
Abstract. Backround: Richter syndrome (RS) is the
development of an aggressive lymphoid malignancy, in
chronic lymphocytic leukemia (CLL). Most are diffuse large
B-cell lymphomas (DLBCL), however in 10-15% of RS, there
is transformation to Hodgkin lymphoma, termed “Hodgkin
variant" (HV). In the present retrospective study we
summarize the Israeli experience with HV-RS, and analyze
demographic data, relevant laboratory and clinical
parameters, and outcome. Patients and Methods: We collected
and analyzed data from 119 patients with RS from 12 Centers
in Israel during 1996-2010 and identified 16 cases with
“Hodgkin’s variant”. Results: The median age was 58 years,
and 67% were males. The median time from CLL diagnosis
to development of HV was 5.9 (range=0.8-11.9) years and the
median survival was 39.5 months, compared to 9 months for
the cases with RS-DLBCL. Conclusion: Hodgkin variant
appears to differ from DLBCL-RS and is clinically less
aggressive. However, compared to de novo Hodgkin’s
lymphoma, HV-RS has a worse prognosis.

The term Richter syndrome (RS) or Richter transformation
represents the development of lymphoma in a patient with
chronic lymphocytic leukemia (CLL). In 1928, Richter first
described this association in a patient with CLL who
developed a large cell lymphoma with rapidly progressive
lymphadenopathy, impressive organomegaly and an
aggressive fatal clinical course (1). It is now recognized that
approximately 2-10% of patients with CLL, will develop RS
during the course of their disease, and in 85-90% of cases
histopathology will show transformation to an aggressive
diffuse large B-cell lymphoma (DLBCL) (2). 

Less frequently, in a minority of cases, CLL may progress
into Hodgkin’s lymphoma, now termed Hodgkin’s variant
(HV) of RS, which comprises 10-15% of all RS cases (3, 4).
HV is characterized by the presence of large cells with
morphological and immuno-phenotypical features of
Hodgkin-Reed-Sternberg (H-RS) cells, staining positively for
CD30 (5, 6). In this respect there are two main
histopathological and clinical categories that should be
distinguished. 

The first, is characterized by the presence of scattered H-
RS cells in a background of typical CLL while the second
type is identified as a true transformation of CLL into
classical Hodgkin’s lymphoma, where the H-RS are
surrounded by an inflammatory milieu of T-lymphocytes,
histiocytes, eosinophils and plasma cells. In most of these
cases histopathology revealed the diagnosis of “mixed
cellularity” Hodgkin’s lymphoma (4, 6-8). 
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Although, this rare complication is well-recognized, clinical
data on the subtype of Richter transformation are still lacking
and generally derived from small patient series or case reports
(7-9). The largest series of patients with CLL and Hodgkin’s
transformation was reported in 2006 from the M.D. Anderson
Cancer Center and included 18 cases only (4). In addition,
most of the earlier reports did not analyze biological markers
such as B2MG, immunophenotype or FISH analysis.
Furthermore, data relating to correlation with therapy given
for CLL in particular purine analogues like cladribine (9) and
fludarabine (10) and the development of HV is sparse, and
generally based only on small case series. Nevertheless, from
the recently published pooled analysis of world literature by
Bockorny et al. (11), it appears that patients with CLL who
had received prior therapy with the above agents had a shorter
survival after transformation, than those who had not been
treated with these agents. These observations suggest a link
between prior treatment with purine analogs and
transformation of CLL to RS-HV (9, 10, 12).

The aim of the present study was to analyze the clinical
course of the Hodgkin’s variant RS in CLL and summarize
our retrospective experience in Israel, including some relevant
demographic, laboratory and clinical parameters, outcome
and overall survival.

