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Case Report
Richter transformation with c-MYC overexpression:  
report of three cases
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Abstract: Pathogenesis of Richter transformation (RT) or Richter syndrome (RS) of chronic lymphocytic leukemia 
(CLL) is still largely unknown. Increasing evidences show that c-MYC may play a role in the development of RS. Here 
we report three cases of RS with overexpression of c-MYC. The first case was a 78-year-old male who initially pre-
sented with CLL and then developed diffuse lymphadenopathy and ascites shortly after. Ascites cytology showed a 
population of large lymphoid cells positive for MYC (8q24) rearrangement by fluorescence in situ hybridization (FISH) 
and overexpression of c-MYC by immunohistochemistry (IHC). The second case was a 66-year-old male presented 
with rapidly enlarging lymph nodes and pleural effusion after a long history of CLL. Biopsy showed large B-cells posi-
tive for c-MYC overexpression and high Ki-67 proliferation index (80-90%). The third case was a 62-year-old female 
with CLL who presented for lobectomy for lung adenocarcinoma. Interestingly, along with the carcinoma, large B-cell 
lymphoma was incidentally found which had the same immunophenotype as the CLL. FISH analysis revealed gain of 
c-MYC at 8q and IHC showed increased c-MYC expression. This study supports that c-MYC plays a critical role in RS.
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Introduction

Chronic lymphocytic leukemia (CLL) is a mature 
B-cell neoplasm characterized by overproduc-
tion of monotypic B cells in the peripheral blood 
and bone marrow [1]. CLL is generally a slowly 
progressive disease that is monitored without 
therapy until symptoms develop; however, 
Richter transformation (RT) [also known as 
Richter syndrome (RS) to aggressive lymphoma 
occurs rarely, and diffuse large B-cell lympho-
ma (DLBCL) is the most common type of RS [2]. 
The incidence of RS has been reported between 
2% and 10% and RS involves most frequently 
lymph nodes. Extranodal organs are also com-
monly involved, which include gastrointestinal 
tract, skin, liver, tonsil, and bone marrow, etc. 
RS is usually heralded by sudden clinical dete-
rioration and a rapid increase in the size of a 
lymphoid mass. The median time for the devel-
opment of RS is from 21.9 [3] to 44.4 months 
[4]. The exact molecular mechanism of RS is 
unclear, but risk factors include trisomy 12, 

deletion of 11q23, microsatellite instability, 
mutations in tumor suppressor genes, and 
Epstein-Barr virus infections [5, 6]. Recently 
MYC pathway has been suggested to be 
involved in RS [6-8]. Here we describe three 
cases of RS with overexpression of c-MYC, two 
of which involve body cavities.

Report of cases

Case 1

A 78-year-old man with past medical history of 
coronary artery disease, prostate cancer status 
post cryotherapy, and abdominal aortic aneu-
rysm, presented to our Emergency Department 
in October 2011 with a painless, firm left sub-
mandibular mass. A computerized tomography 
(CT) scan with contrast showed several enlarged 
lymph nodes that scattered throughout the 
neck, mediastinum, and hila, with the largest 
one measuring 3.4 cm. His complete blood 
count (CBC) showed a normal white blood cell 
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(WBC) count (7.1 × 106/L) with a normal differ-
ential. Core needle biopsy of the left subman-
dibular mass showed complete effacement of 
the nodal architecture by predominantly small 
lymphoid cells, paraimmunoblasts, and focally 
increased large cells (single and small clusters) 
with readily identified mitotic figures. Flow 
cytometry revealed a population of monotypic 
B-cells that were positive for CD19, CD20 (dim), 
CD23, and CD38 with aberrant coexpression of 
CD5 and surface lambda light chain restric- 
tion, consistent with CLL/SLL. Immunohis-
tochemistry (IHC) for cyclin D1 was negative. 
Cytogenetic study showed massive hyperdip-
loidy; however, an accurate karyotype was not 
obtained due to the poor viability of the lympho-
ma cells. The patient was left untreated until 
May 2012 when PET/CT scan showed signifi-
cant interval worsening/progression of hyper-
metabolic lymphadenopathy throughout the 
visualized body. The patient was admitted to 
start first cycle of fludarabin, cyclophospha-
mide and rituximab (FCR). In August, after 4 
rounds of chemotherapy, the patient presented 
to the Emergency Department for evaluation of 

