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Abstract

The prevalence, clinicopathologic correlates, and outcomes of previously untreated chronic
lymphocytic leukemia (CLL) patients with /GH-BCL2and IGH-BCL 3translocations are not well
known. Using the Mayo Clinic CLL database, we identified patients seen between March 1, 2002
and September 30, 2016 who had FISH testing performed within 3 years of CLL diagnosis. The
prognostic profile, time to first therapy (TTT), and overall survival (OS) of patients with /GH-
BCL2and IGH-BCL 3trans-location were compared to patients without these abnormalities (hon-
IGH group). Of 1684 patients who met the inclusion criteria, 38 (2.2%) had /GH-BCLZ2, and 16
(0.9%) had /GH-BCL 3translocation at diagnosis. Patients with /GH-BCL 3translocation were
more likely to have high and very-high CLL-International Prognostic Index, compared to patients
with /GH-BCL 2translocation and the non-/GH group. The 5-year probability of requiring therapy
was significantly higher for /GH-BCL 3 compared to /GH-BCL 2 and non-/GH groups (84% vs
33% vs 29%, respectively, £< 0.0001). The 5-year OS was significantly shorter for /GH-BCL3
compared to /GH-BCLZ2 and non-/GH groups (45% vs 89% vs 86%, respectively, £< 0.0001). On
multivariable analyses, /GH-BCL 3translocation was associated with a shorter TTT (hazard ratio
[HR] =2.7; £=0.005) and shorter OS (HR =5.5; £< 0.0001); /GH-BCL2translocation did not
impact TTT and OS. In conclusion, approximately 3% of all newly diagnosed CLL patients have
either an /GH-BCL2 or IGH-BCL3translocation. Patients with /GH-BCL 3translocations have a
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distinct prognostic profile and outcome. These results support the inclusion of an /GH probe
during the routine evaluation of FISH abnormalities in newly diagnosed CLL.

1| INTRODUCTION

Chronic lymphocytic leukemia (CLL) is a common hematological malignancy with an
estimated 21 000 new cases diagnosed in the United States in 2018.1 CLL typically
represents a clonal neoplasm of small, mature B cells that coexpress CD5 and CD23. CLL
has a very heterogeneous clinical profile, with some patients surviving for many years
without requiring treatment while others experience a more aggressive clinical course.? The
Rai and Binet clinical staging systems have traditionally been used in evaluating patients
with CLL.3-°

Genetic findings play a key role in the prognostication and clinical management of patients
with CLL. Since 2000, the Dohner classification has been the gold standard for the genetic
characterization and assessment of prognosis of CLL patients.% This hierarchical
classification is based predominantly on the findings of 13g14 deletion, 17p13 deletion,
11922 deletion, and trisomy 12 by fluorescent in situ hybridization (FISH) in these patients.
In addition to these well-known genetic prognostic markers in CLL, other less common
recurrent abnormalities have also been noted. These latter genomic aberrations include
reciprocal translocations involving the immunoglobulin (/G) genes, particularly the
immunoglobulin heavy chain (/GH) gene located at the 14932 chromosomal locus.8-14 /GH-
rearrangements typically relocate genes near active regulatory sequences on chromosome
14, leading to activation of a proto-oncogene. There are a number of /GH translocation
partners that have been reported in CLL, including /GH-BCL2/t(14;18)(q32;921), /IGH-
BCL3/t(14;19)(q32;913), MY C-IGHIt (8;14)(q24;932), and BCL11A-IGHIt(2;14)(p16;932).
111n a report of 35 cases pooled from the published literature, Braekeleer et al reported that
the overall frequency of /GH translocations in CLL was approximately 8.3% (range, 1.9% to
26.1% from 18 total studies).1! Other published studies of CLL patients with /GH-BCL2
and /GH-BCL3translocations included small numbers of patients with relatively short
follow-up times and did not report time to first therapy (TTT) and/or overall survival (OS).
In addition, these studies did not compare the clinicopathologic characteristics and outcomes
of patients with /GH-BCLZ2and /GH-BCL 3translocations to CLL patients without these
/GH abnormalities.8-10.12-14 | this study, we comprehensively characterized the
clinicopathologic features and outcomes of a cohort of newly diagnosed CLL patients with
IGH-BCL2and /GH-BCL3translocations seen at Mayo Clinic over the past 15 years, and
compared these features to CLL patients without IGH abnormalities.

