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Background. t(14;18)(q32;q21) translocation is an important genetic feature of follicular lymphoma resulting in an-
tiapoptotic B-cell lymphoma 2 (BCL2) protein overexpression. On chromosome 18 breakpoint-site variation is high but 
does not affect BCL2. Breakpoint most commonly occurs at major breakpoint region (MBR) but may happen at minor 
cluster region (mcr) and between MBR and mcr at 3’MBR and 5’mcr. The aim of this study was to analyze the correla-
tion of t(14;18)(q32;q21) breakpoint site with clinical characteristics in follicular lymphoma. 
Patients and methods. We included patients diagnosed with follicular lymphoma who received at least 1 cycle 
of systemic treatment and had the t(14;18)(q32;q21) translocation detected by polymerase chain reaction (PCR) at 
MBR, mcr or 3`MBR prior to first treatment. Among patients with different breakpoints, sex, age, disease grade, stage, 
B-symptoms, follicular lymphoma international prognostic index (FLIPI), presence of bulky disease, progression free
survival and overall survival were compared.
Results. Of 84 patients, 63 had breakpoint at MBR, 17 at mcr and 4 at 3`MBR. At diagnosis, the MBR group had a
significantly lower disease stage than the mcr group. Although not significant, in the MBR group we found a higher
progression-free survival (PFS) and overall survival (OS), lower grade, age, FLIPI, and less B-symptoms.
Conclusions. Compared to patients with mcr breakpoint, those with MBR breakpoint seem to be characterised by
more favourable clinical characteristics. However, a larger study would be required to support our observation.
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Introduction

Follicular lymphoma is a low grade B-cell lym-
phoma, derived from germinal center. In Europe 
and USA, it is the second most common type of 
lymphoma. Follicular lymphoma is considered an 
incurable disease. It is characterized by an indo-
lent clinical course though it may transform into 
a more malignant diffuse large B-cell lymphoma.1 
An important genetic feature of follicular lympho-

ma is the translocation between the chromosomes 
14 and 18, which is present in up to 90% of folli-
cular lymphoma.2 The clinical significance of the 
translocation remains unclear as conflicting re-
sults have been reported regarding its correlation 
with outcome.3,4 Although not limited to follicular 
lymphoma5, the translocation helps in follicular 
lymphoma diagnosing, as well as response evalu-
ation through minimal disease detection.6
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The translocation places the antiapoptotic B-cell 
lymphoma (BCL2) gene next to the transcriptional 
enhancer of the immunoglobulin heavy chain 
gene (IGH), resulting in BCL2 protein overexpres-
sion.7 BCL2 protein is a member of the BCL2 family 
which consists of pro- and antiapoptotic proteins as 
well as of proteins not linked to apoptosis. It is lo-
calized in the outer mitochondrial membrane and 
exerts its antiapoptotic function by binding proap-
optotic BCL2 family proteins such as BAX and BAC 
to prevent the release of cytochrome c from mito-
chondria in the intrinsic apoptosis pathway.8 The 
translocation is an early event in lymphomagen-
esis and although on its own likely insufficient, 
it plays an important role in follicular lymphoma 
pathogenesis. It results in extended survival of the 
tumor cells which may cause the accumulation of 
additional oncogenic genetic aberrations. Follicular 
lymphoma bears many chromosomal aberrations 
that vary in number, mostly of unknown or ques-
tionable contribution to pathogenesis.9,10 

The t(14;18)(q32;q21) translocation was first de-
tected by karyotypic analysis, which is at present 
not used for this purpose.11 A commonly used 
method for translocation detection is Flourescence 
In Situ Hybridisation (FISH). FISH probes bind to 
the entire IgH and BCL2 genes thereby indiscrimi-
nately detecting translocations at various sites 
across the BCL2 gene. It has close to 100% sensitiv-
ity in the t(14;18)(q32;q21) detection.12 Unlike with 
FISH, with PCR it is possible to detect the exact 
breakpoint site, making it indispensable for a study 
of clinical implications of different breakpoints. 
PCR is also less expensive and time consuming. 
However, it does have lower sensitivity of 60-70% 
as PCR primers identify only short DNA sections.13 
Alternatively, multiple primers may be used to am-
plify and detect different breakpoints. This method 
has a higher sensitivity of up to 88%.14,15

