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

We also classified d¢ novo CD5* DLBCL into two sub-
groups, Le., germinal 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-
BCLS6, Novocastra), and MUM1 (MUM1p, 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 eral™

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 multivariate 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 patients, 2% of tumor cell
proliferation was observed. In ten patients 8%, these
tumor cells were distributed throughout the interfollic-
ular area, while the follicles which had retained their
mantle cuffs were spared.

In the current study, particular attention was paid 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 padent, 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 infiltration
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 snowman-like
morphology were frequently observed in our series (101
out of 120 cases, 85%) (Figures 1A and 2B). Apoptotic
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cells were observed in 21% of the cases.

We classified de nove 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 variant
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 giant cell-rich variants. CD30
was positive in 23% of the cases 3/13. In 14 patients
12%, tumor cells showed imregularly 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 basophllic or amphophllic cytoplasm. (A)
Common varlant, which can be described as the phic or

troblastic variant. S {ike, b-nucleated cells were seen
(arrow). (B) Glant cell-rich variant. (C) Polymorphic variant, charac-
terized by polymorphous proliferation with medium and large-
sized cells. The immunoblastic varlant (D) was rare In our case
sarles.

Figure 2. Immunohistochemical features of de novo CD5* DLBCL
Lymphoma cells are positive for CD5 (A) and BCL2 (B). Snowman-
like, bi-nucieated cells can be seen (arrow).
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Le., indented or multlobated, and were usually charac-
terized by a mixed morphology, which was referred to
as the polymorphic variant. Pure proliferation of
immunoblasts was seen in only two patients 1%, and
was termed the immunoblastic variant Intra-
vascular/sinusoidal infiltration was observed in 26% of
the common vanants, 62% of the giant cell-rich van-
ants, 14% of the polymorphic vanants, and 0% of the
immunoblastic variants. The giant cell-rich vanant was
associated with intravascular/sinusoidal infiltration
more frequently than the common variant (p=0.01),

Clinical features according to morphological variants

The patients’ main characteristics and therapeutic
results according to morphological categorization are
summarized in Table 1. We compared the clinical char-
acteristics between the current group of 120 padents
with de novo CD5* DLBCL and 384 patients with CD5
DLECL in our previous study." Our previous findings
on the clinical features of de¢ novo CD5* DLBCL such as
an older age, at onser, female predominance, frequent
extranodal involvement, and higher International
Prognostic Index IPI * score were confirmed in the cur-
rent group of 120 patients (data not shown).

Table 1. Clinical features of the patients with de novo CD5" diffuse
large B-cell lymphoma.

Tota!  Common Giant cel-rich Polymorphic Immunobiastic

=120 n=31 =13 n=14 n=2
% % % % %

Age 8t diagnosis, years.
Median 66 66 63 67/71 62/69
Range 291 291 3681 52-89 62,69
OverB0yearsold BATOD 6470 969 964 2100
Sa 5862 4051 94 BE 1:1
malefemale
Performance 3¥3B 2730 43 643 2100
status >1
Serum LOH 8571 6167 1185 1179 2100
level >nomal
Stage /N 7361 5458 968 B57 2100
Extranodal 7563 5560 862 1M 150
Imvolvement
More thanonesite 2024 2022 431 53 00
Intemational
Prognastic Index
Low B B 18 429 0o
lowintermediate 3025 2629 431 00 00
High-intermediate 1916 1112 431 42 00
High 4434 ¥R 43 643 2100
B-symptoms 49/117  35/88 538 750 2100
present ES 40
Complete T7/114 64/B6 5/1242 /14 1/250
FESpONse rate 68 L} 50
S-year 0S rate 38 “ 15 2 0

LDH: lactate defrydrogemase; OS: overall morviwal
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The clinical features, including the five factors of the
IP1," were not significantly different among the four
morphological vanants of de move CD5° DLECL. The
bone marrow, liver, and spleen were the most frequent-
ly involved anatomical sites irrespective of the morpho-
logical variant (data not shown).

Atypical lymphocyte concentrations (range, 11 to
78%) were noted at presentation in the peripheral blood
smear of four cases, whose white blood cell counts
ranged from 6,000 to 41,000/mm*. None of these
patients showed marked splencmegaly and the mor-
phology of leukemic cells differed from that of B-cell
prolymphocytic leukemia cells.

Immunophenotypic features

BCL2 protein was expressed in 86 out of 96 tumors,
and observed in more than 70% of the tumor cells in
almost all positive cases Figure 2B. This incidence was
significantly higher than that in the CD5" DLBCL cases
(105/150, 70%; p=0.0003).

As for the molecular classification system established
by Hans et al.,”* 36 of 44 cases 82% of de nove CD5"
DLBCL were classified as the non-germinal center B-
cell type. Thirty patients 68% showed the
CD10-BCL6 MUM!" immunophenotype. CD10 was
positive in seven patients 16%, BCL6 was negative in
79% of the cases examined 33/42, and MUM1 was
positive in 95% of the cases 42/44. Only one patient
showed the CD10'BCL6"'MUM1" immunophenotype.

Among the four morphological variants, the common
variant was positive for Ig-x more frequently than either
the giant cell-rich (p=0.05) or polymorphic (p=0.03) vari-
ant. As for other expression of other antigens there were
no significant differences among the morphological
variants of de nove CD5* DLBCL (data not shown).

Therapeutic outcome and long-term survival
according to histopathological variants

Clinical follow-up data and information about the
first-line therapy were available for all patients. The
treatment consisted of chemotherapeutic regimens
including anthracycline for 104 patients and without
anthracycline for three. No patient was treated with rit-
uximab in the frst-ine therapy. Seven patients with
localized disease were treated with radiotherapy or sur-
gical resection alone as first-line therapy. Six patents
who did not receive any therapy because of their poor
performance status all died of their disease. A complete
response was achieved on first-line therapy in 77 68%
out of the 114 patients who received treatment. Seven
patients were lost to follow-up within 5 years after the
diagnosis. The median observaton time of surviving
patients was 81 months. The 2-year overall survival rate
of all 120 patients, esumated by the Kaplan-Meier
method, was 52%, and the 5-year overall survival rate
was 38% (Figure 3A).

We collected data on sites of involvement at
relapse/progression. Among all 120 patients with de novo
CDS5- DLBCL, 16 patients 13% developed central nerv-
ous system (CNS) recurrence (Table 2). All these patients
were treated with anthracycline-containing chemother-
apy as a front-line treatment. One patient had brain
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involvement at diagnosis. She achieved a complete
response following front-line therapy, but develop recur-
rence in the thoracic spinal cord. The other patients did
not show any CNS involvement at diagnosis. Twelve
patients experienced CNS relapse after achieving a com-
plete response. Of these, eight experienced 1solated CNS
relapse while the CNS relapse was associated with a
systemic relapse in the others. Four patients expenenced
CNS disease progression during the first-line treatment.
The median age of all 16 patients with CNS relapse was
64 years range, 28 to 85. Of note, all but three patients

were over 60 years old. Seven were male and nine were
female. The serum lactate dehydrogenase level was ele-
vated in 13 of these patients and performance status was
higher than one in seven patients. Five patients showed
more than one extranodal site of involvement. Nine
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patients were categorized as having a high-intermediate
or high risk, according to the IPI. The median time from
diagnosis to CNS recurrence was 16 months, We com-
pared therapeutic outcome and survival data in the 120
paients with de nove CD5° DLBCL according to the mor-
phological vanants. The complete response rate was
lowest 42% in patients with the giant cell-rich variant

of de novo CD5” DLBCL, and was significant different
from that in patients with the common variant (p=0.02,
Table 1). Five-year overall survival rates for patents with
common, giant cell-rich, polymorphic, and immunoblas-
tic variants were 44%, 15%, 21%, and 0%, respectively
(Table 1, Figure 3B). The survival curve of patients with
the common variant was significantly better than that of
patients with the other three variants combined
(#=0.011, Figure 3C). The presence of intravascular/sinu-

100
90
80
70
%
2
30
20
10 !
0 |
0 5 s 10 15 :
100 D Figure 3. Survival according to the histological
% features of de novo CDS® diffuse large B-cell
lymphoma (DLBCL). (A) Overall survival In all
80 120 patients with de novo CD5° DLBCL. (B)
g 70 Overall survival of patlents with different histo-
) logical variants of de novo CD5' DLBCL. (C)
2 w0 Patlents with the common variant had a better
# 30 survival than those with the other three varl-
20 ants of de novo CD5* DLBCL. (D) The presence
10{ WL patterns of intravascular/sinusoidal infiltration had an
0 0 Impact on the overall survival. IVL, intravascu-
0 5 s 10 15 0 5 yas 10 15 lar/sinusoidal.

Table 2, Clinlcopathological features of patients with de novo CD5* diffuse large Bcell lymphoma who experienced central nervous sys-

tem recurrence.