2| METHODS

2.1| Patient cohort

The Mayo Clinic CLL database includes patients with CLL who have been seen at Mayo
Clinic since 1995 and who have granted permission for their records to be used for research
purposes.t>17 Previously untreated CLL patients who were seen at Mayo Clinic between
March 1, 2002 and September 30, 2016, and who had FISH done within 3 years of diagnosis
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were identified from the database. Patients with confirmed /GH-BCLZ2or IGH-BCL3
translocations were included in this study. Patients with other /GH translocations, such as
t(8;14), and those patients with an unidentified partner gene for the rearranged /GH locus
were excluded from further analysis. The remaining patients constituted the non-/GH group
and were included as the comparator to the /GH-BCLZ2and /GH-BCL3 groups. The Dohner
hierarchical classification was used to classify patients with non-/GH abnormalities into
three groups: low-risk (13q deletion), intermediate risk (normal or trisomy 12), and high risk
(11q or 17p deletion). Clinical data obtained from the CLL database included age, gender,
Rai stage, serum p2-microglobulin level (B2M), the status of CD38, ZAP70, and CD49d
(respectively considered positive when CD38 = 30%, ZAP70 = 20%, and CD49d = 30%),
immunoglobulin heavy chain gene (/GHV) mutation status (considered as unmutated when
the /GHV mutations were < 2%), genetic abnormalities detected by FISH, therapy
administered, and vital status. All diagnostic material, including peripheral blood, bone
marrow, and/or tissue biopsy for patients with /GH-BCL2and /GH-BCL 3translocations
were reviewed independently by two hematopathologists (K.K.R. and C.A.H.). Using a
combination of morphologic and immunophenotypic features and based on the 2016 WHO
classification,? a diagnosis of CLL was established on all patients included in this study.
This study was approved by the Mayo Clinic Institutional Review Board.

Immunophenotypic analysis

Immunophenotypic analysis by flow cytometry was performed on anticoagulated peripheral
blood or bone marrow aspirate specimens using previously described methods.18 Samples
were examined with antibodies directed against the following antigens: CD3, CD5, CD10,
CDl11c, CD16, CD19, CD20, CD22, CD23, CD38, CD45, CD103, and kappa and lambda
immunoglobulin light chains. The data were analyzed using Kaluza software (Beckman-
Coulter, Brea, CA) and/or Diva software (BD Biosciences). Aberrant antigen expression was
identified based on comparison with internal positive and negative controls.

Fluorescence in situ hybridization (FISH) panel

FISH was performed on cell suspensions prepared from fresh peripheral blood or bone
marrow aspirate using standard techniques.1® FISH analysis was performed primarily using
cells harvested directly; rarely, after cell culture stimulated with CpG oligonucleotide or
brief cell culture without mitogen stimulation. Two hundred interphase nuclei were
examined for each enumeration probe set and 500 interphase nuclei for each dual fusion
probe set. FISH for 6q deletion (D621 & MYB), 11q deletion (D1121 & ATM), 13q
deletion (D135319 & LAMPI), and 17p deletion (7P53 & D17Z1), trisomy 12 (D12Z23 &
MDM?2), and IGH rearrangement (CCND1 & IGH) were performed. The level of positive
detection sensitivity for the presence of a genomic abnormality was =4% for 6q deletion,
>7.5% for 11q deletion, =7.0% for 13q deletion, =29.5% for 17p deletion, =7% for trisomy
12, and = 0.6% for /GH rearrangement (regardless of partner). Cases showing a rearranged
IGH pattern without CCND1 fusion were reflexed to /GH-BCLZ2and /GH-BCL3dual fusion
probe sets.
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2.4 | Statistical analysis

Clinical variables were compared across FISH groups using chi-square or Fisher’s Exact
(qualitative) and Kruskal-Wallis (quantitative) tests. TTT was measured as time from
diagnosis to first treatment date or last known untreated date; TTT was analyzed using the
Gray K-sample test accounting for competing risk of death. OS was calculated as time from
diagnosis to last known alive date; OS was analyzed using the log-rank test. OSand TTT
were compared between the /GH-BCLZ, IGH-BCL 3, and non-/GH risk groups. Cox
regression models were used for univariable and multivariable analyses of TT and OS
(models included age, sex, Rai stage, and FISH status); hazard ratios (HR) and 95%
confidence intervals (Cl) were reported. £< 0.05 were considered statistically significant.
Statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, North
Carolina, USA).

