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Summary
Interphase cytogenetics are commonly used to identify clonal abnormalities in chronic lymphocytic
leukemia (CLL) patients but fail to identify recurrent translocations that ultimately can direct more
focused molecular characterization. Given the importance of del(17p13.1) in CLL outcome, we
performed an extensive review of 1213 patients undergoing metaphase cytogenetics at our institution
and identified 16 (1.3%) with a recurrent unbalanced translocation between the p arms of
chromosomes 17 and 18 that results in a dicentric chromosome with loss of much of 17p and 18p.
The dic(17;18)(p11.2;p11.2) was associated with a complex (three or more unrelated cytogenetic
abnormalities) karyotype in 12 patients (75%) at the time that the abnormality was first identified,
and eventually associated with a complex karyotype in 94% of patients. IGHV mutational analysis
was un-mutated in 88% of cases where evaluation was possible. Except for one patient who was
diagnosed with CLL incidentally during a workup for metastatic tonsillar cancer, all patients
identified with dic(17;18)(p11.2;p11.2) met criteria for disease treatment, with a median time from
diagnosis to first treatment of 15 months. Our data demonstrate that dic(17;18)(p11.2;p11.2) is a
novel recurrent cytogenetic abnormality in CLL associated with early age at diagnosis and accelerated
disease progression. Future efforts to identify genes disrupted by this translocation are warranted and
ongoing.
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B-cell chronic lymphocytic leukemia (CLL), the clonal proliferation of mature B lymphocytes,
is the most common form of adult leukemia. This disease has a variable clinical course; many
patients do not require treatment for years and have survival equal to age-matched controls.
Other patients, however, exhibit aggressive disease and have a poor prognosis despite
appropriate therapy (Byrd et al, 2004).
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Because of the variable course of CLL, much research has focused on the elucidation of
characteristics that help predict clinical course. Staging systems by Binet et al (1981) and Rai
et al (1975) have been used for many years to aid in disease prognosis. More recently,
chromosomal aberrations have been identified that can help differentiate between patients who
will have slowly progressive disease and those who will have an aggressive disease course.
Clonal abnormalities have been found in 40–50% of patients with CLL by conventional
cytogenetics (Juliusson et al, 1990; Juliusson et al, 1991), and in 80% by fluorescence in situ
hybridization (FISH) analysis (Dohner et al, 2000). The most common and well-documented
chromosomal abnormalities include del(13q14.3), trisomy 12, del(17p13.1), and del(11q22.3).
Of these, deletions of 17p13.1 and 11q22.3 are associated with poor disease prognosis and
deletion of 13q14.3 is associated with slower progression of disease (Dohner et al, 2000).
Trisomy of chromosome 12 has a more variable course, but is also associated with more
aggressive disease (Dohner et al, 2000; Athanasiadou et al, 2006). Because of the importance
of these prognostic indicators, cytogenetic analysis has become routine in the evaluation of
CLL patients. With knowledge of common abnormalities in CLL, FISH has proven useful
because it allows rapid detection of these recurrent abnormalities. Conventional cytogenetics,
on the other hand, allows analysis of the entire chromosome complement and the opportunity
to discover previously unrecognized abnormalities and also to better localize areas for relevant
genes disrupted in B-cell transformation. Most relevant to the identification of such genes are
regions of clinical prognostic impact, such as del(17p13.1), for which no contributing gene has
been identified. This abnormality is associated with a need for early therapy, poor response to
conventional treatment (Dohner et al, 1995; Byrd et al, 2006; Grever et al, 2007; Van Den
Neste et al, 2007), and shortened survival (Wattel et al, 1994; Dohner et al, 1995, 2000; Byrd
et al, 2006).

Besides cytogenetic abnormalities, the mutational status of the variable region of the
immunoglobulin heavy chains (IGHV) has been found to be predictive of disease progression,
with unmutated IGHV associated with a poorer prognosis independent of disease stage or other
cytogenetic markers (Hamblin et al, 1999). Unmutated IGHV has also been found to be highly
associated with cytogenetic abnormalities (Karhu et al, 2003) including the poor prognostic
indicators del(17p13.1) and del(11q22.3) (Krober et al, 2002).

