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Abstract: Background: Chromosomal translocations are usually analyzed as a single entity, and are associated with a
poor outcome in chronic lymphocytic leukemia. Translocations involving immunoglobulin genes are recurrent, but
uncommon (<5%), and their individual prognosis is not clear. The two most frequent partners are BCL2 (18g21) and
BCL3 (19913). Designs and methods: Herein, 75 cases are reported of chronic lymphocytic leukemia and t(14;18)
(BCL2-CLLs). Our series benefits from morphological, immunological and cytogenetical reviews. The IGHV status
analyses were performed by referring laboratories. Comparison was made with our previously published series of
chronic lymphocytic leukemia patients with t(14;19) (BCL3-CLLs, n=29). Results: Compared with BCL3-CLLs, lympho-
cytosis was lower in BCL2-CLLs (p<0.008), and splenomegaly was less frequent (p<0.0001). There were more
“typical” morphologies (p<0.005) and Matutes scores >4 (p<0.001) in the BCL2-CLLs group, and less CD38 expres-
sion (p<0.04). More variant BCL2-translocations were observed (t(18;22), n=11; 2t(2;18), n=2; p<0.02), and BCL2-
translocation was frequently single (p<0.002). Complex karyotypes (p<0.02), trisomy 12 (p<0.03), 6g deletion
(p<0.002) and TP53 deletion (p<0.02) were less frequent in BCL2-CLLs, whereas 13q deletion was more frequent
(p<0.005). The IGHV gene was frequently mutated in BCL2-CLLs (p<0.0001). Treatment-free survival was longer in
BCL2-CLLs (p<0.0001). Conclusions: BCL2-CLLs express CD5 and lack expression of CD38, and have a Matutes
score >4, frequent trisomy 12, no ATM and 6q deletions, and a mutated IGHV status. Compared to BCL3-CLLs, BCL2-
CLLs are much less aggressive; indicating that identifying individual translocations and cytogenetic partners would
allow improved patient stratification.
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translocations are seen in almost all cases of a
Chromosomal translocations involving the im- specific disease subgroup and, therefore, may

munoglobulin (IG) loci are found in some, but be useful as a diagnostic marker. In contrast,
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cytogenetically identical translocations may be
found in several types of disease. Chromosomal
translocations are usually associated with poor
prognosis in chronic lymphocytic leukemia (CLL)
[1-3]. Translocations involving IG genes are re-
current, but uncommon (<5%) in CLL. The result
of these translocations is deregulated expres-
sion of the partner genes. Recurrent known
partner genes in CLL include BCL2 (18q21),
BCL3 (19913), BCL11A (2p11), and MYC
(8924), with BCL2 and BCL3 being the two most
frequent [4]. In most studies, CLL cases with IG
translocations are analyzed as one group; con-
sequently, the significance of these transloca-
tions remains poorly understood.[5, 6] The tar-
get gene that becomes overexpressed may be
relevant to the outcome. We have recently ob-
served that the t(14;19) translocation, which
involves the BCL3 gene, is associated with an
aggressive subgroup of atypical CLLs [7], in ac-
cordance with previous publications [8-10].

Herein, we report a clinical and biological study
of 75 cases where CLL harbors a t(14;18), or its
variants (BCL2-CLLs), the t(2;18)(p11;921) and
1(18;22)(q241;911). This is the largest reported
series to date, and is compared with our previ-
ously published series of 29 cases with CLL and
1(14;19) (BCL3-CLLs).

Design and methods

The Groupe Francophone de Cytogénétique Hé-
matologique (GFCH) collected data from 80 B
chronic lymphoproliferative disorders with circu-
lating blood cells, excluding follicular lymphoma.
The cases had t(14;18) or variant BCL2-
translocations, and were diagnosed between
1985 and 2009. All patients gave their in-
formed consent in agreement with the Helsinki
declaration, and the Institutional Ethics Commit-
tee at Pitie-Salpetriere Hospital approved this
study. Morphological review was performed for
62 cases by two cytologists (KM and CS), an
immunological review was performed for all
cases by HM-B. Cytogenetic analyses were per-
formed on peripheral blood or bone-marrow
lymphocytes cultured for 72h with 12-O-
tetradecanoylphorbol-13-acetate (TPA) or CpG-
oligonucleotides + interleukin 2 (IL-2). All karyo-
types were reviewed by members of the GFCH.
Chromosomes were classified according to the
International System for Human Cytogenetic
Nomenclature (ISCN 2009). Fluorescence in
situ hybridization (FISH) was performed on inter-
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phase nuclei and metaphases, following stan-
dard procedures and using specific probes: IGH,
BCL2, IGL, IGK (Dako, Trappes, France), CEP12,
13q14 (D13S319), ATM, p53, 6921, MALTY,
(Abbott, Rungis, France). Analyses of the muta-
tional status of the variable region of the immu-
noglobulin gene (IGHV) were performed by the
referring laboratories. Statistical analyses were
carried out using Fisher’s exact test, and con-
tinuous data were analyzed using the Mann-
Whitney test. The chi2-test was used to compare
our data with that from the literature. An effect
was considered statistically significant if the p
value was 0.05 or less. Overall survival (0OS) and
treatment-free survival (TFS) calculated from
diagnoses were estimated using Kaplan-Meier
methodology, and statistical significance was
determined using a log-rank test. All tests were
two-sided.