Patients and Methods 

Data were collected after approval by local institutional IRBs of each
medical Center. All studies were performed in accordance with the
principles of the declaration of Helsinki. We reviewed clinical and
laboratory data of 119 consecutive patients with RS treated in 12
medical centers in Israel between1971-2010. Three cases with
prolymphocytic leukemia (PLL) were excluded from the analysis.
We then identified 16 cases, reported from 5 medical centers with
the “Hodgkin’s variant” of RS and summarized clinical, demographic
and biologic features related to their CLL at diagnosis, including
details of the given treatment, and the use of novel agents such as
rituximab. In addition we also collected available data regarding
possible risk factors relevant to transformation to RS, and some
features of the acquired HL including details of therapy used,
outcome and survival.    

Diagnosis of HV was established by biopsy for all cases, and for
the purpose of the current study, histopathology was again reviewed
and the diagnosis further verified. There was no central pathology
review panel, however a hematologist and hemato-pathologists in
5 Centers in Israel reviewed all slides and clinical and laboratory
data again. In all cases CT scan, Gallium or PET/CT or
combinations of these imaging modalities had been used to
determine staging and disease response. Treatment given for HV
was mostly ABVD+/- MOPP based regimens, while 3 patients
received the BEACOPP regimen.

Statistical analysis. The day of CLL diagnosis was considered as the
starting date of the analysis, while the biopsy date was considered as
the date of diagnosis of RS and used for all calculations relating to
RS. The time period for determining how long it took for RS to
develop, was defined as the interval between CLL diagnosis to RS

identification by histopathology. Overall survival for RS was
calculated from the day of the diagnosis of RS until last follow-up or
death. Wald or Chi square tests and Cox proportion hazards models
were used to evaluate association between overall survival and the
different clinical or laboratory parameters, for Categorical and
Continuous Variables. Survival analysis was performed using Kaplan-
Meier survival method. Statistical significance was defined as p<0.05. 

Results 

Demographic characteristics. Out of the 119 patients with
RS, 16 (13%) developed HV during the period 1996-2010.
The entire cohort of RS included both Arabs and Jews, but all
cases with HV were Jews (Ashkenazi: 86%, Sephardic 14%,
Arabs 0). Median age at-diagnosis of transformation was 58
(range=30-77) years, and it was more frequent in males 12/16
(67%). The median time from CLL diagnosis-to-development
of HL was 5.9 (range=0.8-11.9) years. Patients’
characteristics are summarized in Table I.

Laboratory and clinical features of CLL. At diagnosis of CLL
9 patients (56%) presented with Binet stage A, 4 (25%) with
Binet stage B, and 3 patients (19%) had stage C. Peripheral
blood analysis showed an average white blood cells (WBC)
count of 33,700 (range=13,400-174,000) mm3, and lymphocyte
percentage ranged between 57-83% (average of 71%). Four
patients had clinical or laboratory signs of autoimmune

ANTICANCER RESEARCH 34: 785-790 (2014)

786

Table I. Baseline characteristics of 16 patients with CLL who developed
Hodgkin variant of Richter transformation 

Clinical characteristics Median (range) Percentage 

Age at-diagnosis of CLL 58 (30-77)
Gender

Male 12 75%
Female 4 25%

Ethnicity
Jews, Ashkenazi 14 87.5%
Jews, Sephardic 2 12.5%
Arabs 0 0

Binet 
Stage A 9 56%
Stage B 4 25%
Stage C 3 19%

WBC (mm3) 33,700 (13,400-174,000)
Lymphocyte (%) 70.8 (57-83)
LDH- IU/L 410 (140-803) 25%
>Upper normal limit 4 
Albumin - gr/dl 4.3 (3.2-5.3)
β2-Microglobulin - mg/dL 2.4 (1.5-4.1)
Autoimmune phenomenon 4 25%
Spleen size (cm) 13.7 (11-22)
Bulky lymph nodes (>5 cm) 1 6%
CD38-positive (>30%) 4 25%



phenomenon defined as Coombs positivity or immune
thrombocytopenia. LDH levels were above the upper normal
limit in 4 patients (25%) (range: 140-803 IU/L) at CLL
diagnosis, and only one patient presented with bulky lymph-
adenopathy defined as >5 cm in diameter. Elevated CD38
expression (>30% expression on CLL cells) was observed only
in 4 patients (25%), and was not identified as a prognostic
factor for survival in the present cohort (Table II). 

