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Clinicopathological analysis of diffuse large B-cell
lymphoma lacking surface immunoglobulin light chain
restriction on flow cytometry

Yosuke Nakaya,"” Miho Sakaida,” Masahiro Yoshida," Katsujun Shimizu,” Naoko Yagi,"
Minako Tsutsumi,” Takuro Yoshimura,"” Yoshiki Hayashi," Takafumi Nakao,” Takeshi Inoue,?

Takahisa Yamane"

Although diffuse large B-cell lymphoma (DLBCL) occasionally lacks surface immunoglobulin light chain restriction (iLCR) on
flow cytometry (FCM), little evidence is available for iLCR-negative DLBCL. We retrospectively compared clinicopathologi-
cal features of iLCR-positive and iLCR-negative DLBCL diagnosed at our institute between April 2007 and March 2018.
iLCR-positive was defined as a k/A ratio less than 0.5 or greater than 3 in the gated population on dual-color FCM, and iLCR-
negative as other values. Of 81 DLBCL cases with available immunophenotyping by FCM, 63 iLCR-positive DLBCL (78%)
and 18 iLCR-negative DLBCL (22%) cases were identified. Survival outcomes of patients with iLCR-negative DLBCL were
comparable with those of patients with iLCR-positive DLBCL. Pathological analysis revealed no significant difference except
for the lower expression of BCL6 in iLCR-negative DLBCL (12.5% vs 65.5%, p < 0.001), although there was a slightly higher
frequency of necrosis (47.1% vs 20.7%, p = 0.058) and lower expression of CD10 (11.8% vs 35.0%, p = 0.078) in iLCR-nega-
tive DLBCL than in iLCR-positive DLBCL. The underlying mechanism remains unclear; however, low expression of germi-
nal center markers and tumor necrosis may be associated with the loss of iLCR in DLBCL.
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tumor cells); or (iii) sampling or mechanical errors during the

INTRODUCTION procedure of FCM.*® However, little evidence is available

Flow cytometry (FCM) is a widespread and useful tech-
nique that rapidly analyzes the immunophenotype of hemato-
logical neoplasms.! Although the detection of surface
immunoglobulin light chain restriction (iLCR) by FCM
reflects the monoclonality of mature B-cell lymphoma, hema-
tologists and pathologists sometimes encounter cases of his-
tologically confirmed malignant B-cell lymphoma lacking
iLCR. Diffuse large B-cell lymphoma (DLBCL) is the most
common subtype of B-cell non-Hodgkin lymphoma (NHL)
accounting for 30%-50% of all adult NHL.? Previous
reports demonstrated that 7%—19% of B-cell NHL and 22%—
30% of DLBCL do not exhibit iLCR on FCM.*¢ The loss of
iLCR can be explained by (i) the lack of or decreased expres-
sion of surface immunoglobulin light chain on lymphoma
cells; (i1) frequent cell necrosis, apoptosis, and mitosis (path-
ological features associated with the high proliferation of

for the clinical prognosis associated with pathological fea-
tures in iLCR-negative DLBCL.

Our study examined the clinicopathological features of
iLCR-negative DLBCL in comparison with iLCR-positive
DLBCL treated mainly with rituximab-containing multi-
agent chemotherapy.

MATERIALS AND METHODS

Patient selection

We retrospectively reviewed the medical records and
selected consecutive patients who underwent dual-color FCM
and were newly diagnosed with DLBCL at Osaka City
General Hospital between April 2007 and March 2018.
Clinical data, including sex, the International Prognostic
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Index (IPI) factors (serum lactate dehydrogenase, perfor-
mance status (PS), Ann Arbor staging classification, and
extranodal lesions),'® B-symptoms, and presence of a bulky
mass at initial diagnosis were collected from the medical
charts. Patients with human immunodeficiency virus infec-
tion, central nervous system involvement, intravascular large
B-cell lymphoma, primary mediastinal large B-cell lym-
phoma, and transformation from indolent B-cell lymphoma
were excluded. As a general rule of initial treatment, patients
younger than 70 years received six cycles of R-CHOP (ritux-
imab, cyclophosphamide, doxorubicin, vincristine, and pred-
nisone) and those over 70 years received six cycles of dose-
reduced R-THP-COP (rituximab, pirarubicin, doxorubicin,
vincristine, and prednisone) chemotherapy.!'"'> Upfront
autologous stem cell transplantation and radiotherapy were
not incorporated regardless of the IPI or presence of a bulky
mass.