N Age/sex  Stage  Sites of extranodal  PS LDH IPl  Histological WML CR Sites of Period from Survival,
{nvolvement >1 >N score vanant pattern TECUITENCE diagnosis 1o CN5  months
recurrence months  outcome
1 62/M 1A Lung, stomach, Y 4 Common NS 2 8,000
kidney, gingiva
2 /M 1A Y Y 3 Polymarphic CNS 2 4,000
3 76/M 1A Y 2 Comman CNS 3 9,000
4 61/F VB BM Y Y 4 Commaon Y Y CNS 5 9,000
5 6T/M VB Liver, BM y Y 5 Comman Y ¥ CNS 6 23,000
6 85/M 1A Y Y 4 Common (NS <7 7,000
7 62/F 1A Brain, pleurs Y Y 5 Commin Y Y CNS 8 18, DOD
8 B2/F [1:] Y Y 4 Immunoblastic ¥ CNS, LN, liver, 8 18,00D
ascites, BM
5 38/F IVB BM Y 2 Comman Y CNS 24 72,00D
10 B6/F i Bone, utens X 4 Common ¥ CNS intraocular ki 43, AWD
11 62/M IVB Liver, BM y Y 5 Comman Y Pelvis,CNS 39 40, 00D
12 28/F 1A Breast 0 Commaon Y CNS intraocular L1 B6, AWD
13 50/M [} Y 2 Giant cellnich Y Y CNS 60 74,00D
14 69/F 1A 1 Common Y CNS, etc. n 80, 00D
15 61/F 1A Y 2 Common Y Y CNS intraocular B4 84, MWD
16 T4/F 1A 1 Comman Y CNS, LN 96 99, 00D

PS: performance starws; LDH: lactare delyydrogenase; IVL: inmravascular/

dal; CR: compleee respanse; Yo yor: BM: bone marrows LN: bymph node; DOD: died of

disease; AWD: alive with disease.
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soidal infilcration also had an impact on survival
(#=0.025, Figure 5D) The results of univariate and mul-
tivariate analyses to assess the impact of clinical and
morphologic features on overall survival in de nove CD5S
DLBCL panents are shown in Table 3. Univariate analy-
sis identified the five nsk factors of IPI, morphological
variants, and intravascular/sinusocidal infiltration as
prognostc factors important for overall survival The
presence of either snowman-like cells or a higher mitortic
ratio > 4/one high-power field on average was not
associated with a reduced overall survival (data nor
shown), Muldvanate analysis adjusted for the five risk
factors of the IPI confirmed the independent prognostic
significance of histological categorization for overall sur-
vival (Table 3). Among the prognostic factors, the mor-
phologic vaniant, age, performance status, and serum
lactate dehydrogenase level were significantly associat-
ed with survival.

Discussion

We clarified detailed cytomorphological features of de
nove CD5" DLBCL. A German study alse documented
morphological features in their series of 13 cases of de
novo CD5° DLBCL, identifying eight centroblastic
62%, three immunoblastic 23%, and two unclassi-
fied DLBCL with irregular nuclei 15%. ™ Our findings
generally appeared to be in keeping with those of the
German study; however, the percentage of
immunoblastic lymphoma cases 23% was higher in
the German study than in ours 2%. DLBCL develop-
ing in the setting of small lymphocytic lympho-
ma/chronic lymphocytic leukemia (Richter’s syndrome)
evidently tend to be characterized by an immunoblastic
morphology and the expression of CD5.* In Japan, the
incidence of chrenic lymphocytic leukemia is one fifth
of that in Westermn countries.** Moreover, CD5 expres-
sion was mainly examined using fresh material in the
majority of studies of d¢ nove CD5° DLBCL in Japan,
while it was examined in paraffin-embedded material in
the studies in Western countries. In Japan, the incidence
of de novo CD5" DLBCL ranges from 4% 4/101 ¥ to
10% 24/240, ** which seems to be almost the same as
that reported in Western series.""* Since only two cases
have been included in the cumrent study, the clinico-
pathological features of the immunoblastic variant of de
novo CD5° DLBCL remain unknown. International
cooperative studies are needed to verify the hypothesis
that these facts may explain the conflicting data. Since
de nmove CD5° DLBCL has various histopathological
appearances, CD5 immunostaining should be per-
formed routinely in cases of DLBCL.

In the current study, intravascular/sinusoidal patterns
to various extents were observed in 38% of the cases of
de novo CD5° DLBCL. As Murase er al. demonstrated
recently’ de nove CD5 DLBCL with an intra-
vascular/sinusoidal pattern showed intermediate fea-
tures in terms of aggressive clinical behavior and prog-
nosis between de nove CD5' DLBCL without an
intravascular/sinusoidal pattem and CD5" intravascular
large B-cell lymphoma, suggesting that a part of the two
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Table 3. Prognostic factors affecting overall survival of patients
with de novo CD5" diffuse large B-cell

Linfavorable Uinngnate Muttvariate
Varabies factor L o ] R o P

L14301 001 167 102275 0.04

Mipamem Pesent 166 106260 003 -

Age >60years 237 144392 0001 191 115319 001
Peformance 24 281 181437 <0001 177 1.11-285 002
status

LDH >Nomal 371 214643 <0001 256 (1.43-4.61) 0.002
Stage /v 234 14836 <0001 - -
Bxtranodal  >lste 172 107277 003

diseases

Bgymptoms Present 209 136319 <0001
Comparison with IPf category

Mophological Not 185 114301 001 144 087236 0.5
Plcategory H/H 332 214515 <0001 314 200492 <0.001
66 106260 003 181 114286 001
Picategoy HU/H 332 214515 <0001 346 221541 <0.001

HR: hazard ratio; Clvonfidence interval; HI/H: bya-m-mdm or bigh risk
caregory of IPI; IVL: ineravascular/sinusoidal; LDH, lacsate debrydrogendse

diseases overlaps. In the present study snowman-like, bi-
nucleated cells were frequently observed in de nove
CD5* DLBCL. Further studies in CD5 DLBCL and
CD5' intravascular large B-cell lymphoma are needed to
evaluate their diagnostic significance in de nove CDY
DLBCL.

The aggressive clinical feature of de novo CD5* DLBCL
that we previously reported’’ was confirmed by the cur-
rent study and a recent study that was conducted using
tumor specimens from patients with DLBCL uniformly
treated with anthracycline-based chemotherapeutic reg-
imens in a prospective, multi-center clinical trial” In
contrast, it has been reported that the expression of
CD5 in DLBCL did not affect overall survival.* Recent
studies revealed that patients with de novo CD5* DLBCL
with 8p21-associated chromosomal abnormalities” and
with 9p21 loss in comparative genomic hybridization
analysis"” have an extuemely short survival. The exis-
tence of these highly aggressive subgroups of de novo
CD5' DLBCL may explain the heterogeneity in the
prognosis of this disease. The possible role of the CD5
molecule in the aggressiveness of de novo CD5* DLBCL
remains unknown. It has been reported that CDS5 sup-
ports the survival of B cells by stimulating the produc-
tion of interleukin-10 and by down-regulating B-cell
receptor signaling.* This molecular basis may explain in
part why de nove CD5° DLBCL shows more aggressive
clinical features than CD5 DLBCL.

According to the criteria established by Hans et al.,”
82% of the cases examined in the present study were
non-germinal center B-cell DLBCL. Our results suggest
that de nove CD5* DLBCL is mainly classified into the
non-germinal center B-cell type, and may provide a clue
to clarify the aggressiveness of such DLBCL. Our pres-
ent study also revealed that de nove CD5* DLBCL typi-
cally shows the BCL2® BCL6~ immunophenotype.
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Recent clinical studies suggest that the prognosis of
DLBCL expressing BCL2 protein, BCL6 protein-nega-
tive DLBCL, and DLBCL of the non-germinal center B-
cell subgroup is improved by rituximab-containing
chemotherapy.” In our previous study published in
2002, no patients had been treated with rituximab." In
the present study, some patients had been treated with
rituximab as a part of salvage therapy; however, the
overall survival was almost the same as that in the pre-
vious study and was not clearly improved. The thera-
peutic impact of adding rituximab to first-line therapy
in de novo CD5* DLBCL needs to be evaluated in the set-
ting of a well-designed clinical trial.

The overall incidence of CNS recurrence in aggressive
non-Hodgkin's lymphoma excluding lymphoblastic
lymphoma/acute lymphoblastic leukemia and Burkitt’s
lymphoma is approximately 5%,“* and the incidence
in DLBCL seems to be less than 5%. The incidence of
CNS recurrence in the present study, 13%, was marked.
Most of our patients with CNS recurrence had an ele-
vated level of serum lactate dehydrogenase, which has
been reported as a potential risk factor for CNS recur-
rence in aggressive lymphoma.® In contrast, most of the
patients with CNS recurrence were over 60 years old,
which was reported to be a favorable factor in a study
of a large number of patients.® To establish an optumal
therapeutic strategy for CNS prophylaxis in DLBCL, the
relationship between CD5 expression and CNS recur-
rence in DLBCL should be examined in future studies,

In conclusion, our study provides new clinicopatho-
logical information on de nove CD5* DLBCL. De novo
CD5' DLBCL shows many unique clinicopathological
and genetic features. Further studies are needed to clar-
ify molecular mechanisms in highly aggressive sub-
groups of de novo CD5° DLBCL.

