ORIGINAL ARTICLE

Clinicopathologic Features and Genomic Signature of De
Novo CD5" Diffuse Large B-Cell Lymphoma

A Multicenter Collaborative Study

Wei Sang, MD, PhD,* Yuhan Ma, MD,* Xiangmin Wang, MD,* Yuanyuan Ma, MD,f
Ziyuan Shen, MD,} Weiying Gu, MD, PhD,s§ Fei Wang MD,§ Jingjing Ye, MD,||
Cuijuan Zhang, MDY Yuging Miao, MD,# Chuanhai Xu, MD,** Qinhua Liy, MD,7 7

Bingzong Li MD, [} Jian Tu MD,§$§ Chunling Wang, MD,

| Yuye Shi MD,|||| Su’an Sun, MD,99

Dongmei Yan, MD,* Xuguang Song, MD,* Cai Sun, MD,* Yang Shao, MD,## Linyan Xu, MD,*
Zhenyu Li MD, PhD,* Dongshen Ma, MD,7 Kailin Xu, MD, PhD,*
Ken H. Young MD, PhD,*** and Hui Liy, MD, PhD7

Abstract: De novo CD5" diffuse large B-cell lymphoma (DLBCL)
has poor survival in the era of immunochemotherapy. Accurate
gene-based typing and prognostic stratification can enhance the
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development of effective individualized treatments. Therefore, we
conducted a multicenter retrospective study to evaluate the clin-
icopathologic characteristics, genomic profiles, and prognostic pa-
rameters of 61 patients with CD5" DLBCL and 60 patients with
CD5™ DLBCL, with the goal of facilitating accurate prognostic
stratification and potential individualized treatment strategies.
Compared with patients with CD5~ DLBCL, older age, advanced
stage, higher incidence of central nervous system involvement, and
MYC/BCL-2 and p53 overexpression were more prevalent in CD5*
DLBCL. Most patients with CD5" DLBCL had lymph nodes with
non-germinal center B-cell-like or activated B-cell-like subtype
according to immunohistochemistry or Lymph2Cx assay. Next-
generation sequencing showed that the proportion of MCD subtype
(based on the co-occurrence of MYDS88 and CD79B mutations) in
the CD5" DLBCL cohort was higher than that in the CD5~
DLBCL cohort (54.2% vs. 13.0%, P=0.005). Compared with the
CD5™ cohort, CD5" DLBCL patients showed poor 5-year overall
survival (70.9% vs. 39.0%, P<0.001). Kaplan-Meier survival
analysis indicated that cell of origin, MYC/BCL-2, p53, and BCL-6
expression did not have a prognostic impact on patients with CD5*
DLBCL. Multivariate analysis showed that age above 76 years,
advanced stage, higher incidence of central nervous system in-
volvement, and hypoalbuminemia were independent factors for
poor prognosis in CD5" DLBCL patients. In summary, CD5"*
DLBCL displays poor prognosis, distinctive clinicopathologic
characteristics and predominant genetic features of activated B-cell-
like and MCD subtypes with worse survival outcome.

Key Words: CDS5, diffuse large B-cell lymphoma, clinicopatho-
logic characteristics, genomic profiling

(Am J Surg Pathol 2022;00:000-000)

Diffuse large B-cell lymphoma (DLBCL) accounts for
~40% of non-Hodgkin lymphomas (NHLs).! Despite
the current frontline regimen of rituximab-based im-
munochemotherapy, ~40% of DLBCL patients still
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experience relapse or remain refractory.2 DLBCL is highly
heterogenous, in terms of clinical manifestations, patho-
physiological features, cell of origin (COO), and genetic
subtypes.’ De novo CD5* DLBCL accounts for ~5% to
10% of DLBCL and exhibits an aggressive clinical course
with a 5-year overall survival (OS) rate of only 40%.5
CDS5" DLBCL, usually diagnosed at an advanced
stage, exhibits elevated serum lactate dehydrogenase
(LDH) levels and a higher incidence of extranodal
involvement.!*12 Pathologically, CD5" DLBCL often
exhibits BCL-2 overexpression and exacerbation of
angiogenesis.!*-13!4 In particular, CD5" DLBCL is asso-
ciated with a higher incidence of central nervous system
(CNS) involvement, which does not benefit from
rituximab-based immunochemotherapy and intensive
regimen.!4 17 The heterogeneity renders DLBCL as a
cluster of diseases requiring individualized treatment for
different subtypes. With precise prognostic stratification,
Bruton tyrosine kinase (BTK) inhibitor (BTKi) and bor-
tezomib based regimens demonstrated a survival advant-
age in the activated B-cell-like (ABC) subtype of
DLBCL.!320 As a unique subgroup of DLBCL, the clin-
icopathologic characteristics and individualized treatment
of de novo CD5" DLBCL need to be further investigated.
CD)35, a transmembrane protein typically detected on T
cells and a small subset of mature B-lymphocytes (Bl-a
cells),?!?? serves as a diagnostic marker for chronic lym-
phocytic leukemia and mantle cell lymphoma. It is also ex-
pressed in subsets of DLBCL and other B-NHLs.!!?! Tt has
been reported that CDS5 acts as a receptor molecule in-
hibiting the BCR-dependent nuclear factor-xB signaling
pathway to protect the B cells from programmed -cell
death.!%23 Miyazaki et al** found that neurological function-
related genes, which are indicative of a high frequency of
CNS relapses, were enriched in CD5" DLBCL.
DLBCLs also have complex genetic heterogeneities.
The gene expression profile-based classification of COO,
using the Lymph2Cx assay has divided DLBCL into
germinal center B-cell (GCB), ABC, and unclassified cases
(UC).>® Intriguingly, all cases of CD5" DLBCL were
classified as ABC subtype in Miyazaki et al’s®* study. In
addition, 4 prominent genetic subtypes of DLBCL, iden-
tified on the basis of genomic abnormalities, were termed
as MCD, BN2, NI, and EZB.5 The concurrence of
MYDS8S and CD79B mutations, a typical characteristic of
the MCD subtype, is a potential therapeutic target for
BTKi. Accurate gene-based typing and prognostic strat-
ification can help guide the development of effective in-
dividualized treatments. Therefore, it is critical to explore
the molecular and genetic characteristics of CD5"
DLBCL that will benefit for the development of accurate
prognostic evaluation and new treatment strategies.
Herein, we report a retrospective multicenter study
of patients with de novo CD5" DLBCL from the Huaihai
Lymphoma Working Group (HHLWG) in China. We
aimed to study the clinicopathologic characteristics and
genomic profiling of CD5" DLBCL with the ultimate
goals of developing accurate prognostic stratification and
potential individualized treatment strategies.
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PATIENTS AND METHODS

