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Abstract

Hodgkin/Reed-Sternberg (HRS) cells in the setting of chronic lymphocytic leukemia (CLL) exist
in two forms: type | with isolated HRS cells in a CLL background (Hodgkin-like lesion), and type
Il with typical classic Hodgkin lymphoma (CHL), a variant of Richter transformation (CHL-RT).
The clinical significance of the two morphological patterns is unclear, and their biological features
have not been compared. We retrospectively reviewed 77 cases: 26 of type | and 51 of type Il
CHL-RT; 3 cases progressed from type | to type Il. We examined clinical features, EBV status,
and clonal relatedness after microdissection. Median age for type | was 62 years vs. 73 years for
type Il (p=0.01). 27% (type I) vs. 73% (type I1) had a history of CLL. HRS cells were positive for
EBV in 71% (55/77), similar in type | and 11. Clonality analysis was performed in 33 cases (type |
and type Il combined): HRS cells were clonally related to the underlying CLL in 14 and unrelated
in 19. ZAP-70 expression of the CLL cells, but not EBV status or morphological pattern was
correlated with clonal relatedness: all 14 clonally related cases were ZAP-70-negative while 74%
(14/19) of clonally unrelated cases were ZAP-70-positive. Overall median survival (types | and 1)
after diagnosis was 44 months. Advanced age was an adverse risk factor for survival, but not
histological pattern, type I vs type Il. HRS-like cells in a background of CLL carries a similar
clinical risk to that of CHL-RT, and may progress to CHL in some cases.
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Introduction

Approximately 2.2% to 8% (average of 5%) patients with chronic lymphocytic leukemia
(CLL) transform into high-grade lymphoma during their clinical course, clinically referred
to as Richter syndrome (1, 2). Most cases are diffuse large B-cell lymphoma (DLBCL) (1, 3,
4). The classical Hodgkin lymphoma variant of Richter transformation (CHL-RT) is rare
(0.4%-0.7%)(1-3), (5-7)

Two different histological patterns with features of CHL in CLL have been described. Type |
is defined as HRS cells scattered in a background of CLL cells; while type 1l has typical
CHL morphology showing HRS cells in polymorphous inflammatory background, largely
segregated from CLL (8, 9). While type | morphology has many morphologic and
phenotypic features in common with CHL, whether it should be considered as true CHL is
still controversial(10, 11). Moreover, few data exist on the implications of a type | diagnosis
for patient survival, and cases of type | have been omitted from large retrospective reviews
on the subject(6). Our extensive experience with type | Hodgkin-like lesions based on our
consultation practice gave us the opportunity to investigate the type I pattern in greater
detail.

HRS cells in most cases of both types | and Il have been reported as EBV-positive(12). A
correlation between EBV positivity and history of Fludarabine treatment was noted,
identifying the associated immune suppression as a risk factor(5, 6, 13, 14). However, EBV-
negative cases are not uncommon(l, 2, 8, 15, 16). It remains challenging to draw a
conclusion regarding EBV status and its clinical significance in type | and 1l processes from
the small number of cases published in prior reports.

HRS cells can be clonally related to the underlying CLL or may arise as an independent,
clonal process(8, 9, 15, 17-20). The association between a clonal relationship and the
morphologic pattern has not been studied. Several studies suggested that clonally related
HRS cells might be restricted to EBV-negative cases, whereas EBV-positive HRS cells
might originate from an unrelated B-cell clone(8, 11, 18, 20). However, some studies have
provided contradictory data arguing against these assumptions(15, 17). What factors
determine the clonal relationship between HRS cells and pre-existing CLL are still elusive.

We compared 51 cases of CHL-RT with 26 cases of type | Hodgkin-like lesion submitted to
our consultation service. Clinical characteristics, morphology, immunophenotype, EBV
status, clonality and overall survival were analyzed.
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Materials and methods

Case Selection

The pathology database of the Hematopathology Section, Laboratory of Pathology, National
Cancer Institute, was searched for cases of CLL accrued since 1990 and reported as
containing HRS cells or evidence of CHL. In total, 91 cases were identified. After initial
review, 77 cases with 80 biopsies containing cells with the morphology and
immunophenotype of HRS cells were included in this study. Among them, 3 cases had 2
sequential biopsies with the first exhibiting type | morphology and the second type 11; these
3 cases were categorized as type | for further analysis. Fourteen cases were excluded due to
insufficient information including EBV status, history of CLL, and follow-up. A history of
CLL was determined from pathology reports and patient notes provided by referring
physicians. The study was approved by the National Cancer Institute Institutional Review
Board. Information on survival was obtained using the National Death Registry identified
through DOBsearch.com, if not reflected in patient notes.