In the t(14;18)(q32;q21) translocation, the break-
point location on chromosome 14 is almost invari-
able in one of the six JH gene segments, whereas 
on chromosome 18 different breakpoints occur 
relatively often. Since the breakpoint is usually 
located outside of the protein coding part of the 
BCL2 gene, variations in the breakpoint region 
do not affect the BCL2 protein. In 50% to 65% of 
cases the breakpoint occurs at the major break-
point region (MBR) located at the 3’-untranslated 
region of the BCL2 exon 3. In about 10-20% of cases 
the breakpoint occurs at the minor cluster region 
(mcr) located 20 kilobases (kb) from 3’ of the MBR. 
Additionally, the breakpoint may also be located 
between the MBR and the mcr, at 3′MBR and 5′mcr 
subclusters, commonly called the intermediate 
cluster region (icr).15,16 The 3’MBR subcluster is po-
sitioned 4 kb downstream of the MBR, while the 
5’mcr subcluster is positioned 10 kb upstream of 
the mcr (Figure 1).16 

The aim of this study was to analyze the corre-
lation of t(14;18)(q32;q21) breakpoint site with clini-
cal characteristics in follicular lymphoma. 

Patients and methods 

In this clinical retrospective study, we included 
84 patients diagnosed with follicular lymphoma 
who received at least 1 cycle of systemic treat-
ment between 2013 and 2020 at the Institute of 
Oncology, Ljubljana and had t(14;18)(q32;q21) de-
tected by PCR prior to systemic treatment. PCR 
was performed on bone marrow samples as a part 
of the diagnostic procedure. All patients included 
in the study signed an informed consent allow-
ing treatment and use of their clinical information 
and biological material for scientific purposes. 
The study was approved by the Committee for 

FIGURE 1. Diagram of the BCL2/JH t(14;18) translocation breakpoints. Relative positions of major breakpoint region (MBR), 3’MBR 
subcluster, 5’mcr subcluster and minor cluster region (mcr) are shown according to the report of van Dongen JJM et al.16
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Medical Ethics of Institute of Oncology Ljubljana 
(ERIDNPVO-0064/2022).

Data regarding treatment protocol and patients’ 
clinical information were collected from the clinical 
information system. The following characteristics 
observed at the time of diagnosis were gathered: 
gender, age, Ann Arbor stage, grade, presence of B 
symptoms, FLIPI score, presence of bulky disease 
(largest lymphoma deposit > 10 cm or mediastinal 
mass > 1/3 of the thoracic diameter on posterior-
anterior chest x-ray), and breakpoint region of the 
t(14;18)(q32;q21) translocation. Progression-free sur-
vival (PFS) was defined as time from the end of the 
systemic treatment until relapse or end of observa-
tion, overall survival (OS) as time from diagnosis 
until death or end of observation and lymphoma 
specific OS as time from diagnosis until lympho-
ma-related death or end of observation. The data 
were collected on December 20, 2022. 

DNA was isolated from bone marrow speci-
mens using the QIAamp DNA Blood mini kit 
(Qiagen GmbH, Hilden, Germany). The concentra-
tion and the purity of DNA were determined using 
the Nanodrop spectrophotometer (Thermo Fisher 
Scientific, Wilmington, USA). PCR was performed 

using IdentiClone™ BCL2/JH Translocation Assay 
(InVivo Scribe Technologies, San Diego, CA, USA). 
This assay amplifies genomic DNA between prim-
ers targeting the BCL2 gene and conserved joining 
regions of the IGH gene. Master mixes for MBR, 
3`MBR and mcr detection each contained prim-
ers targeting the J region of the IGH gene (JH) and 
those targeting MBR, 3’MBR and mcr, respectively. 

The MBR master mix contained two MBR prim-
ers (MBR1 and MBR2) and consensus JH primer; the 
3’MBR master mix contained four 3’MBR primers 
(3’MBR1-4) and consensus JH primer; the mcr mas-
ter mix contained three mcr primers (5’mcr, mcr1 
and mcr2) and consensus JH primer. Primers de-
sign and validation has been described by JJM van 
Dongen with colleagues.16 Primer sequences with 
National Center for Biotechnology Information 
(NCBI) accession numbers are shown in Table 1.  

