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Summary
Deletion 13q14 on fluorescence in situ hybridization (FISH) analysis is the most common
cytogenetic abnormality in chronic lymphocytic leukemia (CLL), and is a favorable prognostic
biomarker when detected as a sole abnormality. We intensively interrogated clinical outcome in
323 consecutive, untreated CLL patients with isolated 13q- identified within two years of
diagnosis. We also analyzed outcome in 217 additional patients with deletion 11q22.3 or 17p13.1,
or trisomy 12 based on whether these occurred in isolation or in conjunction with 13q-. Patients
with a heterozygous 13q- and those with a homozygous deletion had similar time to first treatment
(TFT) and overall survival (OS). In contrast, a higher percentage of 13q- nuclei was associated
with significantly shorter TFT (p<0.001). The 5-year untreated rate was 79% for patients with
isolated 13q- in ≤65.5% of nuclei compared to 38% among those with 13q- in >65.5% of nuclei
(p<0.001). The percentage of nuclei exhibiting 13q- remained an independent predictor of TFT
after controlling for ZAP-70, IgVH, or CD38 (all p<0.001). Among patients with 13q- plus one
other FISH abnormality, concomitant 13q- appeared to attenuate the shorter survival associated
with 17p- (p=0.019). The clinical implications of 13q- in CLL appear more complex than
originally appreciated.
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Introduction
A deletion of chromosome band 13q14 (13q-) detected by fluorescence in situ hybridization
(FISH) analysis is the single most common cytogenetic abnormality in patients with chronic
lymphocytic leukemia (CLL). In their seminal study of 325 treated and untreated patients,
Dohner and colleagues (2000) observed a 13q deletion in 55% of patients, and 13q- was the
only FISH abnormality in 36% of patients. When detected as a sole abnormality, the
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presence of 13q– conferred a favorable outcome, with 60% of patients alive after 5 years as
compared with 27% for patients with a normal FISH analysis. In a Mayo Clinic study of 159
previously untreated, early stage CLL patients (Shanafelt et al., 2006), 13q- was the sole
FISH abnormality in 45% of patients. The median survival for these patients was 17 years,
compared with 13.2 years for patients with a normal FISH pattern.

Despite several studies validating the prognostic utility of the hierarchical Dohner
classification, important questions remain about the 13q- category. First, it is unknown if
there is a difference in clinical outcome based on whether patients have a heterozygous
(13q-x1) or homozygous (13q-x2) deletion of 13q. Although we previously postulated that
13q-x2 may be a more aggressive anomaly than 13q-x1 (Dewald et al., 2003), a preliminary
study of 122 patients with 13q- as the sole abnormality found similar treatment free survival
among CLL patients with one versus two 13q- chromosomes (Fink et al., 2004). Second,
while the percentage of interphase nuclei that exhibit the cytogenetic defect has been shown
to be of prognostic importance in deletion 17p13.1 (17p-) (Catovsky et al., 2007; Tam et al.,
2009), it is unknown whether this characteristic influences the risk of progression among
patients with other cytogenetic findings such as isolated 13q-. Third, although 13q- is
frequently observed in combination with other cytogenetic defects, it is unknown whether
the presence of 13q- in any way modulates the risk associated with deletion 11q or 17p, or
trisomy 12, where the present hierarchical classification assumes it has no impact. To
address these questions, we have conducted detailed analysis of the clinical outcome of 323
CLL patients with 13q- as their sole cytogenetic abnormality on FISH analysis conducted
within two years of diagnosis and prior to any chemotherapeutic treatment. In addition, we
analyzed the clinical outcome of 217 CLL patients with deletion 11q22.3 (11q-), 17p-, or
trisomy 12 based on whether these defects occurred in isolation or in conjunction with 13q-.

Methods
The standard CLL FISH panel at Mayo Clinic tests for 6q, 11q, 13q, and 17p deletion or
monosomy, trisomy 12, and IGH gene rearrangement (200 interphase nuclei each; for
chromosome 13, our target probe is D13S319 our internal control probe is LAMP1)
(Dewald et al., 2003). Among 2243 patients diagnosed with CLL at Mayo Clinic between
10/26/1992 – 5/10/2008, we identified 323 who had a 13q- as the sole FISH-detected
abnormality on analysis of uncultured cells from a whole blood or bone marrow specimen
obtained within two years of diagnosis and prior to any chemotherapeutic treatment. No cell
separation method was employed. For patients diagnosed prior to 2002, archived fixed cell
pellets were studied to establish the FISH pattern within two years of diagnosis and prior to
therapy. To evaluate whether the presence of 13q- modulates the clinical outcome of
patients with a 2nd cytogenetic abnormality, we also identified patients with defects of 11q-,
17p-, and trisomy 12 either in isolation or in combination with 13q-. Patients with more
complex defects (e.g., 11q- with trisomy 12) were excluded to isolate the influence of 13q-
on the 2nd abnormality. All of the research for this study was approved by the Mayo Clinic
institutional review board and all bloods were obtained according to the Helsinki
convention.