Appendix

List of parncipating institutes in the CD5° DLBCL
histology project: Akita University School of Medicine, Akita
Kumiai General Hospital, National Mivagi Hospital, Saka
General Hospital, Toholeu University School of Medicite,
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Sendai City Hospial, Furukawa City Hospital, Fukushima
Medical College, Iwaki General Hospital, Ohta Nishinouchi
General Hospital, Takeda General Hospital, Tokyo Women's
Medical University Daini Hospital, Saitama Medical School,
Matsudo Municipal Hospital, Higashi Matsudo Hospital,
Kameda General Hospital, Niigata University, Toyama
Prefecural Central Hospital, Kanazawa University, Noto
General Hospital, Nagano Municipal Hospital, Nagano Red
Cross Hospital. Hamamartsu Medical Center, Inazawa
Municipal Hospital, Aichi Prefectural Hospital, Toyota
Memorial Hospital, Fujita Health University School of
Medicine, Nishio Municipal Hospital, Toyohashi Municipal
Hospital, Okazaki Municipal Hospial, Ichinomiya
Municipal Hospital, Japanese Red Cross Nagoya First
Hospital, Nagoya Memonial Hospnial, Nagoya City
Unmiversity Medical School, Nagoya Fleisatkai Hospial, Aichi
Cancer Center, Suzuka Chuo General Hospital, Suzuka
Kaisei General Hospital, Mie University School of Medicine,
Matsusaka Municipal Hospital, Matsusaka Chuo General
Hospital, Marsusaka Saisetkai General Hospital, Yamada
Red Cross Hospital, Ise Municipal General Hospital, Kyoto
University, Kyoto Prefectural University of Medicme, Rinku
General Medical Center, Olayama University Medical
School Okayama Saiseikai General Hospital, Chugolu
Central Hospital of the Mutual Aid Association of Public
School Teachers, Okayama Red Cross General Hospital,
Fuluoka University School of Medicine, Kyushu Cancer
Center, Kyushu University, and University of the Ryukyus.
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Abstract

in non-Hodgkin's lymphoma (NHL), the majority of translocations involve the immunoglobulin heavy chain
gene (IGH) locus, while a few involve the immunoglobulin light chain gene (/GL) locus, consisting of the
kappa light chain gene (/Gx) and the lambda light chain gene (/GAl. Although many reports have dealt with
the translocation and/or amplification of IGH in NHL, only a few have identified /GL translocations. To iden-
tify cytogenetic abnormalities and the partner chromosomes of /GL translocations in NHL, we performed
dual-colour fluorescence in situ hybridisation (DC-FISH) and spectral karyotyping (SKY) in seven NHL cell
lines and 40 patients with NHL. We detected /GL translocations in two cell lines and nine patients: four
patients with diffuse large B-cell lymphoma, three with follicular lymphoma, one with extranodal marginal
zone B-cell lymphoma of mucosa-associated lymphoid tissue and one with mantle cell lymphoma. Five dis-
tinct partners of /G4 translocation were identified by SKY analysis: 3g27 in three patients, and 1p13, 6p25,
17p11.2 and 17921 in one patient each. Three cases featured double translocations of /GH and IGL. These
findings warrant the identification of novel genes 1p13, 6p25, 17p11.2 and 17g21.
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A number of recurring chromosomal abnormalities cor-
relate with clinical, morphological and immunopheno-
typic features of malignant lymphoma (1). The majority
of these translocations involve the immunoglobulin
heavy chain gene (/GH) locus, while a few involve the
immunoglobulin light chain gene (/GL) locus, consisting
of the kappa light chain gene (/Gx) located at 2pll.2
and the lambda light chain gene (/GA) located at
22q11.2. The detection of these abnormalitics, such as
IGH, 1G. or IGx/C-MYC translocations in Burkitt's
lymphoma, can be useful for establishing and confirming
diagnosis (2).

© 2008 The Authors
Journal compilauon 80 (143-150) £ 2008 Blackweil Munksgaard

While previous reports have dealt with abnormalities
of IGH translocation, including the double transloca-
tion and/or amplification of the C-region (3-5), those
of IGL have been investigated to a much lesser extent.
To identify the partner chromosome involved in the
translocation and amplification of /GL in non-Hodg-
kin’s lymphoma (NHL), we performed cytogenetic
analysis using dual-colour fluorescence in situ hybridi-
sation (DC-FISH) in seven NHL cell lines and 40
patients with B-cell NHL. We then corrected the mole-
cular—cytogenetic findings with clinical findings in nine
patients showing distinct partners of JGL translocation
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to clarify whether /IGL translocation is associated with
a subset of NHL.

Patients and methods

Patients and clinical findings

Forty patients treated at the Kyoto Prefectural University
of Medicine or Kuma Hospital (specialised hospital for
thyroid disease) between April 2001 and March 2006, and
seven cell lines established at the School of Medicine,
Fukushima Medical University (HBL 1,2,3,5,6,8 and 9),
were studied with FISH to identify JGL translocations by
molecular cytogenetic methods. Clinical stages of NHL
patients were defined according to the Ann Arbor staging
classification (6), using staging procedures including physi-
cal examination, a routine laboratory profile, a chest
radiograph and computed tomography scan. Tumour cells
were analysed with a routine morphological review and
immunophenotypic analysis. Histological subtypes were
defined according to the World Health Organization
(WHO) classification (1). The immunophenotype of
tumour cells was assessed by flow cytometry or immunop-
eroxidase staining with L26 on paraffin-embedded sections
according to the standard protocol (7).

Preparation of metaphase and interphase cells

Metaphase spreads and interphase nuclei were prepared
from short-term cultures of lymph node tumour cells.
Cells were treated with hypotonic solution of 0.075 M KCl
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at 20°C and fixed with Calnoy's solution [methanol : ace-
tic acid (3 : 1)), as described previously (8). Control sam-
ples for interphase analysis were prepared from cultured
lymph node cells from five patients with lymphadenitis. G-
banded metaphases were arranged and defined according
to the recommendations of the International System for
Cytogenetic Nomenclature (2005) (9).

DC-FISH and SKY

For the detection of /GL translocation, we used bacterial
artificial chromosome (BAC) clones purchased from Invi-
trogen Inc. (Carlsbad, CA, USA). FISH analysis was per-
formed using differentially labelled probes flanking the
IGL locus. Within the /G4 region, we selected the BAC
clone RP11-1152K 19 Lo cover the variable cluster (/GAV),
and the BAC clone RP11-165GS to cover the constant
cluster (JGAC). Within the IGk region, a clone (RP11-
316G9) was selected to cover the variable cluster (JGx V),
and a clone (RP11-1021F11) to cover the /Gx constant
cluster (JGkC) (Fig. 1) (10, 11). For the detection of IGH
translocations, /GH dual-colour breakpoint probes (Vysis,
Burlingame, CA, USA) were used. For the detection of
BCL6 translocations, the LSI BCL6 (Vysis) probe was
used. Each chromosome and nuclei were identified on the
basis of 4',6-diaminido-2-phenylindole dihydrochloride
(DAPI) staining properties. Slides were mounted in an
antifade solution (Vectashield, Vector Laboratories,
Burlingame, CA, USA). Images were captured with a
charge-coupled device (CCD) camera (SenSys0400-Gl;
Photometrics Ltd, Tucson, AZ, USA). For the analysis of
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Figure 1 Schamatic representation of probe locations for FISH analysis.
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Table 1 Molecular—cytogenetic findings in mine patients with IGL translocation

Case IGL Frequency ol Partner of IGL

no. Chromosomal abnormalities Materizls iranslocation IGL split (%) translocation

1 80d(22)iq1 1) Lymph node A 50 17p11.2

2 1(2;3)(p12:027),+del3)ia?].der(31t(2:3). +1(14:18) Lymph noode K 60 BCLE' and unknown

3 117,22%g21:q11) Lymph node h B0 17021

4 113:22)(q27;a11) Thyroid A 25 BeLe'

6 1(3,22)(q27;911) Thyroid A 86 BCLE'

6 16.22)(p25:q11) Thyroid s 60 6p25

7 aad(22)igi1) Pancreas s 60 ND

8 add(22)iq11),+t(14:1B) Duodanum s 28 ND

9 1U1,2Mp13:p11),+2,add(4)(q21),+7,inviS)(p1 191 3), Lymph node X 20 1p13
114,18)(g32,q21)

HBL2 80

HBLE 92

"Proved by FISH using the BCLE split probe (Vysis).

