.Q 0.

Modern Pathology (2021) 34:922-933
gy .(/b.

https://doi.org/10.1038/541379-020-00685-7

ARTICLE

Check for
updates

The clinicopathological and molecular features of sinusoidal large
B-cell lymphoma

Junpeng Xu®' - Peifeng Li? - Jia Chai' - Kangjie Yu' - Tiangi Xu@®"' - Danhui Zhao' - Yixiong Liu' - Yingmei Wang' -
Kaijing Wang' - Jing Ma’ - Linni Fan' - Qingguo Yan' - Shuangping Guo' - Hualiang Xiao® - Qilin Ao* -

Zhaoming Wang® - Weiping Liu® - Sha Zhao® - Weihua Yin’ - Yuhua Huang® - Yaqin Li° - Miaoxia He'® -

Rong Liang'' - Mingyang Li' - Zhe Wang'

Received: 6 August 2020 / Revised: 9 September 2020 / Accepted: 9 September 2020 / Published online: 24 September 2020
© The Author(s), under exclusive licence to United States & Canadian Academy of Pathology 2020

Abstract

We report 17 cases of sinusoidal large B-cell lymphoma (SLBCL). Clinical, morphologic, immunophenotypic, and
molecular features were detected and analyzed. All cases showed an obvious sinusoidal growth pattern, usually associated
with residual atrophic lymphoid tissue. All tumors contained large pleomorphic lymphoid cells and one or more prominent
nucleoli, with abundant amphophilic cytoplasms; 15/17 cases showed anaplastic morphologic features. The patient age
ranged from 43 to 80 years (median 57 years), and 7 males and 10 females were included. Eleven of 15 (73.3%) patients had
Ann Arbor stage III or IV disease, and 10/15 (66.6%) patients had an International Prognostic Index (IPI) score >3.
Immunophenotypically, 16/17 (94.1%) cases displayed a nongerminal center B-cell (non-GCB) immunophenotype.
Furthermore, 16/17 (94.1%) cases were positive for CD30, and p53 was expressed in 10/16 (62.5%) cases. In total, 12/14
(85.7%) cases expressed BCL2 and MYC simultaneously (double expression), and 11/14 (78.6%) cases showed PD-L1
positivity (6/11 had a PD-L1 tumor proportion score 250%). Cytogenetically, concurrent MYC and BCL2 and/or BCL6
abnormalities (break-apart or extra copy) were detected in 10/15 cases, and 7/13 (53.8%) cases harbored a PD-L1/L2
amplification. TP53 mutation was found in 7/13 (53.8%) cases by Sanger sequencing. Whole-exome and large-panel
sequencing results revealed high mutation frequencies of TP53 (4/7), MYDS8S8 (3/7), KMT2D (3/7), CREBBP (3/7), and PIM1
(3/7). Among the 13 patients with SLBCL treated with aggressive chemotherapy regimens, the median overall survival (OS)
was 18 months, and the 2-year OS rate was 34.6%. The OS of patients with SLBCL was markedly worse than that of 35
control group patients with common diffuse large B-cell lymphoma (DLBCL) without sinusoidal features (P < 0.001).
SLBCL may represent a specific type of DLBCL that has characteristic pathologic features. The cancer is aggressive in
most clinical cases, and outcomes are poor. SLBCL and anaplastic DLBCL (A-DLBCL) have many overlapping
clinicopathological and molecular features.

Introduction

These authors contributed equally: Junpeng Xu, Peifeng Li, Jia Chai,
and Kangjie Yu

Diffuse large B-cell lymphoma (DLBCL) is a hetero-
geneous disease containing morphologic variants and
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immunophenotypic and molecular subgroups [1]. For large
B-cell lymphomas involving lymph nodes, the most com-
mon growth mode is diffuse infiltration, which destroys part
or all of the lymph node structure [2]; however, tumor cells
can selectively invade or be limited to lymph node sinuses
[3]. Sinusoidal large B-cell lymphoma (SLBCL) is not well
characterized, most likely due to its rarity [3].

Coupland et al. [3] presented 11 cases of CD30 + SLBCL,
which can closely imitate anaplastic large cell lymphoma
(ALCL). Despite morphologic and immunophenotypic
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similarities, SLBCL is distinguishable from ALCL by
many features, such as the B-cell lineage, lack of ALK-1
expression, and lack of cells with eosinophilic paranuclear
regions. As a group, SLBCLs seem to behave aggressively
and have worse outcomes than common DLBCLs. Some
SLBCL tumor cells are positive for Epstein Barr virus
(EBV). Recently, Asano and her colleagues [4] found a
sinusoidal pattern in 16/18 cases of anaplastic diffuse large
B-cell lymphoma (A-DLBCL). All cases were negative for
PD-L1 on tumor cells, although PD-L1-positive nontumor
cells surrounded the tumor cells, exhibiting a rosette-like
pattern with compartmentalization. Their study high-
lighted the distinctiveness of A-DLBCL with a sinusoidal
pattern [4]. However, only limited genetic information
has been reported in previous studies describing these
tumors [5-10].