For initial analysis, patients with a sole 13q- were segregated into one of three groups:
heterozygous 13q-(13q-x1), homozygous 13q- (13q-x2), or mosaic deletions with some cells
having 13q-x1 and some cells 13q-x2. These groups were then analyzed for differences in
clinical characteristics using either chi-squared or Fisher’s exact statistics for qualitative
variables and analysis of variance for the quantitative variables. Analysis of overall survival
(OS) and time to first treatment (TFT) were assessed using Kaplan-Meier curves and p-
values were calculated using a log-rank test. Additionally, we investigated whether any
differences existed between 13q-x1 alone versus 13q-x2 when mosaic patients were
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included with the 13q-x2 group. We next investigated whether the percentage of cells (as a
continuous variable) with a 13q deletion was associated with OS or TFT, followed by
analysis to determine the threshold of percent abnormal cells that best predicted both OS and
TFT (Contal & O’Quigley, 1999) Using the threshold value, we ran Cox proportional
hazards analyses that included the dichotomized threshold value along with prognostic
factors to see if the percentage of abnormal nuclei retained its predictive ability independent
of each of the prognostic factors. Finally, patients with 11q-, 17p-, or trisomy 12 were
investigated to compare OS and TFT for those with and without a concomitant 13q deletion.
For these three groups, OS and TFT results were displayed using Kaplan-Meier curves and
p-values were calculated using a log-rank test. All statistical tests were two-sided and
considered significant at the alpha=0.05 level; all analyses were performed in SAS version
9.1 (SAS Institute, http://www.sas.com).

Results
Comparison of 13q-x1, 13q-x2 and mosaic 13q deletion groups

We identified 323 patients with an isolated 13q- on FISH testing. After a median follow-up
of 2.1 years, 52 patients (16%) have been treated and 30 (9%) have died with a median TFT
and OS of 6.9 and 9.3 years, respectively. When patients with 13q- were classified as having
heterozygous, homozygous, or mosaic deletion of 13q, 194, 61, and 68 patients were in the
13q-x1, 13q-x2, and mosaic 13q- groups, respectively. The mean and range percentage of
abnormal nuclei in each group was 43.7% (8–98.5%), 47.2% (3.5–93.5%), and 54.0%
(15.5–98%), respectively (p=0.02). All of the patients had some cells with an apparently
normal chromosome 13 pair.

There was no significant difference among the three 13q- groups with respect to sex, Rai
stage or other important clinical variables (Table I). Age was significantly different with the
13q-x2 group being four years older than the 13q-x1 group (p=0.04). When patients with
mosaic and nonmosaic 13q-x2 were combined and compared to the 13q-x1 group, results
were the same as comparing the three groups except that age was no longer significantly
different (Table II). The median TFT and median OS were similar in both the three group
13q- comparison and when comparing the combined mosaic and 13q-x2 groups to the 13q-
x1 group. No differences in TFT or OS were observed for 13q- patients relative to 179
contemporary patients with a normal FISH pattern fulfilling the eligibility criteria (Figure 1).

Clinical prognosis and percentage of abnormal nuclei
We next evaluated whether the percentage of abnormal nuclei with a defect of 13q- was
related to clinical outcome. As a continuous variable, the percentage of nuclei with 13q- was
related to TFT but not OS. For each 1% increase in the percentage of abnormal nuclei with
13q- the hazard ratio for treatment was 1.03 (95% confidence interval 1.02 to 1.04;
p<0.001); for OS, the hazard ratio was 1.01 (95% C.I. 0.99–1.02; p=0.65). We determined
that a value of 65.5 abnormal nuclei was the threshold that best predicts OS and TFT.
Patients with >65.5% abnormal nuclei exhibited a shorter TFT than those with ≤65.5%
abnormal nuclei (median 3.4 years vs not reached; HR=4.4 (95% C.I. 2.5 to 7.7); p<0.001,
Figure 2a). The 5-year untreated rate for those with >65.5% abnormal nuclei is 38%
compared to 79% among those with ≤65.5% of abnormal cells. The association of the 65.5%
threshold value with OS was not significant (median 9.3 years vs not reached; HR=1.5 (95%
C.I. 0.7, 3.2); p=0.28, Figure 2b). In multivariable analyses, having >65.5% abnormal nuclei
with 13q- predicted shorter TFT independent of CD-38, ZAP 70 and IgVH mutation status
(Table III).
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Effect of 13q- on clinical course for CLL patients with a second FISH abnormality
To evaluate whether the presence of 13q- modulates the clinical outcome of patients with a
2nd cytogenetic abnormality, we next identified patients with 11q -, 17p -, or trisomy 12 in
either isolation or combination with 13q-. Among those with 11q- (n=59), 17p- (n=25), and
trisomy 12 (n=133), 37, 17 and 37 respectively, also had a 13q-. No difference in TFT was
observed for any defect based on whether or not it occurred in combination with 13q-
(Figure 3). Despite the small sample size for 17p- cases (Figure 4a), OS was significantly
longer (p=0.019) for 17p- patients with a concomitant 13q-. No significant difference was
observed in OS for patients with 11q- or trisomy 12 (Figure 4b, c), based on whether or not
there was a concomitant 13q-.