Therapy given for CLL before transformation. Eleven out of
16 patients (68%) had received prior treatment for CLL; eight
(50%) had >1 prior therapy, and two had been treated with a
third-line regimen. The most frequent treatment used for these
patients was chlorambucil, (5 cases), while fludarabine-based
therapy was given to four patients. Three of the 16 patients
also received rituximab as part of their regimen (Table III).
We did not identify differences in survival when these cases
were compared to patients with RS who received prior
treatment for CLL or were treatment-naïve (Figure 2).

Features at diagnosis of Hodgkin’s variant RS transformation.
The average time between CLL diagnosis and treatment was
34 months (0-100 months only for those receiving therapy).
In terms of clinical features, 8 patients (50%) presented with
systemic B-symptoms, and 5 of these had ECOG
performance status>2. At the time of transformation, 43% of
cases still had leukocytosis, and lymphocytosis >5,000 mm3,
indicating that CLL was still co-existent. Analysis of
additional parameters of the Richter score showed that four
patients (25%) had elevated LDH, defined as ×1.5 of the

upper normal limit; four (25%) had platelet counts below
100,000 mm3, and three patients had bulky nodes with tumor
size >5 cm (Table IV).
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Table II. Univariate Cox proportional Hazard Model for overall survival
and correlation with different parameters at the time of CLL.

Variable Level HR 95% CI p-Value

Binet Stage
A 1 (Ref.)
B 0.592 0.069 5.117 0.6338
C 1.156 0.129 10.327 0.8970

RAI Stage 
0 1 (Ref.)
I-II 2.451 0.413 14.537 0.3237
III-IV 2.140 0.180 25.503 0.5472

Spleen Size
Spleen size>12 cm 1.073 0.205 5.631 0.9332

LN size
<5 cm (Ref.)
>5 cm 1.343 0.687 2.626 0.3885

B2MG mcg/l
>3500 vs. <3500 2.449 0.151 39.723 0.5285

CD38
<30% 1 (Ref.)
>30% 6.503 0.634 66.727 0.1150

Table III. Details of prior treatment given for CLL, in 16 patients with
Hodgkin’s variant of CLL.

Parameter Value (range) Percentage 

No. of pts treated for CLL 11 68%
Time interval from CLL diagnosis 34.4 (0-100)
until given treatment (months)
Prior therapy: 1st line 11 68%
2d line 8 50%
3rd line 2 12.5%
Prior therapy 
Fludarabine 1
Fludarabine+cyclophosphamide 4
Chlorambucil 1
Chlorambucil+prednisone 4
Splenectomy 2
Steroids alone 3
Prior therapy with: Rituximab 3 18.75%

Table IV. Characteristics of 16 patients with CLL at time of diagnosis of
Hodgkin’s variant of Richter transformation. 

Characteristics at diagnosis Value (range) Percentage 
of Hodgkin variant 

Age 60.2 (40-86)
WBC - mm3 44,676 (1660-370,000) 
Performance status >2 5 31%
LDH> 1.5 upper normal limit 4 25%
Platelets <100,000/mm3 4 25%
Tumor size >5 cm 5 31%
Extra-nodal involvement 5 31%
Skin 1
Bone 1
Bone marrow 3
B-symptoms 8 50%
Bone marrow with CLL 10 63%

Table V. Treatment regimens given for Hodgkin’s variant and response
to therapy.

Treatment regimen No of patients (percentage, %)

ABVD 6 (37.5)
MOPP-ABV 3 (19)
BEACOPP 1 (6)
Escalated BEACOPP 2 (12)
ESHAP 1 (6)
DVIP 2 (12)
Radiotherapy 2 (12)
Autologus bone marrow 1 (6)
transplantation (ABMT)



Five patients (31%) presented with extra-nodal disease
with involvement of skin, bone and bone marrow. There was
no correlation between eventual outcome of RS and CD38
positivity, extra-nodal involvement, and serum B2MG levels.
(Table V).