Patients

During this study, the medical records of newly di-
agnosed DLBCL patients according to the WHO 2017
criteria between January 2014 and May 2018 from mul-
tiple centers of HHLWG were reviewed. The exclusion
criteria were as follows: (1) primary CNS and testicular
lymphoma, (2) primary mediastinal large B-cell lympho-
ma, (3) DLBCL positive for cyclinD1 expression by im-
munohistochemistry (IHC) or cyclinD1 translocation by
fluorescence in situ hybridization, (4) transformed large
B-cell lymphoma, (5) infected with human im-
munodeficiency virus, (6) combined with other malignant
tumors. All histopathologic sections were confirmed by at
least 2 expert pathologists. The information of patients’
treatment and the prognosis was collected. OS was defined
and calculated as the interval between the time of diag-
nosis and death from any cause or the last follow-up.
Progression-free survival (PFS) was defined and calculated
as the time from diagnosis until relapse/progression
or death.

The study was approved by the Ethics Committee of
Xuzhou Medical University and complied with the Hel-
sinki Declaration. Clinical data were retrieved from hos-
pital records or supplied by physicians at the collaborating
centers.

Pathologic Studies

With the informed consent of the patients, biopsy
samples collected at the time of diagnosis were fixed in
10% formalin, embedded in paraffin, sliced as thin as
5 pm, and stained with hematoxylin and eosin for mor-
phologic analysis. Biopsy samples were immunostained
with monoclonal antibodies against CD5 (UMARBY),
CDI10 (UMAB235), MUM-1 (OTI6F6), CD20 (L26),
cyclinD1 (SA38-80), SOX11 (MRQ-58), MYC (EP121),
BCL-2 (D5), BCL-6 (LN22), Ki-67 (UMABI107) and p53
(DO-7). All antibodies were from Beijing Zhongshan
Jinqiao Company. The cutoff for positivity was set at 40%
for MYC, 30% for BCL-6, and 50% for BCL-2 and p53.
The tumor could be considered CDS5 positive if neoplastic
large B cells expressed both CD5 (>20%) and pan B
markers (CD20, Pax5, CD19, etc.). GCB or non-GCB
phenotypes were determined using the Hans algorithm.2¢

Lymph2Cx-based Gene Expression Analysis

As previously described,”’ Lymph2Cx assay
(NanoString Technologies, Seattle, WA) for COO deter-
mination was performed on merely 27 CD5" and 28 CD5~
DLBCL samples due to the limitations of paraffin
pathologic slices. In brief, ~200 ng RNA per sample was
hybridized to the Lymph2Cx CodeSet, using the “high
sensitivity” setting on the nCounter Prep Station, and
analyzed with the nCounter Analyzer (resolution: 550 field
of view). Digital counts were normalized to the geometric
mean of the counts of housekeeping genes and used to
calculate the linear predictor score for subtype prediction.
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TABLE 1. Clinicopathologic Characteristics of Patients