ND, not defined.

Table 2 Representative karyotype by G-banding and spectral karyotyping lysis in two lympl cell lines and nine patems with B-call

lymphoma

Case G-banding Spectral karyotyping

HBLZ NA'

HBLE NA

No. 1 46,XY,addi7)(p11),add(17}(p11),addi22) (q11)1/10]

42 X.der(11(1p12-1042::7).der{3)(3pter-3022;.15q15-15qter).
dupl4)ip11p16), 116;9)a21.p13).del(7(a11.1),
deri{BIti8; ?Hp23:71.1011;14)(q13:932), der(14i1(14,15}g32.1:915),
derl{15)t(8;15)q24.911.2), derl15)(?::16p11.1-16q13::3q22-3qter).- 16,
der{1Bit(11,181ig21,911.2). der(18)(18pter-18321.3::18g22.1-
18q22.3::18q22.1-18a23::7), der(22)(9qter-9p12::22p11.1-22q11.2)5/5]

44.1(X,6)(a28:q21), deri1t(1;8)p22;q24), der(2it(1:2)ig32;q13),
deri4)ti2,4)(p11.2;p12), —-5.i(8q),der(911{9,20)(p13,p11.2),
der(10)t(2;10)(p15;p15),der(10)t(5,10)(g31.524), der(11)(11
pter-11g23::111913-11g21::18q21-18ater),der{ 13111 0,13)(q22.q34).
dup(15}iq13q26).
der(181t(3:181(q25:q21) [6/6]

45.XY,ins(7,13)(p15:q14q34), der[E1(8,13)(p23.1,97),del(13)(g14q34), 413,
der(171117:22)(p11.2:011.20.-2211/13]

No. 2 56,XX addl11{g21),1(2;3)(p12:q27), 51,%X, der(1t11:3)(p12,7).der(1)t(1;8){p36.1,p1 1.2, 1(2,3}p11.2;027),
+delid)g?),der(311(2;3). +5.dellGHa ). + 7. +der{31(2:3).t114,191g35:p13.1),+5,0el(6)ia15a21},
+8,ad0iBl(p111x2,+8,+8,+12.-13,1114:18)ig32:q211. der{B118:9)p11.2:p13),
=16,-16,-17,+20,+der[?t(?,1)(?,q12)x2,+mar1 +mar2, der{91t6;91(q13:p13),+der(111t(11,17)(q13,011.2),+12,
+mar3 +mard [2/7] der{14)1(14;21){p11.2;q11.2),-15,der{17)(13qter-13q12::1::17p11.

2-17ater|, der(18)1(8:18)ip11.2:p11.2),+20(1/4]

No. 3  48,XX.add(2)(p13),de1(2)q?), add(E)(q21),de!(6)iq?).add(12)ip11), 47.XX.1(2:6)(q23;q16),der(6)1(X.6)(022.926),del(11)(g13),
=14,1017:22)(q21:011).2dd(18lig21). tH12:14)p11.1:p11.100017:22001 1.2:911.2) . der{ 161116, 1B)(a24,023),
der{19)1(1;19)ig21;q13),adai20}q11), derl18)(18pter-18g21.3::18q21.1-18q23. 16qter),
+21,+der(?11i7,14)(7:q11), +mar1 [15/20 der(191t(1,19)ig21,013.4), +der(19)1(1,18)(p12;p11),

Pul=1>der(2001(11;20)q13:11.2) (3/8]

No. 4  46,XX.113,22)q27,911).2dd(7)ia32), Na'
1{14,18)(q32;021).der(1611(1;16)(21:q922) [1/15]

No. &5  46,XX113,22)Ig27.011) [16/20] NA

No. 6  46,XX.1(6.22)(p25,91 1)15/7] NA

No. 7 46,XY.add(8)(p11),addi20)q13),add(22}(g1 1) [2/20] 46XY,t8:22)(p11:911.2} [1/20]

No. B 4B,XY,add(10)(q11),1(14,18)a32.q21) (12/20 46,XY.del(10)a11.924).1014,18)(g32:q21) [3/20]

48, idem,add(221(a11) [6/20]
No. 9 4BXY.11;21p13.p11),+2, 80d(4)(g21),+ 7, inv{9p11913), NA

1(14,18)(q32;921) [2/20]

'NA, not available.

© 2008 Tha Authors
Journal compilation 80 1143-150) © 2008 Blackwell Munksgaard
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Figure 2 (A} DCFISH showing /GH/BCLZ transiocation. Green and
orange signals identify /GH and BCL2, respectively. Fusion signais indi-
cated by arrows suggest /GH/BCLZ translocation. (B) DC-FISH showing

ransiocation. Spirt signals of G

that the breakpoint s locatad batwean

IHC ired) and IGHV
ariabls and consta

an) inaicals

regions.

non-dividing cells, hybridisation signals were evaluated in
100 interphase nuclei per slide. The split signals of the /GL
gene and those of LSI BCL6 probes were defined based on
the cut-off values which were calculated from the
mean + 28D, as reported previously (12, 13). Spectral

Figure 3 (A) FISH showing /Gx translocation. The
indicates the normal /Gx gene. Closad arrows indicate 8
(B} FISH showing BCLE translocation. The open arrow indicates a telo-
meafnc probe showing up as red on dar{3)(2;3).
asrows indicates the abnormal chromosome of derl2)t(23)(p11.2;
normal chromosoma 3 and der{1)11,3)(p12;7), respactively, The greer
A )

sad, yellow and blue

signal axps s Of s not detected
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karyotyping (SKY) was carried out with a SkyPaint kit
(Applied Spectral Imaging, Migdal Ha'Emek, Israel).
Signal detection was performed according to the manu-
facturer's instructions

Results

FISH and SKY analyses of patients and cell lines

Nine cases of 2pll or 22ql1 rearrangements were diag-
nosed as having /GL translocations based on FISH find-
ings. The frequency of IGL translocation-positive cells
ranged from 20% to 86% (Table 1). There were two cases
of IGx translocation and seven of /GA translocation. Dis-
tinct partners were defined as BCLS in three cases of IGL
translocation and as 1pl3, 6p25, 17pl11.2 and 17q21 in one
case each. Cut-off values were defined according to the
mean = 2SD: 5.3 £ 0.8% for split signals in JGL translo-
cation and 4.2 = 1.0% for split signals in 1(3;22) translo-
cation, Cytogenetic findings of these nine patients are
summarised in Table 2. G-banding analysis identified
1(3:22) in two patients (no. 4 and 5), 1(2;3) in patient no.2,
and 1(17;22)(q21;q11) in patient no. 3. Patients no, 2, 8
and 9 showed t(14;18)(g32:q21) in addition to t(2:3) or
add(22)(q11).

Figure 3 shows the FISH results in patient no. 2, The
BCL2/IGH fusion signal was also identified on chromo-
some 14 by means of FISH in patient no. 2 (Fig. 2). One
fused dual-colour signal for /Gx was supposed to be
located on chromosome 2 (intact J/Gx locus). Two isolated

M0l m melrBe

IGL translocations in lymphoma by FISH

green signals (/GkC) and a single orange signal (/GxV)
were detected on der(2)t(2;3)(p11.2;q27) and der(3)1(2;3),
and der(2)1(2;3)(p11.2;q27) respectively (Fig. 3A). In this
patient, BCL6S translocation was identified with the
BCLs-specific probe; one of the split signals was detected
on der(2)t(2;3)(p11.2;q27). The split signal, which has
to be identified as a green signal, located on
1(2;3)(p11.2,q27) was supposed to be diminished on trans-
location (Fig. 3B). As shown in Fig. 4, SKY analysis
identified  1(2;3)(p11.2;q27), +der(3)1(2;3)(%;7) and
+1(14;18)(q32;q21) in patient no.2 (Fig. 4). The results of
FISH analysis together with SKY and G-banding analyses
indicated that the JGxC region is amplified and then trans-
located to chromosome 3. Of the seven cell lines, FISH
showed that two had undergone JIGL translocation with a
diminished JGAV signal, suggesting either physiological
detection according to VJ recombination or an alternative
mechanism that may be involved in generating these cell
lines (Figs 5 and 6).