PCR products were detected by polyacryla-
mide gel electrophoresis (10% non-denaturing 
polyacrylamide TBE gel, 0.5X TBE running buffer) 
and visualized by UV illumination of gels stained 
with ethidium bromide (0.5 µg/ml). Tested samples 
were determined as  positive for the presence of 
the t(14;18)(q32;q21) translocation if one or two of 

TABLE 1. Sequences of primers used for detection of the t(14;18)(q32;q21) translocation. Relative positions of primers are 
indicated downstream of the first nucleotide of corresponding reference sequence

t(14;18) MBR primers

primer name NCBI accession no. position primer sequence

MBR1 AY220759.1 (+193443) 5’-GACCAGCAGATTCAAATCTATGG-3’

MBR2 AY220759.1 (+192940) 5’-ACTCTGTGGCATTATTGCATTATAT-3’

t(14;18) 3’MBR primers

primer name NCBI accession no. position primer sequence

3’MBR1 AH010747.2 (+717) 5’-GCACCTGCTGGATACAACACTG-3’

3’MBR2 AH010747.2 (+1530) 5’-GGTGACAGAGCAAAACATGAACA-3’

3’MBR3 AH010747.2 (+1787) 5’-GTAATGACTGGGGAGCAAATCTT-3’

3’MBR4 AH010747.2 (+2718) 5’-ACTGGTTGGCGTGGTTTAGAGA-3’

t(14;18) mcr primers

primer name NCBI accession no. position primer sequence

mcr1 AF275873.1 (+1961) 5’-TAGAGCAAGCGCCCAATAAATA-3’

mcr2 AF275873.1 (+2407) 5’-TGAATGCCATCTCAAATCCAA-3’

5’mcr AH010747.2 (+15849) 5’-CCTTCTGAAAGAAACGAAAGCA-3’

Consensus JH primer

primer name NCBI accession no. position primer sequence

JH OL807663.1 (+239) 3’-CCAGTGGCAGAGGAGTCCATTC-5’

AF275873.1 = homo sapiens BCL2 gene, exon 3 and breakpoint region; AH010747.2 = homo sapiens genomic sequence downstream of BCL2; 
AY220759.1 = homo sapiens B-cell CLL/lymphoma 2 (BCL2) gene, complete coding sequence; MBR = major breakpoint region; mcr = minor cluster 
region; NCBI = National Center for Biotechnology Information; OL807663.1 = homo sapiens clone J6 immunoglobulin heavy chain variable region 
gene, partial coding sequence
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the amplified products (bands) within 100-2500 bp 
range were present. The quality of the input DNA 
was tested with Specimen Control Size Ladder 
Master Mix which targets multiple house-keeping 
genes and generates a series of amplicons approxi-
mately 100, 200, 300, 400, and 600 bp long to ensure 
control of the quality and quantity of the input 
DNA. 

Clinical characteristics were compared among 
the groups defined by the breakpoint region us-
ing 1way Analysis of Variance (ANOVA) test and 
Independent-Samples T-test for numerical and 
Fisher̀ s exact test for nominal variables. To com-
pare OS and PFS between the groups Log Rank 
(Mantel-Cox) analysis was performed. p < 0.05 was 
defined as statistically significant. 

Results

Among 84 included patients, the group with MBR 
breakpoint was the most numerous with 63 pa-
tients, followed by mcr with 17 and 3`MBR with 
4. Female predominance was present in all break-
point-site groups. Overall, the median age was 61 
years, with the mcr group being the oldest. Half 
of the 3`MBR group and up to one quarter of the 
2 larger groups had grade 3 follicular lymphoma. 
FLIPI score was predominantly 2 or 3 and was low-

est in the MBR group. B-symptoms were present 
in approximately half of the patients in the 3`MBR 
and mcr group whereas they were less common in 
the MBR group. Disease stage was highest in the 
mcr group although stage 4 was predominant in 
all 3 groups. Bulky disease was mostly absent in 
all groups with the mcr group having the lowest 
proportion (Tables 2,3). 

Comparing clinical characteristics at diagno-
sis, a statistically significant difference in stage 
was found between the MBR and mcr groups 
(p = 0.023). No other significant correlation was 
established comparing the MBR, mcr and 3’MBR 
groups or the 2 larger groups only (Tables 2,3).

All patients were treated with RCHOP (rituxi-
mab, cyclophosphamide, doxorubicin, vincristine, 
prednisolone) or RCHOP-like chemoimmuno-
therapy, followed by irradiation in case of residual 
disease. Treatment response was defined as com-
plete remission, partial remission, stable or pro-
gressive disease, based on the positron emission 
tomography-computerized tomography (PetCT) 
3-5 weeks after the end of systemic treatment. In 
case of irradiation of residual disease, additional 
computerized tomography (CT) was performed 3 
months after irradiation and was included in final 
response evaluation. After systemic treatment, pa-
tients received maintenance rituximab for 2 years 
and were subject to a regular follow-up. 