n (%)
CD5* DLBCL CD5” DLBCL
Characteristics (N=61) (N =60) P
Baseline features
Age, median (range) (y) 65 (25-87) 57 (21-82) 0.001
Age >60y 39 (63.9) 25 (41.7) 0.012
Sex: male 35 (57.4) 32 (53.3) 0.655
Extranodal sites (>2) 13 (21.3) 11 (18.3) 0.681
ECOG PS (2-4) 13 (21.3) 11 (18.3) 0.297
Elevated LDH 36 (59.0) 26 (43.3) 0.084
Stage (III-IV) 40 (65.6) 26 (43.3) 0.014
IPI (3-5) 29 (47.5) 15 (25) 0.010
NCCN-IPI (4-8) 34 (55.7) 16 (26.7) 0.001
BM involvement 34.9) 0 (0) 0.102
CNS involvement 7 (11.5) 1(1.7) 0.030
B symptoms 13 (21.3) 3(5) 0.008
Bucky tumor 6 (9.8) 4 (6.7) 0.527
Hypoalbuminemia 12 (19.7) 3(5.0) 0.014
HBYV infection 5(8.1) 10 (16.7) 0.231
IHC features
Non-GCB 39 (63.9) 18 (30.0) <0.001
MYC 36 (59.1) 20 (33.3) <0.001
BCL-2 41 (67.2) 37 (61.7) 0.689
BCL-6 32 (52.5) 50 (83.3) 0.002
MYC/BCL-2 25 (40.1) 11 (18.3) 0.001
MYC/BCL-6 22 (36.1) 14 (23.3) 0.981
MYC/BCL-2/BCL-6 13 (21.3) 9 (15.0) 0.693
p53 12 (19.7) 4 (6.7) 0.035
CDI10 13 (21.3) 24 (40) <0.0001
MUM-1 33 (54.1) 29 (48.3) 0.526
Ki-67 >90% 9 (14.8) 2(3.3) 0.029

BM indicates bone marrow; ECOG PS, Eastern Cooperative Oncology Group
Performance Status; HBV, hepatitis B virus; NCCN, National Comprehensive
Cancer Network.

Next-generation Sequencing-Based Genetic
Subtype Analysis

Also, due to the limitations of paraffin pathology
sections, only 47 DLBCL samples (24 CD5" DLBCL and
23 CD5™ DLBCL) were available for next-generation se-
quencing (NGS) analysis. NGS and genetic subtype
analyses were performed using GENESEEQ (Nanjing,
China). The sequencing coverage and quality statistics for
each sample are summarized in Table S1 (Supplemental
Data File 3, Supplemental Digital Content 3, http://links.
lww.com/PAS/B419), and details on methods of DNA
sequencing and quality assessment are listed as follows.

Library Construction

Tumor genomic DNA was extracted from form-
aldehyde-fixed paraffin-embedded (FFPE) tissue. And the
fragment DNA was generated with Bioruptor (Diagenode;
Bioruptor UCD-200) following the manufacturer’s pro-
tocol. Libraries were constructed using the KAPA Hyper
DNA Library Prep Kit (Kapa Biosystems; KK8504). At
last dual-indexed sequencing libraries were polymerase
chain reaction amplified with KAPA HiFi Hot start-ready
Mix (Kapa Biosystems; KK2602) for 4 to 6 cycles, then
cleaned up by purification Beads (Corning; AxyPrep
Fragment Select-1 kit, 14223162). Library concentration

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

and quality were determined by the Qubit 3.0 system
(Invitrogen) and Bioanalyzer 2100 (Agilent; Agilent HS
DNA Reagent, 5067-4627).

Hybrid Selection and Ultra-deep NGS

The 5’-biotinylated probe solution was used as the
capture probes. The probes for targeted sequencing covers
exons and selected introns of 475 leukemia-related and
lymphoma-related genes. The 475 genes that were inves-
tigated are listed in Table S2 (Supplemental Data File 4,
Supplemental Digital Content 4, http:/links.Iww.com/
PAS/B420). Also, 1 pg of each fragment sequencing li-
brary was mixed with 5 pg of salmon sperm DNA, 5 pg of
human Cot-1 DNA, and 1-unit adaptor-specific blocker
DNA in hybridization buffer, heated for 10 minutes at 95°
C, and held for 5 minutes at 65°C in the thermocycler. The
capture probes were added to the mixture in 5 minutes,
and the solution hybridization was performed for 16 to
18 hours at 65°C. After hybridization was complete, the
captured targets were selected by pulling down the bio-
tinylated probe/target hybrids using streptavidin-coated
magnetic beads, and the off-target library was removed
using wash buffer. The PCR master mix was directly
added to amplify (6 to 8 cycles) the captured library from
the washed beads. After that, the samples were purified by
AMPure XP beads, quantified by qPCR (Kapa Bio-
systems), and sized on bioanalyzer 2100 (Agilent; Agilent
HS DNA Reagent; 5067-4627). Libraries were normalized
to 2.5 nM and pooled. Finally, the library was sequenced
as paired 150 bp reads on Illumina HiSeq. 4000 according
to manufacturer’s instrument.

