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Chromosome gains and losses used for risk stratifica-
tion in chronic lymphocytic leukemia (CLL) are com-
monly assessed by multiprobe fluorescence in situ
hybridization (FISH) studies. We designed and vali-
dated a customized array-comparative genomic hy-
bridization (aCGH) platform as a clinical assay for CLL
genomic profiling. A 60-mer, 44,000-probe oligonu-
cleotide array with a 50-kb average spatial resolution
was augmented with high-density probe tiling at loci
that are frequently aberrant in CLL. Aberrations iden-
tified by aCGH were compared with those identified
by a FISH panel, including locus-specific probes to
ATM (11q22.3), the centromeric region of chromo-
some 12 (12p11.1–q11), D13S319 (13q14.3), LAMP1
(13q34), and TP53 (17p13.1). In 100 CLL samples,
aCGH/FISH concordance was seen for 89% of FISH-
called aberrations at the ATM (n � 18), D13S319 (n �
42), LAMP (n � 12), and TP53 (n � 22) loci and for
chromosome 12 (n � 14). Eighty-four percentage of
FISH/aCGH discordant calls were in samples either at
or below the limit of aCGH sensitivity (10% to 25%
FISH aberration-containing cells). Therefore, aCGH
profiling is a feasible routine clinical test with com-
parable results to multiprobe FISH studies; however,
it may be less sensitive than FISH in cases with low-
level aberrations. Further, a customized array design
can provide comprehensive genomic profiling with
additional accuracy in both identifying and defining
the extent of small aberrations at target loci. (J Mol
Diagn 2009, 11:25–34; DOI: 10.2353/jmoldx.2009.080037)

Chronic lymphocytic leukemia (CLL) is characterized by
peripheral blood and bone marrow involvement by ma-
ture, monoclonal B-cells that co-express CD19, CD5, and
CD23.1 CLL shows a variable clinical course that is cor-

related with phenotypic variability in a number of tumor-
associated biomarkers, including serum lactate dehydro-
genase, CD38 and ZAP70 expression, the degree of
somatic mutation in the immunoglobulin heavy chain vari-
able region genes, and specific genetic aberrations.2–18

The Rai and Binet staging systems, which are based on
the extent of disease, remain among the most widely
used predictors of prognosis. However, these predictors
fail to identify those patients diagnosed with early stage
disease who will have an aggressive clinical course.19,20

With the recent development of more effective and po-
tentially curative regimens for CLL, a panel of tumor-
associated biomarkers is increasingly performed during
the initial workup of newly diagnosed patients and used
to guide treatment.

The detection of specific genomic alterations in CLL
has emerged as one of the most important biomarker
studies. Tumor-associated deletions of the short arm of
chromosome (chr) 17 (del17p), seen in 5% to 10% of
cases, and within the long arm of chr 11 involving bands
q22–q24 (del11q 22.3), seen in 15% to 25% of cases,
have been shown to be independent predictors of sur-
vival and disease progression in CLL.10,18,21 In addition,
the deletion of a small region at chr 13q14 and the
presence of trisomy 12 have been shown to be of value in
disease classification and diagnosis. As a result, these
four chromosomal aberrations, and an additional locus at
chr 13q34, are now commonly assessed by a multiprobe
fluorescence in situ hybridization studies (FISH) for risk
stratification in CLL patients.

Comparative genomic hybridization using high density
arrays (aCGH) is a powerful tool for high-throughput anal-
ysis of genetic alterations in tumors. Our study evaluates
the use of aCGH as a cost-effective and feasible alterna-
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tive to multiprobe FISH for genomic profiling and risk
stratification in CLL. We report the design and validation
of a customized, oligonucleotide aCGH platform and the
comparison of its performance with that of clinical-grade
multiprobe FISH assay in 100 CLL samples.

Materials and Methods

Case Selection and Review

This study was conducted under an institutional review
board-approved protocol in the Molecular Diagnostic
Laboratory at the University of Texas M. D. Anderson
Cancer Center. For the pilot study, 62 tumor samples
diagnosed as CLL according to the World Health Orga-
nization criteria1 were selected based on a range of
genetic aberrations identified previously by conventional
G-banded karyotype and/or multiprobe FISH assays. For
a follow-up blinded study, 38 sequential CLL cases,
which met our screening criteria established during the
pilot study (ie, greater than 25% CLL cells in the sample),
were analyzed and multiprobe FISH studies were simul-
taneously performed on parallel samples. The FISH re-
sults were not reviewed for comparison until after the
aCGH aberration calls were finalized.