In this report, we describe a novel recurrent abnormality that is the result of an unbalanced
translocation between chromosomes 17 and 18 whose identity has been appreciated previously
in only 12 reported cases. We describe the clinical and cytogenetic features associated with
this abnormality in a larger cohort of patients, review data available from previous cases, and
identify directions for future research.

Materials and methods
Patients

Between January 2002 and February 2009, 1213 patients with CLL underwent cytogenetic and
FISH analyses at our institution. Patients were enrolled on an Institutional Review Board
approved prospective tissue bank study that allows assessment of prognostic factors and
treatment outcome.

Diagnostic testing
Bone marrow or peripheral blood samples were cultured in RPMI 1640 medium (Gibco) by
standard laboratory procedures From January, 2002 through September, 2007, all cultures were
stimulated with pokeweed mitogen (Sigma-Aldrich, St Louis, MO, USA) at a final
concentration of 10 ul/ml and phorbol 12-myristate 13-acetate (PMA, Sigma-Aldrich) at a final
concentration of 40 ng/ml. From October 2007, CpG stimulation (20 μg/ml) was also added
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to the cultures. Cultures were for 72 h, and harvesting, fixation and banding were by standard
laboratory techniques. Twenty metaphases per sample were completely analyzed.
Chromosomes were classified according to the International System for Human Cytogenetic
Nomenclature (ISCN 2005) (Schaffer & Tommerup, 2005). FISH was performed on all
samples with commercially available probe sets (Abbott Molecular, Abbott Park, IL, USA)
designed to detect the chromosome 12 centromere, MYC located at 8q24, MYB located at 6q23,
D13S319 located at 13q14.3, ATM located at 11q22.3 and TP53 located at 17p13.1 as
previously reported by our group (Byrd et al, 2006). IGHV mutational analysis was performed
as previously described since 2006 and retrospectively in patients seen at Ohio State University
since 2002 for whom stored samples were available.

Biostatistical analysis
Actuarial overall survival and treatment-free survival were estimated using the method of
Kaplan–Meier. Treatment-free survival indicates the time from disease diagnosis until
initiation of chemotherapy. Overall survival was calculated from the date of disease diagnosis
until death.

Results
Cytogenetic description

Peripheral blood or bone marrow samples from total of 1213 patients with CLL were analyzed,
and 16 (1.3%) of these patients were found, through banded metaphase cytogenetics, to have
a dic(17;18)(p11.2;p11.2). This dicentric chromosome is the result of an unbalanced
translocation between the p arms of chromosomes 17 and 18 and results in a dicentric
chromosome with loss of much of 17p and 18p. The dicentric nature of the chromosome was
proven with FISH analysis using chromosome 17 and chromosome 18 centromere probes in
different colors (Abbott Molecular), which showed the presence and juxtaposition of both
centromeres in each of the nine cases analyzed in this manner. An example image is provided
in Fig 1. This chromosomal abnormality was associated with a complex karyotype in 12
patients (75%) at the time that dic(17;18)(p11.2;p11.2) was first identified; 31% of patients
had three abnormalities, 19% had 4, 12.5% had five, and 12.5% had six or more cytogenetic
abnormalities at this time. In one patient, dic(17;18)(p11.2;p11.2) was the sole abnormality
seen on conventional cytogenetics at initial presentation, but FISH at that time was positive
for trisomy 12 in 5.1% of cells, and the patient eventually developed a complex karyotype. At
the time of this report, only one patient has not developed a complex karyotype. The dic(17;18)
(p11.2;p11.2) was associated with trisomy 12 in seven patients (44%) and with del(13q) in five
patients (31%) with no overlap between these two abnormalities. In 11 patients, this
abnormality was seen at the time of first conventional cytogenetic analysis, whereas in two
patients the abnormality was acquired following treatment. In patients who acquired the
abnormality, the time from diagnosis to acquisition was 31 and 43 months respectively. In the
remaining three patients, initial cytogenetics showed a normal karyotype, while FISH was
positive for del(17p13.1) in 11.2%, 26%, and 36% (with 52.3% positive for trisomy 12) of
cells, suggesting that the abnormality was present, but in such low copy number that it was not
detected by conventional cytogenetic analysis. Of the two patients who are known to have
acquired dic(17;18)(p11.2;p11.2) during the course of their disease, both also acquired other
cytogenetic abnormalities.