Results

The 80 patients had a gender ratio of 61 males
and 19 females. Their median age at diagnosis
was 66 years (range 32-83). Seventeen out of
66 (26%) patients had lymphnodes, and four
(6%) had splenomegaly. The median level of
lymphocytosis was 13.9x109/1 (range 5.4-
106.2x109/1). Of the 62 cases that had a cyto-
logical review, 29 (47%) had “typical” CLL, 28
(45%) had “atypical” CLL, with more than 10%
of lymphoplasmacytoid cells and/or large cells,
4 (6%) had marginal zone lymphoma (MZL), and
1 (2%) had unclassified low-grade lymphoma.
The 18 cases that could not be reviewed were
classified as CLLs by referring laboratories. In
total, there were 75 CLLs and 5 lymphomas. Of
the 68 CLLs with available data at diagnosis, 63
(93%) were classified as Binet stage A, 4 (6%)
as Binet B, and 1 (1%) as Binet C
(Supplementary Table 1).

Regarding CLLs, all tested cases (58/58) were
CD10 negative, 69/73 (94%) were CD5 positive
and 61/70 (87%) were CD23 positive. Of the 68
CLL cases with an available Matutes score, 57
(84%) had a score >4, seven (10%) a score of 3,
and four (6%) a score <3. Of 64 analyzed cases,
45 (70%) were CD38 negative. We observed 62
1(14;18) translocations, and 13 variant translo-
cations 11 t(18;22), 2 1(2;18) (Table 1 and Sup-
plementary Table 1). The involvement of IG was
confirmed by FISH in all tested cases (54 IGH, 6
IGL), and the involvement of BCL2 was con-
firmed by FISH in 69/70 (98%) of tested cases.
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Table 1. Morphologic, immunophenotypic, cytogenetic and molecular data

No Morphology Matutes CD38 Treated Time Sample Karyotype (according to ISCN2009) IGHV V rearrangement
score before K Diagnosis- mutation
K % identity
(months)*

1 Atypical CLL 3 95% No 98 Pb 47 XX,+12,t(14;18)(q32;921)[13]/47 ,idem,?del(3)(p14p22),add(9)(q34),del(10)(q23),add(17)(q23)[ nd nd

6]
2 CLL 4 1% No 4 Pb 46,XY,t(14;18)(932;921)[15]/46,XY[16] nd nd
3 CLL 2 1% No 0 Pb 47 XX,+12,t(14;18)(032;021)[2]/46,XX[13] nd nd
4 CLL nd 2% No 80 Pb 46,XY,del(13)(q13022),t(14;18)(932;q21)[20] nd nd
5 CLL 5 2% No 30 Pb 46,XY,1(14;18)(932;021)[9]/46,XY[5] nd nd
6 CLLx 4 0% No 18 Pb 46,XY,1(14;18)(932;021)[16]/46,XY[3] M V3-23
7 CLL 4 5% No 5 Pb 46,XX,1(14;18)(032;021)[7]/46,idem,del(10)(q23q24)[7]/46,idem,der(1)t(1;1)(p12;034),add(5)(p15) M V3-23

,del(20)(q12)[7]/46,XX[4]
8 CLL 4 0% No 0 Pb 47 ,XY,+12,t(14;18)(032;021)[10]/46,XY[13] M V4-4
9 CLL 5 26% No 39 Pb 46,XX,1(14;18)(932;921)[15]/47 ,idem,+12[5] nd nd
10 CLL 4 57% No 102 Pb 47,XY,?add(1)(p36),+12,t(14;18)(q32;921)[19]/46,XY[2] nd nd
11 CLL 4 nd No 0 Pb 46,XY,1(14;18)(932;021)[2]/46,XY[20] nd nd
12 Atypical CLL 5 0% No (0] Pb 47 XY,+12,?del(13)(q14q21)[2]/47,idem,t(14;18)(q32;921)[7]/46,XY[10]** nd nd
13 Atypical CLL 3 Pos™ No 0 Pb 47 ,XY,+12,1(14;18)(q32;021)[16]/46,XY[4] M V2-5
14 CLL 4 Neg™ No 0 Pb 47 XY, +X,1(14;18)(932;q21)[18]/47 ,idem,der(5)del(5)(p13p14)del(5)(q12q2?1),der(12)(12p13- M V3-9