Immunohistochemical staining and in-situ hybridization

Sections of formalin fixed paraffin-embedded tissue were stained with antibodies against
CD30, CD15, Pax5, CD20, EBV LMP1, CD3, CD5, and ZAP-70, using a standard
automated technique (Dako or Bench Mark XT). EBV in-situ hybridization was performed
using an EBV-encoded digoxigeninlabeled RNA riboprobe, targeting the EBER RNA
transcript of EBV infection as previously described(21).

Laser capture microdissection (LCM)

CD30/Pax-5 double stained paraffin-embedded sections were used for laser microdissection,
using a PixCell lle laser capture microscope (Acturus Engineering, Santa Clara, CA). A
small 7.5 mm spot size with high power at 100 mW and short duration time of 300
microseconds was used for single cell dissection. Approximately 50 CD30+ HRS cells, 200
Pax5+ CLL cells were dissected and used for direct PCR analysis.

PCR analysis for IGHrearrangement

After microdissection, the thermoplastic membranes containing dissected cells were lifted
from LCM cap, mixed with Gene Releaser resin (Bioventures, Murfreesboro, TN), pre-
incubated in a Perkin Elmer 480 thermocycler (Applied Biosystems, Foster City, CA), and
then used for PCR for IgVVH framework I11 (FR 111)/CDRIII gene rearrangement as
previously described(21-23). The second semi-nested PCR was performed using 2 pl of
1:100 diluted first PCR product as template with nested JH primer
(5’ACCAGGGTCCCTTGGCCCCA3’ )(9) and same VH primer of 15t round PCR. The
PCR products were then analyzed on 16% polyacrylamide gels and stained with ethidium
bromide for visualization(21).
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Student t-test, Fisher exact test and Log-rank (Mantel-Cox) test were performed using Prism
6 (GraphPad Software Inc., La Jolla, CA). All reported o values are two-sided with a type |
error rate of 5% and a p<0.05 set for significance.

Clinical characteristics

Seventy-seven cases with Hodgkin-like (type I) or CHL (type 1) features were identified
with a male to female ratio of 1.9 (50:27), consistent with a male predominance in CLL(24).
The median age at time of diagnosis (type | or type I1) was 69 years old (range: 42-86).
Fifty-seven per cent (44/77) had a prior history of CLL, with the mean time to Hodgkin or
Hodgkin-like lesion from CLL diagnosis of 36 months. The diagnosis of the Hodgkin or
Hodgkin-like lesion was made in biopsies from lymph node (58/77, 75%), bone marrow
(9177, 12%), spleen (4/77, 5.2%) and extranodal sites (6/77, 7.8%). The extranodal sites
were liver (2), lung (2), pleura (1), and stomach (1).

Type | versus type |l patterns by morphology, immunohistochemistry and EBV status

Twenty-six cases were classified as type | with scattered HRS cells in a background of CLL
(Figure 1). The cytological features were typical of CLL in most cases, but 2 cases showed
slight nuclear irregularity. Four cases showed increased prolymphocytes associated with
expanded proliferation centers. Mixed inflammatory cells such as plasma cells and
eosinophils were rare. One case had increased eosinophils interspersed with CLL cells; 4
had increased histiocytes with 1 showing focal non-necrotizing granulomas. HRS cells were
distributed throughout the tissue sections. We enumerated HRS cells in at least 10 high
power fields for each tissue section. The median number of HRS cells was 4 per high power
field (range: 1-20). Although the majority of the background lymphocytes were CLL-cells,
most individual HRS cells, even in type I, were associated with T-cells (CD3+), often
forming rosettes.

Fifty-one cases were classified as type Il, in which HRS cells were present in a
polymorphous inflammatory background including reactive lymphocytes, eosinophils,
plasma cells and histiocytes. A minority of patients (25%, 13/51) had islands of CHL, with
portions of the lymph node containing more a typical CLL (moth-eaten pattern, Figure 2 A-
D). In 22 cases (43%) the areas involved by CHL formed a confluent sheet, adjacent to but
distinctly segregated from areas of CLL (segregated pattern, Figure 2E-F). Interestingly, in
cases with segregated CLL and CHL, the CLL areas usually contained scattered HRS cells,
resembling type I. The type Il pattern also included synchronous cases with CHL at one site
and CLL at another site (separate sites, 31%, 16/51). No clinical differences were observed
related to the three histological patterns of type Il.