Clinical and laboratory characteristics
The demographics of the patients with dic(17;18)(p11.2;p11.2) are summarized in Table I. Of
16 patients with this cytogenetic abnormality, nine were male (56%), and the median age at
diagnosis was 57 years (range 37–68). At diagnosis, 62% of patients were Rai stage 0 or 1;
three patients were stage 4 at diagnosis. The mean WBC at the time of diagnosis in the 13
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patients where the information was available was 24 × 109/l. IGHV mutational status was
known for 48% of patients, and of these eight patients, seven (88%) were found to have
unmutated IGHV status.

Treatment data are available for 14 of the 16 patients identified with this abnormality, and
survival data in all patients. Except in the case of one patient who was diagnosed with CLL
incidentally during a workup for metastatic tonsillar cancer, all patients identified with dic
(17;18)(p11.2;p11.2) met criteria for disease treatment, with a median time from diagnosis to
first treatment of 15 months, as outlined in Fig 2. In the two patients where follow-up data are
not available, both were advised to begin treatment at their visit to our institution. Of the 12
patients who received fludarabine-based therapy, seven (58%) were refractory. Three patients
have received stem cell transplant for recurrent/refractory disease, and four are currently
undergoing chemotherapy. With a mean follow-up of 54 months, four patients have died, 21,
42, 49 and 92 months after diagnosis. Kaplan–Meier estimates of overall survival are shown
in Fig 3. All of the deceased patients had a complex karyotype.

Discussion
Here we describe the largest series of dic(17;18)(p11.2;p11.2) CLL patients reported in the
literature and firmly establish this as a recurring abnormality in CLL. Our data demonstrated
that dic(17;18)(p11.2;p11.2) is a novel recurrent cytogenetic abnormality in CLL associated
with early age at diagnosis, accelerated disease progression, and a trend toward more refractory
disease. These features are similar to previously published reports of patients with loss of p53
or del(17p13.1) alone, which found these patients to require early therapy, to have poor
response to standard purine analog therapy, and have shortened survival (Fenaux et al, 1992;
Wattel et al, 1994; Dohner et al, 1995; Cordone et al, 1998; Oscier et al, 2002). Within this
subset of del(17p.13.) patients are individuals that can have an indolent natural history for an
extended period of time. It is possible that this subset of patients having dic(17;18)
(p11.2;p11.2) will represent the most aggressive subset of del(17p13.1) CLL patients identified
by FISH analysis. Indeed, it is interesting that, besides the obvious association with loss of the
p53 allele, dic(17;18)(p11.2;p11.2) also frequently accompanied other negative prognostic
markers. Sixty-four percent of patients were found to have this abnormality as part of a complex
karyotype, and 88% of those tested had unmutated IGHV, both of which have been shown to
be markers of more aggressive disease (Damle et al, 1999; Hamblin et al, 1999; Maloum et
al, 2000; Oscier et al, 2002; Vasconcelos et al, 2003). These patients described with dic(17;18)
(p11.2;p11.2) exhibited characteristics in common with patients with del(17p13.1), including
short time from diagnosis to need for treatment (Dohner et al, 1995) and short overall survival
(Dohner et al, 1995). Our patients also showed an association between dic(17;18)(p11.2;p11.2)
and trisomy 12, with 44% of patients exhibiting both abnormalities. This association was not
seen in any of the previously reported cases. It is unclear whether this is a true association or
whether trisomy 12 is a common abnormality and these patients are predisposed to the
development of further cytogenetic abnormalities. An extensive review of the literature
identified 12 reported cases of dic(17;18)(p11.2;p11.2) (Dohner et al, 1995; Callet-Bauchu et
al, 1999; Espinet et al, 2000; Chena et al, 2002; Adeyinka et al, 2007). Our study adds to the
clinical relevance of this abnormality as, to date, very little clinical data have been associated
with this abnormality. Of the reported cases, the median age at diagnosis was 59 (Espinet et
al, 2000; Chena et al, 2002; Adeyinka et al, 2007) (n = 5), and 67% of patients were male.
Complex karyotypes were found in 50% of these previously reported patients with this
cytogenetic abnormality, and 33% had this as the sole abnormality (Dohner et al, 1995; Callet-
Bauchu et al, 1999; Espinet et al, 2000; Chena et al, 2002; Adeyinka et al, 2007). Three patients
are known to have been treated with fludarabine (Callet-Bauchu et al, 1999; Chena et al,
2002), and all were refractory; three patients were refractory to anthracycline-based regimens
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(Callet-Bauchu et al, 1999; Espinet et al, 2000; Chena et al, 2002). These anecdotal findings
are consistent with our larger series of patients.