>p12::12q13->p11:12q14->q24::?)[4]
15 Atypical CLL 4 10% No 0 Bm 47 XY, +X,1(14;18)(032;921)[16]/46,XY[4] nd nd
16 Atypical CLL 5 Neg" No 0 Pb 46,XY,1(14;18)(q32;921)[16]/46,idem,?del(13)(q14q24)[2]/46,XY[14]** nd nd
17 Atypical CLL 5 nd Yes 165 Pb 47 ,XY,+12,1(14;18)(q32;921)[11]/46,XY[9] nd nd
18 Atypical CLL 4 Neg" No 0 Pb 46,XY,1(14;18)(932;921)[2]/46,XY[18] nd nd
19 Atypical CLL 4 Neg™ No 0 Pb 46,XY,1(14;18)(932;921)[3]/46,XY[18] nd nd
20 CLLx nd nd Un 40 Pb 47 XY,+12,1(18;22)(q21;911)[19]/46,XY[1] nd nd
21 CLLx nd nd No 36 Pb 46,XY,1(18;22)(921;911)[17]/46,XY[3] nd nd
22 Atypical CLL 5 2% No 90 Pb 46,XY,1(14;18)(932;021)[17]/46,idem,del(13)(q14q21)[3]/46,XY[2] M V3-33
23 CLLx 4 11% No 78 Pb 46,XY,1(14;18)(932;021)[4]/46,idem,1(13;22)(q14;p11)[9]/46,XY[9] nd nd
24 CLL= 4 65% Yes 28 Pb 46,XX,1(1;14)(931;032),t(2;14)(p12;932),t(18;22)(q21;011)[20] NM V3-30
25 Atypical CLL 4 7% Yes 188 Pb 46,XY,1(14,;18)(q32;921)[2]/46,idem,del(5)(q13q31),inv(12)(q13q24)[11]/46,idem,add(4)(p11),add( M V2-5

