washed out with
complete RPMI, and co-cultured with 5x 10° cells of
either CD8" or CD4™ T cells from the spleen of OT-1
and OT-II mice, respectively, CD8" and CD4™ T cells
were prepared with the isolation kits for corresponding
subscts (Miltenyi Biotec Inc., Auburn, CA). The superna-
tants were collected at 24, 48, and 72 h and assayed for
IFN-y production with Mouse IFN-y ELISA kit (Pierce
Biotechnology, Inc., Rockford, IL).

2.7. CTLs assay

B6 mice were immunized biweekly three times by intra-
peritoneal injection of | ug OVA in liposome/mouse with
or without oligomannose coating, Spleen cells were iso-
lated from the mice | week after the last challenge, and
1 % 10° spleen cells were stimulated with 10 pg OVA in
1 ml for 72 h. The effector cells thus prepared were co-cul-
tured with target cells (E.G7-OVA or EL4) at various
effector/target ratios for 8 h at 37 °C, and the cytotoxicity
was measured with CytoTox96 Non-Radioactive Cyto-
toxicity assay kit (Promega, Madison, WI).

2.8 Tumor assay

Tumor cells (in 0.2 ml) were injected intradermally into
the backs of mice with a 27 gauge needle. The diameter of
the tumors was measured with Vernier calipers twice at
right angles to calculate the mean diameter, and the sur-
vival time after tumor challenges was followed.

3. Results

3.1. OMLs are taken up preferentially by intraperitoneal
macrophages

We showed that neoglycolipid-coated liposomes are
ingested by intraperitoneal cells much more effectively
than non-coated liposomes [10]. Of those, OMLs are
incorporiated most effectively, and the cells ingesting
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OMLs are preferentially F4/80° and migrate into extra-
nodul lvmphoid tissues in the omentum after the uptake.
We have also shown that the OM L-ingesting cells are very
uscful drug delivery vehicles for cancer chemotherapy in
the previous study [9.10] To verify whether the OMLs
are applicable also for cancer immunotherapy. we first
analyzed in detail the peritoneal cells incorporating
OMLs. Bovine serum albumin (BSA, Sigma-Aldrich)
was labelled with Alexa Fluor 680, encased in OML and
then injected into the peritoneal cavity of B6 mice. One
hour after the injection of OMLs containing Alexa Fluor
680-labelled BSA, PEC were collected and analyzed. As
shown in Fig. 1A, PEC were divided into three groups
based on the incorporation of OMLs. When adherent cells
were removed by plastic dish adherence, only the popula-
tion with higher OML uptake (R1) disappeared (Fig. 1B).
In addition, most cells of R1 express F4/80 and CDI11b
but not CD3 and CD19 (Fig. 1C), suggesting that R1 pop-
ulation preferentially consists of macrophages (Md). The
PEC with lower OML uptake (R2) did not express F4/80,
and nearly 2/3 of them were considered to be B cells
because of their CD19 expression. These results together
confirmed that OMLs injected into the peritoneal cavity

were ingested preferentially by M¢, and also indicate that
OML is a good vehicle for the phagocytosis of non-gly-
cosylated proteins.

3.2, Phagocvtic cells ingesting OM Ls activate both CD8
and CD4 T cells in vitro in an antigen-specific manner

We next analyzed the antigen-presenting capacity of
the phagocytic cells ingesting OMLs containing ovalbu-
min (OVA) as an antigen. CD8™ T cells from OT-l (a
transgenic strain of T cell receptor (TCR) recognizing
OVAser 20 peptide presented by H-2K®) and CD4™ T
cells from OT-11 (a transgenic strain of TCR recognizing
OVA;35 330 peptide presented by H-2A") were used as
responder cells. When these T cells were co-cultured with
adherent cells enriched from PEC of the mouse intraperi-
toneally injected with OML-encased OVA (OML-OVA),
both CD8 and CD4" T cells produced large amounts
of IFN-y (Fig. 2). Though adherent cells from the mice
injected with soluble OVA also stimulated both CD8"
and CD4" T cells, much higher amounts of OVA were
needed compared to those from the mice injected with
OML-OVA. Md ingesting OML-OVA are supposed to

FLA4: Alexa 680
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Fig. 1. OMLs injected into the peritoneal cavity were ingested preferentially by adhesive cells. One hour after injection of OMLs
containing Alexa Fluor 680-labelled BSA, PEC were collected and their fluorescence was analyzed by flow cytometry (A). Non-adherent
PEC were further isolated by plastic adherence for 2 h and analyzed (B). (C) Phenotypic analysis of PEC derived from OML-injected mice.
One hour after injection of OMLs contuining Alexa Fluor 680-labelled OVA, PEC were collected and stained with mAbs indicated. As
shown in (A) and (B), PEC were divided into three groups based on their fluorescence intensity ol Alexa Fluor 680, and the surface

phenotypes of R1 and R2 were further analyzed.
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Fig. 2. M ingesting OVA encased in OML aclivate OVA-specific CD8" and CD4" T cells much more effectively than those ingesting
soluble OVA, One hour after intraperitoneal injection of antigens, PEC were prepared from mice, and adherent cells were enriched by
plastic adherence. CD8™ and CD4”" T cells were purified from spleen of OT-1{A) and OT-11 (B), respectively, co-cultured (closed bir) with
adherent PEC or cultured adherent PEC alone (open bar) for 24 h, and then production of IFN-y in supernatanis was tesied by ELISA.
PEC recovered from mice without any treatment was used as control. OML-OVA, OVA encased in OML; OVA, OVA: control, OML
containing PBS. The graph shows the average and standard error from three independent experiments.

present antigen cflectively also in vive, as they effectively
induced proliferation responses of OVA-specific CD8™ T
cells in the spleens of OT-1 mice (Supplement Figure 1).