To understand in depth the biological behavior of
SLBCL, we investigated 17 cases using strict criteria to
define clinicopathologic and genetic features [11, 12]. Our
results show that patients with SLBCL display features
that are clearly distinctive from common DLBCL, and
most patients with SLBCL have an aggressive clinical
course and poor outcomes. Overall, these results empha-
size the importance of recognizing SLBCL, as this
malignant tumor has a poor prognosis and distinctive
biological features.

Materials and methods
Patient selection

We analyzed 17 patients with SLBCL originally diagnosed
and treated at different institutions from January 1, 2003 to
September 30, 2019. Five pathologists (JX, ML, SG, QY,
and ZW) reviewed all cases according to the 2016 World
Health Organization classification of criteria [11, 12].
Diagnoses for the 17 patients were based on lymph node
biopsy specimens. The corresponding medical records
were reviewed to obtain clinical information. A total of 14
well-documented patients were treated with chemotherapy
regimens including cyclophosphamide, doxorubicin, vin-
cristine, and prednisone (CHOP) plus rituximab (R-CHOP);
the treatment strategies for the other three patients were
unknown. We also collected 40 cases of common DLBCL
without sinusoidal features from one institution (Xijing
Hospital) spanning from April 1, 2009 to September 30,
2014; only DLBCL, not otherwise specified (DLBCL,
NOS) cases, were included [11]. Five patients were lost
to follow-up in the common DLBCL group. Institutional
ethical approval was obtained in compliance with the
Helsinki Declaration.

Immunohistochemistry (IHC), in situ hybridization
(ISH), and fluorescence in situ hybridization (FISH)
analysis

Fully automated protocols were used to perform IHC analysis
with a Bond-IlII Autostainer (Leica Biosystems, Melbourne,
Australia). Histological sections were stained with antibodies
against the following: CD5, CD20, CD30, PD-L1, PAXS,
MUMI, BCL2, BCL6, MYC, p53, and Ki-67. Detailed
information about the antibodies (source, clone, dilution, and
cutoff values) is shown in Supplementary Table 1. The PD-L1
status for eligibility was assessed using the anti-PD-L1 anti-
body clone SP263 (Merck & Co. Inc., Kenilworth, NJ, USA)
and a clinical trial version of the approved IHC assay
(PharmDx assay; Dako, Carpinteria, CA, USA). Expression
was categorized by the tumor proportion score (TPS), which
was defined as the percentage of tumor cells with membra-
nous PD-L1 staining. PD-L1 positivity was defined as at least
1% membranous staining [13]. Germinal center B-cell (GCB)
and non-GCB subtypes of SLBCL were classified using
the Hans algorithm [14]. EBV was detected using ISH with
EBV-encoded small RNA (EBER) probes (Leica Biosystems,
Newcastle Upon Tyne, UK). For EBER ISH, a positive
control ISH probe was used for each case.

FISH analysis was performed using LSI dual-color
break-apart probes for MYC, BCL2, and BCL6 according
to the manufacturer’s instructions (Guangzhou LBP Medi-
cine Science & Technology Co., Ltd., Guangzhou, China).
Images were collected using a workstation equipped with
software (Imstar Pathfinder Cellsca FluoSpot, France).
Areas with a minimum of 70% tumor cells were counted,
and signals from 100 nonoverlapping nuclei were analyzed.
Positivity was determined above a 15% threshold for split
signals and above a 30% threshold for extra copies (defined
as a copy number >3/cell). LSI dual-color amplification
probes for PD-L1/L2 (Guangzhou LBP Medicine Science &
Technology Co., Ltd.) were used according to the manu-
facturer’s instructions. Due to the close location of PD-LI
and PD-L2, this probe cannot separate PD-LI and PD-L2.
Furthermore, 9p24.1 (PD-LI/L2 gene) was labeled with
SpectrumRed, and the centromere was labeled with Spec-
trumGreen as a control probe for 9p. Samples with two
fusion signals (red and green colocalization) were classified
as normal. The presence of more than three fusion signals
was deemed amplification, and more than three Spectrum-
Green signals resulted in a polyploid classification [15].

DNA extraction, polymerase chain reaction (PCR),
and sanger sequencing

DNA was isolated from three 5-um-thick sections of
formalin-fixed paraffin-embedded (FFPE) tumor tissue with
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a minimum of 70% neoplastic cells using the QIAamp
FFPE DNA Tissue Kit (Qiagen, Germantown, MD, USA)
according to the manufacturer’s instructions. Selected exons
and mutation hotspots of TP53 (exons 5-10) were investi-
gated for mutations by PCR and sequencing. The primer
sequences and PCR conditions are listed in Supplementary
Table 2. The PCR products were routinely purified and
sequenced in both directions using the BigDye Terminator
version 3.1 Cycle Sequencing Kit (Applied Biosystems,
Forster City, CA, USA). At least two independent PCR and
sequencing experiments were used to confirm mutations,
which were shown to not be single-nucleotide polymorph-
isms through the NCBI dbSNP database.