The immunophenotype and EBV status of the HRS cells were similar in both type I and 11
cases (Table 1). Overall the HRS cells were positive for CD30 (100%) and CD15 (88%).
CD20 was variably positive in HRS cells of 49% of cases (52% in type | versus 47% in type
I1, p=0.44); PAX-5 was positive in all cases examined. Regarding EBV status, 71% (55/77)
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were positive (50 EBER+, 2 EBER-/LMP1+, 3 LMP1+/EBER not done), and 29% (22/77)
negative (17 EBER-/LMP1-, 5 EBER-/LMP1 not done).

Clinical Correlations with morphology and EBV status

The clinicopathological findings were compared between type | and 1. The median age at
the time of Hodgkin/Hodgkin-like diagnosis was 62 years in patients with type | as
compared to 73 years with type Il (p=0.01, Table 1). The male to female ratios were similar.
Only 27% of type | cases had a prior diagnosis of CLL in contrast to 73% of type 1l. Among
the patients with a prior CLL diagnosis, the mean time to Hodgkin/Hodgkin-like diagnosis
was not different between type | and Il (63 months vs. 71 months, p=0.7). All of the 6 cases
diagnosed in extranodal sites were type Il (Table 1). Three cases had two sequential biopsies
from the same or different sites, the first being type | and the second type Il (Figure 3 and
Supplemental Table 1).

In order to understand the significance of EBV infection in the Hodgkin/Hodgkin-like
process, clinicopathological features were compared between the EBV positive and negative
cohorts (Supplemental Table 2). All characteristics examined were similar, including age,
gender, time to Hodgkin/Hodgkin-like diagnosis from CLL diagnosis, history of CLL, sites,
type I vs 1l pattern, and expression of ZAP-70.

Clonal relationship between CLL and HRS cells

In order to compare clonality, CD30+ HRS cells were microdissected after CD30/Pax5
double staining and directly used for PCR analysis for /GH FRIII/CDRIII rearrangement in
33 cases with adequate materials (Figure 4). The amplified PCR products from HRS cells
and CLL cells were compared by gel electrophoresis. To this end, HRS cells in 14 cases
were clonally related to the CLL component while 19 cases were unrelated. No clinical
differences were observed between clonally related and unrelated cases (Supplemental Table
3).

CLL is a heterogeneous entity with two distinct subtypes: /GHV mutated or unmutated(24).
Immunostaining for ZAP-70 expression in the CLL cells has been used as a surrogate
marker for mutational status(8, 25, 26), and was performed on all cases subjected to
clonality assessment. Clonally related and unrelated cases were compared. The underlying
CLL was negative for ZAP-70 in all cases with clonally related HRS cells. In contrast, 74%
(14/19) of clonally unrelated CLL cases were positive for ZAP-70 (Table 3 and
Supplemental Table 3). Examining the data from the perspective of ZAP-70, 14/19 (74%)
ZAP-70 negative cases showed a clonal relationship to the HRS cells while 0/14 ZAP-70
positive cases did (Table 3 and Supplemental Table 4). These results indicate that HRS cells
arise de novo rather than from the CLL clone in ZAP-70 positive (/GHV unmutated) CLL,
while in ZAP-70 negative (/GHV mutated) CLL, HRS cells are predominantly derived from
the CLL clone, although clonally unrelated HRS cells were also seen in a minority of these
cases.

We further examined the correlation of clonal relationship with EBV status. Forty-three per
cent (3/7) EBV negative and 42% (11/26) EBV positive cases were clonally related to the
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associated CLL (Supplemental Table 2). Thus, EBV status did not predict influence the
clonal relationship between HRS cells and CLL cells.

Two cases presented with concurrent type Il transformation (CHL-RT) and DLBCL-RT. In
one ZAP-70 negative case, both CLL and DLBCL involved bone marrow, while the CHL-
RT involved an inguinal node. After microdissection, both HRS cells and DLBCL cells
shared same clone as the CLL cells (Figure 4E left panel). In a second case the patient was
initially diagnosed as CLL, positive for ZAP-70, involving bone marrow, and 5 years later
developed CHL-RT in a supraclavicular lymph node and DLBCL-RT in bone marrow. By
PCR, the same clone was detected in the original CLL, and the DLBCL, while the clone
associated with the HRS cells was distinct (Figure 4E right panel).

