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Abstract

Transformation of chronic lymphocytic leukemia (CLL) to an aggressive lymphoma, so-called
Richter syndrome (RS), usually includes diffuse large B-cell lymphoma (DLBCL) and classic
Hodgkin lymphoma (CHL). The transformation can be clonally related to the underlying

CLL, and is often Epstein-Barr virus (EBV)-associated. Here we report an 86-year-old female
with a newly identified CLL-like monoclonal B-lymphocytosis (MBL) who developed diffuse
lymphadenopathy. Biopsy of the left axillary lymph node showed EBV-positive large B-cell
lymphoma with morphologic and immunophenotypic features intermediate between DLBCL
and CHL, so-called gray zone lymphoma. Comprehensive immunophenotypic, cytogenetics and
molecular studies demonstrate a clonal relatedness that suggests a transformation from MBL to
EBV+ gray zone lymphoma.
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Introduction

Chronic lymphocytic leukemia/small lymphocytic lymphoma (simply CLL) is a low-grade
small B-cell lymphoproliferative disorder involving peripheral blood, bone marrow, lymph
nodes and/or other lymphoid tissues!. Approximately 10% of CLL patients transform to
aggressive B-cell lymphoma, also called Richter syndrome (RS). RS usually includes diffuse
large B-cell lymphoma (DLBCL) and rarely classic Hodgkin lymphoma (CHL)12. DLBCL
variant of RS is often clonally related to the underlying CLL, is more commonly IGHV-
unmutated and is associated with a poorer outcome compared to the clonally unrelated

"Corresponding author: Wenbin Xiao, MD, PhD, Department of Pathology, Hematopathology Service, Memorial Sloan Kettering
Cancer Center, 1275 York Avenue, New York, NY 10065, xiaow@mskcc.org.

Contributions: W.X. and Y.L. conceived the study, collected and analyzed the data, and wrote the manuscript. C.H. and M.A.
annotated the sequencing data. M.R. and A.D. interpreted data. J.B. coordinated the project. Y.Z. performed and reviewed cytogenetic
studies. All the authors approved the final version of the manuscript.

Conflict-of-interest disclosure: The authors have no disclosure.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Liuetal.

Page 2

transformations, which are usually IGHV-mutated with a similar prognosis to that of de
novo DLBCL25. CHL-variant transformation can be clonally related or unrelated to the
underlying CLL. Clonal relatedness is associated with IGHV mutation but not EBV status
or type 1 versus type 2 morphologyl#6.7. Although only type 2 is considered bona fide
CHL transformation?, patients with type 1 morphology can progress to type 2 and both had
similar poor outcome’. Here, we present a rare case with concurrent CLL-like monoclonal
B-lymphocytosis (MBL) and a clonally related, EBV-positive large B-cell lymphoma with
morphologic and immunophenotypic features intermediate between DLBCL and CHL.

Clinical Presentation

An 85-year-old female presented with diffuse lymphadenopathy. She had a remote history
(18 years ago) of invasive ductal carcinoma of the breast that was treated with partial
mastectomy, radiation and combined chemotherapy of docetaxel and cyclophosphamide,
followed by hormonal therapy. There is no known history of immunodeficiency. PET/CT
scan confirmed diffuse lymphadenopathy (including left axillary, mediastinal, hilar, bilateral
iliac and left superficial inguinal lymph nodes) and increased activities of nodal and
extranodal sites (SUV up to 25.3 at left superficial inguinal lymph node; SUV 3.9 at left
axilla) including osseous sties (SUV up to 26.1 at L3 vertebra). Metastatic breast carcinoma
was clinically suspected. Her complete blood count showed white blood cell count of

5.1 K/uL and absolute lymphocytes of 1.4 K/uL, hemoglobin of 13.1 g/dL and platelets

of 202 K/uL. The concurrent peripheral blood flow cytometry detected a small clonal B-
cell population with CLL/SLL-like immunophenotype, with abnormal expression of CD19
(dim), CD20 (dim), CD22 (dim), CD200 (bright), co-expression of CD5 (partial) and CD23,
and kappa surface light chain restriction and no CD10 and FMC7 expression (Fig. 1). The
absolute clonal B-cell count was 0.28 K/uL, far below the cutoff for a diagnosis of CLL.

An excisional biopsy of the left axillary lymph node was performed. Histologic examination,
together with extensive immunophenotypic, cytogenetics and molecular characterization,
established the diagnosis of an EBV+ large B-cell lymphoma with intermediate features
between DLBCL and CHL, likely transformed from the underlying MBL. There was no
morphologic evidence of CLL/SLL on the nodal biopsy. Consistent with the diagnosis,
serum EBV viral titer was markedly increased to 104,504 1U/mL. Serology studies were
positive for EBV VCA IgG and EBV nuclear antibody and negative for EBV VCA IgM,
indicative of a reactivation of EBV infection. The patient underwent mini-R-CHOP therapy
with resolution of lymphadenopathy and no imaging evidence of residual disease currently.