Sequence Alignment and Processing

Base calling was performed on bcl2fastq v2.16.0.10
(Illumina Inc.) to generate sequence reads in FASTQ
format (Illumina 1.8+ encoding). Quality control (QC)
was performed with Trimmomatic. High-quality reads
were mapped to the human genome (hgl9, GRCh37 Ge-
nome Reference Consortium Human Reference 37) using
the BWA aligner 0.7.122% with BWA-MEM algorithm and
default parameters to create SAM files. Picard 1.119 was
used to convert SAM files to compressed BAM files, which
were then sorted according to chromosome coordinates.
The Genome Analysis Toolkit (GATK, version 3.4-0) was
used to locally realign the BAMs files at intervals with
indel mismatches and recalibrate base quality scores of
reads in BAM files.?’

Single Nucleotide Variants/Indels/Copy Number
Variations/Structure Variations Detections

Single nucleotide variants (SN'Vs) and short insertions/
deletions (indels) were identified by VarScan2 2.3.93 with a
minimum variant allele frequency threshold set at 0.01 and P
value threshold for calling variants set at 0.05 to generate
Variant Call Format (VCF) files. All SNVs/indels were an-
notated with ANNOVAR, and each SNV/indel was man-
ually checked on the Integrative Genomics Viewer (IGV).
Copy number variations were detected using in-house-de-
veloped software. For detecting structure variations, the
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FIGURE 1. Representative morphologic features and subtypes in CD5* DLBCL. A, The tumor cells were diffusely and uniformly
distributed, and mitotic figures were easily seen (a). In centroblastic variant, the nucleus was at least 2 times larger than the mature
lymphocyte, and 2 to 4 small nucleoli close to the nuclear membrane could be seen (b). In anaplastic variant, cells with large and
irregular nuclei could be seen between tumor cells (c). In immunoblastic variant, the nucleoli were centrally located, with abundant
plasma, and plasmacytic differentiation could be seen focally (d). The macrophages showed hemophagocytosis in 1 case (e). In 1
case, the tumor cells were circumvented by hyperplastic fibrous tissue, forming pseudonodules (f). Representative IHC features of
CD5" DLBCL: CD5™ (g), CD10~ (h), MUM-1+ (1), MYC+ (j), BCL-2+ (k), p53+ (I). B, No difference could be seen in morphologic
subtypings of CD5" and CD5~ DLBCL (P> 0.05). Blue indicates centroblastic variant; gray, anaplastic variant; orange, immuno-

blastic variant.

Delly fusion calling tool to identify the number of chimeric
reads (sequencing paired ends mapped to different genes)
and split reads (spanning a fusion breakpoint) from the
targeted DNA sequencing data.

Genetic Subtype Analysis

The LymphGen algorithm was applied to provide a
probability classification of the genetic DLBCL subtypes
for individual patients. All files were prepared according
to the instructions on the web-based LymphGen predictor
(https://llmpp.nih.gov/lymphgen/index.php).3! According
to the instructions, the sample annotation file, mutation
flat file, and mutation gene list were uploaded to predict
the MCD, BN2, N1, and EZB subtypes.

Statistical Analysis

PASS 15 software (NCSS LLC., Kaysville, UT) was
used to calculate the sample size. To provide 80% power
for a 2-sided test with a=0.05, the effective sample sizes

4 | www.ajsp.com

needed were 54 and 53 patients for CD5" and CD5~
DLBCL cohorts, respectively. Considering the shedding
rate to be 10% and the exclusion criteria, 61 and 60 pa-
tients were selected at random as the final sample sizes of
CD5" and CD5~ DLBCL cohorts, respectively. X-tile
3.6.1 software (Yale University, New Haven, CT) was
used to determine the optimal cutoff values. All statistical
evaluations were conducted using SPSS (version 26.0;
IBM, Armonk, NY) and GraphPad Prism 8 software (La
Jolla, CA).

Clinical and laboratory features between the 2 co-
horts were compared using the %> test or Mann-Whitney U
test. The Kaplan-Meier method was used to establish
survival curves for different cohorts of patients with
DLBCL. OS and PFS curves of the distinct subgroups
were compared using log-rank tests. The Cox proportional
hazards model was used for multivariate analysis to screen
for related factors affecting the prognosis. Statistical sig-
nificance was set at P value <0.05.
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FIGURE 2. Lymph2Cx gene expression assay (NanoString) in CD5* and CD5~ DLBCL. A, The Lymph2Cx model is shown in the
form of hierarchical clustering (upper) with 55 patient samples (n=27 for CD5" DLBCL, n=28 for CD5~ DLBCL) from
the independent validation cohort arrayed left to right in ascending order of the assay score. The 15 genes that contribute to the
model are shown in the left color blocks, with the 8 genes being overexpressed in ABC and 7 genes being overexpressed in GCB. B,
The distribution of gene expression subgroups between CD5* and CD5~ DLBCL (P=0.043 for ABC, P<0.001 for GCB).