Clinical characteristics of patients with IGL
translocation

Table 3 shows the clinical and histological findings of
the nine patients with J/GL translocation. Their ages
ranged from 52 to 77 years, with a median of
65 years. One patient showed involvement of the cen-
tral nervous system. Therapeutic outcomes were a
complete response (CR) in eight patients, and partial
response in the remaining one patient. Of the nine
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Figure 4 SKY analysis of patient no.2 Partial karyotypes, 1(2:3)(p11.2;q27) and der{3it(2;3)(?;?), are shown in the lower column. Arrows indicate

the breakoaint of 112.3)(p11.2;q27), each showing 2p11.2 and 3q27
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Figure 5 O

green signals

patients, seven were female and two were male. The
histologi subtypes NHL were diffuse large B-cell

lymphoma (DLBCL) in

four patients, follicular lym-

phoma (FL) grade 2 in three patients, extranodal mar-
ginal zone B-cell lymphoma of mucosa-associated
lymphoid tissue in one patient, and mantle cell
lymphoma in one patient. Surface light chains were

identified in all samples, and seven patients showed

kappa light chain expression
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Discussion

IGL translocation was detected in two of seven cell lines
and nine of 40 patients with B-cell lymphoma. We dem-
onstrated two significant findings in this study. First,
IGL and/or IGH double translocation was detected in

three of 40 patients, accounting for 7.5% of B-cell lym-

phoma cases. Secondly, we identified novel transloc
partners of IGL tr
have been a number of previous repc

of double IGH translocation, or that of both JGH and

1

locations in four patuents

ts describir

cases

IGL in B-cell malignancies (14-23). However, double
Our
case was identified as having double JGL translocation
only through the use of FISH, indicating that FISH
should be recommended for the detection of double IGL
translocations,

IGL translocation has notl been reported until now

the reaction

because

polymerase
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Table 3 Clinical and histological findings in nine patients with /GL translocation
Surface
Case no. Age/Gender Diagnosis light chain Chamatherapy Response Survival (mo)
1 63/M MCL A R-LCHO PR 24
2 B5/F FL h R-CHOP CR 36+
3 S2/F DLBCL ® R-CHOP+HRMTX CR 30+
4 64/F DLBCL x R-CHOP CR 41+
5 B8/F MALT lymphoma x R-CHOP CR 40+
6 TI/F DLBCL K R-CHOP CR 17+
7 78/M DLBCL X R-CHOP CR 6+
-] 64/F FL x R-CHOP CR 26+
g 73/F FL ® R-CHOP CR 51+

MCL. mantie cell ymphoma; FL, follicular lymphoma; MALT lymphoma, extranodal marginal zone B-cell lymphoma of mucosa-associated
lymphoid tissue; DLBCL, diffuse large B-cell lymphoma, CR, complete response; PR, partial response; LN, lymph node; H-MTX, high-dose

mathotrexate.

method is not able to detect double J/GL translocation
with an unknown partner.

Regarding previous reports, the most frequent partner
gene of IGH translocation is BCL2, while that of IGL is
c-MYC. ¢-MYC has been supposed to be implicated in
tumour progression such as the development from FL
carrying 1(14;18) to Burkitt's or Burkitt-like lymphoma
(15, 16, 24-31). In these previous reports, tumour pro-
gression is possibly associated with the co-existence of
¢-MYC and BCL2, but not with the co-existence of
translocations of /GH and IGL. FISH with the IGL/c-
MYC probe may possibly predict the therapeutic
response and prognosis.

We identified chromosomal bands 1pl3. 6p25, 17pl1.2
and 17q2! as partners in /GL translocation. Although
these breakpoints should be narrowed down by FISH spe-
cific for each locus-band probe to identify candidate genes
located in these loci, samples are not available for further
studies because of the small sample size. Cell lines exhibit-
ing these abnormalities will be required for identifying
genes involved in /GL translocation associated with the
development as well as progression of lymphoma.

Histologically, four and three of the mine patients
showed DLBCL and FL subtypes, respectively. Regarding
the clinical outcome, eight of nine patients achieved a
CR with a cyclophosphamide, hydroxydaunorubicin,
Oncovin, prednisolone (CHOP)-like regimen. /GL/BCL6
translocation cases in our study are compatible with those
of a previous study in terms of the clinical outcome, con-
firming that patients with non-IG/BCLS tend to show a
poorer clinical outcome than those with IG/BCL6 (32). In
the current study, /GL translocation was associated with
neither a histological nor clinical subtype of NHL,
although further studies involving a large number of
patients will be required to draw definitive conclusions.

In conclusion, FISH analysis suggesis that /GL trans-
location may be associated with lymphoma development,
although J/GL and/or IGH translocation was not corre-

& 2008 The Authors
Journal compiation 80 (143-150) © 2008 Blackwedl Munksgaard

lated with a specific subtype of NHL in the current
study. The cytogenetic findings described herein warrant
the identification of novel genes as partners of /GL trans-
location associated with lymphomagenesis.
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Abstract

The case of a patient with follicular dendritic cell (FDC) sarcoma with chromosomal aberration

add(21)(q11.2) is described. Cytogenetic studies showed the karyotype 46,XX.add(21)(q11.2){3)/
46,XX[17], although the encoded protein involved was not clarified. The abnormal pattern was
quite simple, and different from a previous report. The clinical course of the FDC sarcoma in this
case has been indolent, as for most FDC sarcoma patients. Although this patient suffered from
breast carcinoma 6 years after the onset of FDC sarcoma, the carcinoma showed different histolog-
ical and phenotypic profiles. © 2008 Elsevier Inc. All rights reserved.

1. Introduction

Follicular dendritic cell (FDC) sarcoma is a rare neo-
plasm derived from FDCs, which normally form a tight
meshwork in the primary and secondary lymphoid follicles
and participate in the immune system by interacting with B
or T lymphocytes [1,2]. The FDC sarcomas exhibit unique
histological immunophenotypic features [3.4].

Although some 70 cases of FDC sarcomas have been
reported in English literature to date [5], the definition of
FDC sarcoma remains unclear—in part because FDCs
may not comprise a single population. In addition, purifica-
tion and detailed characterization of FDCs is very difficult
due to their very small numbers. There has been no previ-
ous report of cytogenetic abnormalities occurring in FDC
sarcoma. There is one report of a chromosomal aberration
occurring in abnormal FDC-like stromal cells observed in
Castleman disease [6,7], but this tumor can be considered
distinet from FDC sarcoma. Here, we report a novel karyo-
typic abnormality in FDC sarcoma.

* Corresponding author. Tel.: +81-22-717-8238; fax: +81-22-717-
8239,
E-mail address: ryo@ mail.uins.ohoku.ac jp (R, Ichinohasama).

0165-4608/08/5 — see front matter © 2008 Elsevier Inc. All rights reserved.

doi: 10.1016/).cancergencyto.2008.06.002

2. Case report

A 63-year-old Japanese woman noticed a lymph node
swelling, up to 3 cm in diameter, in the region of the right
axilla, in March 1994. Her medical history was notable
only for tubal ligation for the purpose of contraception,
and she had no specific family history. In another hospital,
a needle core biopsy was performed and adenocarcinoma
was suspected; however, no primary tumor site was identi-
fied and extensive physical examination, ultrasonography,
and mammography of both breasts also showed no tumor-
ous lesion.

The patient was transferred to our hospital and cytolog-
ical examination revealed the presence of a lymphoid neo-
plasm, not carcinoma. Excisional biopsy of the same site
was performed in April 1994, and a diagnosis of undiffer-
entiated carcinoma was made because Hodgkin/RS cells
were not found histologically and the neoplastic cells were
negative for CD15 and CD30. Again, no other tumor site
was identified, despite extensive examination including
computed tomography, ultrasonography, mammography,
and gastrointestinal endoscopy.

One year later, the tumor mass again became palpable at
the same region. No abnormalities in the laboratory data
were identified except for a slight increase of serum lactate
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dehydrogenase (414 U/L) and CA19-9 (40 U/mL). All en-
larged lymph nodes were dissected; the tumorous lymph
nodes were of soft elastic consistency, with the cut surfaces
somewhat translucent and watery, similar to that of non-
Hodgkin lymphoma.

Histological examination of the right axillary lymph
node showed mainly a nodular or solid growth pattern re-
sembling islands (Fig. 1A). In some areas, a partly stori-
form-like sarcomatous proliferation pattern was present,
suggesting the so-called biphase feature. The neoplastic
cells were often intimately admixed with abundant lympho-
cytes. No necrosis or glandular differentiation was identi-
fied in any mmorous component. The cell borders were
indistinct, and the nuclei were round to oval with open

chromatin and distinct small nucleoli (Fig.1B). Electron
microscopic examination revealed occasional mature des-
mosome structures between wumor cells (Fig. 1C) and fre-
quent opposed cytoplasmic processes (Fig. 1D), which
were thin and sometimes long.