Pathologic Findings

The excisional biopsy revealed largely preserved nodal architecture with partial involvement
by sheets of large atypical cells. The larger atypical cells were pleomorphic with abundant
pale cytoplasm, bi/multinucleated nuclei with vesicular chromatin and some with prominent
eosinophilic nucleoli reminiscent of Hodgkin/Reed-Sternberg (HRS) cells (Fig 2A-C).
There were no increased plasma cells, eosinophils, neutrophils and histiocytes seen in

the background. There was no morphologic evidence of a low-grade B-cell lymphoma or
metastatic carcinoma.
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Immunohistochemical studies showed that the large atypical cells were diffusely positive
for CD20 (Figure 2D) and CD79a (not shown). PAX-5 was variably positive (Fig 2F).
Interestingly, these cells strongly expressed CD23 and LEF1 but not CD3 or CD5 (Figure
2E, 2G-1). Furthermore, they expressed CD30 and CD15 (Figure 2J and K). EBER (EBV
in situ RNA hybridization) (Figure 2L) and EBV-LMP1 (not shown) were diffusely positive
in these cells. These cells were also positive for MUM1, C-MY C (subset, dim), TP53
(subset), but were negative for cyclin D1 (not shown). Ki-67 proliferation index was
approximately 70% (not shown). There was no up-regulation of PD-L1, PD-L2, or loss

of HLA-1 or B2M expression (Figure 2M-0). A component of CLL/SLL was not identified
by immunohistochemical studies.

In summary, the neoplastic cells exhibited overlapping morphologic and immunophenotypic
features between EBV + DLBCL and CHL. In light of the peripheral blood flow cytometry
findings of CLL-like MBL and the expression of CD23 and LEF1 by the large atypical cells,
a transformation from the patient’s underlying MBL was suspected. To further characterize
the relationship of neoplastic clones of lymph node to the underlying MBL, clonal IGH
rearrangement studies using a next generation sequencing (NGS)-based assay (Lymphotrack,
Invivoscribe, San Diego, CA) were performed. The results from the peripheral blood showed
a single clonal sequence with a 469 bp PCR product, and IGHV-J usage of V1-3 J4,
comprising 55% of all IGH sequencing reads. It was unmutated (0.0% mutation rate) and

is predicted to be a productive transcript (Figure 3A and C). The identical V1-3 J4 clone
was also found in the large B-cell lymphoma using DNA extracted from paraffin sections
macrodissected to enrich for areas with highest concentration of large cells (comprising
approximately 40% of all IGH sequencing reads, Figure 3B and D), in two replicates,
confirming the clonal relatedness between these two processes. FISH studies of the lymph
node biopsy detected an interstitial deletion of 13q in 8% of cells analyzed (Figure 3E), a
common aberration seen in CLL or CLL-like MBL; there was no evidence of deletion of
MYB (6g23), ATM (11g22), or TP53 (17p13), gain of chromosome 12 or IGH translocation.
However, gain of one to two intact MY C (8g24) copies were detected in 72% of cells,

but no MYC gene rearrangement was detected (not shown). FISH analysis didn’t find any
PDL1/PDL2 (9p24) amplification and translocation or CIITA (16p13) translocation, but
showed one to two extra copies of PDL1/PDL2 (9p24) and the centromere of chromosome

9 (Figure 3F) and CIITA (Figure 3G), indicative of a triploid or tetraploid clone with gain

of these chromosomes in the large HRS like cells. Single nucleotide polymorphism (SNP)
array studies showed normal balanced genomic pattern, likely due to the low tumor content
below the sensitivity of the array test.

DISCUSSION

This is a rare case of EBV+ large B-cell lymphoma with intermediate features between
DLBCL and CHL that is clonally related to the underlying CLL-like MBL. Aggressive
B-cell lymphoma of RS can be clonally related or unrelated to the underlying CLL. The
cumulative evidence of clonal relatedness between these two processes in our case includes:
similar immunophenotype (CD23 and LEF1), and an identical clonal IGH rearrangement
sequence. Although PCR studies with /GH primers and capillary or gel electrophoresis
separation of product sizes have been historically utilized to compare the clonal relatedness,
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NGS-based studies show unparalleled advantage by identifying the exact clonal IGH
sequences, increasing confidence in the clonal relationship between two samples, and
providing information on the IGHV mutation status. The data from our study are unable
to distinguish linear versus branching clonal evolution between MBL and gray zone
lymphoma.

The classification of this aggressive B-cell lymphoma is challenging. The neoplastic

cells have cytologic and immunophenotypic feature of HRS cells, suggestive of a CHL
transformation. Both type 1 and type 2 morphology have been described in the setting of
CLL to CHL transformation®7-10. Type 1 pattern shows scattered HRS cells in a background
of CLL while type 2 pattern shows HRS cells in a mixed inflammatory background?.
Currently, only the type 2 pattern is considered as bona fide CHL transformation®. Type 1
can progress to type 2 and both type 1 and type 2 had similarly poor outcomes’. Therefore,
type 1 is likely an early phase of type 2. Both type 1 and type 2 can be clonally related to

the underlying CLL and both can be EBV positive®7:11-16_Nearly all the clonally related
HRS cells occurred in IGHV mutated CLL*7. However, there is no obvious inflammatory
background in our case. In addition, there is no morphologically identifiable CLL in the
tissue. Therefore, it does not fit into either the type 1 or type 2 pattern. The unmutated IGHV
sequence and the presence of neoplastic cells in the cohesive sheet with a relatively intact
B-cell program also argue against CHL. Therefore, a diagnosis of EBV positive gray zone
lymphoma is favored.