Flow cytometry

Dual-color FCM was performed on fresh samples accord-
ing to the protocol of CD45/side-scatter gating using antibod-
ies against CDS5, CD10, CD19, CD20, CD23, CD25, CD30,
k-chain, and A-chain.'> iLCR-positive was defined as a /A
ratio in the gated population of less than 0.5 or greater than 3,
and iLCR-negative as other values.'* Patients whose propor-
tion of both CD19-positive and CD20-positive cells in the
gated population was less than 50% were excluded because
this proportion did not reflect DLBCL due to the low inclu-
sion of tumor cells resulting from a sampling error or gating
error caused by CD45 negativity on lymphoma cells.

Histopathological and immunochemical analyses

The biopsy tissue samples were fixed with 10% neutral-
buffered formalin, embedded in paraffin, cut into 3-um-thick
sections, and stained with hematoxylin and eosin, and routine
antibodies for immunostaining, including CD20, CD10,
BCL6, MUMI1, BCL2, and MYC. Pathological diagnosis
was conducted by three pathologists based on the revised
fourth edition of the World Health Organization (WHO) clas-
sification.’® Histological features, including the morphologi-
cal variants, number of nucleoli, cellularity of lymphoma
cells, presence of focal or geographic necrosis, and degree of
apoptosis and mitosis were investigated in both iLCR-posi-
tive and iLCR-negative DLBCL. Cellularity was defined as
high, > 75% of cells in sample were neoplastic; or moderate,
< 75% neoplastic cells. The degree of apoptosis and mitosis
was as follows: absent, not observed in sample; occasional,
scattered in several fields; or abundant, observed throughout
most fields. Subclassification of cellular origin was deter-
mined by the immunohistochemical algorithm developed by
Hans et al.!® Cases were scored positive for CD10, BCL6,
and MUMI if 30% or more neoplastic cells were stained with
the antibodies.!® The cut-off levels for BCL2 and MYC
were 50% and 40% in accordance with recent reports.'?
Immunostaining for immunoglobulin light chains (x-chain
and A-chain) was additionally performed only in iLCR-nega-
tive DLBCL.
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Statistical analyses

The distribution of patient characteristics between iLCR-
positive and iLCR-negative DLBCL groups was compared
using Fisher’s exact test for categorical variables and
Wilcoxon’s rank sum test for continuous variables. Overall
survival (OS) was defined as the time from diagnosis to the
last follow-up or death from any cause, and progression-free
survival (PFS) was defined as the time from diagnosis to dis-
ease progression, relapse, or death from any cause. OS and
PFS were estimated by the Kaplan—Meier method and the
log-rank test was used to compare the outcomes between
groups. A p-value less than 0.05 was considered significant.
All statistical analyses were performed with EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan),
which is a statistical software developed with expanded func-
tions of R (The R Foundation for Statistical Computing,
Vienna, Austria).!” The study protocol was approved by the
institutional review board of Osaka City General Hospital in
accordance with the Declaration of Helsinki. Informed con-
sent was received in the form of opt-outs on the website of
Osaka City General Hospital. Written informed consent was
received from the patients whose samples were necessary for
the additional immunostaining of k- and A-chains.

RESULTS

We identified 111 patients who underwent FCM and were
diagnosed with DLBCL at Osaka City General Hospital.
Thirty patients were excluded due to the low proportion (<
50%) of CD19 and CD20-positive cells in the gated popula-
tion in FCM. Thus, 81 patients were finally analyzed.
Their baseline characteristics are presented in Table 1.
Sixty-three cases of iLCR-positive DLBCL (78%) and 18
cases of iLCR-negative DLBCL (22%) were identified (rep-
resentative cases of iLCR-positive and iLCR-negative
DLBCL are shown in Fig. 1), with a median age of 74 years.
Of the patients, 46% were male, 77% had stage III/IV, and
67% had a high—intermediate or high IPI. Forty percent of
the patients were treated with R-CHOP, 43% with R-THP-
COP, and 6% with rituximab alone. In total, 93% of the
patients received rituximab-containing regimens. Therapeutic
regimens did not significantly differ between iLCR-positive
and iLCR-negative DLBCL. Although the baseline charac-
teristics did not significantly differ in any clinical category
between iLCR-positive and iLCR-negative DLBCL, patients
with PS >2 (30.2% vs 55.6%, p = 0.057) and stage > 111
(71.4% vs 94.4%, p = 0.057) were slightly more frequent in
the iLCR-negative DLBCL group than in the iLCR-positive
DLBCL group.

