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Richter Transformation in the Brain from Chronic
Lymphocytic Leukemia
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Richter syndrome (RS) involves the development of an aggressive lymphoma in patients with chronic lymphocytic leukemia
(CLL). Diffuse large B-cell lymphoma (DLBCL) is the most common type of RS. Extranodal RS occasionally occurs ;
however, isolated lesions in the central nervous system (CNS) of RS are rarely seen and the features have not been well
described. We describe a Japanese patient who developed isolated involvements of the parenchyma of the CNS as a manifesta-
tion of RS two years after the initial diagnosis of CLL. DLBCL in the cerebrum was confirmed to be clonally related to the CLL
cells by immunoglobulin heavy chain (IGH) gene analysis, utilizing the identical VH-D-J regions with additional mutations in
the IGH variable region. (J Clin Exp Hematop 53(2) : 157-160, 2013)
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INTRODUCTION

Richter syndrome (RS) involves the development of an
aggressive lymphoma in patients with chronic lymphocytic
leukemia (CLL).'** Diffuse large B-cell lymphoma (DLBCL)
is the most common type of RS, which occurs in approxi-
mately 5-10% of CLL patients.> In a cohort of 185 CLL
patients, the median time to RS transformation was 23.0
months from the diagnosis and RS was not observed after
82.4 months.® Nodal involvements account for the majority
of cases of RS, but extranodal presentations of RS occasional-
ly occur in the gastrointestinal tract, skin, liver, or other
sites.”® Central nervous system (CNS) infiltrations of RS
(CNS-RS) are rare and isolated parenchymal RS lesions in the
CNS have been described in only a limited number of
reports.” 3

We here present a Japanese patient who developed iso-
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lated CNS-RS two years after the initial diagnosis of CLL.
We also examined the clonal relationships of the CNS-RS
lesion with the original CLL cells.

CASE REPORT

A 66-year-old female was referred to us because of leuko-
cytosis in 2007. Lymphocytosis of 11,000/pL was recog-
nized in the peripheral blood. The cells exhibited a mature
lymphocytoid morphology with condensed round nucleus
(Fig. 1), with immunophenotypes of CD5"CD10"CD20"

Fig. 1.
Mature lymphocytoid cells with a condensed round
nucleus were recognized. May-Giemsa stain.

Leukemic cells in the peripheral blood.
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CD237CD38 and surface IgM and IgD positivity ; A light
chain restriction was also recognized. There was no palpable
lymphadenopathy or hepatosplenomegaly. The patient was
diagnosed with CLL, Rai system stage 0, and was subse-
quently followed at another hospital. The administration of
cyclophosphamide and prednisolone was initiated one year
later because of progressive thrombocytopenia. In 2009, she
began to show problems in her daily activities, complaining of
fatigue and difficulty walking. She was then referred to our
hospital again and admitted to the neurosurgery department.
On physical examination, her consciousness was slightly im-
paired and left hemiplegia was recognized. No lymphadenop-
athy or hepatosplenomegaly was noted. There was an ill-
defined tumor in the right hemisphere accompanying
perifocal edema and midline shift by computed tomography
(CT) (Fig. 2a). By magnetic resonance imaging, an irregu-
larly shaped mass lesion of 40 mm was recognized in the right
putamen and the caudate nucleus, which was enhanced with
gadolinium medium (Fig. 2b). CT-guided biopsy of the tu-
mor was performed and histological examination showed the
findings of diffuse infiltration of atypical medium- to large-
sized lymphoid cells into the perivascular space and cerebral
parenchyma (Fig. 3). These cells were positive for CD20,
Bcl-6 and MUM-1 and negative for CD3, CD5, CD10, CD23
and cyclin D1 by immunostaining. The MIB-1 index was
69%. A diagnosis of DLBCL, non-germinal center type by
Hans classification,'* was considered from these findings.
Splenomegaly and mediastinal and hilar lymph nodes en-
larged up to 15 mm were seen by CT imaging. The patient’s
laboratory findings were as follows: lymphocytosis of
27,000/pL with a mature lymphocyte morphology of the same
phenotype as at the initial presentation, including negativity
of cyclin D1, mild thrombocytopenia, no anemia and a serum

Fig. 2.