DNA Purification and Labeling

Genomic DNA (gDNA) from peripheral blood or bone
marrow samples was isolated using the Autopure extrac-
tor (QIAGEN/Gentra, Valencia, CA) and 0.5 �g of gDNA
in a total volume of 26 �l was digested with AluI and RsaI
restriction enzymes for 2 hours at 37°C. Digested gDNA
fragments were labeled with Cy5-dUTP for patient DNA
and Cy3-dUTP for human female reference DNA (Pro-
mega Corporation, Madison, WI) using Agilent Genomic
DNA labeling Kit PLUS (p/n 5188–5309, Agilent Technol-
ogies, Palo Alto, CA) according to the manufacturer’s
instructions. Microcon YM-30 columns (Millipore, Bil-
lerica, MA) were used to clean labeled DNA and 1� TE
(pH 8.0) was added after filtering, if necessary, to ensure
all sample volumes were between 20 and 25 �l. Target
yield and specific activity were quantified using the
Nanodrop ND-1000 (Thermo Fisher Scientific, Wilming-
ton, DE).

Genomic Array Design and Hybridization

A custom-designed, 44,000-feature, 60-mer oligonucleo-
tide genomic array was designed using eArray software
(Agilent Technologies), with gene-centric full genome
coverage augmented with high density probe tiling in the
15 chromosomal loci with aberrations in CLL as reported
by others and observed at our institution (Table 1).21–28

The average functional spatial resolution within the non-
high-tiled areas of the genome was approximately 50 to
75 kb and approximately 5 to 11 kb in the focused re-
gions of interest. The four samples per slide (4�44K)
configuration was used.

For hybridization, labeled patient gDNA and reference
gDNA were pooled and mixed with 5 �g of human Cot-1
DNA (Invitrogen, Carlsbad, CA), 11 �l of 10� blocking
agent, and 55 �l of 2� hybridization buffer (Agilent Tech-
nologies) in a final volume of 110 �l. The mixtures were
denatured at 93°C for 3 minutes and incubated at 37°C
for 30 minutes before loading on to the array. Hybridiza-
tion was performed for 40 hours at 65°C in a rotating oven
(Robbins Scientific, Mountain View, CA) at 10 rpm. Fol-
lowing hybridization, the arrays were disassembled and
washed for 5 minutes at room temperature in oligo aCGH
wash buffer 1, followed by washes for 1 minute at 37°C in
oligo aCGH wash buffer 2 (Agilent Technologies), for 1
minute at room temperature in acetonitrile (Sigma-Al-
drich, St. Louis, MO), and a final 30-second wash in
stabilization and drying solution (Agilent Technologies).
The arrays were scanned using an Agilent 2565BA DNA
microarray scanner.

Positive Controls and Sensitivity Controls

A master mix of three different CLL patients, yielding one
sample containing all cytogenetic abnormalities of prog-
nostic significance, was used for a positive control. To
establish array sensitivity, three CLL patient samples with
known percentages of aberration-bearing cells deter-
mined by FISH were diluted 1:2 and 1:4 into reference
gDNA. Negative controls included pooled or individual
gDNA from normal donors, or pooled male or pooled
female donor gDNA (Promega Corporation, Madison,
WI). To establish assay precision, six positive and five
negative genomic DNA samples were tested in multiple
different experiments.

Data Analysis

Following array scanning, data were normalized using
the Feature Extraction Software version 9.5.3.1, and an-

Table 1. High Density Probe Coverage in the Custom
Designed aCGH Array

Genomic areas with
augmented probe
density included in
the multi-probe FISH

panel
Number of

probes
Percentage of probes
in 44K probe array

Chr 11q14.3–q23.3 4729 11.2
Chr 12q13–q15 765 1.8
Chr 13q12–13q14.3 3139 7.4
Chr 13q34.3 597 1.4
Chr 17p13 408 1.0
Additional genomic areas with augmented probe density
Chr 1q23.3 500 1.2
Chr 3q27.3 45 0.1
Chr 6q21–q23 2065 4.9
Chr 6q25–q27 2110 5.1
Chr 9p24 284 0.7
Chr 9p24.1 116 0.3
Chr 13q21.33 127 0.3
Chr 14q22–q24 2291 5.4
Chr 14q32.13 1972 4.7
Chr 18q21.33 387 0.9
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alyzed by CGH Analytics software version 3.5.14 (Agilent
Technologies) or Nexus CGH 2.0.2 (Biodiscovery Inc, El
Segundo CA). For report generation, aberration calls
generated by CGH Analytics were imported into the lab-
oratory SQL database. Calls were reported only if the
aberration(s) identified spanned the location of the FISH
probes for the five tested loci. The probe distribution at
these five loci was also visually examined in CGH Ana-
lytics independently by three of the investigators (D.J.,
R.L., R.S.).