Whole-exome sequencing (WES) and large-panel
sequencing

We selected six clinical cases of SLBCL that had suffi-
ciently high DNA quality for WES. A QIAamp DNA FFPE
Tissue Kit (Qiagen Inc., Hilden, Germany) was used to
extract genomic DNA according to the manufacturer’s
recommendations. Enrichment of 334,378 targeted exonic
regions of 20,965 genes was performed using an Agilent
SureSelect Human All Exon Kit (Santa Clara, CA, USA).
The WES libraries were then amplified and quality checked,
and Illumina HiSeq platform sequencing (Novogene
Bioinformatics Technology Co., Ltd., Beijing, China) was
carried out. One case was assessed using large-panel
sequencing of 446 genes. A Prep DNA/RNA FFPE Kit
(Qiagen Inc., Hilden, Germany) was used to extract geno-
mic DNA and total RNA. A total of 100 ng of DNA was
sheared to provide average fragments of 200 bp. Hybridi-
zation-captured, adapter ligation-based libraries were syn-
thesized using a HemasalusD/DR (Shihe, Nanjing, China),
which was designed to enrich panel genes that are important
for the pathogenesis of hematologic tumors. These gene
libraries were then amplified and quality checked, and
HiSeq2500 platform sequencing (Illumina) was performed.
The average sequencing depth of the target regions was
>100x.

Genomic analysis

After generating raw data through base calling, paired-end
reads were trimmed to remove stretches of low-quality
bases (<Q10) and adapters in the sequences. Then,
Burrows—Wheeler Aligner (http://biobwa.sourceforge.net/)
and Samblaster (https://github.com/GregoryFaust/sambla
ster) were used to align the paired-end reads on the
human reference genome GRCh37 (hgl9). The Genome
Analysis Toolkit (https://software.broadinstitute.org/gatk/)
and SAMtools (http://www.htslib.org/) were used to
perform variant calling. To maximize sensitivity in
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heterogeneous SLBCL specimens, validation was per-
formed to detect basic replacement and short insertion and
deletions (indels) with a threshold depth of coverage >5x
and a variant allele frequency >10%. Furthermore, point
mutations and small insertions in genes were annotated
for their functional effect on their respective proteins
via ANNOVAR (version 2013 Aug 23) (http://www.
openbioinformatics.org/annovar/).  Selected nonsynon-
ymous and nonsense single-nucleotide variations (SNVs),
frameshift/nonframeshift indels, and splice region mutations
were detected. Variants present in the Exome Aggregation
Consortium (http://exac.broadinstitute.org/) or 1000 Gen-
omes (https://www.1000genomes.org/) databases with a
frequency >1%, which indicated potential germline var-
iants, were excluded from the analysis. All indels and SNVs
predicted to be deleterious by at least one of four prediction
tools (SIFT, PolyPhen-2_HDIV, Mutation Taster, CADD)
were included in further analyses. The screened genes were
compared with the COSMIC database.

Statistical analysis

Fisher’s exact and Mann—Whitney U tests were employed to
compare patient characteristics across different subgroups.
The 5 test was used for correlation analysis of categorical
variables. Additionally, OS was defined as the interval
between the date of initial diagnosis and the time of death due
to any cause or the date of last follow-up. Survival analysis
was performed using Kaplan—-Meier curves and compared
using the log-rank test. Comparative test differences were
considered significant if the 2-tailed P value was <0.05. SPSS
(version 23.0; IBM Inc., Armonk, NY) was used for all sta-
tistical analyses.

Results
Patients

Table 1 summarizes the major clinical characteristics,
treatment, and follow-up information for all 17 patients. The
study group included 17 patients with SLBCL, including 7
men and 10 women, with a median age of 57 years (range,
43 to 80 years). All patients presented with de novo disease.
Complete information, including clinical examination and
radiologic studies, was recorded for 15 patients. Nine (60%)
patients had B symptoms, and 11 (73.3%) showed elevated
serum lactate dehydrogenase (LDH) levels. Eleven (73.3%)
patients had Ann Arbor stage III or IV disease, and 10
(66.6%) patients had an IPI score 3. Since one patient was
newly diagnosed and not treated, chemotherapy treatment
and response were known for 14 patients. After the initial
combined chemotherapy treatment, only 5/14 (35.7%)
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patients demonstrated a complete response (CR); 6 (42.9%)
patients had a partial response, and 3 (21.4%) had pro-
gressive disease. Because one patient was lost to follow-up,
clinical outcomes were available for 13 patients treated with
aggressive chemotherapy regimens. At the time of last
clinical follow-up (range, 1-50 mo), the median follow-up
time was 16 months, and the median OS was 18 months.
The 1-year OS rate was 69.2%, and the 2-year OS rate was
34.6% (Fig. 1).

