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Mutations of the IGH variable region in patients with chronic lym-
phocytic leukemia are associated with a favorable prognosis,
whereas cytogenetic complexity (≥3 unrelated aberrations) and

translocations have been associated with an unfavorable prognosis. While
mutational status of IGHV is stable, cytogenetic aberrations frequently
evolve. However, the relationships of these features as prognosticators at
diagnosis are unknown. We examined the CpG-stimulated metaphase
cytogenetic features detected within 1 year of diagnosis of chronic lym-
phocytic leukemia and correlated these features with outcome and other
clinical features including IGHV mutational status. Of 329 untreated
patients, 53 (16.1%) had a complex karyotype, and 85 (25.8%) had a
translocation. The median time to first treatment (TFT) was 47 months.
In univariable analyses, significant risk factors for shorter TFT (P<0.05)
were Rai stage 3-4, b2-microglobulin >3.5 mg/L, log-transformed white
blood cell count, unmutated IGHV, a complex karyotype, a translocation,
and trisomy 8, del(11q) or del(17p) detected by fluorescence in situ
hybridization. In multivariable analysis, there was a significant effect
modification of IGHV status on the relationship between translocation
and TFT (P=0.002). In IGHV-mutated patients, those with a translocation
had an over 3.5 times higher risk of starting treatment than those without
a translocation (P<0.001); however, among IGHV-unmutated patients, a
translocation did not significantly increase the risk of starting treatment
(hazard ratio 1.00, P=0.99). The effect of Rai stage 3-4, log-transformed
white blood cell count and complex karyotype remained statistically sig-
nificant, whereas that of  del(17p) did not (P=0.51). In summary, the pres-
ence of a translocation in IGHV-mutated patients appeared to negate the
improved prognosis of mutated IGHV, but the presence of a translocation
did not have an effect on TFT in high-risk IGHV-unmutated patients. 
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ABSTRACT

Introduction

Chronic lymphocytic leukemia (CLL) has a varied clinical course. Some patients
have an indolent disease with a lifespan similar to that of their peers without the
disease. Other patients have rapid disease progression, require treatment early in
the course of the disease, are less responsive to therapy, or exhibit short remission
after therapy and have a relatively short overall survival. Factors that have prognos-
tic significance include clinical variables such as gender, age and Rai/Binet stage,
and biological factors such as IGHV mutational status, ZAP70 status and genetic
abnormalities as detected by fluorescence in situ hybridization (FISH). IGHV muta-
tional status is a significant and independent prognostic factor that does not change
over the course of the disease. Patients with unmutated IGHV have a worse prog-
nosis than those with mutated IGHV.1-3



The karyotype of the patient is another genetic factor
that influences disease course and response to therapy.
The complexity of the karyotype is prognostic with
three or more unrelated abnormalities predictive of a
more adverse prognosis.4-12 Furthermore, a complex kary-
otype has been associated with unmutated IGHV, CD38
expression and deletion of 17p or mutated TP53.5,9,11,13-16
Additional studies showed that in addition to complex
karyotypes, translocations, particularly unbalanced
translocations, were associated with a poor prognosis,
reflected as both an increased risk of requirement for
treatment and a shortened overall survival.5,9,17-19
Translocations have also been associated with a complex
karyotype and with deletions of 17p, and in some cases
with del(11q),9 but not in others.20 While these studies are
informative, the relationship of translocations to mutat-
ed versus unmutated IGHV detected early in the course of
the disease is unclear.
Traditionally metaphase cytogenetic studies of CLL

have been minimally informative, as CLL cells do not
readily divide spontaneously in culture, nor do they
respond to traditional B-cell mitogens. The advent of
CpG oligodeoxynucleotide stimulation of CLL cells has
facilitated detection of cytogenetic abnormalities in up to
80% of CLL patients.17,21-26 As a result of this increased
detection of karyotypic abnormalities, the significance of
translocations and of a complex karyotype at disease
diagnosis and during disease progression can be assessed
more accurately. As CLL progresses, the karyotype fre-
quently evolves.27,28 Therefore, the significance of kary-
otypic complexity and/or translocations at disease pres-
entation is not clear. We examined CpG-stimulated kary-
otypes completed within 1 year of diagnosis of CLL and
correlated the presence of a translocation and of com-
plexity with disease prognosticators such as IGHV muta-
tional status, sex, age, Rai stage, FISH abnormalities and
with time to first treatment (TFT). 