right lower quadrant discomfort. CT of the abdo-
men/pelvis showed multiple enlarged lymph 
nodes and a large 6.8 × 5 cm necrotic mass in 
the right hemipelvis. Starting from September 
2012, the patient complained abdominal dis-
tension with nausea and vomiting. CT con-
firmed rapidly accumulating ascites. Laboratory 
tests showed rapidly elevating uric acid (11.2) 
and lactate dehydrogenase (LDH) levels (1092), 
and rapidly worsening renal function. Cytology 
of the peritoneal fluid showed a monotonous 
population of large atypical lymphoid cells with 
abundant basophilic and vacuolated cyto-
plasm, round or irregular vacuolated nuclei and 
inconspicuous nucleoli, with numerous mitotic 
figures (Figure 1A). IHC of the cell block from 
the ascites showed the atypical large lymphoid 
cells were positive for c-MYC in approximately 
30-40% of the cells (Figure 1B). Flow cytometry 
of the ascites showed a similar immunopheno-
type as before except for the loss of CD23 
(Figure 1C). Based on the cytology and flow 
cytometry, RS was diagnosed. FISH showed 
c-MYC (8q24) rearrangement in 96% of the 
cells examined. Considering the poor prognosis 

Figure 1. (Case 1) Richter transformation in ascites. A. Shows scattered atypical large lymphoid cells with abundant 
basophilic and vacuolated cytoplasm, round or irregular nuclei and inconspicuous nucleoli (Diff-Quick, × 500). 
Nuclear vacuolation is also present. B. Shows approximately 30-40% of the neoplastic cells are positive for c-MYC 
(× 400). C. Shows a predominant population of lambda-restricted large lymphoid cells that are CD19+/CD5+ by 
flow cytometry.
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of RS, the patient elected to defer treatment 
and expired at the end of the month.

Case 2

A 66-year-old male was diagnosed CLL in 1993 
and required intermittent therapy since 1996. 

His CLL progressed in 2006 but remained sta-
ble for approximately 3 years after FCR treat-
ment. A flow cytometry in 2010 revealed only 
1% residual CLL cells in the marrow. His dis-
ease progressed in August 2011 with thrombo-
cytopenia and leukopenia, and bone marrow 
biopsy showed 10-20% CLL cells. He was treat-

Figure 2. (Case 2) Richter transformation in right axillary lymph node. Histology shows infiltration of atypical large 
lymphoid cells with abundant cytoplasm, vesicular nuclei, and prominent nucleoli (A × 400). Large neoplastic cells 
are positive for CD20 (B × 200), negative for CD3 (C × 200), but weakly positive for CD5 (D × 200). Approximately 
50% of the cells are positive for cyclin D1 (E × 200) and c-MYC (F × 400).
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ed with Benadmustine and rituximab and 3 
cycles of FCR. FISH of the marrow showed tri-
somy 12 (+12) and deletion of short arm of 
chromosome 17 [del(17p)] in 15.5% and 12.5% 
of the metaphase cells, respectively. A left 
inguinal lymph node core biopsy in 2013 
showed infiltration of large atypical lymphoid 
cells with abundant cytoplasm, vesicular nuclei, 
and prominent nucleoli (Figure 2A). These cells 
were positive for CD20 (Figure 2B), negative for 
CD3 (Figure 2C), but weakly positive for CD5 
(Figure 2D). In addition, approximately 50% of 
these cells were also positive for cyclin D1 
(Figure 2E) and c-MYC (Figure 2F), with a high 
proliferation index at 80-90% by Ki-67. However, 
cytogenetics showed no evidence of c-MYC 
rearrangement. In addition to the previously 
detected +12 (now 30%) and del(17p) (now 
66%), a new gain of distal 13q (52%) was 
detected. Due to poor marrow function and 
cytopenias, the patient elected to be treated 

with HDMP+rituximab instead of chemoimmu-
notherapy with the plan of marrow transplant. 
Due to lack of response after cycle #2, he was 
started with HDMP-Gazyva, and then switched 
to Ibrutinib and GA101. In June 2014 the 
patient presented with progressive lymphade-
nopathy and large malignant right pleural effu-
sion. He soon expired of respiratory distress. 