Imaging studies for the intracranial lesion in a patient
with chronic lymphocytic leukemia. (2a) Computed tomography.
A poorly defined tumor with perifocal edema and midline shift
was seen in the right hemisphere. (2b) Magnetic resonance imag-
ing. There was a mass lesion of 40 mm with gadolinium enhance-
ment in the right putamen to the caudate nucleus.
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lactase dehydrogenase level of 265 IU/L (normal range : 114-
220). RS in the cerebrum from CLL was diagnosed. The
consciousness disturbance and midline shift were improved
by intravenous dexamethasone and glycerol infusion. The
patient was treated by radiation therapy at a total dose of 50
Gy for the cranial lesion and systemic rituximab administra-
tion in the hematology department, and was then discharged
for further rehabilitation. However, the cognitive functions of
the patient gradually deteriorated and, one year later, multiple
cerebral lesions recurred.

Immunoglobulin heavy chain (IgH) gene analysis

Although the diagnosis of RS in the cerebrum was made,
solitary RS in the brain parenchyma is quite rare and the
relationship of the CNS lesion with peripheral CLL cells was
not evident, so /GH gene analysis was performed following
previously reported methods.!”” Briefly, DNA was isolated
from the mononuclear cells of the peripheral blood or
formalin-fixed, paraffin-embedded tissues of the cerebral tu-
mor. /GH genes were amplified by polymerase chain reaction
(PCR) with the corresponding primers for the IGH variable
regions including the heavy chain complementarity-
determining region (HCDR) 3. PCR products were purified
and directly sequenced. Sequence analysis was performed on
the IgBlast database (http://www.ncbi.nlm.nih.gov/igblast/
index.html), and the IGMT/Junction Analysis tool (http://
www.imgt.org/IMGT jcta/jcta) was also utilized for the
HCDR3 sequence.

Amplified PCR products from peripheral blood and the
brain tumors were the same size, namely, 103 base pairs (Fig.
4). The IGH genes from these cells utilized IGHV4-34*01,
IGHD3-9*01 and IGHJ4*01 and were identical, except for 3
base pairs.

The sequence of CLL cells in the peripheral blood was
closer to the germline sequence of IGHV4-34*01 and IgHD3-
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Fig. 3. Histological examination of the biopsy samples taken
from the mass lesion in the right cerebrum. Atypical medium-
to large-sized lymphoid cells with irregular nucleoli infiltrated
into the parenchyma and perivascular spaces. H&E stain.



Fig. 4. Polymerase chain reaction (PCR) amplification of immu-
noglobulin heavy chain genes. Lane 1 : the patient’s sample DNA
extracted from the formalin-fixed, paraffin-embedded tissues of
the cerebral tumor, Lane 2 : DNA isolated from the mononuclear
cells of the peripheral blood (PB), Lane 3 : no template control. M
represents a molecular marker. The amplified PCR products from
the brain tumors and PB were recognized at the same size of 103
base pairs (arrow).

9*01 and had mutated from these genes by one nucleotide
each. Therefore, DLBCL of the brain was confirmed to be
derived from the CLL clone. Although the length of the
analyzed sequences was insufficient to define the mutation
status conclusively, CLL in this patient was considered as
mutated IGHV type and the HCDR 3 sequence carried non-
stereotyped CDR3 with 20 amino acids.!®

DISCUSSION

CNS-RS may occur during the course of CLL, as in the
present case, or as de novo RS in some instances.® Isolated
leptomeningeal diseases were also reported.” The incidence
of CLL among Asians is as low as one-tenth that among
Caucasians and several differences in their characteristics
have been shown.!”!'* The available data on RS, including
CNS-RS, in Asian patients with CLL are currently insuffi-
cient.