TABLE 2. Comparison of clinical features at diagnosis between the breakpoint-site groups (MBR, 3’MBR, mcr) using Fisher`s 
exact test

MBR
(N = 63)

3`MBR
(N = 4)

mcr
(N = 17) p1 p2

Male sex 24 (38%) 1 (25%) 4 (24%) 0.571 0.391

Grade* 3 11 (20%) 2 (50%) 4 (25%) 0.303 0.729

B-symptoms 23 (37%) 2 (50%) 8 (47%) 0.641 0.576

Bulky disease** 17 (27%) 1 (25%) 2 (12%) 0.497 0.335

MBR = major breakpoint region; mcr = minor cluster region; p1 = significance comparing all 3 groups; p2 = significance comparing the MBR and 
mcr groups only; * = Disease grade was determined in 76 cases only; ** = Defined as largest lymphoma deposit > 10 cm or mediastinal mass > 1/3 
of the thoracic diameter on posterior-anterior chest x-ray

TABLE 3. Comparison of clinical features at diagnosis between the breakpoint-site groups (major breakpoint region [MBR], 
3`MBR, mcr)

MBR
(N = 63)

3`MBR
(N = 4)

mcr
(N = 17) p1 p2

Median (mean) stage 4 (3.70) 4 (3.75) 4 (3.94) 0.361 0.023

Median (mean) FLIPI 2 (2.51) 3 (2.75) 3 (3.00) 0.226 0.094

Median (mean) age 61 (60.25) 62 (63.25) 64 (63.71) 0.423 0.218

p1 = significance comparing all 3 groups using 1way Analysis of Variance (ANOVA) (df = 2); p2 = significance comparing the major breakpoint 
region (MBR) and minor cluster region (mcr) groups using Independent-Samples T-test
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During observation, 23 patients in the MBR and 
9 patients in the mcr group relapsed and none in 
the 3`MBR group. The Log Rank PFS comparison 
found no significant difference in PFS between the 
3 groups (p = 0.157) or between the 2 larger groups 
(p = 0.235). Though statistically insignificant, PFS 
was longer in the MBR group (Figure 2). 

In the MBR group, 11 patients died, whereas in 
the mcr group the number of deceased was 5 and 
no patients died in the 3`MBR group. No signifi-
cant difference in OS between the 3 breakpoint-
site groups (p = 0.426) or the MBR and mcr group 
(p = 0.351) was observed (Figure 3). Lymphoma 
specific survival analysis yielded similar results 
(Figure 4). 

Discussion

It is supposed that translocation site in t(14;18)
(q32;q21) translocation bears no prognostic or pre-
dictive value as it does not alter the protein-coding 
part of the antiapoptotic BCL2 gene, nor does it af-
fect BCL2 expression level.17 Nevertheless, a differ-
ence in stage between the 2 common breakpoint 
sites mcr and MBR transpired in our routine clini-
cal data at diagnosis, prompting this study.

Among 84 included patients, we found MBR 
breakpoint to be by far the most common with 63 
patients, followed by mcr with 17 patients. Only 4 
patients had the 3`MBR breakpoint site, making a 
characterisation of this group difficult. 

We only found a few studies treating the sub-
ject of this article. In one of them, Weinberg et al. 
studied clinical characteristics of 236 follicular 
lymphoma patients with the t(14;18)(q32;q21) trans-
location, determining five different breakpoint 
regions, including MBR and mcr. MBR breakpoint 
was found in 118 and mcr in 11 patients.18 In an-
other study, López-Guillermo et al. determined the 
BCL2 breakpoint site in 247 patients with indolent 
follicular lymphoma. They determined break-
points at the MBR and mcr regions only. MBR 
breakpoint was found in 175 cases and mcr in 27.19 
Compared to the two studies, our mcr group was 
proportionally the largest with mcr/MBR ratio at 
0.27, compared to 0.09 in Weinberg̀ s and 0.15 in 
Guillermò s study.

Comparing the groups with different break-
point region, PFS, OS and lymphoma specific OS 
were found to be higher in patients with MBR 
breakpoint site compared to mcr, though the re-
sults did not reach statistical significance. Apart 
from a higher proportion of bulky disease, the 

MBR group was indeed characterized by a more fa-
vorable disease presentation, namely lower grade, 
smaller proportion of patients with B-symptoms, 
lower FLIPI score and younger age at diagnosis. 
Remarkably, the MBR group also had a signifi-
cantly lower clinical stage compared to the mcr 
(p = 0.023). 