EBV+ gray zone lymphoma has been thought to be rare. Nicolae et al included a few

cases of gray zone lymphoma pattern in EBV+ large B-cell lymphoma of the young?’.
Retrospectively, these cases are probably best classified as EBV+ gray zone lymphoma.

A recent study from LYSA group showed up to 20% of gray zone lymphomas are EBV
positive!®. The discrepancies might be due to different patient populations. As shown by
Elsayed et al®, synonymous to the gray zone lymphoma, which represents the continuous
spectrum between DLBCL and CHL, EBV+ gray zone lymphoma may very well represent
the continuous spectrum between EBV+ DLBCL and prototypic EBV+ CHL. Taken
together, EBV+ large B-cell lymphomas with gray zone pattern do exist. Whether we should
classify them as EBV positive large B-cell lymphoma versus gray zone lymphoma needs
further studies.

Gains/amplifications in 9924.1 (JAK2/PDL2) (55% cases) has been reported in gray

zone lymphoma, similar to CHL and primary mediastinal B-cell lymphoma (PMBL)2°,
Correspondingly, PD-L1 and PD-L2 expression are highly expressed and PD-L1/2
inhibitors are highly effective in these lymphomas21:22. Although PD-L1 expression is

also significantly upregulated in EBV+ related malignancies including DLBCL?23, there are
usually no gains/amplifications of PD-L1/224. In this regard, gains of PD-L1/2 favor a
diagnosis of gray zone lymphoma in our case.

Rearrangements involving CIITA (16p13.13), which might facilitate escape from immune
surveillance of the tumor cells, are detected in 27% gray zone lymphoma, a frequency
between that observed for CHL (15%) and PMBL (38%)2. In contrast, this recurrent
rearrangement is only present in 4% DLBCL25. Furthermore, EBV+ DLBCL has no
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characteristic abnormalities, and they show even fewer chromosomal alterations than their
EBV-negative counterparts, suggesting predominantly an EBV driven pathogenesis26. EBV
infection causes CIITA gene repression?’. CIITA rearrangement status in EBV+ DLBCL
and EBV+ gray zone lymphoma remains to be studied even although our case had no
evidence of CIITA rearrangement.

Low-count MBL as seen in our case generally has an indolent clinical coursel, and a
transformation of MBL to gray zone lymphoma has never been reported before. However,
since the patient only had one lymph node biopsied, we cannot completely exclude the
possibility that other lymph nodes may show overt CLL/SLL involvement. The EBV+ gray
zone lymphoma in our patient responded to the mini-CHOP regimen and she achieved
complete remission, suggesting that EBV+ gray zone lymphoma might not be as aggressive
as EBV- gray zone lymphoma.

CONCLUSION

We report an exceedingly rare EBV associated gray zone lymphoma that is clonally related
to the underlying CLL-like MBL. A comprehensive approach including morphologic,
immunophenotypic, cytogenetics and molecular studies is required for rendering an accurate
diagnosis. Deregulation of immune check points may play an important role in the
transformation. Based on the available clinical and molecular data, it appears that gray

zone type EBV+ large B-cell transformation may be less aggressive than EBV- gray zone
lymphoma.
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Figure 1.

Immunophenotype of the MBL in Peripheral blood. A-E. The clonal B cells (in cyan)

were kappa light chain restricted (dim) and positive for CD19 (dim), CD20 (dim), CD22
(dim), CD5 (partial), CD23 and CD200, while negative for CD10 and FMC-7. Red, normal
lambda-expressing B cells; blue, normal kappa-expressing B cells. F. The clonal B cells had
similar forward scatter and side scatter to the normal B cells, indicative of small cell size.
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Figure2.
Morphologic and immunophenotypic features of the lymphoma involving left axillary lymph

node. A-C. H&E morphology (A, x40; B, x100; C, x400). D-K. Immunochistochemical stains
(D, CD20; E, CD3; F, PAX-5; G, CD23; H, CD5; I, LEF1; J, CD30; K, CD15). L. EBER in
situ hybridization. M-O. Immune check point antigen expression (M, PDL-1; N, HLA-1; O,
B2M).
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Figure3. NGSand FISH studies.
A-D. NGS (Lymphotrack assay) studies demonstrate clonal relatedness (A and C, peripheral

blood; B and D, lymph node). E-G. FISH studies on lymph node (E, 13q probe; F, PDL1/2
probes; G, CIITA probe). FISH probes: 13914 (labeled with orange), 13g34 (labeled with
green, both from Abbott Molecular, Des Plaines, IL), PDL1 and PDL2 (labeled with
orange and green, respectively, from Empire Genomics, Buffalo, NY), CEP9 (labeled with
aqua, from Abbott Molecular), CHIITA (5 and 3’ probes, labeled with orange and green,
respectively, from Empire Genomics).
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