Case 3

This was a 62-year-old white female who was 
diagnosed CLL in May 2010, with del(13q14) 
and del(14q32) by FISH and a complex karyo-
type with del(3p), add(3q29), add(5q35), and 
add(11p15), del(4p), del(14q) and del(17p). She 
was treated with 1 day of FCR in June 2010, 
complicated with tumor lysis syndrome, and 
then the treatment was switched to 5 cycles of 
Bendamustine and rituximab. She received 3 
cycles of rituximab and HDMP from March to 

Figure 3. (Case 3) Richter transformation in the lung and a lymph node from the neck. A and B. Show collision 
tumor of adenocarcinoma and diffuse large B-cell lymphoma in the lung parenchyma (A × 20; B × 200). Note the 
lymphoid infiltration is composed of large cells with prominent nucleoli. C. Shows lymph node with infiltration of 
similar atypical large lymphoid cells with slightly condensed chromatin and conspicuous nucleoli (× 400). D. Shows 
approximately 60% of these cells are positive for c-MYC (× 200).
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May 2013, ofatumumab in October, and ibruti-
nib from Dec 2013 to October 2014 because of 
her progressive disease with symptomatic 
lymphadenopathy and splenomegaly. In Octo- 
ber 2014, she was evaluated for shortness of 
breath and CT showed a partially solid, partially 
ground-glass lesion in the posterior apical seg-
ment of the left upper lobe measuring approxi-
mately 1.6 × 1.2 cm in maximum dimension. 
Left upper lobectomy specimen showed a mod-
erately differentiated adenocarcinoma in the 
lung parenchyma. Interestingly, intermixed with 
the carcinoma cells within the pulmonary 
parenchyma and within the accompanying 
lymph nodes are diffuse infiltrate of medium to 
large atypical lymphoid cells with slightly con-
densed chromatin and conspicuous nucleoli 
(Figure 3A-C). IHC showed the atypical lym-
phoid cells are positive for CD20, CD23 (partial 
and weak), CD79a, MUM1 (data not shown), 
and c-MYC (Figure 3D) with focal dim positivity 
for CD5. Ki-67 staining showed a 90% prolifera-
tion index in the lymphoma cells. The atypical 
lymphoid cells were negative for cyclin D1, 
BCL6, CD3, CD10, or EBV (EBER). FISH of the 
lymph node showed trisomy 8 [+8q] in 16% of 
the neoplastic cells. Microarray analysis 
showed complex copy number abnormalities 
including del(14q24), -3p, -4p14-p15, -5q, 
t(13q14;X), and +8q24. 

Discussion

Deregulation of the MYC oncogene, located on 
chromosome 8q24, has been shown to play a 
critical role in lymphomagenesis. MYC translo-
cation has been identified in various aggres-
sive lymphomas including Burkitt lymphoma, 
de novo DLBCL, B-cell prolymphocytic leuke-
mia (PLL), blastoid variant of mantle cell lym-
phoma, and DLBCL transformed from follicular 
lymphoma [9-13]. MYC translocation is 
extremely rare in CLL. However, recent evi-
dence suggested that MYC has a critical, albeit 
incompletely understood, role in priming the 
development of RS [6-8].

The first case is unusual for its clinical course 
and RS diagnosis made from the ascites. 
Different from typical CLL, no lymphocytosis 
was observed when the patient first presented 
with enlarged lymph nodes. Conventional cyto-
genetics showed an abnormal karyotype with 
massive hyperdiploidy. In less than one year, 
the patient’s condition deteriorated rapidly with 
significant lymphadenopathy throughout his 

body and presented with large amount of asci-
tes. While flow cytometry of the large neoplas-
tic cells revealed an immunophenotype similar 
to the previously diagnosed CLL/SLL, the mor-
phology and high proliferation index led us to 
pursue c-MYC abnormalities. As we expected, 
both MYC (8q24) rearrangement and c-MYC 
protein were detected by FISH and IHC, respec-
tively, in the large lymphoma cells. Huh el al. 
reported eight patients with CLL with increased 
prolymphocytes and MYC rearrangement, and 
suggested that MYC rearrangements were 
often associated with other cytogenetic abnor-
malities during transformation of CLL [8]. In our 
case, massive hyperdiploidy was also found. It 
is known that CLL is associated with certain 
cytogenetic abnormalities, but the newly 
acquired MYC (8q24) translocation may further 
prime the transformation of CLL. 