We next analyzed the uptake efficiency of OML-
encased and soluble OVA and found that peritoneal phag-
ocytic cells effectively uptake OVA irrespective of sugar
encapsulation (Fig. 3). The uptake of soluble OVA is
probably mediated by mannose receptors. as it is known
as a highly mannosylated protein [19]. These results
together indicate that OML-mediated ingestion promotes
the presentation of OVA peptides by both MHC class |
and [l molecules by enhancing the antigen processing
but not the uptake efficiency.

3.3, Induction of antigen-specific cytotoxic T lymphocytes
(CTL) in vitro hy OM L-mediated immunization

We next performed CTL assay to detect OVA-specific
T cells in the spleen. Only the spleen cells from mice
immunized with OML-OVA but not bare liposome

(BL)-encased OVA showed cytotoxicity against E.G7-
OVA. The spleen cells from neither group showed cyto-
toxicity against EL4, confirming that OVA-specific CTL
can be effectively induced in vive by OML-OVA immuni-
zation (Fig. 4).

3.4, OML-mediated immunization induces antigen-specific
anti-tumor immunity in vive

We finally examined whether intraperitoneal immuni-
zation with OMLs also induces antigen-specific anti-
tumor immunity in vivo. Mice were immunized intraperi-
toneally with OVA with or without OML encasing and
then challenged with E.G7-OVA or EL4. As shown in
Fig. 5. only the mice immunized with OML-OVA sur-
vived for more than 70 days when challenged with
E.G7-OVA, while naive and bare OVA-immunized mice
died within 55 days. All the mice including those
immunized with OML-OVA died within 30 days when
challenged with EL4, indicating that the rejection of
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E.G7T-OVA is OVA-specific. These results  together
showed that OML-mediated immunization can induce
syslemic immune response robust enough to protect mice
from tumor challenge in an antigen-specific manner.

4. Discussion

In this study, we demonstrated that our novel
OML-based drug delivery system (DDS) targeted
to intraperitoneal phagocytic cells can also be used
for the induction of systemic immune responses.
After ingesting OML-encased OVA (OML-OVA).
intraperitoneal phagocytic cells to extra-nodal lym-
phoid tissues in abdominal cavity and presented

OVA-derived peptides in the context of both
MHC class 1 and II molecules. Only the mice pre-
immunized with OML-OVA rejected E.G7-OVA
but not EL4 challenged subcutaneously. These
results together indicate that the OMLs can be used
as an effective antigen delivery system for immuno-
therapy activating both CTL and Th subsets. Fig. 6
shows the plausible induction process of anti-tumor
immunity starting from phagocytic cells triggered
by OML injection.

OMLs are very useful not only for the promotion
of non-glycosylated protein uptake by antigen-pre-
senting cells but also for the enhancement of anti-
gen-processing of encased antigens. Endogenous
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and exogenous antigens are presented preferentially
by MHC class 1 and 11, respectively. OML-OVA,
however, were effectively directed to both pathways,
even when added exogenously. This advantage of
OML-mediated immunization will hopefully facili-
tate the simultaneous activation of tumor antigen-
specific CD4" and CD8" T cells as shown here with

OVA. It is also very interesting to study the mecha-
nism by which OML-mediated ingestion of antigens
enhances the antigen presentation by both MHC
molecules [20-22]. So far, we observed the up-regu-
lation of CD80 and CD86 on OML-ingesting cells
(in press on Cytokine, H. Takagi et al.), but it seems
very important to know the additional signals to
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make antigen presenting cells more immunogenic
[23]. Additional adjuvant effects of various cyto-
kines and/or toll-like receptor ligands on OML-
mediated immunization are now being investigated.

Another advantage ol OML-mediated immuniza-
tion is Thl-skewing of the cytokine profiles. Indeed,
OT-1 and OT-11 T cells stimulated with antigen-pre-
senting cells ingesting OML-OVA produced TFN-y
but not IL-4 or IL-10 (unpublished observation).
Moreover, our previous study demonstrated that
the OML-mediated immunization protects BALB/c
mice against Leishmania major infection, possibly
due to the Thl-skewing of immune responses [24]
We observed that phagocytic cells ingesting OML
preferentially produce 1L-12 (unpublished observa-
tion), suggesting thiscytokine is a key of Thl-skewing
as reported previously [25]. Further investigation of
the mechanism of this Thl-skewing of immune
responses induced by OML-mediated immunization
is currently underway.

Cells belonging to the monocyte-Md lineage have
been known to be heterogeneous, reflecting the plas-
ticity and versatility of these cells in response to var-
ious microenvironmental signals [26]. M¢ are now
roughly categorized into M1 and M2 based on their
functional properties, and several studies revealed
that M1 and M2 promote type 1 and type Il Th
responses, respectively [27-29]. Itis also reported that
M1 and M2 are prone to induce inflammatory and
immunoregulatory responses, respectively [29]. A
possible concern of our DDS system is therefore the
protumoral effects by M2 with antigen-encased
OMLs, as they are supposed to express macrophage
mannose receptors induced by IL-4 [30]. Although
at least our in virro study clearly showed OML-med-
iated skewing to type | immune responses, more pre-
cise investigation including the conditions for M|
polarization should be done especially in tumor-bear-
ing mice. In addition, characteristics of the small pop-
ulation of non-M¢o cells ingesting OMLs should be
investigated as well.