Immunohistochemical study of the tumor cells revealed
an immunophenotype as follows: CDla", CD3", CD4"
(partly), CD8~, CD15", CD21~, CD23*(partly), CD30",
CD34~, CD43", CD45RO", CD56°, CD68", CD79% ",
DAKO-FDC*, Ki-MI p~, HLA-DR™, S100z=, S100f",
a-actin~, desmin~, vimentin ", cytoplasmic epithelial mem-
brane antigen(cEMA)", lysozyme~, AEI/AE3", ER",
PR™,CK7~,CD20", TIA-1", and granzyme B~ on paraffin
sections and CD35%, Ki-M4~, DRC-1", and R4/23™ on

Fig. I. (A) Low-power view of the follicular dendritic cell (FDC) sarcoma. The tumor shows solid and nodular growth pattermn resembling islands. (B) High-
power view of FDC sarcoma cells. The cell borders were indistinct, and the nuclei were round to oval, with open chromatin and distinct small nucleoli. (C)
Electron microscopic image between neoplastic cells, FDC sarcoma cells have occasional mature desmosome structures between them. (D) Electron micro-

scopic image of neoplastic cells. In part, surfaces of the FDC sarcoma cells exhibit freq opposed cylog

'l

ic processes, thin and sometimes long
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3. Discussion

frozen sections. No abnormal cell population was identified
by flow cytometry, and Southern blot analysis showed
germline configuration using the probes for both immuno-
globulin heavy chain gene and T-cell receptor beta chain
gene.

Based on these characteristic histological, immunohisto-
chemical, and ultrastructural features, a diagnosis of FDC
sarcoma was made. Although positive for CD23, CD35,
and DAKO-FDC, the tumor was considered to be an imma-
ture variant, because of CD21 negativity.

Chromosome studies of the tumor were performed on 20
cells. With the suspended cells obtained from the biopsied
lymph nodes, a sole cytogenetic abnormality was identified
in 3 of 20 metaphases examined: 46,XX,add(21)(q11.2)[3]/
46.XX([17] (Fig. 2).

The patient was completely disease free at any body site,
including breasts and both axillae, for 6 years after the ini-
tial onset of lymph node swelling; however, a right breast
mass was detected in March 2000. The diagnosis of ductal
adenocarcinoma, class 5, was made based on aspiration cy-
tology. Total mastectomy of the right breast was then per-
formed, and the diagnosis of invasive ductal carcinoma,
scirrhous, was made. No carcinoma metastases were pres-
ent in the lymph nodes dissected at the mastectomy. The
histological appearance and immunophenotype of the
breast cancer was different from that of original wwmor of
the lymph nodes, thereby excluding metastases of occult
breast cancer in the previously biopsied lymph node
lesions.

After the breast surgery, the patient received 7 cycles of
taxotere administration only, resulting in progressive dis-
ease. In 2002, the patient had multiple metastasis of carci-
noma to the lymph nodes and skin and received 1 cycle of
cyclophosphamide, adriamycin, and 5FU as well as irradi-
ation to neck, mediastinum, and both axillae. She died of
bilateral carcinomatous pleuritis in September 2002,
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Fig. 2. Clonal chromosomal abnormality in a follicular dendntic cell sar-
coma. G-banded metaphase analysis revealed a 46,XX.add(21)(ql 1.2}3)/
46,XX[17] karyotype.

In general, there are many antigens positive for tumor
cells of FDC sarcoma [8], and FDC sarcoma is said to be
characterized by the expression of at least one FDC marker
(e.g., CD21, CD35, R4/23 [4], CD23 [9], and DRC-1 [10]).
The immunophenotypic results in our case—that is, posi-
tive CD35 and CD23, although partial—support the diag-
nosis of FDC sarcoma, along with the typical electron
microscopic findings such as frequent dendritic processes
of tumor cell surface and occasional desmosomes between
tumor cells. In addition to these findings, positivity of DA-
KO-FDC on tumor cells may also be suggestive for the di-
agnosis of FDC sarcoma, although the evaluation of this
antigen may be somewhat controversial, in that it is not in-
cluded in the cluster differentiation (CD) classification. Of
note, DAKO-FDC was negative in the breast carcinoma
from this same patient.

In the present case, the FDC sarcoma cells were found to
be negative for CD21. There are several reports of FDC sar-
coma negative for CD21, and according to one report CD21
may be positive for mature FDCs [3,11,12]. Another report
mentions that CD21 is negative in neoplastic cells derived
from cells having characteristics of both FDCs and fibro-
blastic reticular cells [13]. We conclude that the FDC sar-
coma in this study might be derived from more immature
FDC.

Occult breast carcinoma has been reported [14], but we
conclude that the breast carcinoma in the present case rep-
resents a distinct tumor for the following reasons: (i) there
was a 6-year interval between the initial onset of FDC sar-
coma and the breast carcinoma; (ii) the breast carcinoma
contained a characteristic comedo structure; (iii) the breast
carcinoma was negative for estrogen receptor, progesterone
receptor, and Her2 but positive for cytokeratin, which was
negative in the FDC sarcoma; (iv) at the initial and second
episodes of right axillary lymph node swelling, no tumor
was found at any body site, despite extensive examination;
(v) the breast carcinoma was negative for CD21, CD23, and
CD35 as well as DAKO-FDC; (vi) no metastases were
identified in the lymph nodes dissected in the mastectomy
operation; and (vii) because epithelial markers are occa-
sionally positive for the FDC sarcoma [15] they are not
always evidence of metastatic carcinoma.

The chromosomal subband 21ql1.2 involved in the
translocation identified in this case was thought to be in
a gene-poor region, which is known to encode only
HSPAI3 (previously STCH) [16], NRIP1 (alias RIP140)
[17]. TPTE [18], CNN2 [19], USP25 [19], and ABCCI3
[20]. Although ABCC is reported to be strongly associated
with human hematopoietic system, it is difficult to show
whether the ABCC gene locus is truly involved in our case.

Finally, characterization of FDCs is very difficult be-
cause it is not currently possible to obtain FDC-rich speci-
mens by purification. However, in the case of
hematopoietic neoplasms, discovery and characterization

— 192 —




N Suzuki et gl | Cancer Genetics and Cytogenetics 186 (2004) 54-57 57

of certain cytogenetic abnormalities have identified genes
highly associated with specific subtypes (e.g.. the cyclin
D1 gene CCND! in mantle cell lymphoma and the MALT/
gene in marginal zone B-cell lymphoma). Future detailed
analysis of the 21ql1.2 region, which is involved in the
FDC sarcoma in our case, may yield new insights into
the biology of FDC sarcoma.

References

[1]1 Pileri SA, Grogan TM, Harris NL, Banks P, Campo E. Chan JK,
Favera RD, Delsol G, De Wolf-Peeters C, Falini B, Gascoyne RD,
Gaulard P. Ganer KC, Isaacson PG, Jaffe ES, Kluin P, Knowles DM,
Mason DY, Mori §, Miller-Hermelink HK, Piris MA, Ralfkiaer E,
Stein H. Su 1), Warnke RA. Weiss LM. Tumours of histiocytes and ac-
cessory dendritic cells: an hemical approach to classifi-
cation from the International Lymphoma Study Group based on 61
cases. Histopathology 2002:41:1-29,

[2] Bofill M, Akbar AN, Amlot PL. Follicular dendritic cells share a mem-
brane-bound protein with fibroblasts. J Pathol 2000;191:217=26.

[3] Sonano AO. Thomp MA. Admirand JH. Fayad LE.
Rodniguez AM, Romaguera Hag FB, Pro B. Follicular
dendritic cell sarcoma: a report of 14 cases and a review of the liter-
ature. Am J Hematol 2007,82:725—8.

[4] Chan JK, Flclchu CD Nayler §J, Cooper K. Follicular dendritic cell
sarcoma: clinic ) I of 17 cases suggesting s malignant
potential higher uun curmlﬂy recognized. Cancer 1997,79:294—313.

[5] Nakashima T, Kuratomi Y, Shiratsuchi H, Yamamoto H, Yasumatsu R,
Yamamoto T, Komiyama . Follicular dendritic cell sarcoma of the neck:
a case report and literature review. Auris Nasus Larynx 2002:29:401-3.

[6] Chen WC, Jones D, Ho CL, Cheng CN, Tseng JY, Tsai HP.
Chang KC. Cytogenetic anomalies in hyaline vascular Castleman dis-
ease: report of two cases with reappraisal of histogenesis. Cancer
Genet Cytogenet 2006;164:110—7.

[7] Pauwels P, Dal Cin P, Vlasveld LT, Aleva RM, van Erp WF, Jones D.
A chromosomal abnormality in hyaline vascular Castleman’s discase:
evidence for clonal proliferation of dysplasti | cells, Am J
Surg Pathol 2000;24:882-8.

