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The genetic landscape underlying the transformation of splenic diffuse red pulp small

the genomic alterations involved in the progression and transformation of SDRPL.

Cristina Lopez, Estella Matutes and Silvia Bea . . .

jointly supervised this work. We performed genetic studies on both SDRPL and subsequent or synchronous dif-
fuse large B cell lymphoma (DLBCL) samples in three SDRPL patients who eventually
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Splenic diffuse red pulp small B-cell lymphoma (SDRPL) is an uncom-
mon splenomegalic lymphoma recognised in the International Consen-
sus Classification (ICC) [1] and WHO Classification, 5th edition [2].
The diagnosis relies on spleen histology since SDRPL lacks recurrent
chromosomal abnormalities and shows morphological and phenotypic
features overlapping with splenic marginal zone lymphoma (SMZL) and
hairy cell leukaemia variant (Table S1). Recurrent somatic variants in
SDRPL include those involving BCOR, CCND3, MAP2K1 and NOTCH
pathway [3-5]. Contrarily, alterations of TP53 and MYD88 genes are
rare. The disease course is usually indolent, but a few patients pur-
sue an aggressive course [3, 6]. Data on transformation to diffuse
large B-cell lymphoma (DLBCL) is scant with only few cases docu-
mented [7-9] and the impact of genetic aberrations in the progression
or transformation of SDRPL is largely unknown. Therefore, we per-
formed a detailed histopathological and molecular characterization of
three patients with SDRPL and subsequent or synchronic DLBCL.

Histology with immunohistochemistry and flow cytometry were
available in SDRPL and DLBCL samples (Table S2) and reviewed by
expert pathologists. Tumour DNA was isolated from fresh frozen
tissues (n = 2), formalin-fixed paraffin-embedded tissues (n = 4)
and involved peripheral blood (PB)(n = 1) using standard protocols.
Copy number alterations (CNA) were examined using Oncoscan CNV
assay (ThermoFisher Scientific), single nucleotide variants (SNV) and
small insertions and deletions (indels) were evaluated by a custom
next-generation sequencing panel as described elsewhere [10]. Cyto-
genetics were performed in SDRPL samples and fluorescent in situ
hybridization (FISH) with dual fusion IGH::BCL2 and BCL2, BCL6, MYC,
and IGH break-apart probes (Metasystems) in DLBCL and SDRPL. The
clonal relationship between SDRPL and DLBCL was confirmed in two
patients (cases 1 and 2) by demonstrating identical IGHV gene rear-
rangement using consensus primers for the IGHV FR2 or FR3 region;
the third patient had two clones in the DLBCL sample.

Case 1 was a 64-year-old woman with lymphocytosis, splenomegaly
and bone marrow (BM) involvement (Figure S1A). Splenectomy was
performed (Figure 1A-C and Table S2). Cytogenetics showed a com-
plex karyotype (CK): 45-47, XX, t(2;5)(p11;p15), —8, —8, del(14)(q24),
—17,1i(17)(q10), +mar1, +mar2, +mar3, +mar4[cp10]/46, XX[10]. We
identified losses of 1424, 14932 and 17p (TP53), gain of 17q (BIRC5)
and variants in CCND3, SPIB, STAT6, B2M, CREBBP, SMARCA4 and
STAT3 (Figure 2A and Tables S3 and S4). The two variants in CCND3
were in the PEST domain of the protein (Figure 2D). A diagnosis of
SDRPL (SDRPL1) was made. The patient received chemoimmunother-
apy achieving a complete response (CR). Nine years later, the patient
developed urinary tract obstruction showing relapse of the disease
with bladder infiltration and metabolic uptake in lymph nodes next
to the bladder, uterus and iliac regions at the PET-CT (Figure S1A).
A bladder biopsy showed infiltration by large CD20+ cells. A diagno-
sis of SDRPL transformed to non-germinal centre (non-GCB) DLBCL
(SDRPL1-T1) was made (Figure 1D-H and Table S2). The tumour dis-
played the same CNA profile as SDRPL1, and acquired deletions of
1p36 (ARID1A), 6p22-p21 (HLA), 8p21-p12, 12p13-p12 (ETV6) and
22q13, gain in Xp11, and trisomy 16 (Table S3). Shared variants were
detected in CCND3 (frameshift variant) and SPIB, both with higher
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allele frequencies in the DLBCL compared to SDRPL1; one somatic
variant in PIK3CD was acquired (Figure 2A and Table S4). BCL2, BCL6,
MYC and IGH were not rearranged. The patient was treated with rit-
uximab, cyclophosphamide, doxorubicin, vincristine and prednisone
(R-CHOP) achieving a CR. One year later, the patient was readmitted
with respiratory failure. CT scan showed retroperitoneal and medi-
astinal lymphadenopathy and pleural involvement by tumour cells. The
patient had blood circulating large cells (29%) with the immunophe-
notype of DLBCL (SDRPL1-T2). The SDRPL1-T2 had the same CNA
than the SDRPL1-T1 and acquired 1q42-q44 and 9p21 (CDKN2A/B)
deletions and a gain in 15q22-q26, maintained the CCND3 and SPIB
variants; however, the PIK3CD variant was not detected (Figure 2A).
The patient was treated with salvage chemoimmunotherapy, achieving
a short-lasting response and progressing with aggressive disease (lost
to follow-up) (Figure S1A).