10)(922),-11,+mar[8]/46,XY[1]
26 CLLx nd 95% Yes 211 Pb 47 XX,+12,1(14;18)(932;921)[2]/47 XX, +X[2]/46,XX[39] M V5-51
27 Atypical CLL nd 92% No 6 Pb 46,XX,1(14;18)(932;921)[1]/47 idem,+12[1]/46,XX[40] M V3-74
28 CLL 3 0% No 15 Pb 46,XY,1(14;18)(q32;q21)[3]/46,XY[14]/47 ,idem,+X[5]/46,XY[1] M V3-23
29 CLL= 2 9% No 0 Bm 46,XX,1(14;18)(032;021)[5]/6,XX[16] M V1-69
30 CLLx 4 84% No 0 Pb 46,XY,1(14;18)(q32;q21)[10]/46,idem,r(7)(?)[4]/47 idem,+12[2]/46,XY[1] NM V1-69
31 Atypical CLL 4 95% No 0 Pb 47 XY,+12,1(14;18)(q32;921)[19]/46,XY[6] nd nd
32 Atypical CLL 5 6% No 0 Bm 46,XY,1(14;18)(932;021)[11]/46,XY[9] nd nd
33 CLL 4 3% No 19 Pb 47 ,XY,+12,1(14;18)(032;021)[20] nd nd
34 CLLx= 4 8% Yes 12 Pb 46,XY,1(14;18)(932;021)[20] nd nd
35 CLLx 5 0% Yes 69 Pb 46,XY,1(6;17)(p21;p13),t(14;18)(032;q21)[20] nd nd
36 CLLx 4 nd No 17 Pb 46,XY,del(13)(q13922),t(14;18)(q32;9q21)[17]/46,XY[3] nd nd
37 CLL 4 7% No 7 Pb 45,XY,der(1)t(1;8)(q41;q13),del(7)(p15p22),-8,t(18;22)(q21;q11)[20] nd nd
38 CLL 5 7% No 40 Pb 46,XX,1(14;18)(032;921)[11]/46,XX[16] M V5-51
39 CLL 4 nd No 46 Pb 46,XY,1(18;22)(q21;911)[19]/46,XY[2] M V4-39
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40 CLL 4 3% No 41 Pb 46,XY,1(14;18)(932;021)[4]/46,XY[13] M V4-34
41 CLL 4 5% No 4 Pb 46,XY,1(2;18)(p11;921)[9]/46,XY[2] M V3-9
42 CLL 5 nd No 56 Pb 47 XX,+12,1(14;18)(932;921)[13]/46,XX[1] M V3-30
43 CLL 2 90% No 26 Pb 46,XY,1(14;18)(q32;q21)[6]/46,XY[11]£ nd nd
44 Atypical CLL 5 nd No 47 Pb 47 XY,+12[21]/47,idem,t(14;18)(q32;021)[4] NM V3-7
45 Atypical CLL 4 3% No 5 Pb 47 XY,+12,1(18;22)(q21;911)[16]/46,XY[1] NM V2-70
46 CLL 5 0% No 0 Pb 46,XY,1(14;18)(q32;921)[17]/46,idem,del(13)(q14924)[2] nd nd
47 CLL 4 7% No 0 Bm 46,XY,1(14;18)(932;021)[9]/46,XY[1] M V3-48
48 CLL 5 13% No 88 Pb 46,XY,1(14;18)(q32;q21)[71/46,XY[3] M V5-51
49 CLL 4 0% No 81 Pb 46,XX,-4,add(8p)(p21),der(14)del(14)(q21q24)t(14;18)(932;q21),der(18)t(14;18),+mar[10] M V3-48
50 Atypical CLL 5 1% No 0 Pb 46,XY,1(14;18)(q32;q21)[17]/46,XY[3] M V3-23
51 CLL 5 1% Un 27 Pb 46,XY,del(13)(q1492?1),t(18;22)(q21;q11)[12]/46,XY[3] M V4-34
52 Atypical CLL 5 4% Yes 145 Pb 46,XY,1(14;18)(q32;q21)[11]/46,idem,del(13)(q14q3?1)[6]/46,XY[2] M V3-07
53 Atypical CLL 4 61% No 5 Pb 47 XX,+12,1(14;18)(932;921)[71/46,XX[13] NM V6-1
54 CLLx 5 61% Un 32 Pb 47 XY,+12[18]/47,idem,t(18;22)(q21;q11)[2] NM V1-69
55 Atypical CLL 5 4% No 1 Pb 47 XY,+12[2]/47,idem,t(14;18)(q32;021)[14]/46,XY[5] nd nd
56 Atypical CLL 4 47% No 31 Pb 46,XX,1(18;22)(q21;911)[8]/46,idem,(4;20)(q13;q11)[16]/47 idem,+12[2] M V3-7
57 Atypical CLL 3 nd No 6 Pb 46,XY,1(14;18)(q32;q21)[10]/46,XY[10] M V3-30
58 CLL 5 1% No 0 Pb 46,XY,1(14;18)(932;021)[2]/46,XY[18] M V3-74
59 Atypical CLL 5 70% No 6 Pb 47 XY,+12,1(14;18)(032;021)[4]1/46,XY[13] M V3-23
60 Atypical CLL 3 nd No 16 Pb 47 XX,+12,1(14;18)(932;921)[2]/46,XX[18] M V4-34
61 Atypical CLL 4 20% Yes 22 Pb 47 XX,+12[15]/47,idem,t(14;18)(032;021)[6]/46,XX[1] NM V1-69
62 CLLx 5 59% No 34 Pb 47 XY,+12,1(14;18)(932;021)[2]/46,XY[18] NM V3-11
63 Atypical nd nd No 26 Pb 47 XY,add(4)(q?34),+12,t(14;18)(q32;921)[16]/46,XY[4] nd nd
64 Atypical CLL nd 3% Un Un Pb 46,XY,t(2;18)(p11;9q21)[8]/49,idem,+6,+12,+21[3]/46,XY[9] nd nd
65 Atypical CLL 5 0% No 0 Pb 46,XY,1(14;18)(q32;021)[6]/46,XY[24] M V3-53
66 CLL= 4 2% No 84 Pb 46,XY,1(18;22)(q21;q11)[27]/46,XY[3] nd nd
67 CLL 4 0% No 98 Pb 46,XY,1(14;18)(932;021)[20] M V3-23
68 CLL 5 0% No 26 Pb 46,XY,1(14;18)(q32;q21)[18]/46,XY[2] nd nd
69 CLL 4 1% No 0 Pb 47 XX,+12,1(14;18)(932;921)[11]/47 idem,del(13)(q11)[2]/46,XX[7] nd nd
70 CLL 3 79% No 12 Pb 47 XY,+12,1(14;18)(032;0921)[8] M V3-7
71 CLLx 4 3% No 1 Pb 46,XY,1(14;18)(932;921)[10] nd nd
72 CLLx 5 4% No 29 Pb 46,XY,1(14;18)(q32;q21)[5]/47 idem,+12[7] nd nd
73 Atypical CLL 2 85% No 0 Pb Failure££ M V3-48
74 CLLx 3 59% No 188 Pb 47 XY,+12,del(13)(q13021),t(18;22)(q21;q11)[5]/47 idem,del(10)(q24)[6]/47 idem,(3;12)(p21;q24 M V4-34
)[5]/47,idem,t(2;11)(q22;922)[4]

75 CLLx 4 8% No 10 Pb 46,XX,1(14;18)(032;921)[5]/46,idem,del(13)(q13q22)[3]/46,XX[10] M V1-69
76 MzL 1 99% No 0 Pb 47 XX,+12,t(14;18)(q32;021)[12]/46,XX[8] M V3-23
77 MZL 3 38% No 4 Pb 47 XY,1(2;18)(p11;021),+12[11]/46,XY[9] nd nd
78 MzL 1 1% No 0 Pb 47 XY,+12,t(14;18)(032;921)[5]/46,XY[15] nd nd
79 MzL 2 95% No 0 Pb 47 XY,+12,1(14;18)(032;921)[12]/46,XY[7] M V3-23
80 MZL 0 83% No 33 Pb 47 XY,+12,1(14;18)(032;021)[18]/46,XY[1] nd nd