Morphologic and immunophenotypic features

All 17 tumors occurred in the lymph nodes and included
cervical (n = 11), inguinal (n = 2), supraclavicular (n = 2),
submandibular (n =1), and inguinal (n=1) tumors. All
cases exhibited a sinusoidal growth pattern of tumor cell
distribution to degrees varying from 30 to 100% (Fig. 2a),
often associated with residual atrophic lymphoid tissue.

1001
< == Common DLBCL(n=35)
S 801 \ ='= SLBCL(n=13)
At "
= <
5 sl N P<0.001
'S -
S 40- h
2 L=1
E 3
g 204 L -
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0 20 40 60 80 100
Time (months)

Fig. 1 The comparison of OS between SLBCL and Common
DLBCL. SLBCL has a significant worse OS compared with DLBCL
without sinusoidal features.

Tt

Fig. 2 Representative morphology feature and results of immu-
nostaining of SLBCL. Case 5 showed evidence of a sinusoidal
growth pattern (a H&E, x200; b H&E, x400). The tumor cells of case
5 were positive for CD30 (c¢), BCL2 (d), BCL6 (e), and MYC (f)
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The lymphatic sinuses were dilated, and the sinus walls
were covered with a complete monolayer of elongated cells
(Fig. 2b). Large pleomorphic Reed-Sternberg (RS)-like
tumor cells with abundant cytoplasms grew focally in a
nest-like pattern and displayed round, kidney-shaped or
polygonal nuclei. The nuclear membranes were clear, and 1
to several small nucleoli or 1 to 2 prominent nuclei
were observed. Fifteen of 17 (88.2%) cases exhibited
numerous anaplastic multinucleated tumor cells (n=38)
or scattered anaplastic tumor cells (n =7) (Table 2, Sup-
plementary Fig. 1).

The THC results are listed in Table 2. All cases were
strongly positive for CD20 and negative for CD5 and
CD15. All 17 cases were negative for EBV RNA as
determined by ISH. According to the Hans algorithm, 16/17
(94.1%) cases demonstrated a non-GCB immunophenotype,
whereas one (5.9%) case demonstrated a GCB immuno-
phenotype. The Ki-67 proliferation rate was generally high,
with a median of 80% and 16/17 (93.8%) ranging from 70
to 90%. CD30 expression was variable, with 16 of 17
(93.8%) cases being positive, ranging from strong positivity
in most neoplastic cells (Fig. 2¢) to heterogeneous expres-
sion. CD30+ cells ranged from 23 to 90%, and the median
value was 68%. Thirteen of 15 (86.7%) and 13/14 (92.9%)
cases were positive for BCL2 (Fig. 2d) and MYC (Fig. 2f)
expression, respectively, and 12 of 14 (85.7%) cases were
positive for BCL2 and MYC (double expression).
pS3 staining patterns were classified into three groups as
follows: four cases had diffuse strong positive expression
(Fig. 2g), six cases had variable expression, and six cases
were completely negative. With a cutoff value of 50%, 10/
16 (63.3%) cases were p53-positive. Eleven of 14 (78.6%)
cases demonstrated PD-L1 positivity on tumor cells (7 cases

(x400). The p53 staining showed a diffuse strong positive pattern in
case 6 (g) (x400). The tumor cells and nontumor cells were PD-L1-
positive in case 6 (h) (x400).



927

The clinicopathological and molecular features of sinusoidal large B-cell lymphoma

dKy pim LM ‘9% (0S< uoissaidxo o[qeLeA +4 ‘96> uoIssaIdxa d[qeLeA —A ‘S[[90 Jown dnsejdeur pareyeos
m ased § ‘projdAtod og ‘o[qe[reae jou Y ‘s[[eo Jown) onsejdeue snorownu yHim ased N ‘Adod enxa x7 ‘9anedau A[ere[dwos —H “rede yeaiq g ‘uoneoyrdwe wy ‘9anisod Juoms asngp ++