The pathological characteristics are summarized in Table
2. Atotal of 75 samples were available for a retrospective
pathological review. Six cases (5 cases of iLCR-positive
DLBCL and 1 case of iLCR-negative DLBCL) were unavail-
able because the samples were transferred to other facilities.
Although there were no significant differences in pathologi-
cal findings between the two groups, necrosis was slightly
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Table 1. Baseline characteristics of the patients with iLCR-positive and iLCR-negative DLBCL

All patients iLCR-positive DLBCL  iLCR-negative DLBCL Povalue
(n=81) (n=63) (n=18)

Age (year) (median, IQR) 74 (63-79) 73 (62-79) 75 (69-79) 0.31
Male (%) 37 (45.7) 30 (47.6) 7(38.9) 0.60
PS 2—4 (%) 29 (35.8) 19 (30.2) 10 (55.6) 0.057
LDH (U/L) (median, IQR) 305 (223-470) 293 (221-440) 345 (274-534) 0.14
Stage HI-1V (%) 62 (76.5) 45(71.4) 17 (94.4) 0.057
Extranodal lesions > 2 (%) 20 (24.7) 15(23.8) 5(27.8) 0.76
Bulky lesion (%) 16 (19.8) 11 (17.5) 5(27.8) 0.33
B-symptoms (%) 21(25.9) 14 (22.2) 7(38.9) 0.22
IPI (%) 0.16

low 16 (19.8) 15(23.8) 1(5.6)

low-int 11 (13.6) 9(14.3) 2 (11.1)

high-int 22(27.2) 18 (28.6) 4(22.2)

high 32(39.5) 21(33.3) 11 (61.1)
FCM (%)

CD5+ 16 (19.8) 14 (22.2) 2 (11.1) 0.50

CD10+ 29 (35.8) 25(39.7) 4(22.2) 0.27

CDI19+ 77 (95.1) 60 (95.2) 17 (94.4) 1.00

CD20+ 75 (92.6) 58(92.1) 17 (94.4) 1.00

CD23+ 10 (12.3) 7 (11.1) 3(16.7) 0.69

CD25+ 29 (35.8) 25(39.7) 4(22.2) 0.27

CD30+ 5(6.2) 2(3.2) 3(16.7) 0.070
Treatment (%) 0.30

R-CHOP 32(39.5) 26 (41.3) 6(33.3)

R-THP-COP 35(43.2) 27 (42.9) 8 (44.4)

THP-COP 2(2.5) 2(3.2) 0(0.0)

R 5(6.2) 3(4.8) 2 (11.1)

others* 4(4.9) 4(6.3) 0(0.0)

none 3(3.7) 1(1.6) 2 (11.1)

Abbreviations: DLBCL, diffuse large B-cell lymphoma; FCM, flow cytometry; iLCR, immunoglobulin light chain
restriction; IPI, International Prognostic Index; IQR, interquartile range; LDH, lactate dehydrogenase; PS, perfor-

mance status.

* Four patients with iLCR-positive DLBCL received the following therapeutic regimens: 2 R-CEOP (rituximab,
cyclophosphamide, etoposide, vincristine, and prednisone), 1 R-DeVIC (rituximab, etoposide, dexamethasone,

ifosfamide, carboplatin), and 1 prednisone alone.

more frequent in iLCR-negative DLBCL than in iLCR-posi-
tive DLBCL (47.1% vs 20.7%, p = 0.058) (Table 2) (repre-
sentative pathological features of iLCR-negative DLBCL are
shown in Fig. 2). The degree of mitosis was unable to be eval-
uated because the number of mitotic cells was difficult to accu-
rately count, resulting in unclear data. Immunohistochemical
analysis revealed that BCL6 expression was significantly
lower in iLCR-negative DLBCL than in iLCR-positive
DLBCL (12.5% vs 65.5%, p < 0.001), and CD10 expression
was slightly lower in iLCR-negative DLBCL (11.8% vs
35.0%, p = 0.078). Consequently, non-germinal center
B-cell like (non-GCB) type was relatively more frequent in
iLCR-negative DLBCL (81.2% vs 57.6%, p = 0.14).
Immunostaining for k- and A-chain proteins was conducted in
13 of 18 iLCR-negative DLBCL cases, but specific expres-
sion was not observed.