Discussion
FISH is one of the most powerful and widely used prognostic tools in patients with CLL
even though it evaluates a small number of genetic defects. Further dissection of the clinical
usefulness of this methodology in CLL is an important and ongoing process. In our study
therefore we focused on the association of a variety of 13q defect parameters and the clinical
course of CLL patients. The major conclusions here are that patients with heterozygous
(13q-x1) and homozygous (13q-x2) deletion of 13q had similar OS and TFT, but that
patients with a higher percentage of nuclei exhibiting a 13q deletion had significantly shorter
TFT. The relationship between TFT and percent nuclei affected by 13q- persisted as both a
continuous and categorical variable and remained an independent predictor of TFT after
controlling for ZAP-70, IgVH, or CD38 status (all p<0.001). The presence of a concomitant
13q- also appears to attenuate the shorter survival associated with 17p- (p=0.019).

These observations have important clinical implications. First, and consistent with Dohner et
al (2000), the results support grouping of CLL patients with isolated 13q- into a single
category regardless of whether or not they have a heterozygous or homozygous deletion.
Second, the results suggest that patients with isolated 13q- in >65.5% of nuclei experience a
more aggressive clinical course than those patients with ≤65.5% of nuclei affected (38%
untreated at 5 years vs. 79%, respectively; p<0.001). The magnitude of this effect is such
that the 5-year untreated rate for patients with >65.5% of nuclei affected by 13q- is less
favorable than patients with a normal FISH analysis (38% untreated at 5 years vs 67%;
p=0.002) who are classified as “intermediate” risk under the Dohner classification. The
mechanism for this more unfavorable progression with larger percentages of 13q- nuclei is
unclear but may relate to the known deletion of miR-15a and miR-16-1 within the 13q
deletion region. These microRNAs are known to regulate at least the anti-apoptotic protein
Bcl-2 levels in CLL B cells and thus the CLL B cell clones with more prevalent 13q- cells
will have more resistance to cell death (Cimmino et al., 2005).

How do these findings compare with the results of other studies? Dohner et al (2000)
described a median TFT and OS for patients with 13q- of 92 and 133 months as compared to
49 and 111 months for patients with normal FISH. Similarly, in our original prospective
study of untreated, predominantly early stage CLL patients (Shanafelt et al., 2006) we
reported a median OS of 204 months and 158 months for 13q- and normal FISH groups,
respectively. Neither of these studies compared the outcome of patients with heterozygous
13q- to those with homozygous 13q-. In a small series of 38 patients with isolated 13q-,
Chena et al (2008) reported higher Rai stage and shorter progression-free survival in the 6
patients with 13q-x2 (with or without some 13q-x1 cells) as compared to 32 patients with
13q-x1. We are unable to confirm this finding in our series of 323 patients. In another recent
study, Hernandez et al (2009) evaluated clinical outcome of 109 patients with 13q- as the
sole cytogenetic abnormality based on the percentage of abnormal nuclei. Patients with 80%
or more nuclei with 13q- had shorter TFT and OS than those with fewer than 80% abnormal
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nuclei. The relationship between the higher percentage of 13q deletion nuclei and TFT is
confirmed in the present cohort, although no difference in OS was observed. The
observation that the percent of nuclei harboring 13q- influences its prognostic significance is
also conceptually similar to the relationship observed for other FISH categories such as 17p-
(Catovsky et al., 2007; Tam et al., 2009). We did observe that the co-existence of 13q- with
17p- may attenuate some of the disease progression risk known to be associated with the
latter cytogenetic defect. The exact reason for this is not clear but if there are two separate
clones this could be related to dominance of the 13q- clone in terms of its growth potential.
If the 13q- and 17p- defects are present in the same clone it is possible that differences in
gene expression profiles associated with the double defect may ultimately result in a less
aggressive clone. We also realize that larger studies are needed to evaluate these original
findings and in particular to address the relationship between 13q deletion and OS.