ogLTd wy - - xg 06 ++ + +  (%06) +8uong 90§ dDD-uou S %0L LT
IM - xd x4 xq 06 -0 + + - %0¥ dDD-uou S %08 91
VN - VN VN VN 06 VN VN - - %SL dDD-uou S %001 Sl
08¥cd wy - - - 08 ++ + +  (%09) +Suong  98. dDD-uou N %001 vl
IN9TTA —ag+xd oxd  xd 0L —A - + (%01) +APEOM %99 dDD-uou S %08 €1
M - ig+xd xd  xd 08 -0 + + (%00) +APROM  %€T dDD-uou N %0S 4!
M - xqg xg xd 08 -0 + + - %09 dgDD-uou S %08 1
M wy xqg g - 06 —O + + (%01) +APEOM %Sy dDD-uou - %08 01
VN od+4uwy xq - xg 08 —A + +  (%07) +8uong gL dDD-uou S %08 6
Mevcd  od +wy xqg xg xd 0§ ++ + + (%09) + APROM  %0L dDD-uou N %06 8
LM wy 1g+xg xg - 06 —O + +  (%S6) +Suong 998 gHDH-uou S %001 L
LM - xqg xg xg 08 ++ + +  (%0¢) +35uons %06 dOD-uou N %001 9
VN VN - xg - 08 -0 + +  (%S6) +Suong 906 dDD-uou N %09 S
Miced VN Jg+xd xd Xxg 06 tA VN VN VN %S9 dDD-uou N %001 ¥
HISTY + NELTA VN Jd+xd xd xd or -A + + VN  %SL dD9-uou N %09 €
O¢Lzd od+wy ig+xgd xd xg 08 —A + - (%06) +3uons 98, gDHD-uou N %001 4
VN VN - - xq SL —A VN VN VN - a0 - %0€ I

(01-S woxo) £¢d I ¢1/IT-Ad 9109 T109 DAW (%) L9 £Sd DAW T10d (SdD) 17-dd 0€dD suey ASojoydiopy [[od Jowm oy} jo oner urened [eprosnulg juened

SasNJL)s UONEBINA HSI A1)STWAYO0ISTYOUNTUI]

‘ewoydwA] [[90-g oSre| [eprosnuis s syudned £ Jo sonsualoeIeyd onouas renddjow pue ‘ordAjousydounwwr o13ojoydioln g ajqel

SPRINGER NATURE



928

J. Xu et al.

3 4 12 13 10
OO
sc.2 [N

myc [
ro-L1 [ I

B PatientlD 2 7

scLe [N

8 6 11 16 9 5

14 1

mExtra copy mBreak apart m Amplification mPolyploid '"Normal mUnknown

=
3
<
N
o
1]

TP 53 mutation

® v173mM
® R181H

® V216M
® E221K
. R248Q
® R273C(2)

DNA-binding domain

T T T T 1
200 393 aa

@® Missense mutated

Fig. 3 The results of fluorescence in situ hybridization (FISH) and
mutation status of 17 patients with SLBCL. The FISH analysis
showed extra copy signals for BCL2, BCL6, MYC, and amplification
signals for PD-L1/L2, respectively, PD-L1/L2 is amplified in clusters
in case 8, and case 12 showed that both break apart and extra copy

were strongly positive and 4 cases weakly positive), 5 of 11
(45.5%) had a PD-L1 TPS of 1-49%, and 6 of 11 (54.5%)
had a PD-L1 TPS of >50% (Fig. 2h).

Molecular genetic characteristics

The FISH and mutation status results are listed in Table 2
and Fig. 3a. Extra copies of MYC were found in 12 of 16
(75%) patients (Fig. 3b). Regarding the 12/16 (75%) cases
that harbored BCL2 abnormalities, 1 case showed a break-
apart signal, and 11 cases carried an extra copy (Fig. 3b).
An extra copy of BCL6 was found in 12/16 (75%) patients,
including 6 patients who exhibited both a break-apart signal
and an extra copy (Fig. 3b). Seven cases harbored PD-L1/
L2 abnormalities, four cases had amplification, and another
three cases carried amplifications with polyploidy. PD-L1/
L2 was amplified in clusters in cases 8 and 9. A positive
correlation was observed between PD-L1/L2 abnormalities
and protein expression (r=0.592, P =0.033 <0.05). Fur-
thermore, 10/15 (66.7%) patients exhibited concurrent
abnormalities in MYC and BCL2 and/or BCL6, and MYC,
BCL2 and BCL6 triple abnormalities were found in 9/15
(60%) cases.

With respect to mutation status, TP53 exons 5-10 were
successfully amplified in 13/17 cases. Eight 7P53 gene mis-
sense mutations were detected in 13 patients, including 1 who
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signals were found for BCL6 (a) (x400). The summaries of the FISH
analysis for BCL6, BCL2, MYC, and PD-L1/L2 (b). The distribution of
the TP53 mutations is shown. The lines represent the position of the
mutations (c).

carried 2 gene alterations (Fig. 3c, Supplementary Fig. 2). All
missense mutations occurred in the DNA-binding domain
containing two mutations in Loop-L2 (codons 164—194), two
mutations in Loop-L3 (codons 237-250), and two mutations
in the LSH helix motif (codons 272-287). p53 expression
was associated (r=0.854, P=0.0002<0.001) with TP53
missense mutations.