RESULTS

Patient Characteristics

Initially, 771 newly diagnosed DLBCL patients
were enrolled in our study. Among 78 (10.1%) patients
with CD5" DLBCL, 17 were excluded based on the
exclusion criteria or due to the lack of pathologic
specimens. Similarly, 80 patients among 693 (89.9%) in
the CD5™ DLBCL cohort were excluded for the reasons
cited above. Finally, after calculating the sample size, 61
patients with CD5" DLBCL and 60 patients with CD5~
DLBCL were included in our study (Fig. 1)
(Supplemental Data File 1, Supplemental Digital
Content 1, http://links.Iww.com/PAS/B417). The clin-
ical characteristics of the 2 cohorts of patients are listed
in Table 1. In contrast to CD5™ DLBCL patients, older
age, advanced stage (III/IV), hypoalbuminemia, higher
incidence of CNS involvement, and higher International

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

Prognostic Index (IPI) score were significantly more
prevalent among patients with CD5" DLBCL
(P <0.05).

Morphologic Characteristics

The representative morphologic features of de novo
CD5" DLBCL are shown in Figure 1A. Morphologically,
the tumor cells were large, diffusely infiltrated, uniformly
distributed, and mitotic figures were easily visible. Patients
with centroblastic variant were more often observed in
both CD5" and CD5  DLBCL (85.2% vs. 81.5%,
P=0.595, Fig. 1B), while immunoblastic and anaplastic
variants comprised a small proportion. As a result, the
morphologic evaluation failed to distinguish the difference
between CD5" and CD5~ DLBCL in our study
(P=0.848, Fig. 1B).
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FIGURE 3. NGS-based genetic subtypes analysis in CD5* and CD5~ DLBCL. A, The mutational heatmap indicates the most recurrently
altered genes in 47 DLBCL cases (n =24 for CD5* DLBCL, n =23 for CD5~ DLBCL), color-coded by 10 genetic alteration types: missense
mutation (blue), copy number variations (red), insertion-deletion (bright green), frameshift mutation (gray), stop-gained (purple), stop-
lost (yellow), start-gained (bright brown), start-lost (dark brown), splice mutation (orange), and structure variations (green). B, The
distribution of genetic subtypes between CD5" and CD5~ groups, termed MCD, BN2, N1, EZB, and others (P=0.005 for MCD).

IHC Features

The THC findings of the patients are summarized in
Table 1. In comparison to CD5" DLBCL, MYC
expression was relatively more common in CDS5*
DLBCL (59.1% vs. 33.3%, P <0.001). Coexpression of
MYC and BCL-2 was significantly more common in
CD5" cases than in the CD5™ cohort (40.1% vs. 18.3%,
P=0.001). In addition, p53 expression level was higher in
CD5" DLBCL patients (19.7% vs. 6.7%, P=0.035).
Conversely, lower levels of BCL-6 were detected in
CDS5" DLBCL patients than in the CD5~ cohort (52.5%
vs. 83.3%, P=0.002).

COO Assessed Using IHC and Gene Expression
Profile

The COO was evaluated for both cohorts of CD5*
and CD5™ DLBCL patients. The proportion of patients
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with the non-GCB type was significantly higher in the
CD5" DLBCL cohort than in the CD5~ cohort (63.9% vs.
30.0%, P <0.001). COO determination was performed on
a total of 55 DLBCL samples using the Lymph2Cx assay.
According to the results obtained, the DLBCL samples
were divided into 3 subtypes: GCB, ABC, and UC
(Fig. 2A). In particular, the ABC subtype was more
common in CD5" DLBCL than in the CD5~ cohort
(63.0% vs. 35.7%, P=0.043) (Fig. 2B).

Genetic Subtypes of CD5* and CD5~ DLBCL

The genetic variation profiles were analyzed, and
significant differences were found between CD5" and
CD5™ DLBCL cohorts. NGS analysis was performed on
47 DLBCL samples (24 CD5" DLBCL and 23 CD5~
DLBCL). Although there were 7 samples with lower
coverage (samples 1, 2, 17, 20, 28, 36, 42), we retained

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 4. The distribution of genetic subtypes within gene-expression subgroups in CD5* and CD5~ DLBCL. Twenty-four CD5*
and 23 CD5™ DLBCL samples were available for Lymph2Cx assay and targeted sequencing. The pie chart showed the percentage
of genetic subtypes within gene-expression subgroups of either CD5" or CD5~ DLBCL. The lower index panel showed CD5
expression, COO, and molecular classification of each single sample.

them because the mutations in these samples were plau-
sible after manual verification and identification, and
some of the genes in these samples frequently alter in
DLBCL and are important for the identification of
DLBCL to the genetic subtypes. We attached the gene
mutation list of the 7 samples in Table S3 (Supplemental
Data File 5, Supplemental Digital Content 5, http://links.
lww.com/PAS/B421). CDKN2A deletion and MYDSS,
PIMI and KMT2D mutations were more frequent in the
CD5" DLBCL cohort, while DUSP2, TET2 mutations,
and BCL-6 gene fusion were more frequent in the CD5™
DLBCL cohort (P <0.05, Fig. 3A). Based on the genetic
subtype analysis in DLBCL established by Schmitz et al,>
we found prominent differences in the genetic subtype
distribution between CD5" and CD5~ DLBCLs. Notably,
the proportion of MCD subtype was higher in CD5"
DLBCL in contrast with that of the CD5™ cohort (54.2%
vs. 13.0%, P=0.005) (Fig. 3B). Next, we analyzed the
genetic subtypes in different COO groups between the
CD5" and CD5™ cohorts. In the ABC subgroup of CD5™"

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

DLBCL, 12/15 (80.0%) patients presented the MCD
subtype. Intriguingly, no patient with the MCD subtype
belonged to the GCB subgroup in CD5* DLBCL (Fig. 4).