With a median observation time of 540 days (594 days in
iLCR-positive DLBCL and 308 days in iLCR-negative
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DLBCL), the 3-year PFS of iLCR-positive and iLCR-nega-
tive DLBCL was 49.4% and 56.6% (p = 0.75) (Fig. 3A), and
the 3-year OS was 60.5% and 60.2% (p = 0.64) (Fig. 3B),
respectively. There were no significant differences in the
PFS or OS between iLCR-positive and iLCR-negative
DLBCL according to the presence of necrosis and cellular
origin (Fig. 3C-F).

DISCUSSION

This retrospective study investigated the clinicopatholog-
ical characteristics of recently diagnosed iLCR-negative
DLBCL compared with iLCR-positive DLBCL, as rituximab
was introduced as the standard frontline chemotherapy for
patients with DLBCL. Although patients with iLCR-nega-
tive DLBCL had a slightly poorer clinical background in
terms of poor PS and advanced stage, survival outcomes were
equivalent between the two groups. Pathological analysis
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Fig. 1. The flow cytometric analysis of two representative cases of immunoglobulin light chain restriction (iLCR)-positive and iLCR-nega-
tive diffuse large B-cell lymphoma (DLBCL). The black arrows indicate the population of lymphoma cells. Both types of lymphoma cells sig-
nificantly expressed B-cell markers of CD19 and CD20. iLCR-positive DLBCL (A4) showed A chain dominant light chain restriction (k 1.0%
<<% 92.8%), although iLCR-negative DLBCL (B) lacked such restriction (k 7.5%, A 4.4%).

revealed that necrosis was more frequent in iLCR-negative
DLBCL, and the expression of germinal center B-cell mark-
ers (BCL6 and CD10) was lower in iLCR-negative DLBCL,
resulting in a higher frequency of non-GCB type in iLCR-
negative DLBCL than in iLCR-positive DLBCL.

Only one retrospective study examined the clinical fea-
tures of iLCR-negative DLBCL in comparison with iLCR-
positive DLBCL, and demonstrated that the patient character-
istics and prognosis were similar between the two groups.?
Our results differed in that iLCR-negative DLBCL patients
had a slightly poorer clinical background, but were consistent
in that iLCR-negativity did not affect the clinical outcomes.
The study also revealed that CD10 on FCM was less frequent
in iLCR-negative DLBCL,® which was consistent with our
immunohistochemistry data. Another retrospective study
investigated 36 cases of iLCR-negative DLBCL without the
control of iLCR-positive DLBCL.’ In this study, CD10,
BCL6, and MUM1 were positive in 3 of 24 (12.5%), 11 of 17
(64.7%), and 12 of 17 (70.6%) iLCR-negative DLBCL cases,
respectively, which translated into a non-GCB subtype in 13
of 18 (72.2%) patients with available data.> The relatively
lower expression of CD10 and higher frequency of non-GCB
subtype in iLCR-negative DLBCL are consistent with our
study, but lower expression of BCL6 was not observed.’
The non-GCB subtype has been reported to have a poorer
prognosis than the GCB subtype;'¢ therefore, the dominance
of non-GCB subtype in iLCR-negative DLBCL may partly
explain the poor baseline conditions in patients with
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iLCR-negative DLBCL. Moreover, a recent study reported
that rituximab-containing chemotherapy improved the sur-
vival of the non-GCB group and counteracted its negative
impact on survival in DLBCL,'® which can also explain the
absence of difference in clinical outcomes between iLCR-
positive and iLCR-negative DLBCL in our study.
Pathological findings associated with aggressive tumor
cell proliferation, including necrosis, apoptosis, and mitosis,
may be factors affecting the decrease in the detectability of
iLCR on FCM in B-cell lymphoma.®! Our study confirmed
the high frequency of histological necrosis in iLCR-negative
DLBCL, but the degree of apoptosis and other pathological
findings did not correlate with iLCR-negativity. This sug-
gested that necrosis is a pathological feature strongly associ-
ated with iLCR-negativity. The detectability of iLCR by
FCM depends on the pathological subtype of B-cell lym-
phoma. In previous reports, iLCR-negativity was observed
in 22%-30% of DLBCL, 6%—7% of follicular lymphoma,
4%—-30% of marginal zone lymphoma, 0%—4% of mantle cell
lymphoma, 0%—6% of chronic lymphocytic lymphoma, and
7%—19% of overall B-cell NHL.>® The ratio of iLCR-nega-
tive DLBCL in the present study (22%) was consistent with
these published results. The detectability of iLCR was
slightly lower in aggressive B-cell lymphoma than in low-
grade B-cell lymphoma, which partially reflects the number
of cells available for FCM analysis.?’ The cellular viability
is inversely proportional to the degree of necrosis in lym-
phoma cells. Vallangeon et al. examined 93 DLBCL
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Table 2. Pathological characteristics of the patients with iLCR-positive and iLCR-negative DLBCL