It has been shown previously that 17p10–17p12 is a common breakpoint in CLL (Fink et al,
2006) and other malignancies. This region is genetically unstable due to the presence of
multiple low copy repeats of DNA sequences (LCR) (Stankiewicz et al, 2003; Fink et al,
2006). With the identification of dic(17;18)(p11.2;p11.2) as a recurrent abnormality, it is
possible that chromosome band 18p11.2 is another unstable area predisposed to breakage, and
may be an area worthy of further investigation.

Because del(17p13.1) is often seen in advanced stages of CLL, it is thought to be a late event
in pathogenesis. In our patients, dic(17;18)(p11.2;p11.2) appeared frequently at the time of
diagnosis or shortly thereafter, making it likely to be an earlier event in leukemogenesis.
Although our patients all had dic(17;18)(p11.2;p11.2) in association with other chromosomal
abnormalities, in previous reports 33% of patients had this as the sole abnormality, so it is
possible that this abnormality disrupts DNA repair in a way that predisposes to further genetic
abnormalities.

Future study of this cytogenetic abnormality could more fully characterize the genes lost in
this translocation. It is difficult to compare our data with previously published reports of
patients with del(17p13.1) because of significant differences in diagnostic patterns and
advances in treatment, so future study could focus on comparison among patients with dic
(17;18)(p11.2;p11.2), del(17p13.1), and average risk cytogenetics. It will be important to
evaluate whether there are differences in prognosis or response between patients with dic
(17;18)(p11.2;p11.2) and those with del(17p13.1) to determine whether routine differentiation
by conventional cytogenetics or FISH probes to detect a dicentric chromosome would be
beneficial.
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Fig 1.
(A) Banded metaphase analysis showing 46,XX,del(13)(q14q22),dic(17;18)(p11.2;p11.2). (B)
Metaphase FISH with CEP17 (SpecrumAqua) and CEP18 (SpectrumOrange) show the
presence of both centromeres, indicating a dic(17;18).
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Fig 2.
Treatment free survival. Median time from diagnosis to first treatment is 15 months.
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Fig 3.
Kaplan–Meier estimates of overall survival.
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Table I

Patient characteristics.

Characteristic Number (%)

Age (years) at diagnosis (median) 57 (range 37–68)

Sex

 Male 9 (56)

 Female 7 (44)

Rai stage at diagnosis

 0 5 (31)

 1 5 (31)

 2 3 (19)

 3 0

 4 3 (19)

WBC (×109/l) at diagnosis (median) 24.0 (n = 13)

Time from diagnosis to first treatment 15 months (n = 14)

Fludarabine refractory

 Yes 7 (44)

 No 5 (31)

 Unknown 4 (24)

Cytogenetics

 Complex (three or more unrelated abnormalities) 12 (75)

 Trisomy 12 7 (44)

 Del 11q 1 (6)

 Del 13q 5 (31)

IGHV mutational status

 Mutated 1 (12)

 Unmutated 7 (88)

 Unknown 8

Br J Haematol. Author manuscript; available in PMC 2010 July 12.