CLL: chronic lymphocytic leukemia. MZL: marginal zone lymphoma. &: not rewieved. nd: not done. Un: unknown.”: % not communicated, the cut off being 20%.of cells. Bm: bone marrow. Pb:
peripheral blood. K:karyotype. NM : unmutated, M: mutated.*: time between Diagnosis and Karyotype.£: Using FISH, trisomy 12 was detected in a sub-clone. ££: Using FISH, trisomy 12 was
present.**: No 1314 deletion was detected using FISH.
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Table 2. Comparison between BCL2-CLLs and BCL3-CLLs

Patients BCL2-CLLs BCL3-CLLs p
n=75 n=29
Morphology
CLL 47 (63%) 9 (31%) <0.005
Atypical CLL 28 (37%) 20 (69%)
Gender ratio: M/F 57/18 18/11 0.22
Age at diagnosis 66 [32-83] 62 [39-79] 0.14
Binet stage 63A/4B/1C 16A/5B/4C 0.37
Splenomegaly 3/61 (5%) 13/28 (46%) <0.0001
Lymphocytes count x109/1 14.6 [5.4-106.2] 24.4 [5.5-514] <0.008
(median, range)
Matutes score
>4 57/68 (84%) 5/20 (25%) <0.001
=3 7/68 (10%) 5/20 (25%)
<3 4/68 (6%) 10/20 (50%)
CD5 positive 69/73 (94%) 27/29 (93%) 0.99
CD38 negative 45/64 (70%) 1/5 (20%) <0.04
Karyotype / FISH
Variant translocation 13/75* (17%) 0/29 <0.02
Complex (>3 abnormalities) 15/74 (20%) 13/28 (46%) <0.02
Single translocation 25/74 (34%) 1/28 (4%) <0.002
Trisomy 12 33/75 (44%) 20/29 (69%) <0.03
1314 deletion 32/68 (47%) 4/27 (15%) <0.005
TP53 deletion 1/72 (1%) 4/23 (17%) <0.02
ATM deletion 0/72 (0%) 2/24 (8%) 0.06
6q deletion 0/59 (0%) 5/25 (20%) <0.002
Mutated cases 33/41 (80%) 2/20 (10%) <0.0001
IGHV4-39 1/41 (2%) 5/20 (25%) <0.02
Treated cases 35/64 (55%) 21/28 (75%) 0.1
TFS interval (median +/- SEX) 48 +/-12 months 1.2 +/- 1 months <0.0001

CLL: chronic lymphocytic leukemia. TFS: treatment-free survival.*: 11 t(18;22), 2 t(2;18). M: male. F: female. &SE:

standard error.

Of note, the case without a proven BCL2-
rearrangement displayed a t(18;22), with a rear-
rangement of IGL in 6% of the interphase nu-
clei, and did not involve the MALT1 gene. The
median percentage of interphase nuclei carry-
ing the BCL2-rearrangement was 81% (range
15-100%). The t(14;18) or variant-t was ob-
served as the sole cytogenetic aberration in
25/74 (34%) cases. When associated with
other chromosomal abnormalities in the karyo-
type, t(14;18) (or variantt) was the primary
change in 15/49 (31%) cases, in the same
clone in 29/49 (59%) of cases, and as the sub-
clone change in 5/49 (10%) cases. Trisomy 12
was the primary change in these five latter
cases. The karyotype was complex (>3 abnor-
malities) in 15/74 (20%) cases. There were
33/75 (44%) cases with trisomy 12, 32/68
(47%) with 13914 deletion (9 observed by
karyotype and FISH, 23 detected by FISH only),
1 (out of 72) (1%) TP53 deletion, no (0/72) ATM
deletion, and no (0/59) 6921 deletion. Of note,
the majority of cytogenetic analyses was ob-
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tained before any treatment (63/71, 89%).

IGHV mutation analysis was performed in 41
patients. Based on a conventional 98% identity
cutoff level, 33/41 (80%) cases were mutated.
None showed use of the VH3-21 gene. After a
median follow up of 48 months (range 4-264
months), 2 of the 62 patients who had available
data had died from disease (at 48 and 204
months after diagnosis) (Supplementary Table
1). The median TFS interval was 48 months (+/-
12 months), and the median OS was not
reached. Finally, there was no clinical or biologi-
cal difference between t(14;18)-CLLs and vari-
ant-CLLs (data not shown).

Comparisons between the 75 BCL2-CLLs and
the 29 previously published BCL3-CLLs showed
no difference in gender ratio, age or Binet
stages (Table 2). Lymphocytosis was lower in
BCL2-CLLs (p<0.008), and splenomegaly was
less frequent (p<0.0001). There were more
“typical” morphologies in the BCL2-CLL group
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Untreated patients (%)

— BCL2-CLLs

== BCL3-CLLs

0 20 40 60 80 100 120 140
Months before treatment
Figure 1. Treatment-free survival (TFS) time from diagnosis for 92 CLLs : 64

BCL2-CLLs and 28 BCL3-CLLs. The median (+/- standard error) TFS for the
BCL2-CLLs and BCL3-CLLs were 48 (+/-12) and 1.2 (+/-1) months respecti-

vely. X: censored case.