In order to use our DDS in clinical study, the
best administration routes should be determined to
pursue repetitive vaccination while avoiding possi-
ble side effects. As generally acknowledged, intra-
peritoneal administration is accompanied with a
high risk of side effects such as catheter-related com-
plications, and abdominal pain [31]. In this connec-
tion, we have already obtained anti-tumor effects by
subcutaneous injection of OML-OVA similar to
those by intraperitoneal injection. However. side
effects induced by subcutaneous injection of OMLs

should be further investigated to assure their safe
clinical application.

In the previous study, we reported that the for-
mation of intraperitoneal metastasis of seeded gas-
tric cancer cells in milky spots can be controlled
with OMLs containing anti-cancer drugs [10]. In
the present study, we have further extended the pos-
sibility of OMLs for the immunotherapy of systemic
metastasis and existing tumor cells aside from milky
spots. Oligomannose coating of liposomes showed
the best uptake efficiency by intraperitoneal Md
among the neoglycolipids so far tested, and the
encased antigen was effectively presented by both
MHC class I and II molecules. However, the addi-
tional effects for immune responses by other neogli-
colipids (shown here) have not been studied at all so
far. We have a great interest in their eflects on
immune responses and are seeking sugar materials
with immunoregulatory properties. If such materials
are found, we believe that further study of our
sugar-coated liposome technology will find it also
to be applicable for antigen-specific regulation of
autoimmune diseases and allergy.
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Low absolute lymphocyte count is a poor prognostic marker
in patients with diffuse large B-cell lymphoma and suggests
patients’ survival benefit from rituximab
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Abstract

Objectives: To evaluate the prognostic value of absolute lymphocyte count (ALC) at diagnosis in patients
with diffuse large B-cell lymphoma (DLBCL). Methods: In a large cohort of patients with DLBCL treated
with CHOP (n = 119) or RCHOP (n = 102) in our institution, we evaluated the prognostic value of ALC at
diagnosis with regards to treatment response, overall (OS) and progression-free survival (PFS). Use of
rituximab, all International Prognostic Index (IPl) determinants, f2microglobulin level, presence of B symp-
toms or bulky disease, and ALC were evaluated. Results: Low ALC (<1.0 x 10%/L) was associated with
advanced stage, performance status 22, elevated lactate dehydrogenase, number of extranodal involve-
ment 22, B symptoms, elevated p2microglobulin and higher IPI risk group. Low ALC was associated with
lower CR rate by univariate analysis (odds ratio = 3.29, P = 0.024) but not by multivariate analysis. By
univariate analysis using Cox proportional hazard model, low ALC was associated with shorter OS [hazard
ratio (HR) = 2.89, P < 0.001) and PFS (HR = 2.91, P < 0.001). Multivaniate analysis revealed that low ALC
was associated with shorter OS (HR = 2.51, P= 0.003) and PFS (HR = 2.72, P < 0.001), independent of
above-mentioned parameters. Subclass analyses revealed that the use of rituximab improves OS in
patients with low ALC (HR = 0.42, P = 0.05) but not in those with high ALC (HR = 0.83, P = 0.71). This
observation was most obvious in patients with higher IPI score. Conclusion: Low ALC is a poor prognostic
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marker in patients with DLBCL and suggests patients’ survival benefit from rituximab.
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Prognostication of patients with diffuse large B-cell lym-
phoma (DLBCL) is important in determining optimal
treatment approaches. Numbers of prognostic factors have
been studied, but some require expensive molecular testing
and thus not clinically applicable. Inexpensive and readily
available prognostic factors are practical and helpful.

Low absolute lymphocyte count (ALC) at diagnosis is
associated with poor prognosis in patients with advanced
Hodgkin lymphoma (1) as well as follicular lymphoma
(2). A recent preliminary study with short follow-up
duration also suggested a potential prognostic value of
ALC in DLBCL (3). While International Prognostic

Index (IPI) is currently the most valuable prognostic
indicator in patients with aggressive lymphoma, ALC
was not included in the parameters analyzed (4). We per-
formed a retrospective study evaluating the prognostic
value of low ALC using our large cohort of patients with
DLBCL, about half treated with CHOP and the rest
with RCHOP.

Patients and methods

This retrospective study was approved by the institu-
tional review board. We reviewed 221 consecutive newly

© 2008 Tha Authors
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diagnosed patients with non-HIV-associated DLBCL
who were treated with CHOP (n = 119; before approval
of rituximab) or RCHOP (n = 102: after approval)
based therapy at Aichi Cancer Center Hospital between
January 1999 and January 2007, Age (260 or =60), per-
formance status (PS, <1 or 22), B symptoms (present or
absent), stage (€2 or 23), number of extranodal involve-
ment (<] or 22), bulky disease (largest diameter of the
discase =10 cm, present or absent) serum lactate dchy-
drogenase (LDH) levels (normal or elevated), ALC at
diagnosis, IPI group (scored from 0 to 5 by age =60,
stage 23, PS 22, LDH higher than upper limit of normal
range and number of extranodal involvement 22, and
risk groups were classified as low by score 0/1, low-inter-
mediate by score 2, high-intermediate by score 3 and
high by score 4/5), inmtial treatment (CHOP or RCHOP)
were collected and incorporated as potential prognostic
factors in various analyses. Serum [2microglobulin level
was collected if available but excluded from the survival
analyses because of many missing data.