Case 2 was a 45-year-old woman presenting with lymphocyto-
sis, hypogammaglobulinemia and splenomegaly. Two years later, the
patient progressed and was treated with one cycle of fludarabine
achieving a partial response. Five years later, the patient developed
progressive lymphocytosis and splenomegaly (Figure S1B). Splenec-
tomy was performed and a diagnosis of SDRPL (SDRPL2) was made
(Figure 11-K and Table S2). This tumour carried deletions of 2p24,
19913 and Xp21-p11, a copy-number neutral loss of heterozygosity
(CN-LOH) at 1p and variants in KMT2D, CREBBP, OSBPL10 and NFK-
BIE (Figure 2B and Tables S3 and S4). An IGH::BCL2 rearrangement was
detected. A diagnosis of follicular lymphoma was ruled out by the his-
tological splenic features with massive red pulp infiltration, positivity
of 1gG, DBA44 and CD103, and the lack of CD10, BCL6 and LMO2
expression. Four years later, a CT scan showed ileal thickening, and
a PET-CT revealed intense metabolic uptake in the ileum, Waldeyer’s
ring, oesophagus and small volume lymphadenopathy (Figure S1B). A
biopsy of the ileum showed an infiltration of sheets of large cells that
expressed the Epstein-Barr virus (EBV), RNAs (EBERs) and LMP-1,
whilst EBNA-2 was negative (EBV latency II). A diagnosis of non-GCB,
EBV-positive DLBCL (SDRPL2-T) was made (Figure 1L-P). In SDRPL2-
T, we observed the same alterations present in SDRPL2, except for
the small deletions of 2p24 and 19913, which were not present. A
BCL6 rearrangement was acquired. The IGH::BCL2 rearrangement was
also detected in SDRPL2-T, whereas MYC was not rearranged. No
somatic variants were acquired (Figure 2B and Table S4). The patient
received R-CHOP, achieving a CR with residual blood circulating small
lymphocytes and was alive after 29 months of follow-up (Figure S1B).

Case 3 was a 43-year-old man with a history of hepatitis C
who presented with splenomegaly, BM lymphoid infiltration and
increased serum lactate dehydrogenase and B2 microglobulin. A
splenectomy was performed, and the histology was consistent with
the diagnosis of SDRPL (SDRPL3) (Figure 1Q-S). There were blood
circulating lymphoma cells. Following splenectomy, the patient
developed systemic symptoms (Figure S1C). BM and liver biop-
sies were performed and both tissues, unlike the spleen, showed
infiltration by large cells with residual SDRPL3 (SDRPL3/DLBCL)
(Figure 1T-W and Table S2). In this case the IGHV gene

rearrangement showed IGHV3-21*01 in both samples, and an
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additional rearrangement (IGHV3-11*04) in SDRPL3/DLBCL. The
patient received R-CHOP, achieving a CR, and was alive nine years
after diagnosis without evidence of lymphoma (Figure S1C). In
the SDRPL3 sample we detected losses in 1p36 (TNFRSF14), 9p21
(CDKN2A/B) and 19q13, gains in 5p (TERT), 17q22-q25 (BIRC5),
Xg26-gq28, and CN-LOH in 19912-q13, and variants in CCND3,
ARID1A, TNFAIP3, NOTCH1, POU2AF1, TET2, HISTIH1E, PTPRD, PAX5,
KRAS, BTG1, DTX1, ZFP36L1 and KMT2D (Tables S3 and S4). SDRPL3
displayed a CK 47, XY, add(1)(p36), t(9;14)(p13;932), i(17)(q10),
+mar[3]/50, XY, idem, +4, +16, +21[8]/46, XY[10]. The transloca-
tion t(9;14)(p13;q32) involved IGH::PAX5, as confirmed by FISH[3].
Regarding SDRPL3/DLBCL, only 5p and Xq26-q28 gains were
detected subclonally. All variants in SDRPL3 were maintained in
SDRPL3/DLBCL with a lower frequency, whilst new variants in ID3,
SGK1, TP53, SMARCA4, ARID1B and MYC emerged (Figure 2C and
Tables S3 and S4), and SDRPL3/DLBCL had an additional CCND3
alteration that truncated the PEST domain (Figure 2D and Table S4).
BCL6 and MYC translocations were not detected.