In the studies of Weinberg and López-
Guillermo, no similar findings seemed to tran-

FIGURE 2. Comparison of progression-free survival between the 3`MBR (blue), 
MBR (red) and mcr (green) groups. Censored cases are marked as vertical lines 
on their respective curves. Log Rank (Mantel-Cox) significance: 0.157. Log Rank 
(Mantel-Cox) significance comparing the MBR and mcr group: 0.235.

MBR = major breakpoint region; mcr = minor cluster region 

FIGURE 3. Comparison of overall survival between the 3’MBR (blue), MBR (red) 
and mcr (green) groups. Censored cases are marked as vertical lines on their 
respective curves. Log Rank (Mantel-Cox) significance: 0.426. Log Rank (Mantel-
Cox) significance comparing the MBR and mcr group: 0.351.

MBR = major breakpoint region; mcr = minor cluster region
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spire. Weinberg compared MBR and “minor 
breakpoints” group where along with mcr, other 
breakpoints were included. No significant differ-
ence was found in stage, nor in age, B symptoms, 
FLIPI score. Furthermore, no significant difference 
was observed comparing PFS and OS between 
the two groups.18 López-Guillermo compared the 
MBR and mcr group only and found no significant 
difference in stage, age, gender, and B symptoms. 
In contrast to our finding however, he observed a 
significantly longer PFS in the mcr compared to 
the MBR group. There was only 1 relapse among 
27 patients with mcr breakpoint and 42 among 
175 patients with MBR breakpoint. The study of 
López-Guillermo was indeed performed in the 
setting of the low-grade follicular lymphoma, with 
only 3% of patients having follicular lymphoma 
grade 3 compared to our 22%.19 To obtain more 
relevant results for this comparison, we conducted 
the same comparison on our grade 1 and 2 follicu-
lar lymphoma, only to find similar results. Taken 
together, no clear conclusions can be drawn as to 
correlation between PFS and the t(14;18)(q32;q21) 
breakpoint region.

In conclusion, we found follicular lymphoma 
patients with MBR breakpoint to exhibit a more 
favorable clinical presentation including a higher 
PFS and OS. Due to our limited sample size and 
some incongruity in the literature, a larger study 
would be required to confirm our observation. 

References
1.	 Dada R. Diagnosis and management of follicular lymphoma: a compre-

hensive review. Eur J Hematol 2019; 103: 152-63. doi: 10.1111/ejh.13271

2.	 Aster JC, Longtine JA. Detection of BCL2 rearrangements in follicular lympho-
ma. Am J Pathol 2002; 160: 759-63. doi: 10.1016/S0002-9440(10)64897-3

3.	 Goodlad JR, Batstone PJ, Hamilton DA, Kernohan NM, Levison DA, White 
JM. BCL2 gene abnormalities define distinct clinical subsets of follicu-
lar lymphoma. Histopathology 2006; 49: 229-41. doi: 10.1111/j.1365-
2559.2006.02501.x

4.	 Johnson A, Brumn A, Dictor M, Rambech E, Akerman M, Anderson H. 
Incidence and prognostic significance of t(14;18) translocation in fol-
licle center cell lymphoma of low and high grade. A report from southern 
Sweden. Ann Oncol 1995; 6: 789-94. doi: 10.1093/oxfordjournals.annonc.
a059317

5.	 Schuetz JM, Johnson NA, Morin RD, Scott DW, Tan K, Ben-Nierah S, et al. 
BCL2 mutations in diffuse large B-cell lymphoma. Leukemia 2012; 26: 1383-
90. doi: 10.1038/leu.2011.378

6.	 Buckstein R, Pennell N, Berinstein NL. What is remission in follicular lym-
phoma and what is its relevance? Best Pract Res Clin Haematol 2005; 18: 
27-56. doi: 10.1016/j.beha.2004.08.019

7.	 Tsujimoto Y, Finger LR, Yunis J, Nowell PC, Croce CM. Cloning of the chro-
mosome breakpoint of neoplastic B cells with the t(14;18) chromosome 
translocation. Science 1984; 226: 1097-9. doi: 10.1126/science.6093263