The Fisher exact tests were used for the descriptive
statistical analyses on categorical data. Overall survival
(OS) and progression free survival (PFS, time from diag-
nosis to disease progression, relapse or death of any
cause) were caleulated using Kaplan-Meier method (5)
and was compared between two groups by log-rank test.
Logistic regression models were used to evaluate the
associations between multiple characteristics and com-
plete response (CR). Patient characteristics were also
analyzed for their association with PFS and OS using
Cox proportional hazard models. In this model, charac-
teristics with P-values <0.10 in the univariate analyses
were included in the multivariate analyses, and a back-
ward elimination with a P-cutoff’ of 0.05 was used. All
computations were performed in STATA version 9.0
(StataCorp, College Station., TX, USA).

Results

Patient characteristics

Patient characteristics are summarized in Table 1. There
was no signilicant difference in baseline characteristics
between CHOP and RCHOP group. In patients with
carly-stage non-bulky disease. involved field radiation
therapy was performed following three courses of CHOP
(n = 37) or RCHOP (n = 38) therapy. Patients younger
than 65 with age-adjusted IPI score of 2 or 3 were gener-
ally offered an option of upfront autologous stem cell
transplantation after induction therapy, and 20 such
patients (11 after CHOP and nine after RCHOP) under-
went this treatment,

The median value of ALC of entire population was
1.20 % 10"/L (range 0.10-4.64 x 10°/L). ALC was signifi-
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cantly higher in IPI low nsk (median ALC
1.49 % 10°/L), and the values were not significantly dif-
ferent among low-intermediate (median 0.97 x 10%/L).
high-intermediate (median (.93 x 10°/L) and high-nisk
(median  0.83 x 10°/L) groups (Fig. 1). Low ALC
[=1.2x 10"/L  (median value)] was associated with
advanced stage, PS 22, elevated LDH, number of extran-
odal involvement 22, B symptoms, elevated f2microglob-
ulin and higher IPI nisk group. Using different cutofl
value of ALC (0.8, 1.0 and 1.4 x 10°/L) revealed essen-
tially the same result (data using the cutoff value of
1.0 x 10"/L are shown in Table 1),

Treatment response

Response to imitial treatment was evaluable in 210
patients, among whom CR rate was 91.9%. CR rates in
patients with low and high ALC after CHOP were
85.0% (34/40) and 97.3% (72/74), respectively
(P = 0.021). Those aflter RCHOP were 87.5% (35/40)
and 92.9% (52/56), respectively (P = 0.483). Univariate
analysis using logistic regression model for the chance of
achieving CR revealed that elevated LDH, PS =2, num-
ber of extranodal involvement 22 and presence of B
symptoms were significantly associated with lower chance
of achieving CR. Low ALC [<1.2x 10%L (median
value)] was not significantly associated with low CR rate
{odds ratio of low ALC (<1.2x10%L) = 2.63 [95%
confidence interval (CI) 0.894-7.77], P = 0.079}. Other
cutoff values (0.8, 1.0 and 1.4 x 10°/L) were also tested
in association with CR rate, and the association was sig-
nificant when cutofT value of 1.0 x 10°/L was used [odds
ratio of low ALC (<1.0x10%L) for low CR
rate = 3.29 (95% CI 1.17-9.30), P = 0.024]. The cutoll
value of 1.0 x 10”/L was also found to be optimal in the
survival analyses as shown later. Higher IPI risk group
was also associated with lower CR rate [RR = 1.68
(1.11-2.55), P = 0.014]. Multivariate analysis revealed
that only PS 22 [RR = 547 (1.87-16.0), P = 0.002] and
clevated LDH [RR = 4.66 (1.25-17.3), P = 0.022] were
independently associated with lower CR rate.

Overall survival

The median follow-up duration in the entire population,
CHOP and RCHOP groups were 47, 67 and 29 months,
respectively. Two-year OS rates in CHOP and RCHOP
groups were 82.] £ 3.6% and 87.0 £ 3.7%, respec-
tively. The Kaplan-Meier OS estimate curves were first
plotted according to ALC groups (<0.61, 0.61-0.80,
0.81-1.00, 1.01-1.20, 1.21-1.40, 1.41-1.60 and
> 1,60 % 10°/L) to find the optimal cutoff value to define
low and high ALC groups. This revealed that OS was
generally longer in patients with higher ALC and curves
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Table 1 Patent charactenstcs

Parameters nitowal 221) ALC<10x10°/L Pvalue Rituximab  Pvalue

All Fral 86 102

Age (yr)
<60 106 37 0270 a7 0.686
>60 15 49

Sage
1/2 136 35 <0.001 62 0890
3/4 85 51 40

PS
01 184 62 0.001 85 1.000
22 37 24 17

LDH
Normal 119 29 <0.001 51 0.344
High 102 57 51

Number of extranodsl involvernent
0/1 177 58 <0.001 B3 0736
>7 44 28 19

B symptoms
Abseant 188 65 0.003 B4 0.346
Presant 33 21 18

1Pl
Low 17 26 <0.001 50 0.508
Low-intermediate 37 19 20
High-intermediate 36 21 19
High N 20 13