During the pilot study, multiple analysis settings in two
software packages were tested to optimize aberration
calls while minimizing background related gains/losses.
Based on these studies, in CGH Analytics (our primary
analysis platform), we selected the Aberration Detection
Method 2 (ADM-2) statistical algorithm and the default
analysis settings for the centralization and fuzzy zero
corrections. Additionally, low and high stringency aber-
ration filter settings were developed and used for analysis
in the blinded study. The “low stringency setting” in-
cluded an ADM-2 threshold of 4.0 and an aberration level
filter with a minimum number of probes in an aberrant
region of 2 and a minimum absolute average Log2 ratio of
0.05. The “high stringency” setting included an ADM-2
threshold of 6.0 and an aberration level filter with a min-
imum number of probes in an aberrant region of 25 and
a minimum absolute average Log2 ratio of 0.2. In Nexus

CGH analysis, the Rank Segmentation algorithm with sig-
nificance threshold of 1.0� 10�6 was used. The settings
for aberration calls in Nexus CGH were 0.4 for high gain,
0.15 for gain, �0.1 for loss, and �0.4 for high loss.
Optimal data analysis was achieved by applying the low
and then high stringency filters and if different calls were
made using Nexus as a tiebreaker. Using this two tiered
data analysis approach, there were no false-positive calls
(ie, aberration seen by aCGH by not by FISH or karyo-
type) identified in any of the cases.

Quality Control Measures and Assay
Performance Parameters

Only samples with a postlabeling yield of 5 to 7 �g DNA,
and a specific activity of 25 to 40 pmol/�g for Cy3 and 20
to 35 pmol/�g for Cy5, were used for array hybridization.
Following array hybridization, the signal intensity, signal
to noise ratio, background noise, the derivative log ratio
spread, and the reproducibility were evaluated using the
Feature Extraction software version 9.5.3.1 (Agilent), with
cutoffs for sample rejection used according to the man-
ufacturer’s recommendations.

During the initial stages of assay development, we
were able to streamline the testing process by eliminating
the genome amplification step, shortening the time for

Figure 1. aCGH data for FISH-validated loci in CLL. A single case is shown that has deletions spanning the ATM locus at chr 11q 22.3 (91%), the D13S319 locus
at chr 13q14.3 (94%), and the TP53 locus at chr 17p13.1 (87%). The thin blue line represents a 50 megabase moving average. Green/Red dots indicate less or greater
than Log2 ratio change of 0.5. The horizontal blue bar represents regions called statistically significant by CGH Analytics with an ADM-2 threshold of 6.0.
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sample concentration, and decreasing hybridization time
from the recommended 72 hours to 40 hours without
compromising data quality. By implementing these time
saving steps, streamlining data analysis, and simplifying
database import steps, an overall turn-around time of 5
days was achieved that included DNA extraction, pre-
screening of sample adequacy, 10 hours hands-on tech-
nical time, and 3 hours for technical review of data.

Other Laboratory Parameters Evaluated

For each sample, the percentage of lymphocytes in either
the bone marrow or peripheral blood differential count
was recorded. In addition, the percentage of CD5/
CD19� CLL B-cells in the lymphocyte gate was mea-
sured using four-color flow cytometry. Quantitation of the

CD5/CD19� tumor cells in each sample was performed
by multiplying the number of lymphocytes in the differen-
tial by the percentage of CD5/CD19� CLL B-cells mea-
sured using flow cytometry.

Conventional cytogenetic and FISH analyses were per-
formed on cultures of whole bone marrow or peripheral
blood samples. FISH analysis was performed on bone
marrow or peripheral blood samples that had been main-
tained in culture without stimulation for 24 hours using the
Vysis CLL probe panel (Abbott Molecular, Downers
Grove, IL) according to the manufacturer’s recommenda-
tions. The panel includes locus-specific probes to ATM
(11q22.3), the centromeric region of chr 12 (12p11.1–
q11), D13S319 (13q14.3), LAMP1 (13q34), and TP53
(17p13.1). For each probe, 200 interphase nuclei were
enumerated. Conventional cytogenetic analysis was
performed on 20 metaphase cells using standard Gi-
emsa-banding techniques from samples that had ei-
ther been maintained in culture without stimulation for
24 hours or stimulated with lipopolysaccharide for 72
hours.