WES was performed for six cases of SLBCL; a large-
panel sequencing of 446 panel genes that are important for
the pathogenesis of hematologic tumors was performed in
case 7. Candidate oncogenes with potentially deleterious
mutations were analyzed in the coding sequence and spli-
cing regions. For WES, an average of 69.2 million reads
was obtained for each sample, and the average coverage
depth of the target area of each sample was 71-160x. A
total of 2134 mutations in 360 genes were identified in the
six SLBCL patients (Supplementary Table 3). Missense
mutations were the most frequent at 2005/2314 (86.6%)
(Fig. 4a). All samples harbored nonsynonymous somatic
alterations, with a maximum of 438 alterations detected in
case 2 (Fig. 4b). WES (six cases) and large-panel sequen-
cing (one case) results revealed that some genes had high
mutation frequencies, such as TP53 (4/7), MYDS8S (3/7),
KMT2D (3/7), CREBBP (3/7), and PIMI (3/7) (Fig. 4c).
Compared with those of common DLBCLs in COSMIC
data, the mutation frequencies of these genes in SLBCLs
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Fig. 4 The mutation features of cancer-associated genes identified
by WES and large-panel sequencing. WES in six SLBCL patients
showed variant mutation patterns with a predominance of missense
mutations (a). Every specimen exhibited different mutation patterns,
with a maximum of 438 alterations detected in case 2 (b). WES and

were obviously higher (Fig. 4d). However, no mutations in
MLL2, Bcl-2, B2M, EZH2, and GNAI3 were found in
SLBCL based on WES and large-panel sequencing.

Prognostic factors

The results of the above clinicopathological and genetic
factors related to OS are shown in Supplementary Table 4.
Univariate analysis demonstrated that patients with an IPI
score >4, BCL6 abnormalities, and concurrent abnormalities
of MYC and BCL2 and/or BCL6 had a significantly poorer
OS than those who were negative for these features (P <
0.05; Fig. 5). All factors predictive of OS by univariate
analysis were applied in multivariate analysis. Because of
the small sample size, no independent prognostic factors
were associated with OS.

SLBCL versus DLBCL without sinusoidal features
(common DLBCL)

We compared patients with SLBCL (n = 17) to those with
DLBCL without sinusoidal features (n = 40) (Table 3) and
found that the common DLBCL patient group showed
similar distributions of age and sex. However, patients with
SLBCL presented more often with B symptoms, high-stage
disease, high IPI scores and elevated serum LDH levels than

NG A O ™
(i?(o*‘/\(’ Q\’ ¥

Missense Inframe Frameshift Splice
variant deletion variant acceptor

large-panel sequencing identified 16 recurrently and significantly
mutated genes for seven SLBCL patients (¢). Common mutations in
sinusoidal large B-cell lymphomas and their comparison with diffuse
large B-cell lymphomas in COSMIC data (d).

patients with common DLBCL (P <0.05). Because five
patients with common DLBCL were lost to follow-up,
clinical outcomes were available for 35 patients. At the time
of last clinical follow-up of DLBCL (range, 1-94 mo), the
median follow-up time was 41 months. The OS rate of
patients with SLBCL was significantly worse than that of
patients with common DLBCL (Fig. 1, P <0.001). Cases of
SLBCL more often showed a non-GCB immunophenotype
and more frequently expressed CD30, MYC, BCL2,
and PD-L1 than those of common DLBCL (P <0.05).
Moreover, SLBCL more often had 7P53 abnormalities and
concurrent abnormalities in MYC and BCL2 and/or BCL6
(P <0.05). Patients with SLBCL also showed a trend of
more MYC/BCL?2 double expression and triple abnormal-
ities of MYC, BCL2, and BCL6 (P <0.05) than those with
common DLBCL.

Discussion

We report 17 cases of a highly unusual variant of DLBCL
characterized by the existence of a mainly sinusoidal infil-
trative pattern. Conspicuous RS-like binucleated and mul-
tinucleated tumor cells were also present in some cases. In
our study, despite intensive chemotherapy, patients with
SLBCL displayed poor clinical outcomes, with 34.6% of

SPRINGER NATURE



930

J. Xu et al.

A == |Pl score <3 (n=6) B Without concurrent abnormalities of MYC and
o 1007 - . 1007 BCL2 and/or BCL6 (n=4)
X =t score =4 (n= ’? [ : i
°g god ! (n=7) S sod ! . With concurrent abnormalities of MYC and BCL2
= ! P=0.043 e 4 and/or BCL6 (n=9)
® ! e b
g 60+ . S 60 . P=0.015
2 ' —
g ol — G 4{ '3
3 o 3 Ly
204 ] o 204 |
= J— g L.
(o] ] o ]
0 r — 1 0 T - T 1
0 20 40 60 0 20 40 60

Time (months)

Time (months)

Fig. 5 Univariate survival analysis for SLBCL. The OS of the patients with an IPI score >4 (a) and double abnormalities of MYC and BCL2 and/
or BCL6 (b) was significantly worse than the OS of those who tested negative (P <0.05).