Bulky disease (=10 emi
No 202 79 1.000 90 0.150
Yes 19 7 12

Serum f2microglobulin
<3.0 mg/dL 98 33 0.036 43 0.683
23.0 mg/dL 32 18 16
NA 91 35 43

Treatment
CHOP 19 42 0.269 ] -
RCHOP 102 a4 102

ALC
<1.0x10%L 86 B6 - 44 0.269
21.0 x 10%L 135 0 58

PS. Eastern Cooparative Oncology Group Performance Status; LDH, serum lactate gehydroge-
nase level, B symptoms, presence of at least one of the followings - right sweat, wenght loss
>10% over 6 months and recurrent fever >38.3°C; IPI, International Prognostic Index; ALC,

absolute lymphocyte count; NA, not avallable
P-values were calculated by Fisher exact test

were grossly separated at a cutolT value ol 1.0 x 10%/L
(data not shown). To confirm the optimal cutofl values
for determining ‘low ALC’, we next performed sensitivity
analysis, where among candidate cutofl’ values of 0.8,
0.9. 1.0, 1.1, 1.2, 1.3 and 1.4 % 10°/L, the maximal haz-
ard ratio (HR) was produced with the cutoff value of
1.0 x 10°/L [HR = 2.89 (95% CI 1.61-5.17)]. Low ALC
was thus defined to be < 1.0 x 10°/L for further survival
analyses. The Kaplan-Meier OS estimate curves, calcu-
lated according to treatment (CHOP and RCHOP) and
ALC (high and low) are shown in Fig. 2A. In CHOP
group, 2-yr OS rates in patients with high and low ALC
were 90.7 = 3.6% and 66.5 = 7.3%, respectively. Those
in RCHOP group were 92.1 + 3.8% and 79.8 + 7.0%,

respectively. By univarniate analysis using Cox propor-
tional hazard model, low ALC was associated with
shorter OS duration in the entire population [HR = 2.89
(1.61-5.17), P < 0.001] or in CHOP group [HR = 3.6l
(1.81-7.20). P < 0.001] but the difference was not signif-
icant in RCHOP group [HR = 1.78 (0.599-5.32),
P = 0.298].

Multivariate analysis for OS incorporating all the
charactenistics except IPI risk group revealed that PS =2
[HR = 334 (1.82-6.15), P < 0.001], low ALC
[HR = 2.51 (1.38-4.58), P = 0.003] were independently
associated with shorter OS. In this model, rituximab was
forced in the analysis [HR = 0530 (0.276-1.02),
P = 0.057]. Furthermore, when IPI nsk group (analyzed
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as a linear parameter) was incorporated instead of five
IPI factors (i.e. age, PS, LDH, stage and number of
extranodal involvement were omitted), low ALC was
associated with shorter OS [HR = 2.11 (1.12-3.95),
P = 0.019], along with IPI group [HR 1.50 (1.16-1.92),
P = 0.002], where rituximab was again forced in the
model [HR = 0,531 (0.278-1.02), P = 0.056, Table 2].
Removing rituximab [rom the final model showed the
similar result for both analyses. Analyzing IPI risk group
as a categorical parameter also showed essentially the
same result [HR of low ALC = 2.05 (1.09-3.86).
P = 0,026, Table 2.

Given that the baseline patient characteristics were
similar in CHOP and RCHOP group (Table 1), OS was
next compared between CHOP and RCHOP groups,
according to ALC group. Use of rituximab was associ-
ated with longer OS in low ALC group [HR = 0.42
(0.18-1.00), P = 0.05] but not in high ALC group
[HR = 0.83 (0.31-2.21), P = 0.71]. This suggests that
the prognostic significance of ALC became smaller in the
era of rituximab, as shown earlier, because the absolute
survival benefit from rituximab is larger in low ALC
group than in high ALC group (Fig. 2A). To further
evaluate the significance of ALC and rituximab use, we
next performed subgroup analyses of OS based on [PI
risk group (Fig. 2B.C). In this analyses. we defined two
IPl risk group [score ‘0-1" (n = 117) and 25
(n = 104)] because of significantly higher ALC distribu-
tion only in *0-1" group (Fig. 1), and limited number of
patients in each low-intermediate, high-intermediate and
high-risk group. The use of rituximab in patients with
IPl *2-5 group with low ALC was associated with
longer OS [HR = 0.35 (0.12-0.98), P = 0.045], but not
in IPI *2-5 with high ALC [HR = 1.02 (0.33-3.13),
P = 0978], or in IPI '0-1" with low ALC [HR = 0.83
(0.15-4.44), P = 0.824] or in IPI ‘0-1" with high ALC
[HR = 0.42 (0.05-3.67), P = 0.432].
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Progression free survival

We also performed analyses for PFS. Two-year PFS rates
in CHOP group and RCHOP group were 72.8 + 4.1%
and 1.2 + 4.2%, respectively. In CHOP group, 2-yr PFS
rates in high and low ALC groups were 82.8 + 4.3% and
54.6 + 7.7%, respectively. In RCHOP group, those were
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Table 2 Tha result of multivanate analyses for OS and PFS when IP1
group was analyzed either as a linear paramaeter of a categorical
paramater