Histopathology of lymph node biopsies. All cases had RS-H
cells, which stained positively for CD30, while CD15 was co-
expressed in 8 cases (50%). Histopathology showed; 4 cases
with mixed cellularity, 1 lymphocyte predominant HD and 1
lymphocyte depleted HL. All other cases were defined as
unclassified, classical Hodgkin’s lymphoma. EBV staining was
performed in 6 cases, and was positive in three (50%). Out of
the 12 bone marrow biopsies performed for staging purposes, 10
(83%) still showed the presence of co-existent CLL, while in 2
patients BB was not performed due to their rapid deterioration. 

Treatment and outcome. Fourteen (88%) patients received
treatment for RS with a median overall survival of 39.5
(range=1-120) months and 5 years’ overall survival of 33%
(Figure 1). The other two patients were not able to receive
therapy due to rapidly progressive disease. At the time of
analysis, 9 patients (56%) had died; 6 due to progressive
disease or complications of therapy and three due to relapse
after achieving initial CR. Seven of the 16 patients (44%) are
still alive. 14/16 patients with RS were treated; 3 with a
BEACOPP-based regimen and 9 with ABVD or MOPP/ABV.
In the 3 relapsed cases, two received a DVIP regimen and one
patient was treated with ESHAP protocol. Two patients
received radiotherapy in addition to chemotherapy, and one
patient underwent autologous stem cell transplantation. Six of
the 14 patients achieved complete response with a median
overall survival of 48 months (Table V).

Discussion

In the present study we collected a fair-sized cohort of
patients with HV-Richter transformation, and analyzed data
relating to both clinical features and laboratory findings at
presentation and also determined outcome and survival. 

In terms of ethnicity, it is important to stress- out that it is
well-known that CLL is more frequent in Ashkenazi Jews
than in Sephardic Jews and Arabs (12, 13), and the same
trends were evident among patients with Richter
transformation-HV. Although the cohort included only 16
patients, none were Arabs, and among the Jews, 14 of 16
were Ashkenazi and only 2 were of Sephardic origin. This
observation is of importance since it implies that not only
does CLL have a genetic predisposition (12, 13) but the
tendency to transform to lymphoma does as well. In addition,
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Figure 1. Kaplan-Meier curve for overall survival of patients with
Hodgkin variant-Richter transformation.

Figure 2. Kaplan-Meier curves for overall survival in CLL and
correlation with treatment given for CLL. A) Comparison between
treated and untreated patients in terms of survival during follow-up for
CLL. Log-Rank test, p=0.748. B) Effect of rituximab given during
therapy for CLL. Log-Rank test, p=0.2732.



Richter transformation in CLL and HV in particular, has not
yet not been reported in the literature from an Arab country. 

Our cohort, as in other reports of CLL without
transformation, included mainly males, and the patient age of
with Hodgkin’s variant RS was obviously older than in cases
of de novo classical Hodgkin’s lymphoma. We collected a
wide variety of data from patients’ files, and divided this
information into two time periods for each patient: the first
relating to the period at-diagnosis of CLL and subsequent
follow-up until transformation, and a second period which
included clinical and laboratory data collected after HV
Richter transformation had occurred. None of the parameters
analyzed during the course of CLL, such as blood counts,
serum albumin and LDH levels, association with auto-
immune phenomena, degree of splenomegaly or bulky
lymphadenopathy had statistical significance in terms of
correlation with progression of CLL to HV. These
observations are in line with previous data reported from the
M.D. Anderson Cancer Center in 2001 (14) and later in 2006
(4). Similar observations were also reported in a very recent
study of 544 patients with CLL from the CALGB, where only
34 developed RS. They were also unable to identify any
baseline pre-treatment clinical features predictive for
subsequent transformation to RS (15).