Survival analysis

We attempted to analyze what factors affected overall survival following a diagnosis of
either type | (Hodgkin-like) or type Il (CHL-RT). Forty-one patients had died at the end of
this study with a median follow-up of 22 months. The overall median survival after the
diagnosis of either type | or type Il was 44 months (Supplemental Figure 1A). Advanced age
was the strongest predictor for shorter overall survival: patients with age <70 years had a
median survival of 156 months after diagnosis compared to 24 months in patients with age
=70 years (p=0.03, Table 2 and Figure 5A). There was no difference in overall survival
between type | and Il cases (Figure 5B). Other characteristics including extranodal
presentation, negative EBV status and a clonal relationship showed no significant difference
in survival (Supplemental Figure 1 and Table 2).

Discussion

The presence of HRS-like cells in a background of CLL was first noted 25 years ago (27),
but how this finding relates to CHL as a form of Richter's transformation has been largely
unexamined. In this study we compare the clinical and biological features of these two forms
of progression in CLL. While it remains uncertain whether the type | pattern (Hodgkin-like
lesion) should be considered de facto evidence of CHL, the overall survival was similar for
type | and type Il from the time of the “Hodgkin” diagnosis, approximately 44 months. In
our study for most patients, the diagnosis of a type | Hodgkin-like lesion was the initial
finding leading to a diagnosis of CLL; only 27% of patients had a prior diagnosis of CLL as
opposed to 73% with a type Il pattern. In addition, the median age of type | patients was 11
years younger than type Il. These data suggest that the type | pattern is a relatively early
event in the evolution of the disease, and one that is not influenced by prior treatment, at
least in a subset of patients. In the largest retrospective review of CHL-RT in the literature,
Bockorny et al identified 10% of patients presenting with simultaneous CLL and CHL,
although those authors did not report cases with type | histology.(6)

It has been questioned whether type | histology should be considered a true form of CHL.
We identified three patients in the current study in whom sequential biopsies showed
progression from type | to type Il. In addition, this progression was reported previously in 2
additional patients (Supplemental Table 1) (12, 27). Additionally, in 22 patients with
segregated CLL and CHL in the same biopsy site, the CLL component usually contained
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scattered HRS-like cells. Thus, the type | pattern appears to have the potential to progress to
usual CHL.

The clonal relationship between CLL and HRS cells has been the focus of investigation for
many years. Both clonally related and unrelated cases were demonstrated by gel
electrophoresis or nucleotide sequencing(8, 9, 11, 16-20). It had been suggested that HRS
cells in patients with the type | pattern are clonally related to the underlying CLL, especially
when the HRS cells express B cell markers(9, 11). However, Kanzler et al reported that 2 out
of 3 cases with the type | pattern were clonally distinct from CLL(17). Our results showed
that 29% of type | cases were clonally related as compared to 53% of type Il (not
statistically different), suggesting that the histological pattern does not predict for a clonal
relationship. It must be acknowledged that there are technical challenges in studying Type |
cases, since the HRS cells are intimately admixed with the CLL cells and contamination
with a small number of CLL cells is difficult to exclude.

Among all other factors we compared, only ZAP-70 positivity strongly correlated with a
clonal relationship. ZAP-70 has been used as surrogate marker for /GHV mutational status
in CLL, and also has independent clinical and biological significance(28). Most of the
ZAP-70 positive CLL are /GHV unmutated, whereas ZAP-70 negative cases are /IGHV
mutated(8, 25, 26). Both IGHV mutated and unmutated CLL cells are “antigen-experienced”
and antigen-selected B-cells, encountering antigen in T-dependent vs. T-independent
manner(29). HRS cells in sporadic CHL are believed to be post-germinal center (GC)
mutated B-cells harboring mutated 1G genes(30). One might conclude that clonally related
CHL-RT might be more likely to develop in mutated CLL(25, 31, 32). Several cases
reported in the literature fit this assumption: all published 5 /GHV mutated CLL patients had
developed clonally related HRS cells(15, 17-19) while 2 /GVH unmutated CLL patients had
clonally unrelated CHL-RT(17). The results from our large study further support this
scenario. We show that HRS cells from all ZAP-70 positive (IGHV unmutated) CLL cases
were clonally unrelated (Table 3), whereas HRS cells from ZAP-70 negative (/GHV
mutated) CLL cases often share the same clonal origin with the associated CLL.
Infrequently, clonally unrelated HRS cells can occur in ZAP-70 negative (/GHV mutated)
CLL as a true secondary neoplasm.