Hazard
ratio 95% Ci Pvalue
For OS
Low ALC (<1.0 x 10%1) n 112-3.95 0.019
IP] s a linear parameter 150 1.16-192 0.002
Rituwmab (forced in the model) 053 0.278-1.02 0056
For 0S5
Low ALC (<1.0 x 10%L) 205 1.09-3.86 0.026
P
Low-intermediate vs. low 183 0.831-449 0,126
High-intermediate vs. low 129 0511-3.27 0.588
High vs low 326 11871 0.003
B symptoms 237 116-483 o.ome
Rnuximab 047 0.243-0915 0.028
For PFS
Low ALC (<10 x 10%/L) 217 1.25-3.76 0.006
IP! as a linear parameter 153 1.22-1.9 <0.001
Rituximab 0.452 0.255-0.801 0.007
For PFS
Low ALC {<1.0 x 10%/L) 222 1.28-3.87 0.005
IP1
Low-ntermediate vs. low 162 0.703-3.28 0.287
High-intermediate vs. low 1.72 0.813-3.62 0.156
High vs. low 380 1.95-7 44 <0.001
Rituximab 0.457 0.258-0.810 0.007

84.0 + 53% and 77.8 + 6.6%, respectively. By univari-
ate analysis using Cox proportional hazard model, low
ALC was associated with shorter EFS duration in the
entire population [HR = 2.91 (1.75-4.86), P < 0.001] or
in CHOP group [HR = 3.90 (2.12-7.16), P < 0.001] but
the difference was not significant in RCHOP group
[HR = 1.68 (0.647-4.35), P = 0.287]. Multivariate analy-
sis for PFS incorporating all charactenistics except IPI
group revealed that PS 22 [HR = 3.40 (1.98-5.83),
P < 0001], low ALC [HR =272 (1.61-4.60),
P < 0.001] and rituximab [HR = 0.433 (0.242-0.772),
P = 0.005] were independently associated with shorter
PFS. When IPI group as a linear parameter was incorpo-
rated instead of five [Pl factors, low ALC was again
associated with shorter PFS [HR = 2.17 (1.25-3.76),
P = 0.006], along with IPI group [HR 1.53 (1.22-1.91).
P < 0.001] and rtuximab [HR = 0.452 (0.255-0.801),
P = 0.007, Table 2]. Analyzing IPI risk group as a cate-
gorical parameter also showed similar result [HR of low
ALC = 2.22(]1.28-3.87), P = 0.005, Table 2].

Discussion

ALC is an objective and reproducible test result, which
can be obtained by basic laboratory equipment. Our
study demonstrated that low ALC is a poor prognostic
factor with regards to OS and PFS. Such prognostic

Oki 8t al

value of ALC is in agree with other recently published
studies (3, 6, 7). Although the actual mechamisms of this
association between low ALC and poor prognosis is
unclear, possibilities include: (i) low ALC may be associ-
ated with already immunosuppressed condition, suggest-
ing that the host tends to have an inadequate
immunological reaction; (n) low ALC may be a conse-
quence of lympholytic cvtokines produced by lymphoma
cells, and such lymphoma may already have a resistamt
character by itsell; or (iii) the combination of these two
or other.

The prognostic value of ALC was most remarkable in
patients treated with CHOP without nituximab. The dif-
ference of prognostic impact between CHOP and
RCHOP groups is largely because of the improvement of
survival by rituximab in patients with low ALC. Particu-
larly in the group of IPI score 2-5, treatment with ritux-
imab significantly improved survival of patients with low
ALC, but not significantly that of patients with high
ALC. Analogy of this prognostic value of low ALC is
that of expression of BCL2, which was a significant poor
prognostic indicator before the emergence of rituximab
but not in the era of rituximab (8).

Obvious limitation of this comparison is that salvage
regimens might or might not have contained rituximab in
relapsed patients in CHOP group (although this would
not affect OS), and that the patients were not randomized
(although characteristics shown in Table 1 were similar in
the two groups). Although not using rituximab in addi-
tion to CHOP in any patients with DLBCL may not be
Justifiable given the hittle toxiaity and significant potential
benefit (9, 10), it should be noted that the absolute sur-
vival benefit is likely larger in patients with low ALC than
in those with high ALC, in the era of multiple target ther-
apy agents (currently approved or not) which may lead to
expanding costs with significant impact on the economy.
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ABSTRACT

Background

De novo CD5-positive diffuse large B-cell lymphoma (CD5® DLBCL) is clinicopathologically and
genetically distinct from CD5-negative (CD5') DLBCL and mantle cell lymphoma. The aim of this
retrospective study was to clarify the histopathological spectrum and obtain new information
on the therapeutic implications of CDS* DLBCL.

Design and Methods

From 1984 to 2002, 120 patients with CD5* DLBCL were selected from 13 collaborating insti-
tutes. We analyzed the relationship between their morphological features and long-term sur-
vival. The current series includes 101 patients described in our previous study.

Results

Four morphological variants were identified: common (monomorphic) (n=91), giant cell-rich
(n=13), polymorphic (n=14), and immunoblastic (n=2). Intravascular or sinusoidal infiltration
was seen in 38% of the cases. BCL2 protein expression in CD5" DLBCL was more frequent than
in CDS: DLBCL (p=0.0003). Immunohistochemical analysis in 44 consecutive cases of CD5'
DLBCL revealed that 82% of these cases (36/44) were non-germinal center B-cell type DLBCL.
The 5-year overall survival rate of the patients with CD5® DLBCL was 38% after a median obser-
vation time of 81 months. Patients with the common variant showed a better prognosis than
those with the other three variants (p=0.011), and this was confirmed on multivariate analysis.
Overall, 16 patients (13%) developed central nervous system recurrence.