Methods

Patients and samples
All patients had immunophenotypically defined B-cell CLL as

outlined by the International Workshop on CLL Revised CLL
Guidelines.29 Peripheral blood or bone marrow was collected
from patients after having obtained written informed consent in
accordance with the Declaration of Helsinki and under a proto-
col approved by the institutional review board of The Ohio
State University (Columbus, OH, USA). 

Cytogenetic analyses
Cells were stimulated with CpG oligodeoxynucleotides and

analyzed according to standard laboratory procedures
(described in detail in the Online Supplementary Methods). FISH
using probes for D13S319, D12Z3, ATM, TP53, BCL6, MYC,
MYB (Abbott Molecular, Des Plaines, IL, USA) and SEC63
(Empire Genomics, Buffalo, NY, USA) were done according to
the manufacturers’ recommendations.

Patients’ inclusion criteria
Patients with CLL who had cytogenetic analyses between

December 2006 and December 2013 and were within 1 year of
diagnosis were identified from The Ohio State University
Wexner Medical Center databases. Balanced and unbalanced
translocations and insertions were identified. Inversions were

considered as balanced translocations, and “adds” as unbal-
anced translocations. A complex karyotype was defined as ≥3
independent aberrations on metaphase cytogenetics. The asso-
ciation of complex karyo type defined as ≥5 independent aber-
rations with outcome was also examined. Baseline characteris-
tics were obtained from the patients’ charts. White blood cell
(WBC) count and b2-microglobulin concentration, determined
within 90 days of diagnosis were used.

Statistical analyses  
The patients’ demographic and genetic characteristics were

described using mean and standard deviation or median and
range for continuous variables, and frequency and percentage
for categorical variables. Associations between translocations or
cytogenetic complexity with FISH abnormalities were tested
using Fisher exact tests. Cases with both balanced and unbal-
anced translocations were classified together for statistical
analyses. 
TFT was calculated from the date of diagnosis until the date

of first treatment or last follow-up, censoring patients who had
not started treatment at the date last seen; patients who died
prior to starting treatment were censored at the date last seen.
Kaplan-Meier curves were used to estimate TFT probability,
and Cox proportional hazard models were used to examine the
association between potential risk factors and TFT. Table 1
shows variables considered for modeling. WBC counts were
log-transformed.
Significant risk factors from univariable Cox models were

included in the multivariable Cox model. Due to missing values
in IGHV mutation status (n=37, 11%), WBC count (n=83, 25%),
and b2-microglobulin (n=146, 44%), a multiple imputation pro-
cedure was applied to obtain combined results from 15 multiply
imputed datasets. Using stepwise backward selection, variables
that reached statistical significance after adjusting for all other
covariates remained in the final model. To evaluate for potential
effect modification, pairwise interactions among all variables in
the final model were further tested, and TFT curves were gen-
erated.
Among patients who started chemoimmunotherapy, overall

survival from the start of therapy was determined. Univariable
analyses were performed testing for risk factors associated with
overall survival, but multivariable analyses were precluded
because of the limited number of deaths. The analyses were
conducted using Stata 14, SAS 9.4 and the statistical signifi-
cance was set as P<0.05.  

Results

Patients’ characteristics 
Diagnostic samples meeting the above criteria were

identified for 329 patients. The patients’ clinical data are
presented in Table 1. The median age of the patients was
60 years (range, 34-88), 36.8% were female, and 90.2%
had Rai stage 0-2.

Unbalanced translocations are more frequent in
complex karyotypes, but balanced translocations 
are more frequent in non-complex karyotypes
Translocations occurred in 85 (25.8%) patients: 29

with balanced, 48 with unbalanced and eight with both
a balanced and an unbalanced translocation. Defining
complexity as ≥3 unrelated aberrations, 16.1% of
patients had complex karyotypes, while 7.6% had ≥5
aberrations. The distributions of karyotype complexity,
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defined as ≥3 aberrations, and the presence of a translo-
cation are shown in Table 2. Of the 85 cases with a
translocation, 46 also had a complex karyotype and 39
did not. Unbalanced translocations were more frequent
in cases with a complex karyo type (41/46), while bal-
anced translocations were more frequent in non-complex
cases (24/39). No translocation was identified in 244
cases; 237 of these had non-complex karyotypes. 