Therapeutic Outcome and Survival Analysis

Patients in this study received regimens of R-CHOP/
R-CHOP-like (n=108) and R-based intensive regimens
(n=13). In addition, 4 patients received lenalidomide, 6
patients received methotrexate (MTX), and 3 patients re-
ceived autologous hematopoietic stem cell trans-
plantation. The final date of follow-up was May 1, 2020,
and the median follow-up period was 32 months (range:
24 to 52 mo).

The complete remission rate of patients with CD5"
DLBCL was significantly lower than that of patients with
CDS5™ DLBCL (39.3% vs. 70%, P=0.001). Meanwhile,
the prognostic impact of CD5 molecule on DLBCL pa-
tients was investigated. Similar to the previous
studies, %1932 patients with CD5" DLBCL had inferior
outcomes in comparison to patients with CD5~ DLBCL
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FIGURE 5. OS and PFS for patients with CD5* and CD5~ DLBCL. CD5 expression was correlated with significantly poor OS (A) and

PFS (B) in the DLBCL cohorts (P<0.001).

(median OS: 24.0 vs. 66.1 mo, P<0.001; median PFS:
12 mo vs. not reached, P<0.001). The 5-year OS rates
were 39.0% and 79.0% for patients with CD5" and CD5~
DLBCL, respectively (P <0.001) (Fig. 5). No significant
difference of survival was observed among patients with
different morphologic subtypes (centroblastic, immun-
oblastic and anaplastic variant) (Figs. 6A-D). The non-
GCB subtype of patients with CD5  DLBCL was
associated with inferior survival compared with the GCB
subtype of patients with CD5  DLBCL in our study
(Fig. 7A, P=0.0065 and 0.0487 for OS and PFS,
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respectively). Interestingly, no significant difference in
OS and PFS was found between the GCB and non-GCB
subtypes of CD5" DLBCL (P =0.7532 and 0.6369 for OS
and PFS, respectively, Fig. 7A).

The prognostic significance of individual bio-
markers, including coexpression of MYC/BCL-2, BCL-6,
and p53 were analyzed. MYC/BCL-2 coexpression con-
veyed a tendency of poor prognosis with short OS and
PFS in CD5™ DLBCL (P =0.006 and 0.021 for OS and
PFES, respectively). Instead, coexpression of MYC/BCL-2
in CD5" DLBCL patients predicted unfavorable clinical

w
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FIGURE 6. Survival according to the histologic features in CD5" and CD5~ DLBCL. OS of patients with 3 histologic variants of CD5*
DLBCL (A) and CD5~ DLBCL (C). PFS of patients with 3 histologic variants of CD5" DLBCL (B) and CD5~ DLBCL (D).
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FIGURE 7. Prognostic significance of COO and lymphoid biomarkers in CD5" and CD5~ DLBCL. A, Prognostic significance of COO
in CD5* DLBCL. OS figure, CD57/GCB versus CD57/non-GCB, P=0.0065, CD5%/GCB versus CD5%/non-GCB, P=0.7532; PFS
figure, CD57/GCB versus CD57/non-GCB, P=0.0487, CD5%/GCB versus CD5*/non-GCB, P=0.6349. B, Prognostic significance of
MYC/BCL-2 coexpression in CD5" DLBCL. OS figure, CD57/non-MYC/BCL-2 versus CD57/MYC/BCL-2, P=0.006; CD5"/non-MYC/
BCL-2 versus CD5*/MYC/BCL-2, P=0.307; PFS figure, CD5 /non-MYC/BCL-2 versus CD57/ MYC/BCL-2, P=0.021; CD5"/non-
MYC/BCL-2 versus CD5"/MYC/BCL-2, P=0.682. C, Prognostic significance of BCL-6 expression in CD5*DLBCL. OS figure, CD57/
BCL-6-E~ versus CD57/BCL-6-E*, P=0.0308; CD5*/BCL-6-E versus CD5*/ BCL-6-E™*, P=0.1276; PFS figure, CD57/BCL-6-E versus
CD57/BCL-6-E*, P=0.140; CD5*/BCL-6-E~ versus CD5*/ BCL-6-E™", P=0.1652. D, Prognostic significance of p53 in CD5" DLBCL.
OS figure, CD57/p53~ versus CD57/p53*, P=0.035; CD5*/p53~ versus CD5*/p53™, P=0.308; PFS figure, CD57/p53~ versus CD57/
p53*, P=0.034; CD5"/p53~ versus CD5*/p53+, P=0.141.
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TABLE 2. Multivariate Analysis in CD5* DLBCL Cohort of
Patients