DLBCL-RT shows some differences from CHL-RT in terms of clonal derivation. Two recent
studies reporting a total of 83 patients with DLBCL-RT, showed that the majority of cases of
DLBCL were clonally related to CLL regardless of /GHV mutational status (Table 3)(4, 11).
The results from two interesting cases with concurrent CHL-RT and DLBCL-RT presented
in our study further support this observation.

We confirm that the vast majority of cases of both types | and Il are associated with EBV
infection of the HRS cells, 71% in our series. Data from small case series had suggested that
EBV negative HRS cells were often clonally related to CLL cells, whereas EBV positive
HRS cells were unrelated(8, 11, 17, 18, 20). We could not confirm that the presence of EBV
influenced the clonal relationship with the underlying CLL.
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In general, type Il transformation, so called CHL-RT has a poor prognosis. Previous studies
have shown a wide range in the median survival of CHL-RT patients from 4 to 40 months (2,
6, 7, 33, 34). A history of Fludarabine or other purine analogue treatment was associated
with a worse prognosis (2, 6, 33, 34). A comprehensive review of 88 CHL-RT cases reported
in the literature demonstrated that median survival without Fludarabine treatment was 25
months in contrast to 8.4 months with Fludarabine(6). The overall median survival of 44
months of combined type | and Il diagnoses in the current study is comparable to published
data (7).Interestingly, we saw no difference in survival between patients with type | vs. type
Il histology. However, we confirm that consistent with a recent report, advanced age is a
strong predictor for a poor prognosis(7). Additionally, extranodal presentation, negative
EBYV status and a clonal relationship also showed a trend towards to inferior survival, but did
not reach statistical significance (Table 2). Similar findings have been reported in DLBCL-
RT(4). Due to the retrospective nature of this study, and lack of detailed treatment
information, our survival analysis needs to be interpreted with caution.

We used ZAP-70 as a surrogate marker for /GHV/ mutational status. Sequencing /GHVis
still the gold standard for mutational status; however, fresh/frozen tissue is preferable if
Sanger sequencing is utilized. Formalin fixed paraffin embedded (FFPE) tissue has
nevertheless been used in very few studies with conflicting results when compared to frozen
tissue (35) (36, 37). Given the wide variation in DNA quality obtained from FFPE sections,
we elected to use ZAP-70 as a surrogate marker, which could be applied to a larger number
of cases. HRS cells in ZAP-70+ (/GHV unmutated) CLL appear to be more often clonally
unrelated, whereas clonally related HRS cells were strongly associated with ZAP-70-
(/GHV mutated) CLL. However, in the patients analyzed, ZAP-70 status did not appear to
influence survival after diagnosis of the Hodgkin-like process.

In summary, our study suggests that type I morphology might be an early stage of
transformation that can progress to type Il CHL-RT. Our data also indicate that patients with
type | and type Il had similar overall survival following the diagnosis, indicating the need for
therapeutic intervention. However, this study cannot resolve whether the type | pattern
should be considered bona fide evidence of CHL, comparable to type Il, nor are we in a
position to recommend specified treatment regimens for these patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Histological features of type | Hodgkin-like lesion
A. Scattered HRS cells in a background of CLL. B. CD20 is diffusely positive but HRS cells

are negative. C. CD5 is weakly positive in background CLL cells and strongly positive in
rosetting T-cells. HRS cells are positive for CD30 (D), CD15 (E) and EBV (EBER) (F).
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Figure 2. Histological features of type Il CHL-RT
A. Moth-eaten pattern, with foci of CHL in a background of CLL. Insert in A shows HRS

cell. B. CD20 is weakly positive in CLL negative in HRS cell and surrounding T-cells. Inset
shows CD30 staining of an HRS cell. C. Moth-eaten pattern, more extensive involvement.
HRS cells are weakly positive for PAXS5 in D, and are positive for CD15 as shown in inset.
E. Segregated pattern. A distinct border is seen between CLL and CHL F. Typical
histological features of CHL are present with mixed inflammatory background. Inset shows
CD30 positivity of HRS cell.
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Figure 3. Progression from type | to type Il
A. Type | pattern is present in the bone marrow. B. Two years later CHL diffusely involved