Translocations and complex karyotypes occur more 
frequently in unmutated IGVH chronic lymphocytic
leukemia
IGHV data were available for 292 patients; data were

not available for 37 patients (Table 3). Unmutated IGHV
was found in 148 patients; 51 (34.5%) had a transloca-
tion, and 97 (65.5%) did not have a translocation; 31
(20.9%) had complex karyotypes (≥3 aberrations), while
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Table 1. The patients’ baseline characteristics and associations with time to first treatment.
Patients’ characteristics (n=329)                  N.                                       %                           HR                             95% CI                          P-value

Age at diagnosis, years  
     Mean (SD)                             60 (11)                                                                                                                                              
     Median (range)                 60 (34-88)                                              1.00                                  0.99-1.02                                0.64
Sex                                                                                  
     Male                                                                        208                                          63.2                                                                                                                          
     Female                                                                    121                                          36.8                                0.90                                  0.64-1.27                                  0.55
Complexity
     Median (range)                     1 (0-17)                                                  1.16                                 1.11 -1.22                              <0.001 
     < 3 Abnormalities                                                276                                          83.9                                                                                                                          
     ≥3 Abnormalities                                                  53                                           16.1                                2.92                                  1.98-4.31                               <0.001
Translocation
     Neither                                                                   244                                          74.2                                                                                                                          
     Balanced                                                                  29                                            9.1                                2.64*                                 1.87-3.71                               <0.001
     Unbalanced                                                            56                                           16.7                                                                                                                              
Rai stage at diagnosis
     0-2                                                                            296                                          90.2                                                                                                                          
     3-4                                                                             32                                            9.8                                 3.73                                  2.32-5.99                               <0.001
IGHV unmutated
     No                                                                            144                                          49.3                                                                                                                              
     Yes                                                                           148                                          50.7                                3.48                                  2.38-5.08                               <0.001
Trisomy 3
     No                                                                            312                                          94.8                                                                                                                          
     Yes                                                                            17                                            5.2                                 1.06                                  0.49-2.27                                  0.88
Trisomy 8
     No                                                                            314                                          95.4                                                                                                                          
     Yes                                                                            15                                            4.6                                 2.53                                  1.36-4.71                                0.003
Trisomy 12
     No                                                                            251                                          76.3                                                                                                                          
     Yes                                                                            78                                           23.7                                1.23                                  0.84-1.81                                  0.29
Del(13q)
     No                                                                            155                                          47.1                                                                                                                          
     Yes                                                                           174                                          52.9                                0.78                                  0.56-1.09                                  0.15
Del(17p)
     No                                                                            298                                          90.6                                                                                                                          
     Yes                                                                            31                                            9.4                                 2.10                                  1.31-3.37                                0.002
Del(6q)
     No                                                                            315                                          95.7                                                                                                                          
     Yes                                                                            14                                            4.3                                 1.73                                  0.85-3.55                                  0.13
Del(11q)
     No                                                                            285                                          86.6                                                                                                                          
     Yes                                                                            44                                           13.4                                2.92                                  1.98-4.31                               <0.001
b2-microglobulin >3.5 mg/L
     No                                                                            165                                          90.2                                                                                                                              
     Yes                                                                            18                                            9.8                                 2.33                                  1.11-4.88                                0.025
WBC, x109/L 
     Median (range)                 17.5 (2.9-392.6)                                          1.72**                               1.35- 2.20                              <0.001

HR: hazard ratio; 95% CI: 95% confidence interval; SD: standard deviation; WBC: white blood cell count. The results for trisomy 3, trisomy 8, trisomy 12, del(13q) del(17p, del(6q)
and del(11q) were determined from fluorescence in situ hybridization data. Trisomy 3 was determined using the BCL6 probe, trisomy 8 using the MYC probe, trisomy 12 using
the D12Z3 (centromere 12) probe, del(13q) using the D13S319 probe, del(17p) using the TP53 probe, del(6q) using the MYB and/or SEC63 probes and del(11q) using the ATM
probe.*HR for balanced and unbalanced translocations combined compared to no translocations, **HR for log-transformed WBC.