All patients iLCR-positive DLBCL  iLCR-negative DLBCL Povalue
(n=281) (n=063) (n=18)
Pathological type (%)* 0.58
centroblastic 70 (93.3) 53(91.4) 17 (100.0)
immunoblastic 5(6.7) 5(8.6) 0(0.0)
Nucleolus (%)* 0.47
multiple 53 (70.7) 39 (67.2) 14 (82.4)
single centrally located 5(6.7) 5(8.6) 0(0.0)
small unclear 17 (22.7) 14 (24.1) 3(17.6)
Cellularity (%)* 0.50
moderate 59 (78.7) 47 (81.0) 12 (70.6)
high 16 (21.3) 11 (19.0) 5(29.4)
Apoptosis (%)* 0.31
absent 6(8.0) 4(6.9) 2 (11.8)
occasional 38 (50.7) 32 (55.2) 6 (35.3)
abundant 31 (41.3) 22 (37.9) 9(52.9)
Necrosis (%)* 0.058
absent 55(73.3) 46 (79.3) 9(52.9)
present 20 (26.7) 12 (20.7) 8 (47.1)
Immunohistochemistryf
CD10+ 23/77 (29.9) 21/60 (35.0) 2/17 (11.8) 0.078
CD20+ 81/81 (100.0) 63/63 (100.0) 18/18 (100.0) NE
BCL2+ 31/77 (40.3) 27/60 (45.0) 4/17 (23.5) 0.16
BCL6+ 40/74 (54.1) 38/58 (65.5) 2/16 (12.5) <0.001
MUMI+ 41/74 (55.4) 31/58 (53.4) 10/16 (62.5) 0.58
MYC+ 11/75 (14.7) 9/58 (15.5) 2/17 (11.8) 1.00
Cell of Origin} 0.14
GCB 28 (37.3) 25 (42.4) 3(18.8)
non-GCB 47 (62.7) 34 (57.6) 13 (81.2)

* Six cases (5 cases of iLCR-positive DLBCL and 1 case of iLCR-negative DLBCL) were not available for retro-
spective pathological review because the samples were transferred to other facilities.

+ Denominators indicate total number of cases available for each immunohistochemical analysis.

I Six cases (4 cases of iLCR-positive DLBCL and 2 cases of iLCR-negative DLBCL) were missing.
Abbreviations: DLBCL, diffuse large B-cell lymphoma; GCB, germinal center B-cell-like; non-GCB, non-germi-
nal center B-cell-like; iLCR, immunoglobulin light chain restriction; NE, not evaluable.

samples using several FCM techniques and revealed that
necrosis was more frequent in iLCR-negative DLBCL than in
iLCR-positive DLBCL on pathological examination; 13 of 27
(48.1%) patients with iLCR-negative DLBCL and 10 of 66
(15.2%) patients with iLCR-positive DLBCL had necrosis.?!
The frequency of histological necrosis in iLCR-positive and
iLCR-negative DLBCL was consistent with our study. We
assumed that the higher frequency of histological necrosis
derived from the biologically aggressive non-GCB subtype
of DLBCL reduced the detectability of iLCR on FCM, but
there was no correlation between the presence of necrosis
and cellular origin; necrosis was present in 7 of 27 (25.9%)
cases of the GCB subtype and 13 of 47 cases of the non-GCB
subtype (27.7%) (Fisher’s exact test demonstrated no signifi-
cance, p = 1.00). Although the underlying mechanism is
unclear, tumor necrosis and non-GCB subtype may play dif-
ferent roles in the loss of iLCR.

Tumor necrosis defined as the hypo-metabolism area on
positron emission tomography-computed tomography
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(PET-CT) was reported to be associated with a poorer prog-
nosis in patients with DLBCL treated with R-CHOP chemo-
therapy.?> Thus, an inferior prognosis of iLCR-negative
DLBCL was preconceived because more than 40% of
patients with iLCR-negative DLBCL had histological necro-
sis. However, histological necrosis did not have an adverse
effect on clinical outcomes in both iLCR-positive and iLCR-
negative DLBCL (Fig. 3C, D). A possible explanation for
this disassociation is the poor concordance between histolog-
ically confirmed necrosis and radiologically diagnosed necro-
sis on PET-CT.? Different from radiological necrosis, histo-
logical necrosis may not be a poor prognostic factor for
DLBCL.

