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Abstract

A 58-year-old male was diagnosed with splenic B-cell lymphoma/leukemia, unclassifi-

able (SPLL-U). The lymphoma transformed into diffuse largeB-cell lymphoma (DLBCL),

and multidrug chemotherapy and autologous stem cell transplantation achieved com-

plete remission. Two years later, the lymphoma relapsed as SPLL-U. Serial whole-

exome sequencing indicated that themutation profileswere similar between the onset

and relapsed sampleswhile those inDLBCLwere partially distinctive, whichwas in line

with the clinical course. Hierarchical clustering revealed that an IGLL5 mutation was

the founder mutation proceeding the development of the diseases and suggested that

KRAS and other mutationsmight contribute to the transformation.
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Splenic B-cell lymphoma/leukemia, unclassifiable (SPLL-U) is a lym-

phoproliferative disorder of the spleen involving small B-cell clones

which do not meet the diagnostic criteria for any other subtypes

of mature B-cell neoplasms in the WHO classification [1]. SPLL-U

includes splenic diffuse red pulp small B-cell lymphoma (SDRPL), hairy
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cell leukemia-variant (HCL-v), and narrow sense SPLL-U that are not

classifiable as SDRPL or HCL-v and a limited number of patients with

SPLL-U suffer from aggressive clinical courses. Recently published

reports explored driver mutations in transformed B-cell lymphoid

malignancies [2–6]. However, to date, the data on SPLL-U are scarce
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F IGURE 1 Histopathology of bonemarrow at the onset phase (A) and liver at the diffuse large B-cell lymphoma (DLBCL) phase (B).
Proliferation of lymphoid cells with a nodular and diffuse pattern can be seen in the bonemarrow (hematoxylin-eosin (HE) staining). Destruction of
the hepatic lobule with diffuse infiltration of lymphoid cells can be seen in the liver (HE staining). Both bonemarrow (BM) and liver cells were
positive for CD20 (immunohistochemistry). The BM and liver cells were negative and positive for BCL-6, Ki-67, and c-MYC
(immunohistochemistry), respectively

[7–9]. Herein, we reported a unique case of SPLL-Uwhich transformed

into DLBCL. This study was performed in accordance with the Dec-

laration of Helsinki and was approved by the Institutional Review

Board of Tokyo Metropolitan Cancer and Infectious Diseases Center,

KomagomeHospital, Tokyo, Japan.

A 58-year-old male patient presented with leukocytosis. The bone

marrow (BM) was slightly hypocellular with 78.8% atypical lympho-

cytes. Conventional cytogenetic analyses of the BM aspirate revealed

46,XY in all metaphases. The BM biopsy revealed nodular and diffuse

infiltration of lymphoid cells positive for CD20, focally andweakly pos-

itive for CD23, weakly positive for CD25, and negative for CD3, CD5,

CD10, CD123, BCL-6, Ki-67, c-MYC, and cyclin D1 on immunohisto-

chemical staining (Figure 1A). These findings were not specific to any

type of mature B-cell neoplasm. The patient declined a splenectomy.

The diagnosis of SPLL-U was made (onset phase, Figure 2), and one

cycle of cladribine was administered, resulting in a modest reduction

of the atypical lymphocytes.

One year later, computed tomography revealed multiple low-

density lesions throughout the liver. A liver biopsy revealed destruc-

tion of the hepatic lobule with diffuse infiltration of tumor cells pos-

itive for CD20, BCL-6, and Ki-67, and focally positive for c-MYC

(Figure 1B), which was consistent with DLBCL, not otherwise spec-

ified, germinal center B-cell type (DLBCL phase, Figure 2). DLBCL

cells were also found in a BM smear (0.6%) while the atypical

lymphocytes had decreased (2.8%). Conventional cytogenetic anal-

yses of the BM aspirate revealed 46,XY,add(1)(p36.1) in two of 20

metaphases. After six cycles of R-CHOP chemotherapy and autolo-

gous peripheral blood stem cell transplantation, a complete metabolic

response was confirmed on positron emission tomography/computed

tomography.