117 (79.1%) had non-complex karyotypes. Of the 144
patients with mutated IGHV, 20 (13.9%) had a transloca-
tion, 124 (86.1%) did not have a translocation, 12 (8.3%)
had complex karyotypes, and 132 (91.7%) had non-com-
plex karyotypes. 

Outcome 
The median follow-up for censored patients was 30

months (range, 0.03-102 months). The median TFT for the
entire cohort was 47 months (95% confidence interval
[95% CI]: 39-61 months). Higher karyotype complexity
was significantly associated with TFT (hazard ratio
[HR]=1.16, 95% CI: 1.11-1.22; P<0.001), as was complex
karyotype defined using ≥3 aberrations (HR=2.92, 95%
CI: 1.98-4.31; P<0.001) and ≥5 aberrations (HR=2.93, 95%
CI: 1.79-4.79; P<0.001). Since there was no difference in
the ability to discriminate TFT when defining complexity
as ≥3 or ≥5 aberrations (Online Supplementary Table S1,
Online Supplementary Figure S1), all further analyses used
the definition of  ≥3 abnormalities. 
In univariable models, the following variables were sig-

nificant for a shorter TFT: presence of a translocation
(HR=2.64, 95% CI: 1.87-3.71; P<0.001), Rai stage 3-4
(HR=3.73, 95% CI: 2.32-5.99; P<0.001), karyotype com-
plexity (HR=2.92, 95% CI: 1.98-4.31, P<0.001), unmutat-
ed IGHV (HR=3.48, 95% CI: 2.38-5.08; P<0.001), three
copies of  MYC (HR=2.53, 95% CI: 1.36-4.71; P=0.003),
del(17p) (HR=2.10, 95% CI: 1.31-3.37; P=0.002), del(11q)
(HR=2.92, 95% CI: 1.98-4.31; P<0.001), b2-microglobulin
>3.5 mg/L (HR=2.33, 95% CI: 1.11-4.88; P=0.025), and
log-transformed WBC count (HR=1.72, 95% CI: 1.35-
2.20; P<0.001) (Table 1).
In the multivariable regression model, there was signifi-

cant effect modification of IGHV status on the relation-
ship between translocations and TFT (P=0.002) (Table 4).
In IGHV-mutated patients, those with a translocation had
over 3.5 times the risk of starting treatment relative to
those without a translocation (HR=3.53, 95% CI: 1.76-
7.06; P<0.001); however, in IGHV-unmutated patients, a
translocation did not significantly increase the risk of start-
ing treatment (HR=1.00, 95% CI: 0.61-1.64; P=0.99)
(Figure 1). This effect modification appears consistent
across groups defined by complex karyotype (Online
Supplementary Figure S2). We did not detect a significant
interaction between IGHV and karyotype complexity
(Figure 2A), nor between translocations and complexity
(Figure 2B). Examination of both the presence of a translo-
cation and karyotype complexity in the analysis of TFT
showed that among the 85 patients with a translocation,
karyotype complexity added prognostic information
(HR=2.31, 95% CI: 1.25-4.26; P=0.007). Independently of
IGHV status and translocations, Rai stage 3-4 (HR=1.78,
95% CI: 1.06-2.98; P=0.029), log-transformed WBC count
(HR=1.44, 95% CI: 1.13-1.85; P=0.004) and karyotype
complexity (HR=1.78, 95% CI: 1.08-2.93; P=0.025)
remained statistically significant in the multivariable
model (Table 4). Notably, once these variables were
accounted for in the model, del(17p) did not add signifi-
cant information (P=0.51). Using a higher frequency of
del(17p) with a 20% cut off, del(17p) still was not signifi-
cant in the multivariable analysis (P=0.51). Similarly,
del(11q) was no longer significant in the multivariable
model. 
Among 139 patients who started CLL treatment, 54

received chemoimmunotherapy. With a median follow-up
of 43.9 (range, 3.4-94.0) months from the start of CLL