A lack of CD5 and CD23 expression detected by immuno-
histochemical approaches, as in the present case, is common
in RS? and similar to de novo DLBCL ; however, molecular
profiles such as genetic alterations and immunoglobulin gene
mutations are distinct from de novo DLBCL.2® 1t is also
known that profiles of primary CNS lymphoma differ from
nodal DLBCL ;?! therefore, it would be interesting to compare
those of CNS-RS and primary CNS lymphoma to obtain
further insights into the lymphomatous infiltration in CNS.

With clonality analysis of RS and concurrent CLL cells,
78% of RS were shown to evolve from CLL, while in 22%,
the RS cells were clonally unrelated.?? In the present study,
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CNS-RS cells apparently originated from CLL cells with
additional gains of mutation in /GHV genes. It is also possi-
ble that RS cells derive from CLL stem cells®® with no rela-
tion to the development of CLL ; further studies on these
issues are necessary. TP53 deletion, NOTCHI1 activation and
MYC abnormalities have emerged as common genetic altera-
tions of RS* and CLL, with a specific IGHV gene, IGHV4-
39, combined with a stereotyped receptor, BCR subset 8,
being associated with a high risk of RS.?* In this regard, RS,
for which the prognosis is currently poor, could become more
manageable in the future by obtaining such information on
CLL.

Although therapy including rituximab-combined chemo-
therapies and/or allogeneic hematopoietic cell transplantation
is indicated for RS,> optimal approaches for CNS-RS are not
known. Although treatments with dexamethasone, radiation
and rituximab monotherapy were selected for the present case
because of poor performance status and cognitive malfunc-
tions, it is worth evaluating whether recently validated che-
motherapeutic regimens for primary CNS lymphoma® are
applicable to CNS-RS, together with novel agents for CLL.

ACKNOWLEDGEMENTS

We thank doctors at the Department of Neurosurgery,
Shinshu University School of Medicine, for their initial care
of the patient and for performing biopsies.

DISCLOSURE/CONFLICT OF INTEREST

The authors declare no competing financial interests.

REFERENCES

Zenz T, Mertens D, Kiippers R, Déhner H, Stilgenbauer S: From
pathogenesis to treatment of chronic lymphocytic leukaemia. Nat
Rev Cancer 10:37-50, 2010

Rossi D, Gaidano G: Richter syndrome : molecular insights and
clinical perspectives. Hematol Oncol 27:1-10, 2009

Tsimberidou AM, Keating MJ: Richter syndrome : biology, inci-
dence, and therapeutic strategies. Cancer 103:216-228, 2005
Gaidano G, Foa R, Dalla-Favera R: Molecular pathogenesis of
chronic lymphocytic leukemia. J Clin Invest 122:3432-3438, 2012
Molica S: A systematic review on Richter syndrome : what is the
published evidence ? Leuk Lymphoma 51:415-421, 2010

Rossi D, Cerri M, Capello D, Deambrogi C, Rossi FM, et al.
Biological and clinical risk factors of chronic lymphocytic leukae-
mia transformation to Richter syndrome. Br J Haematol 142:202-
215, 2008

Robertson LE, Pugh W, O’Brien S, Kantarjian H, Hirsch-
Ginsberg C, et al.: Richter’s syndrome : a report on 39 patients. J
Clin Oncol 11:1985-1989, 1993

Omoti CE, Omoti AE: Richter syndrome : a review of clinical,



Ishida F, et al.

10

11

12

13

14

15

16

17

ocular, neurological and other manifestations. Br J Haematol
142:709-716, 2008

O’Neill BP, Habermann TM, Banks PM, O’Fallon JR, Earle JD:
Primary central nervous system lymphoma as a variant of
Richter’s syndrome in two patients with chronic lymphocytic leu-
kemia. Cancer 64:1296-1300, 1989

Mahé B, Moreau P, Bonnemain B, Letortorec S, Menegali D, et
al.: Isolated Richter’s syndrome of the brain : two recent cases.
Nouv Rev Fr Hematol 36:383-385, 1994

Bayliss KM, Kueck BD, Hanson CA, Matthacus WG, Almagro
UA: Richter’s syndrome presenting as primary central nervous
system lymphoma. Transformation of an identical clone. Am J
Clin Pathol 93:117-123, 1990