3| RESULTS

3.1| Clinical characteristics

In total, 1684 CLL patients met the inclusion criteria for the study. The median age at
diagnosis was 64 years (range: 24-93 years), and 1106 patients (66%) were male. Of 1684
patients, 38 (2.2%) harbored an /GH-BCL 2translocation, 16 (0.9%) had an /GH-BCL3
translocation, and the remaining 1630 (96.7%) did not have either of these abnormalities
(non-/GH group). The non-/GH group included 730 low-risk (sole 13q deletion), 692
intermediate-risk (trisomy 12 and negative FISH), and 208 high-risk (11q deletion and 17p
deletion) patients according to Dohner classification. Baseline characteristics of all patients
are shown in Table 1. There were no significant differences at baseline among patients with
IGH-BCL 2 compared to the non-/GH group. In contrast, patients with /GH-BCL 3 were
more likely to have a higher Rai Stage (l11 or 1V, 23% vs 5%; P = 0.02), higher expression of
CD38 (100% vs 25%; P< 0.0001) and CD49d (100% vs 33%; £=0.001), unmutated /GHV
genes (100% vs 42%; P=0.0001), higher serum p2-microglobulin (4.3 vs 2.4 pg/mL; P=
0.002), and a high or very high CLL-IPI score (67% vs 22%; £ = 0.002) compared to the
non-/GH group.

3.2| Concomitant FISH abnormalities

Patients with /GH translocations had other concomitant FISH abnormalities as shown in
Table 1. In our cohort, 50% (19/38) of patients with /GH-BCL2had concurrent 13q deletion
and 29% (11/38) had a concurrent trisomy 12. In the /GH-BCL3 group, 69% (11/16) of
patients had coincident trisomy 12, and 19% (3/16) had coincident 17p deletion. The
detailed FISH findings for the 38 /GH-BCL2and 16 /GH-BCL 3 cases are presented in
Supporting Information Tables S1 and S2.

3.3|] Morphologic and immunophenotypic findings

In patients with /GH-BCL 2translocation, the overwhelming majority (95%, 36/38)
presented with typical CLL morphologic characteristics. These characteristics included
small-sized lymphocytes, with clumped chromatin, inconspicuous nucleoli, and scant
cytoplasm. These typical cases expressed positive CD5, positive CD23, dim CD20, and dim
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surface immunoglobulin expression. The two cases with atypical morphology showed
predominantly small-sized neoplastic lymphocytes with scant cytoplasm and occasional
intermediate size cells with eccentric nuclear localization. The concomitant FISH
abnormality for these two patients was trisomy 12 and 13q deletion, respectively.

Similar to other reports in the literature, a subset of our patients with /GH-BCL3
translocation exhibited some atypical morphologic and/or immunophenotypic features.
These included larger neoplastic cells, nuclear indentations, modest to abundant basophilic
cytoplasm, and/or plasmacytoid appearance seen in 71% (10/14; 2 cases without slides for
re-review) of cases (Figure 1; Table 2), and negative CD23, brighter CD20, and/or brighter
surface immunoglobulin expression seen in 31% (5/16; Table 2). Definitive exclusion of an
alternative malignant lymphoma diagnosis (especially mantle cell lymphoma or marginal
zone lymphoma) was made by combining morphologic and immunophenotypic pattern of
bone marrow findings in all patients (lymph node biopsy samples were also reviewed in 5
patients and a spleen specimen in 1 patient) as well as confirming the absence of t(11;14) by
FISH.

Outcomes

The median follow-up for all patients was 5.9 years. Among the 38 patients with /GH-BCL2
translocation, 25 patients had not required treatment with current follow-up, 8 had received
chemoimmunotherapy, 4 had been treated with anti-CD20 monoclonal antibody alone, and 1
patient received zanubrutinib (a novel Bruton tyrosine kinase inhibitor). Among the 16
patients with /GH-BCL3translocation, 3 patients had not required treatment with current
follow-up, 10 had received chemoimmunotherapy, 1 patient had received a combination of
an alkylating agent and anti-CD20 monoclonal antibody, 1 patient had received ibrutinib,
and 1 patient had been treated with anthracycline-based therapy.