Impact of translocations in mutated IGHV CLL at diagnosis 

haematologica | 2021; 106(6) 1611

Table 2. Association between karyotype complexity (≥3 aberrations) and translocations. Unbalanced translocations are more frequent in patients
with complex karyotypes, but balanced translocations are more frequent in those with non-complex karyotypes.
                                                                               Translocation                                                                  No Translocation                           Total
                                              Total                             Balanced                       Unbalanced                                                                                      

Complex karyotype                      46                                              5                                             41                                                            7                                                 53
Non-complex karyotype             39                                             24                                            15                                                          237                                              276
Total                                                 85                                             29                                            56                                                          244                                              329

Table 3. Associations of IGHV with karyotype complexity (≥3 aberrations) and translocations. Translocations and complex karyotypes occur more
frequently in unmutated IGVH chronic lymphocytic leukemia.
                                               Translocation                     No Translocation                 Complex karyotype           Non-complex karyotype             Total

Mutated IGHV                                         20                                                 124                                                 12                                                 132                                     144
Unmutated IGHV                                   51                                                  97                                                  31                                                 117                                     148
Total                                                          71                                                 221                                                 43                                                 249                                     292
mIGHV, mutated IGHV; unmIGHV. unmutated IGHV

Table 4. Multivariable model of factors significantly associated with time to first treatment.
Characteristics                                                                                                     HR                                         95% CI                                      P-value

IGHV mutated: translocation present vs. absent                                                               3.53                                                1.76-7.06                                               0.002
IGHV unmutated: translocation present vs. absent                                                          1.00                                                0.61-1.64                                                    
Karyotype complexity, ≥3 abnormalities: present vs. absent                                         1.78                                                1.08-2.93                                                0.025
WBC (log-transformed)                                                                                                           1.44                                                1.13-1.85                                                0.004
Rai stage: 3-4 vs. 0-2                                                                                                                  1.78                                                1.06-2.98                                                0.029
HR: hazard ratio; 95% CI: 95% confidence interval; WBC: white blood cell count.



treatment, 13 deaths occurred. The overall survival esti-
mates are 91% (95% CI: 79%-96%) at 1 year, 84% (95%
CI: 70%-92%) at 3 years, and 77% (95% CI 61%-87%) at
5 years after starting CLL treatment. In these treated
patients, Rai stage 3-4 and del(17p) were associated with
shorter survival in univariable analyses with a hazard ratio
of 5.36 (95% CI: 1.62-17.76), and 6.88 (95% CI: 2.20-
21.50), respectively. 
Table 5 shows correlations of interphase FISH abnor-

malities with both the presence of a translocation and
with karyotype complexity. Del(11q), del(17p), three
copies of MYC, and three copies of BCL6 were all highly
associated both with the presence of a translocation and
with karyotypic complexity. An opposite trend was seen
for cases with del(13q); del(13q) was more frequent both
in cases without a translocation and in non-complex cases.
Trisomy 12 was frequent in complex cases, but was not
associated with the presence of a translocation. Deletion
of 6q was not associated with either karyotypic complex-
ity or the presence of a translocation. Deletion of 13q as
the sole FISH-identified abnormality, typically indicative
of a good prognosis, occurred in 119 cases. Twelve of
these cases had a translocation, and three had a complex
karyotype. In addition, ten cases with a translocation had
no abnormalities detected by FISH, emphasizing the need
for metaphase cytogenetics.

Discussion

Previous studies have found a significant impact of
translocations on the outcome of patients with CLL.5,9,17-19
We show that when detected within 1 year of diagnosis,
the presence of a translocation in cases with mutated
IGHV appears to negate the positive impact of mutated
IGHV. However, in cases of unmutated IGHV, the pres-
ence of a translocation did not appear to influence progno-
sis. In this study, patients with mutated IGHV who did
not have a translocation had a significantly longer TFT
than those with mutated IGHV and a translocation or
those with unmutated IGHV regardless of the presence of
a translocation (Figure 1). 