Floisand Y, Delabie J, Fossa A, Helseth E, Jacobsen EA, ef al.:
Richter syndrome presenting as a solitary cerebellar tumor during
first-line treatment for chronic lymphocytic leukemia. Leuk
Lymphoma 52:2007-2009, 2011

Stuplich M, Mayer K, Kim Y, Thanendrarajan S, Simon M, et al.:
Richter syndrome and brain involvement : low-grade lymphoma
relapsing as cerebral high-grade lymphoma. Acta Haematol
127:93-95, 2012

Hans CP, Weisenburger DD, Greiner TC, Gascoyne RD, Delabie
J, et al.: Confirmation of the molecular classification of diffuse
large B-cell lymphoma by immunohistochemistry using a tissue
microarray. Blood 103:275-282, 2004

Zhou XG, Sandvej K, Gregersen N, Hamilton-Dutoit SJ:
Detection of clonal B cells in microdissected reactive lymphopro-
liferations : possible diagnostic pitfalls in PCR analysis of immu-
noglobulin heavy chain gene rearrangement. Mol Pathol 52:104-
110, 1999

Murray F, Darzentas N, Hadzidimitriou A, Tobin G, Boudjogra M,
et al.: Stereotyped patterns of somatic hypermutation in subsets of
patients with chronic lymphocytic leukemia : implications for the
role of antigen selection in leukemogenesis. Blood 111:1524-
1533, 2008

Nakamura N, Kuze T, Hashimoto Y, Tasaki K, Hojo H, et al.:
Analysis of the immunoglobulin heavy chain gene variable region

160

18

19

20

21

22

23

24

25

of 101 cases with peripheral B cell neoplasms and B cell chronic
lymphocytic leukemia in the japanese population. Pathol Int
49:595-600, 1999

Tomomatsu J, Isobe Y, Oshimi K, Tabe Y, Ishii K, et al.: Chronic
lymphocytic leukemia in a Japanese population : varied immuno-
phenotypic profile, distinctive usage of frequently mutated IGH
gene, and indolent clinical behavior. Leuk Lymphoma 51:2230-
2239, 2010

Koiso H, Yamane A, Mitsui T, Matsushima T, Tsukamoto N, et
al.: Distinctive immunoglobulin VH gene usage in Japanese pa-
tients with chronic lymphocytic leukemia. Leuk Res 30:272-276,
2006

Rossi D, Spina V, Deambrogi C, Rasi S, Laurenti L, ef al.: The
genetics of Richter syndrome reveals disease heterogeneity and
predicts survival after transformation. Blood 117:3391-3401, 2011
Tun HW, Personett D, Baskerville KA, Menke DM, Jaeckle KA,
et al.: Pathway analysis of primary central nervous system lym-
phoma. Blood 111:3200-3210, 2008

Mao Z, Quintanilla-Martinez L, Raffeld M, Richter M, Krugmann
J, et al.: 1gVH mutational status and clonality analysis of
Richter’s transformation : diffuse large B-cell lymphoma and
Hodgkin lymphoma in association with B-cell chronic lympho-
cytic leukemia (B-CLL) represent 2 different pathways of disease
evolution. Am J Surg Pathol 31:1605-1614, 2007

Kikushige Y, Ishikawa F, Miyamoto T, Shima T, Urata S, et al.:
Self-renewing hematopoietic stem cell is the primary target in
pathogenesis of human chronic lymphocytic leukemia. Cancer
Cell 20:246-259, 2011

Rossi D, Spina V, Cerri M, Rasi S, Deambrogi C, et al.:
Stereotyped B-cell receptor is an independent risk factor of
chronic lymphocytic leukemia transformation to Richter syn-
drome. Clin Cancer Res 15:4415-4422, 2009

Ferreri AJ, Reni M, Foppoli M, Martelli M, Pangalis GA, et al.:
High-dose cytarabine plus high-dose methotrexate versus high-
dose methotrexate alone in patients with primary CNS lymphoma :
a randomised phase 2 trial. Lancet 374:1512-1520, 2009