0S PFS

Variables P HR (95% CI) P HR (95% CI)
Age (y)

<56 0.016 0.011

56-76 0.154 2.201 (0.745-6.507) 0.075 2.407 (0.915-6.332)

>76 0.003 6.571 (1.824-29.448) 0.003 6.619 (1.921-22.807)
Stage (III-IV)  0.045 2.731 (1.024-7.286) 0.022 2.598 (1.150-5.869)
B symptoms 0.564 1.286 (0.546-3.030) 0.307 1.474 (0.700-3.104)
CNS — 0.025 2.952 (1.146-7.064)

involvement
LDH-R>1.1 0.041 2.173 (1.030-4.584) 0.047 1.946 (1.009-3.751)

0.641
0.045

ECOG PS (2-4)

Alb (<36.9 g/
9

Ki-67 >90%

0.817 (0.350-1.910)

0.418 1.458 (0.585-3.638) 1.139 (0.513-2.530)

0.106 2.140 (0.851-5.384) —

Alb indicates albumin; ECOG PS, Eastern Cooperative Oncology Group
Performance Status; HR, hazard ratio.

outcomes and showed no significant difference compared
with CD5" DLBCL without MYC/BCL-2 coexpression
(P=0.307 and 0.682 for OS and PFS, respectively,
Fig. 7B). Unlike patients in the CD5  DLBCL cohort,
BCL-6 expression failed to deliver a favorable prognosis in
CD5" DLBCL patients (P =0.1276 and 0.1652 for OS and
PFES, respectively, Fig. 7C). p53 is a strong unfavorable
molecular marker and conveys poor prognosis in many
diseases, including CD5~ DLBCL in our study.
Intriguingly, no significant survival difference was
observed between p53 positive and p53 negative patients
in CD5" cohort (P=0.308 and 0.141 for OS and PFS,
respectively, Fig. 7D).

Prognostics Risks Assessed Using Univariate and
Multivariate Survival Analyses in CD5* DLBCL

The cutoff points for 4 continuous variables in CD5*
DLBCL were obtained using the X-tile program. The age
cutpoints were 56 and 76 years with a maximum 3> log-
rank value of 8.66 (P=0.015). Accordingly, the patients
were divided into low (less than 76 y), middle (56 to 76 y),
and high (more than 76 y) age groups (Fig. 2)
(Supplemental Data File 2, Supplemental Digital
Content 2, http://links.lww.com/PAS/B418). Similarly, a
cutoff of 36.9 g/L. for albumin levels, 90% for Ki-67, and
1.1 for LDH ratio (the ratio of LDH value to upper limit)
were selected as the optimal cutoff points for survival
analyses (y°=7.37, P=0.011, x*=2.88, P=0.098, and
¥’ =7.69, P=0.016, respectively) to divide the patients
into high and low-risk subsets. Univariate analysis of
baseline characteristics revealed that age, LDH ratio, ad-
vanced stage, B symptoms, and albumin levels sig-
nificantly affected OS and PFS, whereas IPI only affected
PFS. Ki-67, CNS involvement, and Eastern Cooperative
Oncology Group performance status (2 to 4) had only
borderline significance (P=0.098, 0.067, and 0.076, re-
spectively). Candidate variables with a P value <0.1 on
univariate analysis were included in the multivariate Cox
proportional hazards regression model. Multivariate
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analysis showed that age > 76 years, advanced stage (I11-
IV), and LDH ratio were independent prognostic factors
that may predict both OS and PFS, whereas albumin
<36.9 g/L (hazard ratio: 1.139, 95% confidence interval:
0.513-2.530, P=0.045) and CNS involvement (hazard
ratio: 2.952, 95% confidence interval: 1.146-7.064,
P=0.025) were independent prognostic factors only for
PFS in CD5" DLBCL (Table 2).

DISCUSSION

De novo CD5" DLBCL is a unique subtype of DLBCL
with distinctive immunophenotypes and poor prognosis in the
era of rituximab-based immunochemotherapy.'*!> The exist-
ing research data was not sufficient to reveal its clinical features
in detail, and there was no information about its genetic sub-
types until now, which limited the development of precise in-
dividualized treatment of CD5" DLBCL. In this study, we
compared the clinicopathologic characteristics and genomic
profiling of patients with CD5" and CD5~ DLBCL and found
that CD5" DLBCL exhibited poor prognosis independent of
COO as well as MYC/BCL-2, p53, and BCL-6 expression
levels, and showed predominant genetic features of ABC and
MCD subtypes.