(p<0.005), more Matutes score >4 (p<0.001),
and more CD38-negative cases (p<0.04). There
were more variant BCL2-r: tanslocations com-
pared with variant BCL3-translocations
(p<0.02). BCL2-translocations were more fre-
quently observed as single aberrations
(p<0.002). There were less complex karyotypes
(p<0.02), more 13q14 deletions (p<0.005), and
less occurrences of trisomy 12 (p<0.03), 6q
deletion (p<0.002), and TP53 deletions
(p<0.02) in BCL2-CLLs. The IGHV status of
BCL2-CLLs was more frequently mutated
(p<0.0001). BCL2-CLLs less frequently ex-
pressed IGHV4-39 genes (p<0.02). The TFS
interval was longer in BCL2-CLLs (p<0.0001,
median 48 vs 1.2 months) (Figure 1).

We also compared our FISH and molecular data
with common CLL. Compared to the referent
series of 325 CLLs published by Dohner et al.,
BCL2-CLLs displayed significantly more trisomy
12 (33/75 [44%] vs. 53/325 [16%],
p<0.00001), and less ATM deletions (0/72 [0%]
vs. 58/325 [22%], p<0.0001) and 6q deletion
(0/59 [0%] vs. 21/325 [6%], p<0.05) [11]. Re-
garding IGHV status, BCL2-CLLs were mutated
more frequently than a series of 2662 common
CLLs (33/41 [80%] vs. 1426/2662 [54%],
p<5.104) [12]. Moreover, BCL2-CLLs used the
VH5-51 gene (3/41, 7%) more frequently than
common CLLs (3/41 [7%] vs. 53/2662 [2%],
p=0.05).

Finally, regarding the five patients with lym-
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phoma (four MZLs, one unclas-
sified lymphoma), all were
CD10 negative, and four were
CD5 positive (Table 1 and Sup-
plementary Table 1). The Mat-
utes score was 3 for one MZL,
and <3 for the remaining lym-
phoma cases. Four of these five
cases were CD38 positive. We
observed four t (14;18) translo-
cations and one variant t(2;18).
In two cases [one t(14;18), one
1(2;18)] an atypical signal pat-
tern was observed, consistent
with a 5’ side breakpoint of the
BCL2 gene. These were ana-
lyzed with dual-color IG probes
(IGH and IGK), and displayed
atypical pattern, with a break-
point in the constant region of
IG. (Of note, one 1(14;18)-CLL
case harbored the same atypical signal with the
BCL2 probe.) All lymphoma cases were simple
karyotypes, and trisomy 12 was always associ-
ated with the BCL2-translocation.

Discussion

The t(14;18)(q32;021) translocation occurs in
more than 80% of follicular lymphoma (FL)
cases, in about 20% of diffuse large B-cell lym-
phoma cases, and, more rarely (<5%), in CLL.
Whereas IG heavy-chain genes (IGH on 14932)
are often analyzed in CLL, the IG light-chain
genes (IGkappa on 2pl1l1 and IGlambda on
22qg11) loci are not commonly investigated us-
ing FISH. Consequently, the frequency of variant
translocations could be under estimated. These
translocations result in the juxtaposition of
BCL2 to IG. About 75% of BCL2 breakpoints are
clustered in the major breakpoint region (MBR)
and the minor cluster region (mcr), whereas the
remaining breakpoints are scattered between
these clusters, or at the 5’ side (variant cluster
region or vcr) of the BCL2 gene. The break-
points in the BCL2 gene of variant transloca-
tions, t(2;18) and t(18;22), map consistently to
vcr. The ver rearrangement implies that translo-
cation must be associated with inversion, with a
juxtaposition of the BCL2 and IG genes in a
head-to-head configuration, and suggests a dif-
ferent pathogenic mechanism [13]. Actually, in
three patients [2 t(14;18), 1 t(2;18)], FISH sig-
nals were consistent with a 5’ breakpoint at the
cytogenetic level. Variant translocations are
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significantly more frequent in BCL2-CLLs than in
BCL3-CLLs, this could be because, in these
cases, BCL2 is activated at a mature B-cell
stage, when IGL or IGK is rearranged, whereas
BCL3 is activated at a more immature stage
when IGH is rearranged. In a few cases, in both
BCL2- and BCL3-CLLs, translocation presents
as a subclonal change, suggesting that at least
in some cases, it may represent a secondary
aberration. It is interesting to note that both
BCL2-translocations and BCL3-translocations
are frequently associated with trisomy 12, sug-
gesting oncogenic cooperation. Although 13q14
deletion is more frequent in BCL2-
translocations, BCL3-translocations are more
frequently associated with a complex karyotype,
an ATM deletion, and a TP53 deletion, which
are all poor cytogenetic prognostic factors. We
and others have already observed that the
IGHV4-39/D6-13/J5 rearrangement is frequent
in BCL3-CLLs [7, 9, 14]. Although BCL2-CLLs
use the VH5-51 gene more frequently than com-
mon CLLs, we have not observed any recurrent
combination. Finally, BCL2-CLLs are more fre-
quently mutated, and have longer TFS than
BCL3-CLLs: this supports the hypothesis that
BCL2-CLLs and BCL3-CLLs do not have the
same prognosis, and need to be identified and
distinguished.