In addition to rearrangements, MYC can also be 
deregulated by amplifications, mutations, or 
microRNA-dependent mechanisms. It has 
recently been reported that tumors with 
increased MYC protein production have coordi-
nated up-regulation of MYC target genes. In a 
cohort study of patients with DLBCL, Johnson 
et al. found MYC translocations, high MYC 
mRNA, and MYC protein expression were in 
11%, 11%, and 33% of the samples, respec-
tively [14]. It is thus not surprising that in our 
third case, gain of 8q24 was identified by both 
FISH and Microarray analysis, which may cor-
respond to the MYC amplification and the over-
production of MYC protein.

In our second case, MYC protein was detected 
in the large lymphoma cells with no detectable 
MYC rearrangement by FISH. It is noteworthy 
that although MYC rearrangements can be 
detected by FISH, MYC deregulation caused by 
other mechanisms than rearrangements or 
copy number increase can be failed by FISH 
analysis. In the second and third cases, cytoge-
netics also revealed TP53 deletion due to dele-
tion of short arm of chromosome 17 [del(17p)] 
before the patients presented with rapidly 
enlarging PET positive lymph nodes. TP53 dele-
tion due to del(17p) is well known for its correla-
tion with unfavorable outcomes for CLL [15], it 
seems that activation of MYC oncogene and 
deletion of TP53 tumor suppressor gene played 
a perfect duo in the RS cases described here. 
Although del (13q14) is common in CLL, gain of 
distal 13q (52%) or translocation at 13q14 in 
the second and third case, respectively, is 
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unusual. Both patients had long history of CLL 
and had been treated multiple times with che-
motherapy. The function of the newly gained 
distal 13q/translocation at 13q14 in our cases 
remains unknown. Studies by Scandurra et al 
showed that 13q13.3-qter region containing 
MIRHG1 (MIR-17-92), a cluster of microRNA 
interacting with c-MYC, was acquired at the 
time of RS and was absent in the antecedent 
CLL phase. The 13q gain was coupled with the 
gain of c-MYC and loss of TP53 in RS cases. 
More interestingly, Scandurra et al. also 
observed that c-MYC rearrangement acquired 
at transformation appeared mutually exclusive 
with gain of MIRHG1 [7]. Thus, c-MYC in the 
second case might be activated by the microR-
NA dependent mechanism through the gain of 
13q and further primed the transformation of 
CLL.

In addition to c-MYC, cyclin D1 was also posi-
tive in the second case. Although CCND1 over-
expression has been detected in a subset of 
atypical and clinically aggressive CLL [16], it 
has rarely been reported in CLL evolving into 
RS [17, 18]. This event may occur alone or in 
association with other abnormalities, such as 
p53 mutations. However, no t(11;14) involving 
CCND1 was detected in our RS case. Moreover, 
certain features associated with CLL with 
CCND1 overexpression such as leukocytosis, 
massively enlarged spleen, and atypical mor-
phology with a CD5+/CD23-/FMC7+ immuno-
phenotype [16], were not seen in our case. 
Thus, the relationship between cyclin D1 and 
the RS is not clear.

In summary, we reported three cases of RS 
with c-MYC overexpression. Two patients pre-
sented with body cavity involvement and 
expired in 1 month and 6 months, respectively, 
after the diagnosis. Due to the poor prognosis 
of RS with c-MYC overexpression, it is impor-
tant to have high clinical suspicion for this enti-
ty with any sudden patient deterioration. 
Whether patients of RS with c-MYC overexpres-
sion will benefit from therapeutic regimens for 
high grade B-cell lymphoma (such as hyper-
CVAD) is not known. Identification of c-MYC 
overexpression will likely provide another piece 
of evidence to support targeting c-MYC for 
appropriate and timely treatment of RS. 
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