Studies conducted in Japan and Western countries have
described aggressive courses of CD5" DLBCL with older age
onset, higher Eastern Cooperative Oncology Group perfor-
mance status, advanced stage, and higher incidence of extra-
nodal diseases, bone marrow, and CNS involvement.%10-16
Our findings appeared to be consistent with those of the
aforementioned studies; however, our study did not share the
other commonly associated features of CD5" DLBCL such as
predominant female occurrence, elevated LDH levels, and
bone marrow involvement. The discrepancy in results may be
due to the heterogeneity of CD5" DLBCL in different geo-
graphical regions. In the past few decades, rituximab-based
immunochemotherapy, even with the intensive regimen, has
not improved the survival of CD5* DLBCL patients.!*!7
Studies mentioned above demonstrated that a higher incidence
of CNS involvement was associated with >10% of CD5"
DLBCL patients and it was a strong adverse prognostic factor.
Miyazaki et al'> reported that the DA-EPOCH-R regimen
combined with high-dose MTX resulted in a high overall re-
sponse rate with manageable toxicity in newly diagnosed pa-
tients with CD5" DLBCL. Intriguingly, of the 47 patients,
among the 70% of patients with CNS IPI intermediate-high
risk, no patient experienced CNS relapse more than 2 years
from the date of enrollment during the follow-up period,
demonstrating the potential of CNS prophylaxis with MTX in
CD5" DLBCL.

Morphologic heterogeneity is common in DLBCLs
and is helpful in evaluating the prognosis of patients.!-33-34
In this study, we explored the morphologic features of
CD5" and CD5™ DLBCL and found that the centroblastic
variant was predominant in both the cohorts, and that the
morphologic heterogeneity could not distinguish the
survival of patients (Figs. 2B, 6A-D). The im-
munophenotypes, such as p53 overexpression, MYC/
BCL-2 coexpression, and BCL-6 expression, are thought
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Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


http://links.lww.com/PAS/B418

Am | Surg Pathol » Volume 00, Number 00, I W 2022

Clinicopathologic Features and Genomic Signature

to influence the survival of DLBCL patients.?>¢ In the
present study, CD5" DLBCL was found to have higher
expression levels of MYC, MYC/BCL-2, and p53 in
contrast to CD5™ DLBCL. In the CD5™ DLBCL cohort,
patients with MYC/BCL-2, p53 overexpression, and non-
GCB subtype showed poor survival, whereas patients with
BCL-6 expression showed good survival. However, in the
CD5" DLBCL cohort, the survival of patients was in-
dependent of COO and MYC/BCL-2, p53, and BCL-6
expression levels, indicating the potentially strong adverse
prognostic impact of CD5 molecule on DLBCL.

The heterogeneitg of cell origin is associated with the
prognosis of DLBCL.> The Lymph2Cx assay and IHC
analysis are of great significance for the identification of
COO in DLBCLs. Miyazaki et al reported in their study
that all cases of CD5" DLBCL were of the ABC subtype.
Our data showed that 58.3% and 67% of patients with
CD5" DLBCL were ABC subtype and non-GCB ac-
cording to the Lymph2Cx assay and THC-based algo-
rithm, respectively. Genetic subtype classification by NGS
is of great value for prognostic evaluation and precision
therapy for DLBCLs.*>>! In this study, genetic analysis
classified patients into the MCD, BN2, N1, and EZB
subtypes. Notably, the MCD subtype carrying the
MYDSS8 and CD79B mutations accounted for 54.2% of the
CD5" DLBCL subtype and only 13.0% of the CD5~
DLBCL cohort. These observations were reminiscent of
the results obtained by Takeuchi et al,3’ which also con-
firmed a high number of cases with MYDS88 and CD79B
mutations in CD5" DLBCL. In addition, our data showed
that MYDSS, PIM1, KMT2D, and CDKN2A, frequently
mutated in primary CNS lymphoma,$-3 were the top 4
mutated genes in the CD5" DLBCL cohort, which may
explain the high incidence of CNS involvement in CD5"
DLBCL. Hence, the combined use of BTKi is potentially
effective in reducing the incidence of CNS involvement
and subsequently improving the patient survival.

The clinical variables-based NCCN-IPI system is
valuable for prognostic evaluation of DLBCL, but has
certain limitations. Immunophenotype, COO, genomic
features, and immune status are all believed to correlate
with the prognosis of DLBCLs.>31:354041 Ag a unique
subgroup of DLBCL, CD5" DLBCL has poor survival in
the era of immunochemotherapy and needs further risk
stratification for individualized regimens. The above can-
didate variables were included in the univariate and mul-
tivariate analyses, but no novel biomarkers were
confirmed to be of prognostic value for CD5" DLBCL in
our retrospective study. Therefore, a precise risk strat-
ification system is warranted for CD5" DLBCL.

In conclusion, the current study showed that CD5"
DLBCL was associated with distinctive clinicopathologic
characteristics, inferior survival, and predominant genetic
features of ABC and MCD subtypes, which are poten-
tially sensitive to BTKi-based treatment to prolong sur-
vival. In view of the small pathologic sample size in our
study, larger clinical studies of more participants are re-
quired in the future to further confirm the effectiveness of
BTKi to CD5" DLBCL.
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