Figure 2A shows the TTT among patients in the /GH-BCLZ, IGH-BCL3, and non-/GH
groups (5-year risk of therapy was 33%, 84%, and 29%, respectively) (P < 0.0001). Figure
2B shows the TTT for patients in /GH-BCLZ2, IGH-BCL3, and the non-/GH cohort
categorized into low-risk, intermediate-risk, and high-risk FISH groups according to the
Dohner hierarchical risk categorization (P< 0.0001). TTT was similar between patients with
IGH-BCL Ztranslocation and the low risk FISH non-1GH group (P = 0.15; Figure 2C). In
contrast, the patients with /GH-BCL3translocation showed a shorter TTT than patients in
the high-risk FISH non-/GH group (median 1.0 vs 5.3 year, = 0.007; Figure 2D). The TTT
was also significantly shorter in the /GH-BCL 3 group compared to the /GH-BCLZ2 group (P
= 0.002; Figure 2E).

The 5-year OS for all patients in our study was 85% (95% CI: 83%-87%). The 5-year OS
for the /GH-BCLZ2, IGH-BCL3, and non-/GH groups was 89%, 45%, and 86%, respectively
(P<0.0001; Figure 3A). Figure 3B shows the OS for the /GH-BCL2and /IGH-BCL3
compared to the non-/GH groups categorized according to the Dohner hierarchical risk into
low, intermediate, and high-risk FISH (P < 0.0001; Figure 3B). There was no difference in
the OS of patients in the /GH-BCL 2 group compared to the Dohner low risk non-/GH group
(P=0.69; Figure 3C). In contrast, the OS of patients in the /GH-BCL3 group was
significantly shorter compared to the Dohner high risk non-/GH group (P = 0.01; Figure
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3D). Finally, the OS of patients in the /GH-BCL 3 was significantly shorter than those in the
IGH-BCL2group (P< 0.0001; Figure 3E).

In univariable analyses, the presence of /GH-BCL2was not associated with TTT or OS. In
univariable analyses, the presence of /GH-BCL3was associated with both shorter TTT (HR
=6.3; 95% Cl = 3.6-11.0; A< 0.0001) and shorter OS (HR = 4.8; 95% CI = 2.6-8.7; P<
0.0001). In multivariable analyses (including age, gender, Rai stage, and FISH), /GH-BCL3
remained statistically significantly associated with both shorter TTT (HR = 2.7; 95% CI =
1.3-5.4; P=0.005) and shorter OS (HR =5.5; 95% Cl = 2.6-11.6; £<0.0001). /GHV
mutation status was not included in the multivariable model due to multicollinearity with
IGH-BCL 3translocations as all patients with /GH-BCL 3translocations had unmutated
IGHV/ genes.

DISCUSSION

The results in the present study including >1600 patients show that approximately 3% of
newly diagnosed CLL patients have either an /GH-BCLZ2 or IGH-BCL 3translocation at the
time of diagnosis. Although the prognostic profile of patients with /GH-BCLZ2 does not
appear to differ substantially from non-IGH CLL patients, patients with an /GH-BCL3
translocation have a more aggressive clinical presentation at baseline, including a high and
very-high CLL-IPI score. Consistent with this adverse prognostic profile, patients with an
IGH-BCL 3translocation have a shorter TTT and OS compared to patients with /GH-BCLZ2
translocation and those without /GH abnormalities, even after adjusting for other variables
known to be associated with adverse outcomes.

In a prior study from our group, of 1032 patients with a B-cell lymphoproliferative disorder
evaluated in the Mayo Clinic Cytogenetic laboratory, 7% had an /GH translocation identified
by interphase FISH.20 The partner gene present in 45 patients was cyclin D1, consistent with
a diagnosis of mantle cell lymphoma. The partner gene present in the remaining patients was
BCL2in 24%, BCL3in 8%, MYCand BCL-11ain <3% patients, and unknown in the
remaining 17%. The results of our current study extend our understanding of the prevalence
of these abnormalities in a large cohort of newly diagnosed CLL patients evaluated at Mayo
Clinic where a FISH panel was consistently obtained at the time of diagnosis. At our
institution, the standard CLL FISH panel includes probes to detect 6923 deletion, 13g14
deletion, 17p13 deletion, 11g22 deletion, trisomy 12, and /GH-CCNDJ. The inclusion of the
IGH-CCND1 probe is essential in ruling out mantle cell lymphoma, which has a very
different therapeutic approach. Cases showing a rearranged /GH pattern without CCND1
fusion are reflexed to look for additional /GH abnormalities, including /GH-BCLZand IGH-
BCL3dual fusion probe sets. In some laboratories, it may not be routine to include an /GH
probe in the CLL FISH prognostic panel. The results of this study suggest that it may be
important to employ an /GH probe in the FISH panel test at diagnosis for all CLL patients.