Baliakas et al.9 found that translocations were strongly
associated with CD38+ expression, karyotypic complexity,
abnormal 17p and abnormal 11q. However, the presence
of a translocation did not influence TFT, although those
cases with an unbalanced translocation and those with a
complex karyotype had a significantly shorter TFT.
Translocations were also associated with complexity,
del(17p), and del(11q) in our series. However, when con-
sidering their impact on outcome, those cases with a
mutated IGHV and a translocation had a poor TFT com-
pared with cases with mutated IGHV and no transloca-
tion. Rigolin et al.19 showed that unbalanced translocations
were associated with shorter TFT and overall survival. In
our studies, both balanced and unbalanced translocations
were considered together and overall had an impact on
TFT.
These results add to the factors that may influence the

outcome of CLL patients with mutated IGHV. IGHV-
mutated patients with high expression of CD49d and
those with high expression of CXCR4 have an inferior
outcome compared to patients with low expression of
these variables.30-32 As neither CD49d nor CXCR4 was
evaluated in our patients, we are unable to compare their
effects with those of the presence of a translocation.
Whether these factors influence chromosome instability, a
possible factor in generation of a translocation, was not
investigated.
Complex karyotypes have also been associated with an

adverse prognosis in CLL.4-16,19 While some studies15,16
found that the association of karyotypic complexity was
more significant when complexity was defined as ≥5 aber-
rations than when defined as ≥3 aberrations, we found
that complexity defined as ≥3 abnormalities was as signif-
icant as complexity defined as ≥5 abnormalities. Although
karyotypic complexity detected within 1 year of diagnosis
of CLL remained significant in a multivariable analysis,
the hazard ratio for the presence of a translocation in
patients with mutated IGHV was much higher than that
for karyotypic complexity (HR for complexity=1.78, HR
for presence of a translocation=3.53). Among patients
with a translocation, karyotypic complexity added prog-
nostic information.
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Figure 1. Time to first treatment of patients with
chronic lymphocytic leukemia. Data are plotted for
patients according to whether they had mutated or
unmutated IGHV and whether they did or did not
have a translocation.



This study also showed that CLL patients with a higher
WBC count were likely to require treatment earlier than
those with a lower WBC count. This is consistent with the
findings of the study by Del Giudice et al.,33 who showed
that in patients with Binet stage A CLL, a higher WBC
count independently predicted a shorter time to treat-
ment. Since a higher WBC count is consistent with a
greater disease burden, this is compatible with the
hypothesis that patients with a greater disease burden,
regardless of other factors, have a shorter TFT.
A del(17p) has also been associated with a poor out-

come.1,5,34-38 However, when detected within 1 year of diag-
nosis, it was no longer significant in a multivariable analy-
sis, independently of other variables. It is known that
del(17p) frequently occurs with disease progression and
that a higher frequency of del(17p) may be significant.39,40
We, therefore examined whether a higher frequency of
this abnormality was significant. Using a 20% cutoff,
higher frequency of del(17p) was also not significant in the
multivariable analysis (P=0.51). Furthermore, our patients
were within 1 year of diagnosis, which is consistent with
the findings of Tam et al.,39 who showed that a del(17p) in
asymptomatic CLL patients does not necessarily convey a
poor prognosis. It also has been shown that del(17p) in
association with a complex karyotype predicts a particu-

larly poor outcome.15,20,41 Although our patients with
del(17p) were statistically associated with a complex kary-
otype, 11/30 of our del(17p) cases did not have a complex
karyotype. The loss of significance of del(17p) in a multi-
variable analysis may in part reflect this.
In these studies, FISH abnormalities typically associated

with a poor outcome (three copies of MYC, del(17p),
del(11q) and three copies of BCL6) were more frequent in
cases with a translocation and in those with a complex
karyotype. Trisomy 12 showed no association with the
presence of a translocation, but was more frequent in
complex cases than in non-complex cases (35.9% and
21.4%, respectively; P=0.033). Deletions of 13q, typically
associated with a good outcome, were more frequent in
cases without a translocation and in non-complex cases,
consistent with its association with a good outcome.
However, del(13q) as a sole FISH abnormality was present
in 12 cases with a translocation and in three cases with a
complex karyotype, thus 15 of 119 cases (12.6%) with
del(13q) as the only FISH-detected abnormality had poor
metaphase cytogenetics, identifying these patients as pos-
sibly not having the good prognosis typically associated
with sole del(13q). Fifty-seven cases had no FISH abnor-
mality (Table 5); ten of these had a translocation, and one
had a complex karyotype. These results indicate the
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Figure 2. Time to first treatment of patients
with chronic lymphocytic leukemia. (A) Data
are plotted for patients according to whether
they had mutated or unmutated IGHV and a
complex (≥3 aberrations) or non-complex
karyotype. (B) Data are plotted for patients
according to whether they did or did not
have a translocation and whether they had a
complex (≥3 aberrations) or non-complex
karyotype.