One important observation from our study of HV-RS,
relates to the fact that the clinical presentation during
transformation was not as “stormy” as reported for RS-
DLBCL. Indeed, only 50% of patients presented with B-
symptoms, while 45% of cases still displayed leukocytosis
with lymphocytosis and were not leucopenic as typically
reported in several other studies.

Another remaining intriguing question in CLL relates to
the possible role of Epstein Barr virus (EBV) infection in the
etiology of RS-Hodgkin’s variant (6, 16). In cases where

EBV staining was performed in our cohort, 50% were
positive and expressed the virus in the transformed cells. The
precise role of EBV infection still needs to be established in
RS in general and in HV-RS in particular. However, the
biological rationale for this association obviously relates to
the degree of immunosuppression characteristically present in
CLL, which is clearly enhanced after immuno-chemotherapy.

One of the obvious limitations of our study is the intrinsic
limitation of any retrospective study and the lack of molecular
data, which may have enabled us to comment on or perhaps
even support previous biological studies relating to the origin
of the Hodgkin’s cell. According to recent studies, by Rossi et
al., it is now recognized that there are two main genetic
pathways for CLL cells to undergo transformation. Regarding
transformation to DLBCL, about 90% of cases are clonally-
related and originate from a predominant clone present in
CLL with disappearance of all other sub-clones. On the other
hand, in the minority of cases, RS develops from a “de novo”
clone of tumor cells not present at the time of CLL diagnosis,
and represents a “de novo DLBCL". Similar results have also
been reported when molecular studies were performed on RS-
H cells although only based on small patient cohorts or
individual case studies. Some investigators , like De Leval et
al. (16), have demonstrated a distinct clonal origin for these
cases while Mao and co-workers analyzed 6 cases with HV
and implied that HV and R-S-like cells may evolve from
either the original B-CLL clone or develop as a clonally-
unrelated lymphoma. In the case of “de novo” Hodgkin’s
lymphoma, they appear to be EBV-positive, possibly as a
consequence of the underlying immunodeficiency, associated
with CLL, or to the therapy given or both (17).

CD38 positivity, when performed by flow cytometry using
a cut-off value of 30%, is considered as a negative prognostic
factor in CLL. One study reported that polymorphism in the
CD38 gene, characterized by a C>G variation may be
associated with Richter transformation, but patients with HV
were not included (18). More data are needed to confirm this
observation and to verify whether this occurs in cases of
transformation to Hodgkin’s lymphoma.

Some reports link the development of HV to the use of
purine analogs in the treatment of CLL and this have been
recorded both for fludarabine and cladribine. In our case series
the most frequent drug used to treat CLL was chlorambucil,
followed by fludarabine, but the size of our cohort is too small
to separately assess each drug category in terms of
predisposing to the development of RS. Our observations are
in line with the results reported in the CALGB study where it
was shown that the probability of RS was comparable among
fludarabine and chlorambucil-treated patients. (15) Only 3
patients in our retrospective study were treated with rituximab-
containing regimens and obviously we could not conclude
anything in relation to protective or predisposing effects in
such a small number of patients. On the other hand, it is

Tadmor et al: Hodgkin Variant of Richter Transformation

789

Figure 3. Kaplan-Meier curves for overall survival based on Richter
score, p=0.8810. 



interesting to note that 69% of patients who developed
Hodgkin’s variant of RS had been previously treated with at
least one line of chemotherapy for CLL, implying a possible
association with prior therapy in these cases. 

In conclusion, we retrospectively analyzed our experience
on CLL patients who developed HV Richter transformation
in Israel. Due to the rare occurrence of this entity, a larger
prospective study of analogous nature will be very difficult to
perform, and because of this we feel our observations have
value. We conclude that the pattern of clinical presentation of
Hodgkin’s variant is different from DLBCL-type RS and that
clinical course of HV appear to be less aggressive.
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