Surprisingly, comparison with  common CLL
showed that BCL2-CLLs have significant differ-
ences, and are associated with good prognostic
markers. Even if BCL2-CLLs are frequently asso-
ciated with trisomy 12, they lack ATM and 6q
deletions, ATM deletion being a poor prognostic
factor. It is intriguing that none of the 72 cases
tested actually showed a deletion of ATM,
whereas the deletion is not as rare in CLL. This
could suggest that both BCL2-translocation and
ATM deletion could be exclusive oncogenic
events. Accordingly, Put et al. observed no 11q
deletions in a series of 40 cases with CLL and
BCL2 rearrangements [15]. Among cell-surface
markers, CD38 expression is associated with a
poor clinical outcome [16, 17]. The majority of
BCL2-CLLs (70%) in our series were CD38 nega-
tive. Finally, the majority of BCL2-CLLs (80%)
were mutated, without any VH3-21 usage: these
two last criteria are associated with a good
prognosis.[18] The median TFS of BCL2-CLLs is
48 months, which is very close to the median
TFS (49 months) of the Dohner subgroup with a
“normal karyotype” [11]. Our result contrasts
with a previously published series of eight
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1(14;18)-CLLs, with a median progression-free
survival of only 20.6 months [19]. However,
another study showed a TFS of 48 months in a
series of 40 BCL2-CLLs [15]. Regarding the pa-
tients with a BCL2-translocation and trisomy 12
(n=33) in our series, the presence of the BCL2-
translocation remains a favorable marker, even
in patients who also exhibit markers of interme-
diate prognosis, such as trisomy 12. Actually,
the median TFS of this group is longer than the
median TFS of the reference group with trisomy
12 as found by Dohner et al. (48 vs. 33
months). Of note, there is no significant differ-
ence between BCL2-CLLs with trisomy 12 and
BCL2-CLLs without trisomy 12 with regard to
median TFS in our series. Thus, we extend in
our large series of independent data, a recently
published series which concluded that t(14;18)
was not associated with an inferior outcome in
CLL [15]. However, our results contrast with
previous data which reported CLL patients with
translocations or 14g32 rearrangements. Mayr
et al. found a median TFS of 24 months, and a
median OS of 94 months in CLL with transloca-
tions [1]. Juliusson et al. and Cavazzini et al.
reported short TFS and/or OS in CLL with
14932 abnormalities [5, 6]. Haferlach et al.
found a significant correlation between CD38
expression and IGH rearrangement [2]. Also,
Cavazzini et al. observed 8/14 (57%) unmu-
tated CLLs with a 14932 rearrangement [6]. Our
data underline the fact that these chromosomal
abnormalities need further characterization and
may not be considered as a whole group. In the
same way, Yin et al. have recently reported six
cases of CLL/SLL, with a t(2;14)(p16;932)
translocation involving BCL11A and IGH genes,
which have been characterized with atypical
morphological features and unmutated IGHV
genes [20].

Finally, MZL could be associated with t(14;18),
this is in contrast to a recent publication that
reported 29/239 MZL cases that had abnormal
karyotypes that carried a translocation involving
IGH, but not the BCL2 gene [21].

In conclusion, different IG-translocations have
different prognoses. Therefore, screening and
identification of partner genes may be war-
ranted in CLL. Variant translocations involving
IGL and IGK are not as rare, but could be
missed by classical FISH analyses using only
IGH probes. The majority of BCL2-CLLs are char-
acterized by CD5+, the CD38- immunopheno-
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type, a Matutes score >4, no deletion of ATM,
and a mutated IGHV status. Although frequently
associated with trisomy 12, BCL2-translocations
may be associated with a good prognosis.
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Supplementary Table 1. Clinical data: Binet stages and lymphocyte counts at diagnosis. Survival was

calculated from the diagnosis.