[8] Yakushijin Y. Shikaw H. Kito K, Ohshima K. Kojima K, Hato T,
Hasegawa H, Yasukawa M. Follicular dendritic cell tumor as an un-
known primary twmor. Ipn Soc Clin Oncol 2007:12:56—8

[9] Jiang L. Admirand JH, Moran C. Ford RJ. Bueso-Ramos CE
Mediastinal follicular dendritic cell sarcoma involving bone marrow:
a case report and review of the literature. Ann Diag Pathol 2006;10:
I5sT-62

[10) Mufoz-Femdndez R. Blanco Fl, Frecha C, Martin F, Kimatrai M,
Abadia-Molina AC, Garcia-Pacheco JM, Olivares EG. Folhicular den-
dritic cells are related to bone marrow stromal cell progenitors and to
myofibroblasts, J Immunol 2006;177:280—9,

[11] Sander B. Middel P. Gunawan B, Schulten HJ, Baum F. Golas MM,
Schulze F, Grabbe E, Parwaresch R, Fuzesi L. Follicular dendritic
cell sarcoma of the spleen. Hum Pathol 2007.38:668—72.

[12] Riedel F. Back W, Goue K. Hormann K. Follicular dendritic reticu-
lum cell sarcoma in a cervical lymph node. HNO 2001;49:837—41
[In German].

[13] Jones D, Amin M, Ordonez NG, Glassman AB, Hayes KJ,
Medeiros LJ. Reticulum cell sarcoma of lymph node with mixed
dendritic and fibroblastic features. Mod Pathol 2001;14:1059—67.

[14] Varadarajan R, Edge SB, Yu J, Watroba N, Janarthanan BR. Progno-
sis of occult breast carcinoma presenting as isolated axillary nodal
metastasis. Oncology 2006,71:456—9.

[15] Fonseca R, Yamakawa M, Nakamura S, van Heerde P, Micttinen M,
Shek TW, Myhre Jensen O, Rousselet MC, Tefferi A. Follicular
dendritic cell sarcoma and i digitating lum cell o |
review, Am J Hematol 1998:59:161-7.

[16] Reeves RH, Rue E, Yu J, Kao FT. Srch maps 10 mouse chromosome
16, extending the conserved synteny with human chromesome 21,
Genomics 1998:49:156—7.

[17] Katsanis N, Ives JH, Groet J, Nizetic D, Fisher EM. Localisation of
receptor interacting protein 140 (RIP140) within 100 kb of D21513
on 21gll, a gene-poor region of the human genome. Hum Genet
1998:102:221-3.

[18] Tapparel C, Reymond A, Girardet C, Guillou L, Lyle R, Lamon C,
Hutter P, Antnmnku SE. The TPTE gene l'an'nly cellular expression,
subcellular locali and e splicing. Gene 2003;323:
18999,

[19] Valero R, Marfany G, Gonzdlez-Angulo O, Gonzilez-Gonzilez G,
Puelles L, Gonzilez-DuarteUSP25 R. a novel gene encoding deubi-
quitinating enzyme, is located in the gene-poor region 21qll.2,
Genomics 1999,62:395—405.

[20] Yabuuchi H, Takayanagi S, Yoshinaga K, Taniguchi N, Ab i H,
Ishikawa T. ABCCI3, an unusual truncated ABC transporter, is
highly expressed in fetal human liver. Biochem Biophys Res
Commun 2002;299:410—7.

— 193 —




Japanese phase Il study of **Y-ibritumomab tiuxetan
in patients with relapsed or refractory indolent B-cell
lymphoma

Kensei Tobinai,"'? Takashi Watanabe,' Michinori Ogura,*® Yasuo Morishima,’ Tomomitsu Hotta,*?' Kenichi Ishizawa,*

Kuniaki Itoh,? Shin-ichiro Okamoto,® Masafumi Taniwaki,® Norifumi Tsukamoto,' Hirokazu Okumura,™
Takashi Terauchi,” Shigeru Nawano,” Masaki Matsusako," Yoshihiro Matsuno,** Shigeo Nakamura,'
Shigeo Mori, ' Yasuo Ohashi,”” Masaki Hayashi'*** and Keigo Endo"

‘Hematology and Stem Cell Transplantation Division, Clinical Laboratory Division, National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo, 104-0045;
'‘Department of Hematology and Cell Therapy, Aichi Cancer Center Hospital, 1-1 Kanokoden, Chikusa-ku, Nagoya, 464-8681; ‘Department of Hematology

and Oncology, Tokai University School of Medicine, 143 Shimokasuya, Isehara, Kanagawa, 253-1193; ‘Department of Rh

tology and H ogy, Tohok

University Hospital, 1-1 Seirho-cho, Aoba-ku, Sendai, 980-8574; *Division of Oncology/Hematology, "Diagnostic Radiology Division, National Cancer Center
Hospital East, 6-5-1, Kashiwanoha, Kashiwa, Chiba, 277-8577; *Division of Hematology/infectious Disease/Rheumatology, School of Medicine, Keio University,
35 Shinano-machi, Shinjuku-ku, Tokyo, 160-8582; *Department of Hematology and Oncology, Kyoto Prefectural University of Medicine, 465 Kajii-machi, Hirokoji
Noboru, Kawara-machi-dori, Kamikyo-ku, Kyoto, 602-8566; ""Department of Medicine and Clinical Science, "'Department of Diagnostic Radiology and Nuciear

Maedicine, G

University Grad

School of Medicine, 3-39-15 Showa-machi, Maebashi, 371-8511; “Department of Cellular Transplantation Biology,

Kanazawa University Graduate School of Medical Science, 13-1 Takara-cho, Kanazawa, 920-8641; “"Cancer Screening Division, Research Center for Cancer
Prevention and Screening, National Cancer Center, 5-1-1 Tsukiji, Chuo-ku, Tokyo, 104-0045, “pepartment of Radiology, 5t Lukes International Hospital,

9-1 Akashi-cho, Chuo-ku, Tokyo 104-8560; *Department of Pathology, Nagoya University Hospital, 65 Tsurumai-Cho, Showa-ku, Nagoya, 466-8560; "“Department
of Pathology, Telkyo University School of Medicine, 2-11-1 Kaga, ltabashi-ku, Tokyo, 173-8606; "Department of Biostatistics, School of Public Health, University
of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-8655; "*Department of Clinical Development, Bayer HealthCare, 3-5-36 Miyahara, Yodogawa-ku, Osaka,

532-8577, lapan

(Recelved August 5, 2008/Accepted September 6, 2008/Online publication October 29, 2008)

There is no data about the efficacy and safety of radioimmunotherapy
with ®Y-ibritumomab tiuxetan in patients with relapsed or refractory
indolent B-cell lymphoma pretreated with rituximab-containing
chemotherapy. We focused on this in a Japanese phase Il study.
Radioimmunotherapy with ®Y-ibritumomab tiuxetan (11.1 and
14.8 MBq) was evaluated in patients with 100-149 x 10° and >150 x 10°
platelets/L, respectively. The primary endpoint was the overall response
rate. Forty patients were treated with *Y-ibritumomab tiuxetan (18
with 11.1 MBg/kg and 22 with 14.8 MBqg/kg). Thirty-five patients
(88%) had been pretreated with rituximab, including 27 (68%)
pretreated with rituximab-containing ch therapy. The n
response rate was 83% (33/40; 95% confidence interval, 67-93%),
and the complete response rate was 68% (27/40; 95% confidence
interval, 51-81%). The overall response rates in patients pretreated
with rituximab-containing ch apy and rituximab plus
cyclophosphamide, d ubicin, vincristine, and prednisone (R-CHOP)
were B3% (19/23) and 94% (17/18), respectively. The median
progression-free survival time of the 40 patients who received ™Y-
ibritumomab tiuxetan was 9.6 months. Toxicity was primarily
hematological and mostly transient. No grade 4 non-hematological
toxicity was observed. In conclusion, radioimmunotherapy with *Y-
ibritumomab tiuxetan is safe and highly effective in patients with
relapsed or refractory indolent B-cell lymphoma, including those
pretreated with rituximab- ining chemotherapy. (ClinicalTrials.gov
number NCT00220285) (Cancer Sci 2009; 100: 158-164)

| ndolent B-cell non-Hodgkin lymphoma (B-NHL) usually
presents with disseminated disease. and most patients are
incurable with conventional treatments. When the disease is found
early (stage I or II), a considerable fraction of patients can be
cured by radiation therapy.''? Rituximab, a chimeric anti-CD20
monoclonal antibody, has been shown to be effective in the
treatment of relapsed or refractory indolent B-NHL.“* and has
been incorporated into the first-line treatment of indolent B-NHL,
in combination with chemotherapy, including cyclophosphamide,
doxorubicin, vincristine, and prednisone (CHOP), cyclophos-
phamide, vincristine, and prednisone, and fludarabine.”*!