the bone marrow (type Il) with no histological evidence of CLL.
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Figure 4. Microdissection and Clonal Analysis
A. ZAP-70 positive CLL. Arrow indicates a HRS cell (ZAP-70 negative). T cells are

strongly positive for ZAP-70. B. ZAP-70 negative CLL. ZAP-70 positive T cells rosette a
HRS cell. C. PAX-5 and CD30 double staining. HRS cells are double positive and
background CLL cells are PAX-5 positive but CD30 negative. D. Microdissection. Insert
shows HRS cells after microdissection. E Clonal analysis of two concurrent CHL-RT and
DLBCL-RT cases. DNA molecular markers with 118 bp and 72 bp shown; clonal,
monoclonal positive control; poly, polyclonal control. Microdissected CLL, HRS and
DLBCL cells were compared. Yellow lines indicate different sites. Left panel (ZAP-70-
case): HRS and CLL cells microdissected from an inguinal lymph node, and DLBCL
microdissected from bone marrow. Right panel (ZAP-70+ case): LNO4, CLL, HRS from a
supraclavicular lymph node in 2004; BM99 from bone marrow in 1999 when CLL was
initially diagnosed; BM04, CLL and DLBCL from bone marrow in 2004,
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Figure 5. Kaplan-Meier analysis of survival after type | and type Il diagnoses
Age greater than 70 influences survival (A), but no differences are seen for type I vs. type Il

(B).
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Table 1

Characterization of type | Hodgkin-like lesion and type Il CHL-RT

Type | Type 11

Number (N) 26 51

* - -
Median age in years (range) 62 (42-86) 73 (46-85)
Gender (M:F ratio) 19:7 (2.7) 31:20 (1.6)
Prior CLL diagnosis# 21% (7126) 73% (37/51)
Sites (N)# LN 25,BM 1 LN 33, Spleen 4, BM 8, extranodal 6§
CD20+ 52% (12/23) 47% (23/49)
PAX-5+ 100% (20/20) 100% (31/31)
CD30+ 100% (26/26) 100% (51/51)
CD15+ 78% (18/23) 92% (46/50)
EBV+ 65% (17/26) 75% (38/51)
ZAP-70+ 57% (8/14) 32% (6/19)
Clonally related 29% (4/14) 53% (10/19)

p=0.01 by student t-test

#p<0.005 by Fisher exact test,

§Inc|udes liver (2), lung (2), pleura (1), and stomach (1).
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Table 2

Univariate analysis of survival using Log-rank (Mantel-Cox) test

Median survival (months)  Hazard ratio (95%CIl) p value

Age (years)
<70 (N=40) 156 0.50 (0.26-0.9) 0.03
>70 (N=37) 24

Sex
Male (N=50) 57 0.91 (0.5-1.7) 0.78
Female (N =27) 36

Sites
Nodal (N =71) 44 0.46 (0.1-1.7) 0.25
Extranodal (N =6) 14

History of CLL
Yes (N =44) 57 1.1 (0.6-2.1) 0.70
No (N =33) 44

Morphological types
Type | (N =26) 44 0.98 (0.5-1.9) 0.95
Type Il (N =51) 57

EBV
Positive (N =55) 57 0.9 (0.5-1.8) 0.79
Negative (N =22) 28

ZAP-70
Positive (N =14) 24 0.94 (0.4-2.1) 0.89
Negative (N =19) 17

Clonal relationship
Unrelated (N =19) 24 0.68 (0.30-1.6) 0.36
Related (N =14) 15
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Table 3

The difference in clonal relationship between CHL-RT vs DLBCL-RT: Review of the literature and current
report

§ 88

CHL or Hodgkin-like lesion DLBCL

Clonally related  Clonally unrelated  Clonally related  Clonally unrelated

IGHV unmutated CLL 0 2 47 6

IGHV mutated CLL 5 0 18 12

ZAP-70+ CLL 0 14 18 3

ZAP-70- CLL 14 5 10 1
§CHL data: 7 cases from prior reports (IGHV cases) 15,17, 18, 20 3 33 cases from our study (ZAP-70 cases).
88

DLBCL data: 83 cases (IGHV cases) are from two prior reports 4,11 In one of the prior studies, ZAP-70 was also examined4; therefore, the
cases (ZAP-70 cases) were combined with 2 cases from our study.
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