Conclusions

Our study revealed the morphological spectrum of CD5" DLBCL, found that the incidence of
central nervous system recurrence in this form of lymphoma in high, confirmed that CD5*
DLBCL frequently expresses BCL2 protein and showed that it is mainly included in the non-ger-
minal center B-cell type of DLBCL.

Key words: diffuse large B-cell lymphoma, CD5, histopathology, BCL2, central nervous system.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) constitutes
the largest category of aggressive lymphomas, and is
considered to have heterogeneous biological proper-
ties.' * The phenomenan of CDS5 expression in DLBCL
evolving de novo, and not as a result of the transforma-
tion of chronic lymphocytic leukemia and mantle cell
lymphoma, was first described by Matolcsy et al. in
1995, Since then, accumulating clinicopathological evi-
dence has gradually clarified that de novo CDS-positive
(CD5") DLBCL constitutes a unique subgroup of
DLBCL.*™ De novo CD5° DLBCL is associated with
onset in old age, female predominance, advanced stage
at diagnosis, the presence of B symptoms, high levels of
lactate dehydrogenase, and the frequent involvement of
extranodal sites. The genetic analysis of this lymphoma
has suggested that it may originate from somatically
mutated CD5" progenitor B cells.***"* Moreover, an
analysis using cDNA microarray and comparative
genomic hybridization technology demonstrated that
de nove CD5* DLBCL is distinct from CD5” DLBCL and
mantle cell lymphoma,"'*"” Cytogenetic analysis identi-
fied a subgroup of patients with de nove CD5* DLBCL
with chromosomal abnormalities in 8p21 or 11q13 who
have a poor prognosis.”

We reported that de novo CD5° DLBCL tumors usual-
ly show a centroblastic morphology, and 19% show an
intravascular or sinusoidal growth pattern.' However,
CDS5 is expressed in some cases of intravascular large B-
cell lymphoma* and T-cell-rich B-cell lymphoma®
and cases of CD5" follicular lymphoma** and-€D§’
Burkitt's lymphoma™ have been reported. The relation-
ship between these tumors and de novo CDS: DLBCL
remains to be clarified, We reported thatde move CD5
DLBCL shows an aggressive clinical course; with a 5-
year overall survival rate of 34%." However, the medi-
an observation period in our previous study was 33
months; the results should, therefore, be confirmed by
long-term survival analysis.

To clarify the histopathological spectrum of CD5
DLBCL and obtain new information on the therapeutic
implications, we performed a detailed clinicopathologi-
cal review and long-term follow-up analysis in a larger
number of patients with de novo CD5* DLBCL.

Design and Methods

Patients

We selected 120 patients with de nove CD5" DLBCL
from 13 collaborating institutes. All patients were diag-
nosed between 1984 and 2002 as having DLBCL accord-
ing to the WHO classification,’ and they had no past
history of any other lymphoproliferative disorders. All
specimens for histological and immunophenotypic
studies were obtained at the initial presentation of the
patients, and were examined for CD3 antigen expres-
sion by means of flow cytometry and/or immunohisto-
chemistry. All patients were immunohistochemically
confirmed to be cyclin D1-negative. The current series
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includes 101 of 109 de nove CD5" DLBCL cases
described in our previous study." Seven patients who
fulfilled the diagnostic criteria for intravascular large B-
cell lymphoma® and ane patient with follicular coloniza-
tion were excluded. The study was approved by the
Ethics Committee of Mie University Graduate School of
Medicine, and complied with the Helsinki Declaration.

Clinical information was obtained from the hospital
records or supplied by the physicians at the collaborat-
ing centers.

Morpholegical evaluation

Tissue was fixed in 10% formalin and embedded in
paraffin. Sections (5 pm thick) were stained with hema-
toxylin and eosin. We examined all the 120 initial diag-
nostic specimens of the de nove CD5” DLBCL cases,
consisting of 85 lymphatic tissues such as lymph node,
Waldeyer's ring, and spleen and 35 extranodal tissues
with lymphomatous involvement, All cases were blind-
ly reviewed twice by three of the authors (MY, NN, and
SN). If discrepancies occurred, we discussed the cases
while using a multiheaded microscope to reach a con-
sensus. '

Immunophenotypic study

Immunochistachemical and flow-cytometric analyses
were performed as described previously.”** The mono-
clonal antibodies used were Leud (CD3), Leul (CDS5),
and CALLA (CD10) (Becton Dickinson, Mountain View,
€A, USA); J5 (CD10) and B1 (CD20) (Coulter, Hialeah,

* FL, USA); H107 (CD23) (Nichirei, Tokyo, Japan); MHM6
1 (CD23), BerH2 (CD30), UCHL1 (CD45RQO), HM57
" (CD79a), anti-immunoglobulin (Ig)G, anti-IgA, anu-IgM,

anti-IgD, anti-kappa, and anti-lambda (DAKO,
Carpentaria, CA, USA); 4C7 (CD5) and NCL-CD10
(CD10) (Novocastra, Newcastle, UK), and cyclin D1
(IBL, Gunma, Japan). More than 20% positivity of the
tumor cells was considered to indicate positivity for the
purposes of this study. Based on preliminary data that
the incidence of CD5 positivity in DLBCL examined
with paraffin material is approximately half of that
examined using frozen sections, and that it can be
increased using more sensitive immunohistochemical
methods (Yamaguchi M et al, presented ar the Annual
Mecting of the Japanese Sociery of Lymphoreticular Tissue
Research, 2000), CD5 expression was examined primari-
ly by flow cytometry and/or immunohistochemistry in
the Frozen sections from 104 cases of de move CD5
DLBCL. In the remaining 16 cases, CD5 expression was
examined immunohistochemically using paraffin-
embedded sections, In fact, 75% or more of the neoplas-
tic cells were confirmed to be positive for CD5 in the
cases examined using paraffin-embedded material alone.