Table 3 Comparison of
clinicopathologic features of
patients with SLBCL and
patients with DLBCL without
sinusoidal features (common
DLBCL).

Features SLBCL Common DLBCL P value
(n=17) (n =40)

Age (years), median (range) 57 (43-80) 60 (22-82)

Male:Female 7:10 22:18

B symptoms* 60% (9/15) 30% (12/40) 0.041

Elevated serum LDH* 73% (11/15) 30% (12/40) 0.004

Stage HI/IV* 79% (11/14) 48% (19/40) 0.044

IPI score >3* 67% (10/15) 30% (12/40) 0.013

Chemotherapy CR rate 36% (5/14) 55% (22/40) 0.214

Immunophenotype

Non-GCB subtype* 94% (16/17) 55% (22/40) 0.004

CD30* 94% (16/17) 15% (6/40) 0.0000000198

BCL2* 87% (13/15) 55% (22/40) 0.030

MYC* 93% (13/14) 28% (11/40) 0.000023

MYC/BCL2 DEL* 86% (12/14) 25% (10/40) 0.000069

Ki-67 (%), median (range)* 80 (40-90) 75 (20-100) 0.037

pS3 63% (10/16) 45% (18/40) 0.237

PD-L1* 78.6% (11/14)  10% (4/40) 0.000004

Fluorescence in situ hybridization

MYC abnormilities* 75% (12/16) 21% (8/35) 0.000402

BCL2 abnormilities* 75% (12/16) 29% (10/34) 0.002

BCL6 abnormilities* 75% (12/16) 31% (11/35) 0.004

Concurrent abnormalities of MYC and BCL2 67% (10/15) 15% (5/34) 0.001

and/or BCL6*

Triple abnormalities of MYC and BCL2 and 60% (9/15) 3% (1/34) 0.000021

BCL6*

Mutation statuses

TP53* 54% (7/13) 19% (6/32) 0.030

SLBCL sinusoidal large B-cell lymphoma, CI confidence interval, HR hazard ratio, [Pl International
Prognostic Index, LDH lactate dehydrogenase, GCB germinal center B cell, DEL double-expressor
lymphoma, MUT mutation type, WT wild type.

*P<0.05.

patients being alive at 2 years and a median OS as short as
18 months; these survival statistics were much worse than
those of patients with common DLBCL. Similar to that
found by Coupland [3], the outcome of DLBCL was better
than that of SLBCL. Patients with SLBCL have numerous
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poor prognostic features, and most of the patients in this
study had high IPI scores. There was also a high frequency
of patients in advanced Ann Arbor stages. These clinical
findings suggest that SLBCL is a more aggressive disease

than common DLBCL.
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The present series of 17 cases of SLBCL revealed a high
frequency of TP53 mutation, presenting in more than 50%
of all cases, as well as concurrent abnormalities of MYC,
BCL2, and/or BCL6 in ~66.7% of patients and triple
abnormalities of MYC, BCL2, and BCL6 in ~60% of
patients. Compared with typical cases of DLBCL, SLBCL
has a high incidence of two- or three-gene abnormalities,
which may be related to its poor prognosis.

In these SLBCL cases, numerous anaplastic multi-
nucleated tumor cells or scattered anaplastic tumor cells
were found in 15/17 (88.2%) cases. In the study of Asano
et al., A-DLBCL exhibited a sinusoidal pattern in 16/18
cases [4]. In addition, we [16] reported 35 cases of A-
DLBCL that showed at least focal evidence of a sinusoidal
growth pattern in 12 of the 35. SLBCL and A-DLBCL
display many clinicopathological and molecular feature
similarities, such as high expression of p53, MYC, BCL2,
and PD-L1; a non-GCB immunophenotype; a high fre-
quency of TP53 mutations; concurrent MYC and BCL2 and/
or BCL6 abnormalities; PD-L1/L2 amplification and/or
polyploidy; and a poor prognosis [16]. Although SLBCL
and A-DLBCL show many overlapping features, some
differences do exist. In our study, the rate of CD30 posi-
tivity was significantly higher in SLBCL (16/17 cases) than
in A-DLBCL (18/35, 51.4%) cases) [16], and all SLBCL
cases were negative for CD5.

CD30 expression is present in ~14-25% of patients with
common DLBCL [17, 18]. In this study, CD30 (16/17) was
more frequently expressed in SLBCL than in common
DLBCL. Brentuximab vedotin, an anti-CD30 antibody—drug
conjugate, has been shown to be effective in patients with
relapsed/refractory DLBCL with variable CD30 expression
[19]. Given the relatively high expression of CD30 in patients
with SLBCL, brentuximab vedotin is a potential treatment
choice.