CLL Gender/Age Binet Lymphocyte CD5/ Time to first Treatments Follow up*
Stage count x 109/1 CD23 treatment (months)
(months)

1 F/73 C un +/- 108 CVP A (108)

2 M/75 A 14.6 +/+ 4 CHOP/R A (20)

3 F/68 A 57.1 +/- un un un

4 M/66 A 13.7 +/nd no A (84)

5 M/72 A 14 +/+ No A (36)

6 M/69 A 13.3 -/+ 12 Cb A(72)

7 F/68 A 20.7 +/+ 36 FR;R A (48)

8 M/54 A 8.4 +/- un un un

9 F/70 A un +/+ No A (48)
10 M/69 A un +/- No A (108)
11 M/T74 A 7.8 +/+ 36 Cb;FR A (132)
12 M/82 un 24 +/+ un un un
13 M/80 A 6.1 +/+ un un un
14 M/60 B 92.4 -/+ 0 FCR un
15 M/70 A 9.1 +/+ No A(24)
16 M/66 A 10.2 +/+ No A(12)
17 M/48 A un +/+ 12 Cb;CHOP;F;FC;Alemtuzumab D (204)
18 M/57 A 15.2 +/+ No A (60)
19 M/62 A 6.2 +/+ No A (48)
20 M/72 un 10.9 nd/nd No A (40)
21 M/52 un un nd/nd No A (36)
22 M/54 A un +/+ 36 Cb;FCR A (96)
23 M/69 A un +/+ 84 Cb A (84)
24 F/62 B un -/+ 0 Cb;FC;CHOP/R;Alemtuzumab D (48)
25 M/45 A 66.2 +/+ 4 Cb;FC;Cb A(216)
26 F/56 A un -/- 120 Cb A (264)
27 F/74 A 6.6 +/+ 120 Cb A (144)
28 M/75 A 5.6 +/+ No A (15)
29 F/64 A 22.4 +/- 84 Cb A (84)
30 M/70 A 73.6 +/+ No A (6)
31 M/64 B 9.38 +/+ 0 Cb un
32 M/54 A 5.4 +/+ No A(12)
33 M/68 A 16.5 +/+ No A (20)
34 M/65 A 15.6 +/+ 5 RC A(12)
35 M/57 A 15.4 +/- 12 Cb A(72)
36 M/73 A un +/+ No A(24)
37 M/82 A 15 +/+ No A(12)
38 F/66 A un +/+ No A (40)
39 M/32 A 100 +/+ 48 FCR A(48)
40 M/57 A 68.6 +/+ No A (48)
41 M/72 A 5.6 +/+ No A(4)
42 F/67 A 18 +/+ No A (60)
43 M/75 A un +/- 48 Cb A(72)
44 M/60 A 25 +/+ 48 FC A (48)
45 M/61 A 9.2 +/+ un un un
46 M/50 A 15.6 +/+ un un un
47 M/74 A 8.8 +/+ un un un
48 M/61 A 13.8 +/+ 24 Cb A (96)
49 F/78 A 5.7 +/+ No A (84)
50 M/51 A 7.38 +/+ No A(12)
51 M/68 un un +/+ 36 FC A (48)
52 M/63 A 19.4 +/+ 72 CHOP;R/Pentostatine/C A (168)
53 F/71 A un +/+ 12 RC A (36)
54 M/63 un un +/+ 36 FC A (48)
55 M/72 un 17.8 +/+ un un un
56 F/49 A un +/- No A (36)
57 M/70 A 9.3 +/+ No A (108)
58 M/43 A 106.2 +/+ No A(24)
59 M/36 A 11.9 +/+ 36 Cb A(72)
60 F/75 A un +/+ No A (36)
61 F/66 A 111 +/+ 0 Cb A (24)
62 M/55 A 11 +/+ 44 CHOP/F;FCR;ASCT A (96)
63 M/T74 A un +/nd 24 Cb;CHOPR A (26)
64 M/69 un un +/nd un un un
65 M/31 A 9.97 +/+ un un un
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66 M/57 A 9 +/+ No A (84)
67 M/54 B un +/+ No A (98)
68 M/53 A 19.2 +/+ No A (26)
69 F/64 A 16.1 +/+ No A(12)
70 M/56 A 24.8 +/+ 48 CHOP/F;R/DHAP A (96)
71 M/71 A 24.6 +/+ un un un
72 M/75 A un +/+ 24 Cb A (36)
73 F/55 A 82.7 +/+ 0 FRC A (24)
74 M/56 A un +/+ 156 Cb;FR A (192)
75 F/57 A 21.6 +/+ 12 Cb/P A(12)
MZL
76 F/76 12.8 +/- 24 CHOP/R A(24)
7 M/57 8 +/+ un un un
78 M/76 8.8 +/- No A(12)
79 M/57 33 +/+ 5 FCR A(12)
80 M/65 5.7 -/- No A (36)

un: unknown, nd: not done, CLL: chronic lymphocytic leukemia, MZL: marginal zone lymphoma,Cb: chlorambucil, P:
prednisone, CHOP: cyclophasphamide/doxorubicine/vincristine/prednisone, F: fludarabine, R: rituximab, C:
cyclophosphamide, DHAP: dexamethasone, cytarabine, cisplatine, ASCT: autologous stem cell transplantation

*: defined as the time from diagnosis to last follow up; A: alive, D: dead.
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