A

B



importance of metaphase cytogenetics in order to risk-
stratify patients accurately.
The reason a translocation may negate the good progno-

sis associated with mutated IGHV is not known. Both the
presence of a translocation and a complex karyotype may
reflect an underlying genetic instability in CLL. The strong
correlation of translocations and complex karyotypes with
del(17p), and therefore loss of TP53, which is known to be
associated with genetic instability,42 supports this.
However, the majority of patients with translocations or
complex karyotypes did not have del(17p); thus, other fac-
tors must contribute to genetic instability in CLL. Other
factors that have been associated with genetic instability
include telomere shortening, abnormal ATM, lack of cor-
rect kinetochore-microtubule attachment, activation-
induced cytidine deaminase, defective mitosis and replica-
tion stress. Further investigations are needed to identify
whether these or other factors contribute to genetic insta-
bility in CLL.
These studies have some significant limitations. These

include the relatively low number of patients with translo-
cations (85/329), the retrospective nature of the study, and
the younger age of patients (median, 60 years). Because of
the retrospective nature of this study, some factors, signif-
icantly TP53 mutational status and CD49d expression,
could not be included as they were not determined rou-
tinely. Additionally, both WBC count and b2-microglobu-
lin level had a 90-day window, as they were not collected
routinely at diagnosis. Also, although all cytogenetic stud-
ies were performed within 1 year of diagnosis, they were
done at different time-points within this 1-year time-
frame.
These results support performing metaphase cytogenet-

ic analysis on cultures stimulated with a CpG

oligodeoxynucleotide prospectively at diagnosis on all
patients with CLL to verify these findings and to deter-
mine whether these findings apply with current targeted
therapies. The use of CpG oligodeoxynucleotide stimula-
tion is required to adequately define abnormal clones in
CLL,5,17,21-26 thus enabling the detection of translocations
that are prognostic early in the course of the disease. This
additional prognostic factor may help to provide a more
precise prognosis for CLL patients, and may more accu-
rately define specific treatment options that will be bene-
ficial to these patients. While the presence of a transloca-
tion has previously been shown to correlate with a poor
prognosis, this study indicates that in patients with unmu-
tated IGHV, translocations may not affect prognosis.
However, detection of a translocation in patients with
mutated IGHV may affect prognosis as early as the time
of diagnosis.

Disclosures
No conflicts of interest to disclose.

Contributions
NAH did the research. NAH and NM designed the research

and wrote the paper. ASR and QZ performed the statistical
analysis. LAA, MRG, KJM, JW, FA, ML, AG, CC and JCB
contributed samples and data. All authors contributed to writing
and finalizing the manuscript and approved its submission.

Funding
This work was supported by Leukemia and Lymphoma

Society SCOR grant #7004-11, NCI-7 P50 CA140158-02,
and NCI-P30 CA016058, which supports the OSU
Comprehensive Cancer Center’s Shared Resources, and the D
Warren Brown Foundation. 

Table 5. Associations between translocations or karyotype complexity with abnormalities detected by interphase fluorescence in situ hybridization.
                                 Total                   MYC                   Del(17p)               Del(11q)              Trisomy 12             Del(13q)        Trisomy BCL6            Del(6q)          Normal
                                                    normal       x3              No      Yes              No       Yes            No      Yes             No      Yes           No       Yes            No      Yes          FISH
Translocation                    85                   75             10                  62          23                   64          21                 62          23                  51         34               75          10                79          6                 10
No translocation             244                 239             5                  237          7                   221         23                189         55                 104       140             237          7                237         7                 47
P-value                                                            0.001                           <0.001                          0.001                           0.459                          0.008                      0.003                        0.207                       
Complex ≥3                      53                   45              8                   34          19                   38          15                 34          19                  32         21               43          10                48          5                  1
Not complex                    276                 269             7                  265         11                  247         29                217         59                 123       153             269          7                268         8                 56
P-value                                                            0.001                            <0.001                          0.001                           0.033                          0.037                     <0.001                       0.057                       
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