Cancer 5ci | January 2009 | vol. 100 | no.1 | 158-164

Monoclonal antibodies conjugated with radionucleotides have
been developed to deliver radiation to targeted sites of disease.
Yitrium-90 (*Y) ibritumomab tiuxetan (Y2B8) radioimmuno-
therapy (RIT) was approved by the US Food and Drug Admin-
istration for the treatment of relapsed or refractory low-grade,
follicular or transformed B-NHL. Witzig er al. demonstrated
that rituximab-refractory patients with low-grade B-NHL could
be safely and effectively treated with Y2BR."" The absorbed
radiation dose assessments indicated that normal organ dose in
the study was consistent with doses observed in other trials for
patients previously untreated with rituximab."" Previously, we
reported the results of a Japanese phase I study, showing that the
recommended dose of Y2BSR for the subsequent phase II study
with 150 x 10° or more platelets/L is 14.8 MBg/kg (0.4 mCi/kg),
and that RIT with Y2B8 appeared to be highly effective and well
tolerated in Japanese patients mostly pretreated with rituximab,
with similar pharmacokinetic and safety profiles to Western
populations.!? However, no data on Y2B8 RIT for patients with
indolent B-NHL previously treated with rituximab-containing
chemotherapy (R-chemo) have been published. Thus, we conducted
a multicenter phase 11 study to evaluate the efficacy and safety
of Y2B8 RIT for Japanese patients with relapsed or refractory
indolent B-NHL, focusing on those pretreated with R-chemo.

Patients and Methods

This was a multicenter phase II study to evaluate the safety and
efficacy of '""'In- and *Y-ibritumomab tiuxetan in relapsed or
refractory patients with indolent B-NHL. The primary endpoint
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was the overall response rate (ORR), and the primary safety
variable was the incidence of cntical toxicities defined as
follows: (1) grade 4 thrombocytopenia or platelet transfusions
according to the National Cancer Institute-Common Toxicity
Criteria version 2.0; (2) life-threatening hemorrhage: and (3)
death caused by toxicity. Complete response rate (%CR) and
progression-free survival (PFS) were the secondary endpoints.
The study was approved by the institutional review boards of the
participating institutions, and written informed consent was
obtained from all patients,

Patient eligibility. The protocol required relapsed or refractory
patients to have histologically confirmed indolent B-NHL
according to the Intermational Working Formulation''” and
World Health Organization classification’*’ (small lymphocytic,
lymphoplasmacytic, mantle cell, follicular center [grades I, II,
and III], marginal zone B-cell, and splenic marginal zone
lymphoma). Patients who showed histological transformation 1o
aggressive B-NHL were eligible. Those patients who met the
following criteria were enrolled: bidimensionally measurable
disease with the longest diameter of 2.0 cm or longer by
computed tomography or magnetic resonance imaging, a
demonstrable monoclonal CD20-positive B-cell population in
lymphomatous lesions by flow cytometry or immunohistochemistry;
neither prior therapy with ntuximab for 3 months nor antineo-
plastic therapy 4 weeks prior 10 enrollment; and a performance
status of 0 or | according to the Eastern Cooperative Oncology
Group scale.””” In addition, patients had to be 20-74 years old,
not pregnant or lactating, using accepted birth control methods,
and have a life expectancy of 23 months. Within | week prior
to enrollment, patients were required to have acceptable
hematological staws (neutrophils = 1.2 x 10%L and platelets 2
150 x 10%L), hepatic function (aspartate aminotransferase,
alanine aminotransferase, and alkaline phosphatase < 2.5 times
normal, total bilirubin € 2.0 mg/dL), and renal function (serum
creatinine < 2.0 mg/dL). Patients were excluded if they had the
following conditions: prior stem cell transplantation; external
beam radiation to bilateral ilium or whole abdomen; central
nervous system lymphoma; chronic lymphocytic leukemia;
human immunodeficiency virus-related lymphoma, lymphoma
cells > 5 x 10°L in peripheral blood; 225% bone marrow
involvement with lymphoma cells; and lymphoma cells within
pleural effusion or ascites.

Central pathology review. Unstained microscopic slides of
lymphoma tissues obtained on initial biopsy or relapse were
collected and stained with hematoxylin-eosin, and immuno-
histochemical analyses were conducted as described previously.'*
Preparations were examined microscopically by three hemato-
pathologisis (Yo.M., S.Nak., and S.M.). The diagnosis by the
central review committee was regarded as the final diagnosis.

Treatment. The treatment consisted of the following components
as described pn:vioualr;"" rituximab (provided by Zenyaku
Kogyo, Tokyo, Japan), '"'In-ibritumomab tiuxetan (In2B8), and
“Y-.ibritumomab tiuxetan (Y2B8). On day 1, patients received
129.5 MBq (3.5 mCi) In2B8 after pretreatment with 250 mg/m?
rituximab, Three planar imaging scans were acquired by y camera
at 2-24, 48-72, and 90-144 h after administration of In2B8. On
| day from day 7-9 after the In2B8 injection, patients received
a single intravenous injection of Y2B8 after pretreatment with
rituximab (250 mg/m?). Y2B8 was injected only after the y
images confirmed the absence of an aliered biodistribution,
according to the recommendation by Conti and coworkers on
the image interpretation criteria.’'” The dose of Y2B8 was
14.8 MBg/kg (0.4 mCi/kg) for patients with platelets of
2150 x l(LJI“ﬂ.., and 11.1 MBg/kg (0.3 mCi/kg) for patients with
platelets of 2100 x 10°L to <150 x 10%L, based on the results of
the preceding US study for patients with mild thrombocytopenia.”'¥
The maximum dose of Y2BE was limited to 1184 MBqg/kg
(32 mCi/kg).
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Response evaluation. Response was assessed at 8 and 12 weeks
after the Y2B8 injection, in accordance with the International
Workshop Response Criteria for NHL."” In addition to the
efficacy evaluation at each participating institute, an independent,
third-party panel of three radiologists (T.T., 5. Naw., and M.M.)
carried out a central evaluation using the collected computed
tomography films, Patients were followed up to 3 months after
the last enrolled patient completed the protocol treatment, and if
there was apparent progressive disease (PD), it was reported.

Evaluation of and safety. All adverse events (AE) were
followed for up to 13 weeks after the first rituximab infusion, and
were graded according to the National Cancer Institute-Common
Toxicity Criteria version 2.0. All adverse drug reactions that
persisted after 13 weeks and those occurring during the follow-up
period were followed until resolution.

In total, 89 doses of ibritumomab tiuxetan were radiolabeled
for treatment at study sites: 44 radiolabeled with *Y and 45 with
"'In. Of these, 4 of 44 doses with ™Y did not exceed the release
specification of 95% for the radioincorporation assay, whereas
all 45 doses with '"'In exceeded the specification.

Statistical analysis. As most patients enrolled in the study were
anticipated to have received R-chemo, the expected ORR was
set at 60%, considering the lower limit of the 95% confidence
interval (CI) (60-85%) for the ORR of 74% (40/54) from the US
phase 11 trial for rituximab-refractory patients.'” The threshold
ORR was set at 35% because this therapy is expecied to show a
higher ORR than that by rituximab retreatment (38-40%).%%2"
With the level of significance at 5% (one tailed), the required
sample size 1o attain a statistical power of 80% was 28 patients.

Regarding the primary safety variable of critical toxicity, its
expected incidence was set at 15%, considering the incidence
(13%; 4/30) of grade 4 thrombocytopenia (<10 x 10°L) in
patients with baseline platelet counts of 2100x 10°L 10
<150 x 10%/L. who received Y2BS of 11.1 MBg/kg (0.3 mCi/kg)
in the preceding US study,”"" and the threshold incidence was
set at 50%. With the level of significance at 5% (one tailed), the
required sample size 1o attain a statistical power of 90% was
calculated to be 16 patients. The analysis applied in each sub-
group of 0!‘“'5"“‘5 with baseline platelets of 2150 x 10%L and
2100 x 10°L to <150 x 10%/L, because there might have been a
different response between the subgroups due to differences in
bone marrow reserves. Therefore, the targeted enrollment was
set at 40 patients: at least 16 with baseline platelet counts of
2150 x 10*/L and at least 16 with counts of between 100 x 10%
L and 150 x 10°/L.

Data were analyzed for all patients who received any study
drug. Primary variables and toxicities were analyzed in the 40
patients who received Y2B8. PFS, which was defined as the
period of time from the date of enrollment to that of the assess-
ment of PD, the date of death due to any cause, or the date
necessitating other antilymphoma treatment (whichever occurred
earlier) was analyzed with the use of the Kaplan—Meier method.

Results

Patients. From July 2004 to October 2005, 47 patients were
enrolled, and 45 of them received In2B8. Two patients did
not receive the study medications at all because of early PD
immediately after enrollment in one patient and human
antimurine antibody positivity in the other. Of 45 patients who
received In2B8, five did not receive Y2B8 because of a baseline
neutrophil count of less than 1.2 x 10°L in one patient and
suspected altered distribution in the remaining four. Based on a
central review of the imaging interpretation, two of the four patients
were judged to have an altered biodistribution (prominent bone
marrow), whereas the remaining two were within the range of
the expected biodistribution. Of the 40 patients who received
Y2B8, 18 received 11.1 MBg/kg (0.3 mCi/kg), and 22 received
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