BCL2 protein expression was examined by means of
immunohistochemistry using paraffin sections and a
monoclonal antibody (BCL2, DAKO). Paraffin-embed-
ded material for this study was available in 96 out of
120 cases. Staining for BCL2 was performed at the Aichi
Cancer Center, and the data were compared with those
for 150 cases of CD5 DLBCL, which were sequentially
diagnosed at the Aichi Cancer Center during the same
period as the de novo CD5* DLBCL cases. The reaction



for BCL2 protein was classified as positive if more than
50% of lymphoma cells were stained,™

We also classified de novo CD5" DLBCL into rwo sub-
groups, i.e., ge:mina] center B-cell and non-germinal cen-
ter B-cell types.™ From the file of histological consultation
for diagnosis at the Aichi Cancer Center in the period
from 2000 to 2004, 44 cases of de nove CD5* DLBCL were
selected for this analysis. Staining for CD10, BCL6 (NCL-
BCL6, Novocastra), and MUMI (MUMI1p, DAKO) was
performed on parafﬁn sections.” Cases were considered
positive if 30% or more of the neoplastic cells were
stained with an antibody. Subsequently, each case was
classified into germinal center or non-germinal center B-
cell types according to the criteria of Hans er al™

Statistical analysis

Correlations between the two groups were examined
with the x’ test and Fisher’s exact test. Patients’ survival
data were analyzed with the Kaplan-Meier method and
were compared by means of the log-rank test.
Univariate and multivaniate analyses were performed
with the Cox proportional hazard regression model,
and data were analyzed with STATA software (version
9.0, STATA Corp., College Station, TX, USA).

Results

Histopathological review and characterization
of morphological variants

At a low magnification, total or partial effacement of

the nodal architecture with a diffuse (118 patients, 98%)
or vaguely nodular pattern (2 patents, 2%) of rumor cell
proliferation was observed, In ten patients (8%), these
tumor cells were distributed throughour the interfollic-
ular area, while the follicles which had mained their
mantle cuffs were spared.

In the current study, particular attanuon was pald to
the presence or absence of intravascular and/or sinu-
soidal patterns. Although,the extent of such patterns
varied in each case, they were'seen in 45 cases exam-
ined (38%). In the specimens of lymph node obtained
from 31 patients, tumor cells infiltrated diffusely and
focal intrasinusoidal infiltration was observed simulta-
neously. In the specimens of bone marrow from seven
patients, spleen from two patients, and Waldeyer's ring
from one patient, lymphoma cells were observed main-
ly in the sinusoids. In the other patients, a specimen was
taken from the tumor in the nasal cavity, stomach,
breast, and testis. In those specimens, lymphoma cells
infiltrated diffusely, and focal intravascular infiltrarion
was also observed. There was no significant difference
in the incidence of intravascular and/or sinusoidal pat-
terns between lymphatic (34/85, 40%) and extranodal
(11/35, 31%) specimens,

The size of tumor cells was medium-to-large in 19
cases, mixed medium and large in 14 cases, and large in
87 cases. The tumor cells generally showed a scant or
moderate rim of pale baso- or amphophilic cytoplasm.
Of note, bi-nucleated tumor cells with a smowman-like
morphology were frequently observed in our series (101
out of 120 cases, 85%) (Figures 1A and 2B). Apoptotic

De novo CD5° DLBCL

cells were observed in 21% of the cases.

We classified 4z novo CD5° DLBCL according to cyto-
morphological features (Figure 1). In 91 (76%) of 120
patients, monomorphic proliferation of typical centrob-
lasts was observed, although a few scattered giant cells
were seen in nine patients. We regarded these features
as the prototype of de novo CD5° DLBCL and referred to
it as the common variant. In 13 (11%) out of the remain-
ing patients, there was an increase in very large cells
with giant or multiple nuclei, varying from 10 to 30% in
area and intermixed with centroblasts and
immunoblasts. We referred to this as the giant cell-rich
variant. This could correspond to the anaplastic vanant
of DLBCL according to the WHO classification.” While
the giant cell-rich variant was thus shown to have a
polymorphous composition, monomorphous areas
with relatively small cells were also usually identified,
suggesting that there is a histological continuum
between the common and gian cell-rich variants. CD30
was positive in 23% of the cases (3/13). In 14 patients
(12%), tumor cells showed irregularly shaped nuclei,

Figure 1. Cytomorphologic features of four variants of de novo
CD5’ DLBCL. The cells, varying from medium to large in size, are
uniform, with a pale basophilic or amphophilic cytoplasm. (A)
Commeon variant, which can be described as the monomaorphic or
centroblastic variant. Snowman-like, bi-nucleated cells were seen
(arrow). (B) Giant cell-rich variant. (C) Polymorphic variant, charac-
terized by polymorphous proliferation with medium and large-sized
cells. The immunoblastic variant (D) was rare in our case series.

F!gur: 2. Immunchistochemical features of de novo CD5' DLBCL.
cells are positive for CD5 (A) and BCL2 (B), Snowman-
mm bi-nucleated cells can be seen (arrow).
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