The reason for the lack of iLCR in DLBCL other than
necrosis remains unclear. Previous studies proposed abnor-
malities of gene transcription or the translocation of fully
assembled proteins on the cell surface.”* Li et al. reported
that iLCR-negative B-cell NHLs harbored clonal immuno-
globulin heavy chain rearrangements as frequently as
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Fig. 2. Pathological findings observed in diffuse large B-cell lymphoma (DLBCL) without immunoglobulin light
chain restriction (iLCR); a case exhibiting a centroblastic variant with vesicular chromatin and prominent multi-
ple nucleoli (4) (x 600); a case with abundant apoptotic cells (B) (x 400); a case demonstrating high cellularity
(C: x 100) (D: % 400); and a case with geographic necrosis (E: x 40) (F: x 200).

iLCR-positive B-cell NHL, which suggested the existence of
monoclonality and defective protein synthesis or intracellular
protein transport as a mechanism for the lack of iLCR.’
Although the lack of expression of surface light chains on a
mature B-cell population suggests a neoplastic process, it
should not be the only parameter used for diagnosing B-cell
lymphoma, as this is also observed in non-neoplastic condi-
tions, such as follicular hyperplasia, albeit rarely.***

FCM analysis for cytoplasmic immunoglobulin light
chains may increase the sensitivity of iLCR in B-cell NHL;*
therefore, we further evaluated the cytoplasmic immunoglob-
ulin light chain expression in iLCR-negative DLBCL by
immunohistochemical staining. However, it was unavail-
able. As previously reported, the significant expression of
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light chain proteins or light chain restriction was not
detected, probably because of the small amount of light chain
proteins on lymphoma cells without plasmacytic differentia-
tion and high extracellular background.?® [n situ hybridiza-
tion for intra-cytoplasmic immunoglobulin light chain
mRNA may be an alternative tool to detect light chain restric-
tion more accurately because of the absence of interstitial
immunoglobulin signals.?6-*’

Several limitations of the present study should be
acknowledged. First, although all consecutive patients were
evaluated during the study period, the retrospective design at
a single institute was subject to selection bias. Second, the
small number of patients recruited may have reduced the sta-
tistical power of the analysis. Third, we were unable to
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Fig. 3. Progression-free survival (PFS) and overall survival (OS) of immunoglobulin light chain restriction (iLCR)-pos-
itive and negative DLBCL, and those according to the presence of necrosis and cell of origin. The 3-year PFS of iLCR-
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that of iLCR-negative DLBCL with or without necrosis was 65.6% and 44.4% (C) (p = 0.55), respectively. The 3-year
OS of iLCR-positive DLBCL with or without necrosis was 49.5% and 63.2%, and that of iLCR-negative DLBCL with
or without necrosis was 58.3% and 53.3% (D) (p = 0.53), respectively. The 3-year PFS of iLCR-positive DLBCL of the
GCB or non-GCB subtype was 41.6% and 51.3%, and that of iLCR-negative DLBCL of the GCB or non-GCB subtype
was 50.0% and 57.7% (E) (p = 0.78), respectively. The 3-year OS of iLCR-positive DLBCL of the GCB or non-GCB
subtype was 39.2% and 74.8%, and that of iLCR-negative DLBCL of the GCB or non-GCB subtype was 50.0% and
56.1% (F) (p = 0.28), respectively. There were no significant differences among these groups.
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investigate the rearrangement status of MYC, BCL2, and
BCL6 by fluorescence in situ hybridization, which may have
revealed some DLBCL cases to be high-grade B-cell lym-
phoma with MYC and BCL2 and/or BCL6 rearrangements
(HGBL-DH/TH) according to the current WHO classifica-
tion. However, HGBL-DH/TH accounts for less than 8% of
DLBCL cases and only one patient in this study presented
with high-risk immunological features of HGBL-DH/TH:
GCB subtype with dual protein expression of MYC and
BCL2.2»

In conclusion, our study revealed that the clinical progno-
sis of patients with iLCR-negative DLBCL is similar to that
of patients with iLCR-positive DLBCL. Tumor necrosis and
lower expression of germinal center markers may be specific
pathological features of iLCR-negative DLBCL; however,
the biological basis for these characteristics and the loss of
iLCR in DLBCL was unclear. Further studies are warranted
to clarify the underlying relationships.
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