8.	 Marie Hardwick J, Soane L. Multiple functions of BCL-2 family proteins. 
Cold Spring Harb Perspect Biol 2013; 5: a008722. doi: 10.1101/cshperspect.
a008722 

9.	 Vaux DL, Cory S, Adams JM. Bcl-2 gene promotes haemopoietic cell survival 
and cooperates with c-myc to immortalize pre-B cells. Nature 1988; 335: 
440-2. doi: 10.1038/335440a0 

10.	 Horsman DE, Connors JM, Pantzar T, Gascoyne RD. Analysis of secondary 
chromosomal alterations in 165 cases of follicular lymphoma with t(14;18). 
Genes Chromosomes Cancer 2001, 30: 375-82. doi: 10.1002/gcc.1103

11.	 Yunis JJ, Oken MM, Kaplan ME, Ensrud KM, Howe RR, Theologides A. 
Distinctive chromosomal abnormalities in histologic subtypes of non-
Hodgkin’s lymphoma. N Engl J Med 1982; 307: 1231-6. doi: 10.1056/
NEJM198211113072002

12.	 Vaandrager JW, Schuuring E, Raap T, Philippo K, Kleiverda K, Kluin P. 
Interphase FISH detection of BCL2 rearrangement in follicular lymphoma us-
ing breakpoint-flanking probes. Genes Chromosomes Cancer 2000; 27: 85-
94. doi: 10.1002/(SICI)1098-2264(200001)27:1<85::AID-GCC11>3.0.CO;2-9

13.	 Horsman DE, Gascoyne RD, Coupland RW, Coldman AJ, Adomat SA. 
Comparison of cytogenetic analysis, southern analysis, and polymerase 
chain reaction for the detection of t(14; 18) in follicular lymphoma. Am J Clin 
Pathol 1995; 103: 472-8. doi: 10.1093/ajcp/103.4.472

14.	 Barrans SL, Evans PAS, O’Connor SJM, Owen RG, Morgan GJ, Jack AS. The de-
tection of t(14;18) in archival lymph nodes : development of a fluorescence 
in situ hybridization (FISH)-based method and evaluation by comparison 
with polymerase chain reaction. J Mol Diagn 2003; 5: 168. doi: 10.1016/
S1525-1578(10)60469-2 

15.	 Gu K, Chan WC, Hawley RC. Practical detection of t(14;18)(IgH/BCL2) 
in follicular lymphoma. Arch Pathol Lab Med 2008; 132: 1355-61. doi: 
10.5858/2008-132-1355-PDOBIF

16.	 van Dongen JJM, Langerak AW, Brüggemann M, Evans P a. S, Hummel M, 
Lavender FL, et al. Design and standardization of PCR primers and protocols 
for detection of clonal immunoglobulin and T-cell receptor gene recombina-
tions in suspect lymphoproliferations: report of the BIOMED-2 Concerted 
Action BMH4-CT98-3936. Leukemia 2003; 17: 2257-317. doi: 10.1038/
sj.leu.2403202

17.	 Galteland E, Sivertsen EA, Svendsrud DH, Smedshammer L, Kresse SH, 
Meza-Zepeda LA, et al. Translocation t(14;18) and gain of chromosome 
18/BCL2: effects on BCL2 expression and apoptosis in B-cell non-Hodgkin’s 
lymphomas. Leukemia 2005; 19: 2313-23. doi: 10.1038/sj.leu.2403954

18.	 Weinberg OK, Ai ZW, Mariappan MR, Shum C, Levy R, Arber DA. ″Minor″ 
BCL2 breakpoints in follicular lymphoma: frequency and correlation with 
grade and disease presentation in 236 cases. J Mol Diagn 2007; 9: 530. doi: 
10.2353/jmoldx.2007.070038

19.	 López-Guillermo A, Cabanillas F, McDonnell TI, McLaughlin P, Smith T, Pugh 
W, et al. Correlation of Bcl-2 rearrangement with clinical characteristics 
and outcome in indolent follicular lymphoma. Blood 1999; 93: 3081-7. doi: 
10.1182/blood.V93.12.4365

FIGURE 4. Comparison of lymphoma-specific overall survival between the 3’MBR 
(blue), MBR (red) and mcr (green) groups. Censored cases are marked as vertical 
lines on their respective curves. Log Rank (Mantel-Cox) significance: 0.409. Log 
Rank (Mantel-Cox) significance comparing the MBR and mcr groups: 0.301.

MBR = major breakpoint region; mcr = minor cluster region