From a clinical perspective, it is of interest that in all three cases
the DLBCL was predominantly extranodal, involving bowel, urinary
tract or liver. In patient two, the clonally related DLBCL was EBV-
driven, raising the hypothesis that this patient had underlying immune
deficiency related to hypogammaglobulinaemia and fludarabine treat-
ment. The outcome was favourable for patients 2 and 3 whilst patient
1 had multiple relapses and refractory disease. The DLBCL had a non-
GCB phenotype in the two cases evaluated. Noteworthy, all three
DLBCL had a very high proliferation rate.

All cases showed aberrations that were exclusive to the diagnosis,
as it has been described in other lymphomas [11-13]. Two patients had
a CK, a risk factor for SMZL transformation [14]. Both patients had
CCNDa3 alterations, an event documented in SDRPL [5], that resulted in
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atruncated cyclin D3 PEST domain, impairing protein degradation and
leading to protein overexpression. Supporting this, we observed cyclin
D3 overexpression by immunohistochemistry in both CCND3 mutated
cases (Figure 1). Many alterations detected in our cases (i.e. TP53,
CDKN2A/B,NOTCH1, CREBBP and TNFRSF14) had been reported in few
SDRPL prior to transformation [7-9], suggesting that they could play a
role in this event. All three cases in the present study acquired addi-
tional alterations in DLBCL samples, including a CDKN2A/B deletion
and genomic complexity in Case 1, BCL6 rearrangement in Case 2, and
TP53, MYC, SGK1, SMARCA4, ARID1B and CCND3 variants in Case 3. Of
the three cases documented in the literature [8, 9], only one acquired
an additional IGH::MYC rearrangement. The other two cases already
harboured high risk alterations at diagnosis (NOTCH1 and RB1 vari-
ants and a CDKN2A/B homozygous deletion). Our Case 3 also acquired
MYC mutations and had a frameshift NOTCH1 variant, together with
CDKN2A/B deletion at diagnosis. Of interest, our Case 2, an EBV-driven
DLBCL, had very low genomic complexity, and did not acquire further
somatic variants or CNA, except for a BCL6 rearrangement, which has
been rarely described in transformed marginal zone lymphomas [11,
15].

The standard of care in clinical practice for transformed lymphomas,
irrespective of their origin, is immunochemotherapy, with good results
in patients not previously treated, but limited in the remainder. More
recently, other “agnostic” approaches, including immunotherapies (i.e.,
bispecific antibodies) and cellular therapy (CAR-T therapy) have shown
high activity in relapsed/refractory aggressive lymphomas [16]. There
is less evidence for small molecules with targeted effect, either alone
or incombination with conventional immunochemotherapy. In this con-
text, some of the genetic alterations herein found merit to be tested
in vitro and eventually in vivo, since they might improve the treatment
opportunities in some cases. There is evidence for antitumor activity of

FIGURE 1

Morphologic and immunohistochemical features of splenic diffuse red pulp small B-cell lymphoma (SDRPL) and transformed

splenic diffuse red pulp lymphoma (SDRPL-T). Histology of SDRPL1 (A-C): The panels show a proliferation of small lymphocytes diffusely
infiltrating the red pulp of the spleen. They have a monomorphic appearance with round nuclei, clumped chromatin, and scant cytoplasm (A,