The PD-1/PD-L1 pathway is an inhibitory immune
checkpoint with the ability to suppress T-cell immune
activity [20], which thus allows tumor cells to escape from
T-cell-mediated tumor-specific immunity by suppressing
the immune activity of tumor-specific CD8+ T cells and
thereby promoting tumor development [21]. Various studies
have shown an association between increased PD-L1
expression and poor prognosis in several cancers, such as
lung cancer [22], ovarian cancer [23], melanoma [24], and
DLBCL [25]. In the present study, 7/13 (53.8%) cases had
PD-LI/L2 amplification, and 11/14 SLBCLs (78.6%)
expressed PD-L1. Amplification of PD-LI is likely the
cause of high PD-L1 expression. Several immunother-
apeutic drugs for PD-L1 (durvalumab, atezolizumab and
avelumab) and PD-1 (nivolumab and pembrolizumab) have
been developed for clinical treatment [26] and may have
certain effects on PD-L1 4 SLBCL and improve clinical
outcomes.

Suzuki et al. [27, 28] reported neoplastic PD-L1 (nPD-L1)
expression in 35% of intravascular large B-cell lymphomas
(IVLBCLs) by PD-L1 as determined immunostaining (clone
SP142). IVLBCL is a rare variant of extranodal DLBCL,
characterized by the proliferation of large tumor cells within
the lumina of small or intermediate-sized blood vessels and
capillaries [1, 29, 30]. However, our SLBCL cases showed
tumor cells that were mainly located in the lymph node sinus,
and there was no obvious evidence of extranodal vascular
infiltration.

nPD-L1 expression in SLBCL with anaplastic features
also raises the issue of differential diagnoses with nodal
gray-zone lymphoma (GZL), which is unclassifiable and
has features falling between those of DLBCL and CHL [1].
CHL-like GZL and LBCL-like GZL were divided into two
subgroups (namely, groups 0 and 1 for cHL-like cases and
groups 2 and 3 for LBCL-like cases) by Traverse-Glehen
et al. [31], and SLBCL differs from these four subtypes.
GZL group 0 and 1 cases showed a classic Hodgkin-like
morphology, that is different from obvious sinusoidal
morphology of SLBCL. GZL group 2 and 3 cases showed a
large B-cell-like morphology with RS-like cells on an
inflammatory background. Tumor cells present diffuse and
strong expression of CD15 [31], and despite that SLBCL
showed a large B-cell-like morphology, it had no inflam-
matory background, showed an obvious sinusoidal growth
pattern, and was negative for CD15 staining.

According to WES and large-panel sequencing, the
mutation frequencies of TP53, MYDS88, KMT2D, CREBBP,
and PIMI in SLBCL were higher than those observed in
DLBCL based on COSMIC data. The TP53 pathway is
essential for suppressing tumors and favorable prognoses
for patients with lymphoma [32]. Currently, treatment
methods attempt to restore TP53 function and maintain
TP53-dependent and TP53-independent apoptosis [32].
Further research to clarify the underlying mechanisms may
lead to effective therapeutic intervention. Oncogenic
MYDS88 mutations, most notably the Leu 265 Pro (L265P)
mutation, have been identified as potential drivers of var-
ious B-cell non-Hodgkin lymphomas [33, 34]. Mutation of
MYDSS is related to activation of the NFxB pathway [35],
and inhibitors of this pathway, such as ibrutinib, might
serve as advantageous therapeutic targets for conventional
chemotherapeutic intervention in SLBCLs [36]. KMT2D
and CREBBP act as tumor suppressor genes, and their early
loss facilitates lymphomagenesis by remodeling the epige-
netic landscape of cancer precursor cells [37, 38], which
may be related to the pathogenesis of SLBCL. PIMI pos-
sesses oncogenic functions and is overexpressed in various
types of cancer [39, 40], and its inhibition provides a new
option for therapy. Mutations in these genes underlying the
pathogenesis of SLBCL may provide new treatment
options. Because next-generation sequencing was carried
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out for only seven patients, more cases are needed to con-
firm the results.

In conclusion, SLBCL displays many genetic alterations
and biological features that differ substantially from common
DLBCL. Our results show that SLBCL exhibits a non-GCB
immunophenotype; has high expression of CD30, PD-LI,
MYC, and BCL2; and has high frequencies of 7P53 muta-
tions, concurrent MYC and BCL2 and/or BCL6 abnormalities,
and PD-LI/L2 amplification and/or polyploidy. WES showed
high mutation frequencies of TP53, MYDS8S, KMT2D,
CREBBP, and PIMI in SLBCL. As most patients with
SLBCL follow an aggressive disease course and have a poor
prognosis, the recognition of SLBCL is important. In the
future, novel treatment for patients with SLBCL is an urgent
issue that warrants investigation.
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