Prior studies of /GH abnormalities in CLL have reported divergent results, with some
suggesting that the presence of /GH translocations is associated with similar or better
outcomes,11:21-23 whereas others have reported that they portend inferior outcomes.2* This
is likely due to the fact that these studies had a small sample size, included patients with
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mantle cell lymphoma, and/or combined patients with /GH-BCLZand /GH-BCL 3together
into one analyses. Results from our study show that patients with /GH-BCL 2translocations
have comparable outcomes to low-risk FISH (13q deletion as the sole abnormality) CLL
patients, with TTT and OS being similar in these two groups of patients. Other prognostic
factors in patients with /GH-BCLZ2 are also very favorable (70% have mutated /GHV genes,
77% have either low or intermediate-risk CLL-IPI score, and only 3% have high-risk FISH
(1 patient with concomitant 17p deletion). In contrast, the median TTT in patients with /GH-
BCL 3translocation was 18 months (and >75% of these patients were treated within 3 years
of diagnosis), suggesting that these patients had biologically aggressive disease at
presentation. To further determine if this was associated with other adverse features at the
time of diagnosis (such as 17p or 11q deletion), we conducted a multivariable analyses of
other known adverse prognostic factors in CLL (that included age, sex, Rai stage, and CLL
FISH) and found that the presence of /GH-BCL3was independently associated with shorter
TTT and OS.

IGH-BCL 3translocation can appear at diagnosis in many B-lymphoproliferative disorders,
similar to what we observed in our CLL case series. This translocation is associated with
BCL3overexpression, which activates an inhibitor of kappa B (1«B)-like protein,
contributes to the regulation of the NF-xB signaling pathway, and therefore modulates cell
proliferation.2>26 Prior studies have suggested that BCL3 gene is a proto-oncogene and may
contribute to the malignant development of B-lymphocytes following the chromosome
translocation.2”-29 This evidence might partly indicate the role of BCL3in the disease
pathogenesis of CLL and its inferior outcomes.

Our study has several limitations. First, this is a single center retrospective study, which may
not be generalizable to the entire CLL population. Second, too few patients had other less
commonly characterized /GH partners such as MYC, BCL11A, BCL11B, BCL7A, IKZF3,
and NVFKBIEto be included in the analysis. Finally, we do not have information about next
generation sequencing results in this group of patients to correlate if specific recurrent
mutations associate preferentially with /GH-BCL2and /GH-BCL 3translocations and if they
impact outcomes of these patients.

In summary, our study is a comprehensive analysis of the clinico-pathologic features and
clinical outcome of previously untreated CLL patients with /GH-BCLZ2and IGH-BCL3
translocations identified by FISH. CLL patients with /GH-BCL 2 have a favorable prognosis,
which is similar to those in the Dohner hierarchical FISH low-risk group. In contrast, CLL
patients with /GH-BCL3have a shorter TTT and shorter OS than patients in the Dohner
hierarchical FISH high-risk group. These results indicate that the use of an /GH probe in
CLL FISH panel to identify this subset of patients may have important prognostic
implications.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Morphologic findings in CLL patients with /GH-BCL 3translocation: A peripheral blood (A;

600x) and a core biopsy (B; 600x) from a same case show mostly small-sized lymphocytes
with nuclear irregularity, modest cytoplasm, and some with single, small nucleolus. A bone
marrow aspirate smear (C; 1000x) from another case shows a subset of cells with slightly
irregular nuclear contours, moderate basophilic cytoplasm, and plasmacytoid appearance
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Years since diagnosis

Time to first treatment in the /GH-BCLZ, IGH-BCL3, and the non-/GH groups
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