hematoxylin and eosin (H&E) 10x; inset, 40x). On immunohistochemical analysis, they show positivity for CD20 (B, 10x), cyclin D3 (C, 20x), 1gG and
aberrant coexpression of CD2, and negativity for CD5, CD23, CD43, IgD, IgM, cyclin D1 and annexin A1. By flow cytometry, the cells are CD11c,
FMC7 and kappa positive and negative for CD10, CD25 and CD103. Histology of SDRPL1-T1 (D-G): There is a neoplastic proliferation of large
cells invading the bladder muscular wall. The large cells have scant cytoplasm, irregular nuclei with coarse chromatin and nucleoli on higher power
(D, H&E, 10x; inset, 40x). The cells express CD20 (E, 20x), BCL6, MUM1, MYC, cyclin D3 (F, 20x), IgG and aberrant CD2 and CD5. The Ki67
proliferation index is 95% (G, 20x). The cells are negative for CD10 and CD23. (H) IGH gene rearrangement studies in SDRPL1 (upper part) and
SDRPL1-T1 (lower part) showed same clonal peak in FR2. Histology of SDRPL2 (I-K): Histologic findings are similar to case 1 (I, H&E, 10x; inset,
40x). The cells are CD20 positive (J, 10x) with coexpression of IgG and DBA44, being negative for cyclin D1, annexin A1, cyclin D3 (K, 20x), CD25,
LMO2, and BCL6. On flow cytometry the cells are positive for CD103, FMC7 and kappa, and negative for CD43, CD23, IgM, CD10 and CD5.
Histology of SDRPL2-T (L-O): Ileum with extensive ulceration and transmural infiltration by large, atypical cells (L, H&E, 40x). Mitotic figures are
present. The large cells are positive for CD20 (M, 20x), BCL6 and MUM1, and negative for cyclin D1, IgD, CD10, CD5 and CD23. The Ki67
proliferation index is 90% (N, 20x). in situ hybridization for Epstein-Barr virus is positive (O, 10x). (P) IGH gene rearrangement studies in SDRPL2
(upper part) and SDRPL2-T (lower part) showed the same clonal peak in FR2 displaying IGHJ4*02-IGHD1-14*01-IGHV1-18*04 rearrangement in
both samples. Histology of SDRPL3 (Q-S): The splenic histology is similar to cases 1 and 2 (Q, H&E, 10x; inset, 40x). On immunohistochemistry the
cells are CD20 (R, 10x), BCL2, IgD, IgM and cyclin D3 (S, 10x) positive and are negative for cyclin D1, CD23, CD10 and CD5. On flow cytometry,
cells are FMC7 and Lambda positive and CD5, CD23, CD43 and CD103 negative. Histology of SDRPL3/DLBCL (T-V): Liver biopsy with a patchy
lymphoid infiltration composed predominantly of large, atypical cells and some small lymphocytes (T, H&E, 40x). The neoplastic cells are CD20 (U,
40x), BCL2 and IgD positive, being negative for CD5 and CD10. Ki6é7 immunostaining shows that most of the large cells are proliferating in the
context of an inflammatory background (V, 40x). (W) IGH gene rearrangement studies in SDRPL3 (upper part) and SDRPL3/DLBCL (lower part)
showing the same clonal peak in FR3 shared between both samples, corresponding to IGHJ4*02-IGHD3-3*01 - IGHV3-21*01 rearrangements and
an additional peak in SDRPL3/DLBCL showing IGHJ4*02 - IGHD4-23*01 - IGHV3-11*04 rearrangement.
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FIGURE 2 Genetic landscape of splenic diffuse red pulp small B-cell lymphoma (SDRPL) and transformed splenic diffuse red pulp lymphoma
(SDRPL-T). Oncoprint displaying the genomic alterations: copy number alterations (CNA), copy neutral loss of heterozygosity (CN-LOH), single
nucleotide variants (SNVs) and small insertions and deletions (indels) found in paired SDRPL and SDRPL-T samples of case 1(A), case 2(B) and case
3(C). SNVs and indels are depicted in the upper part, and CNA and CN-LOH in the lower part. Each column represents an individual sample. Rows
correspond to individual genetic alterations. The decreasing intensity colour squares represent lower variant allele frequency in comparison to
other samples of the same patient. Some genetic data of SDRPL2 and SDRPL3 have been previously published [3]. (D) Distribution of CCND3 SNVs
and indels across the cyclin D3 protein sequence found in cases 1 and 3. Different colours indicate different types of variants scattered within the

functional domains of cyclin D3 protein.aa, amino acids.
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drugs targeting TP53 mutations [17] and different MYC alterations [18]
in the lymphoma setting. Besides, drugs targeting SMARCB1/SMARCA4
or EZH2 alterations in paediatric tumours, such as Tazemetostat, seem
to have a potential effect on disease stabilization [19]. Nevertheless,
more data are needed in the setting of transformed lymphomas.

In summary, we document three SDRPL that underwent DLBCL
transformation, which acquired genomic aberrations related to cell
cycle (CDKN2A/B, TP53, MYC and CCND3) and B cell development
(BCL6) that might have driven the progression of low-grade B-cell
lymphoma to DLBCL.
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