Two years later, chronic lymphocytosis recurred. The flow cyto-

metric analysis results were consistent with that in the onset phase

(first relapse phase, Figure 2). Conventional cytogenetic analyses of

the BM aspirate revealed 46,XY in all the metaphases. One cycle of

cladribine and four cycles of rituximab were administered. Tenmonths

later, pancytopenia and a liver nodule developed. BMaspirate revealed

hypocellular marrow with CD20-negative atypical lymphocytes, and a

liver biopsy demonstrated SPLL-U recurrence (second relapse phase,

Figure 2). Ibrutinib was started, and the cytopenia gradually improved.

The patient has continued receiving ibrutinib and has experienced no

further recurrences.

Weperformedwhole-exomesequencing (WES) usingDNAobtained

from BM at the onset phase, the hepatic lesion at the DLBCL phase,

and BM at the first and second relapse phase. Genomic DNA was

extracted from each sample using the All Prep kit (Qiagen; Hilden,

Germany), andWESwas performedusing IonAmpliSeqExomeRDYKit

(Thermo Fisher Scientific, Waltham, MA, USA) on the Ion GeneStudio

S5 system (Thermo Fisher Scientific) according to manufacturer’s

instructions. Sufficient amount sequence reads (mean 44 million,

range: 11.9–80.9 million) were obtained and analyzed using Ion

Reporter software to detect pathogenic mutations in the leukemic

cells. Mean coverage depth was 135 (range: 25.86–252.6) and mean

uniformity was 91% (range: 88.91–92.43) suggesting that WES was

successfully worked. Detected mutations were clustered using the

group average method. Curated pathogenic variants are shown in

Table 1.

In line with the clinical findings, the mutation patterns were gen-

erally similar between the onset relapse phase while the muta-

tion profiles in the DLBCL phase partially differed from the others

(Figures 3A,B). In the hierarchical clustering, an IGLL5 mutation was

detected in all the samples, suggesting that these founder mutations

preceded the development of the disease. IGLL5mutations, which are

critical for B-cell development, were frequently detected in various B-

cell lymphoid malignancies [10, 11]. These mutations were reported
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F IGURE 2 Disease time course. 2-CdA, cladribine 0.09mg/kg/day for 7 days; auto-PBSCT, autologous peripheral blood stem cell
transplantation; BM, bonemarrow; BMA, bonemarrow aspiration; CBC, complete blood count; CMR, completemetabolic response; CR, complete
response; CT, computed tomography; DLBCL, diffuse large B-cell lymphoma; Ibrutinib, ibrutinib 140mg/day for 1 day; LB, liver biopsy; PET,
positron emission tomography; R, rituximab 375mg/m2 for 1 day; SPLL-U, splenic B-cell lymphoma/leukemia, unclassifiable;WBC, white blood
cell. One course of R-CHOP chemotherapy consisted of an intravenous cyclophosphamide 750mg/m2, doxorubicin 50mg/m2, vincristine 1.4mg/
m2, and oral prednisolone 100mg on days 1–5 (CHOP), with rituximab 375mg/m2 infused on the day before each CHOP administration. The
conditioning regimen of auto-PBSCT consisted of rituximab 375mg/m2 andmelphalan 130mg/m2 for 1 day, cyclophosphamide 60mg/kg for 2
days, etoposide 500mg/m2 for 3 days, and dexamethasone 39.6mg/body for 4 days

to be linked to canonical activation induced-cytidine deaminase (AID)

activity [11]. Although AID normally contributes to the diversity of

antibodies by introducing somaticmutations in immunoglobulin genes,

off-target AID activity could induce genomic instability and initiate

oncogenesis [12]. The IGLL5 mutations might have played a key role

also in the present case.