In summary almost all studies of FISH and prognosis in CLL have examined each FISH
abnormality as classified under the hierarchical Dohner classification, with little attention
paid to the effect of the potential interaction of multiple FISH detectable abnormalities. This
is due in part to the requirement for extremely large sample sizes to evaluate all possible
permutations and the belief that the highest risk abnormalities, such as 17p-, overshadow the
clinical implications of other abnormalities. The results of the present analysis challenge this
dogma. The clinical implications of an isolated 13q- defect in patients with CLL appear
more complex than originally appreciated. Although patients with heterozygous and
homozygous 13q- appear to have similar clinical outcome, individuals with a high
percentage of leukemic cells carrying the 13q- defect appear to experience a more
aggressive clinical course equivalent to those in the “intermediate” risk FISH categories. We
believe that the continued investigation of the relationship between specific FISH defects
and clinical outcome will lead to improved risk stratification. The molecular basis for such
clinical differences in outcome may provide important insights into disease biology and is
the subject of ongoing investigation.
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Figure 1. Clinical outcome for patients with 13q- and normals
1a. Time to first treatment (TFT) for three 13q- groups and normals. There was no
significant difference (p=0.84) in TFT among the three 13q-groups, nor between the three
groups and normals (p=0.91). Median TFT for 13q-x1, 13q-x2 and both 13q-x1/13q-x2 are
6.1, 5.5 and 6.9 years, respectively. More than 50% of the normal group remain untreated,
thus a median value is not reported. 1b. Overall survival (OS) for three 13q- groups and
normals. There was no difference (p=0.38) in OS between the three groups, nor between the
three groups and normals (p=0.49). Median OS for 13q-x1, 13q-x2, both 13q-x1/13q-x2, and
normals are 10.1, 6.7, 7.5, and 9.2 years, respectively.
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Figure 2. Clinical outcome for patients with 13q- by threshold value
2a. Time to first treatment (TFT) and percentage of abnormal nuclei by threshold. A higher
percentage of abnormal nuclei, with either 13q-x1 or 13q-x2, is associated with a
significantly shorter TFT (p<0.001, HR=4.4 (2.5–7.7)). Median time to treatment for %
abnormal ≤ 65.5% and >65.5% was not reached and 3.4 years, respectively. The 5-year
untreated rate for % abnormal ≤65.5% and >65.5% was 79% and 38%, respectively. 2b.
Overall survival (OS) and percentage of abnormal nuclei by threshold. OS appears not to be
affected by the percentage of abnormal nuclei (p=0.28, HR=1.5 (0.7–3.2)). Median OS for
% abnormal ≤65.5 and % abnormal >65.5 are not reached and 9.3 years, respectively. The
5-year survival rate for % abnormal ≤65.5% and >65.5% was 88% and 83%, respectively.
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Figure 3. Time to first treatment (TFT) for 13q- with a second FISH abnormality
3a. Isolated 17p-(n=8) vs 17p- plus 13q- (n=17). There was no difference in TFT between
the two 17p- groups (p=0.41). Median TFT for 17p- and 17p- plus 13q- was 0.2 and 1.5
years, respectively. 3b. Isolated 11q- (n=23) vs 11q- plus 13q- (n=37). There was no
difference in TFT between the two 11q- groups (p=0.71). Median TFT for 11q- and 11q-
plus 13q- was 0.6 and 1.4 years, respectively. 3c. Isolated trisomy 12 (n=96) vs trisomy 12
plus 13q- (n=37). There was no difference in TFT between the two trisomy 12 groups
(p=0.89). Median TFT for trisomy 12 and trisomy 12 plus 13q- was 3.5 and 2.6 years,
respectively.
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Figure 4. Overall Survival (OS) for 13q- with a second FISH abnormality
4a. Isolated 17p- (n=8) vs 17p- plus 13q- (n=17). There was a significant difference in OS
between the two 17p- groups with the 17p-plus 13q- patients surviving longer (p=0.019).
Median OS for 17p- and 17p- plus 13q- was 1.6 and 6.1 years, respectively. 4b. Isolated
11q- (n=23) vs 11q- plus 13q- (n=37). Though not significant, there appears to be a trend in
OS between the two 11q- groups with the 11q- plus 13q- surviving longer (p=0.07). Median
OS for 11q- and 11q- plus 13q- was 3.6 and 6.7 years, respectively. 4c. Isolated trisomy 12
(n=96) vs trisomy 12 plus 13q- (n=37). There was no difference in OS between the two
trisomy 12 groups (p=0.39). Median OS for trisomy 12 and trisomy 12 plus 13q- was 7.5
years and not reached, respectively.
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