Additionally, several types of KMT2D mutations were found in all

the samples. KMT2D is a histone H3 lysine 4 methyltransferase pro-

moting chromatin opening and transcriptional activation of the tar-

geted genes [13]. It frequently shows mutations in various lymphoid

malignancies [10, 13–16]. To our knowledge, the present study is the

first to detect KMT2D mutations in SPLL-U although the exact rea-

sonwhy differentKMT2Dmutations appeared alternately was unclear.

Further investigation iswarranted to explore the underlying pathogen-

esis in SPLL-U. Sanger sequencing confirmed the presence of IGLL5

p.Ala12Ser and KMT2D c.16338+1G > T mutations with a lower

allelic ratio than that detected from WES, possibly result by PCR bias

(Figure 3C).

Several studies exploreddrivermutations in transformedaggressive

B-cell lymphoid malignancies by next-generation sequencing (Table 2)

[2–6]. In the present case, KRAS mutation, which drives aggressive

cell proliferation, was found at the DLBCL phase and might have con-

tributed to the progression of SPLL-U into DLBCL in a process similar

to that reported in Richter syndrome [6].

Our study has some limitations: it was a single case report, and the

unavailability of spleen samples analysis prevented the identificationof

specific SPLL-U types (SDRPL, HCL-v, and narrow sense SPLL-U) and

SMZL [7]. However, the WHO classification defines SPLL-U as a pro-

visional entity requiring additional molecular studies [1]. The present

case provides an important insight into the pathogenesis of SPLL-U

despite the limited evidence available. We also note that the percent-

age of atypical lymphocytes in the microscopic examination could be

lower than VAFs in WES because not only apparently malignant cells

harbor mutations, as previously reported [17].

In summary, we described the clinical presentation, immunopheno-

type, and genetic landscapeof a caseofDLBCL transformationof SPLL-

U. Serial analyses using next-generation sequencing have the poten-

tial to provide useful information about the origins and progression of

this uncommon disease.More patient data and prospective studies are

needed to deepen our understanding of SPLL-U pathophysiology.
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F IGURE 3 (A) Hierarchical clustering by whole-exome sequencing. Mutation profiles in each phase were described. The color indicates the
variant allele frequency of eachmutation as shown in the figure. Mutations were classified into seven groups according to hierarchical cluster
analysis. Names of the clusters correspond to the clones in (B). (B) Fish plot showing the clonal transition of tumor cells. BM, bonemarrow; DLBCL,
diffuse large B-cell lymphoma. (C) Sanger sequencing results of the IGLL5 and KMT2Dmutations in the onset sample. Results fromHL-60were
used as the non-mutated control. The result of the onset sample was shown in both forward (Onset Fwd) and reverse sequence (Onset Rev)

TABLE 2 Mutations in transformed aggressive B-cell lymphoidmalignancies from literature review

Author, year Primary disease No. of serial samples NGS Mutations detected in transformed cases

Fabbri et al., 2013 CLL 9 WES TP53 andNOTCH1

Kiel et al., 2012 SMZL 6 WGS NOTCH2

Bouska et al., 2017 FL 12 WES MYC, EBF1, IRF4, RPN1, SOCS1, SYNE1,
SGK1, PIM1, EP300, BMP7, ETS1, SARDH,
TAF1, FBX011 andHIST1H1E etc.

Vogelsberg et al., 2020 ISFN 10 Targeted sequencing TP53, CD79B, andHIST1H1B etc.

Klintman et al., 2021 CLL 17 WGS TP53, XPO1,NOTCH1, SF3B1, BIRC3, ATM,

RPS15, BRAF, KRAS, TRAF3, SETD2,
PTPN11,MGA, and BAZ2A etc.

Abbreviations: CLL, chronic lymphocytic leukemia; FL, follicular lymphoma; ISFN, in situ follicular neoplasia; NGS, next-generation sequencing; SMZL, splenic

marginal zone lymphoma;WES, whole-exome sequencing;WGS, whole-genome sequencing.
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