Results

Array Sensitivity

aCGH analysis was performed on three CLL patient sam-
ples using undiluted, 1:2 and 1:4 dilutions of patient
gDNA with reference gDNA to evaluate array sensitivity.
By FISH analysis, sample 1 demonstrated a deletion of
the ATM locus at chr 11q22.3 in 96% of cells, D13S319
loss in 37% of cells and trisomy 12 in 57%; sample 2
demonstrated deletion of ATM locus in 91%, D13S319
loss in 94%, and TP53 probe loss in 87% of cells; sample
3 demonstrated trisomy 12 in 67%, D13S319 loss in both
loci in 38% and one locus in 43% of cells. For these

Figure 2. Discordance between aCGH calls and FISH results largely relate to differential sensitivity of the assays. A case with 22% of cells demonstrating a D13S319
loss by FISH that had the aberration called by low (top array panel) but not high (bottom array panel) stringency analysis settings. The thin blue line represents
a 50 megabase moving average. Green/Red dots indicate less or greater than Log2 ratio change of 0.5. The horizontal blue bar represents the region called
statistically significant by CGH Analytics with an ADM-2 threshold of 4.0. CGH Analytics settings used in the bottom panel are as described in Figure 1.

Table 2. Comparison of Aberrations Detected by CGH and
Multi-Probe FISH in Pilot Study

Aberrations*
Aberration
frequency

% Aberration containing
cells (FISH)

ATM/del11q22.3
FISH�/aCGH� 14 9–98
FISH�/aCGH� 1 14
Trisomy 12
FISH�/aCGH� 11 43–78
FISH�/aCGH� 1 57
D13S319/del13q14.3
FISH�/aCGH� 21 17–94
FISH�/aCGH� 6 11, 11, 13, 19, 22, 25
LAMP1/del13q34
FISH�/aCGH� 5 35–82
FISH�/aCGH� 5 8, 9, 11, 24, 49
TP53/del17p13.1
FISH�/aCGH� 13 27–96
FISH�/aCGH� 5 8, 9, 18, 27, 51

*Analysis done only using CGH Analytics, with calls based on
stringent settings.
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samples, aberrations could be called by aCGH at these
four loci if there were present in at least 25% of the cells
in the dilutions.

Comparison of FISH and aCGH Detection of
Selected Chromosomal Aberrations in Pilot
Study Samples

Of the 62 CLL cases selected for the pilot study, 56 were
bone marrow aspirates and 6 were peripheral blood. The
percentage of lymphocytes in the samples ranged from
33% to 98% (median 89%) and the calculated number of
CD5/CD19� tumor cells in samples ranged from 14% to

97% (median 77%). Multiprobe FISH studies with aber-
ration percentages at chrs 11q23, 12, 13q14, 13q34, and
17p13 were available for comparison in 52/62 (84%)
cases.

Using stringent analysis settings, aCGH-FISH concor-
dance was seen in 14/15 (93%) del ATM (11q22.3), 11/12
(92%) trisomy 12, 21/27 (78%) del 13q14.3, 5/10 (50%)
del LAMP1/13q34, and 13/18 (72%) del TP53/17p13.1
aberrations (Figure 1 and Table 2). In 6/52 (12%) cases,
cytogenetic abnormalities were not detected by either
FISH or aCGH in the five loci of interest. At stringent
analysis settings, no false positive aCGH aberration calls
were seen in the negative controls. Similarly, no false-
positive aCGH aberration calls were identified within the

Figure 3. A: A case with 96% of cells exhibiting an ATM gene deletion at 11q22.3 (not illustrated), 57% of cells exhibiting three green CEP12 signals (3G), 37%
of cells exhibiting a deletion of one red signal (1R) at the D13S319 locus, and two aqua signals (2A) representing the presence of two 13q34/LAMP1 loci by
multiprobe FISH. B: The conventional karyotype for this case was: 39–46,XY,del(1)(q22), add(2)(p25), �7, del(11)(q22q25), add(12)(p11.2), �18,�1–2mar[cp8],
and diploid male karyotype 46, XY CP5. Note in this representative karyotype, some of the karyotypic alterations, including the trisomy 12 seen by FISH, are not
clearly identified; however, the possibility of additional chromosome 12 material, including the centromeric portion of the chromosome, in the marker
chromosomes cannot be excluded. C: Although the 11q22.3 deletion and the D13S319 deletion were detected at both high and low stringency analysis settings, no
detectable aberration was seen in chromosome 12 by aCGH at either the low or high stringency analysis settings. CGH Analytics settings for this analysis are as described
in Figure 1.

aCGH validation as a CLL Clinical Assay 29
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five loci of interest in the CLL cases. Compared with
FISH/aCGH, conventional karyotypic analysis showed
more discordance, with 7/11 (64%) del ATM/11q22.3 and
14/18 (78%) del 13q14.3 aberrations identified by FISH
and aCGH that were not reported in the G-banded
karyotype.

Among the discordant results, 14/18 (78%) were in
samples that had less than 25% of cells scored positive
on multiprobe FISH analysis (Table 2). In 11/14 (79%),
use of less stringent analysis settings revealed a match-
ing aberration by aCGH (Figure 2). However, these lower
stringency settings resulted in aberration calls in several
genomic areas within the negative control samples. In the
four discordances where the FISH aberrations were
greater than 25% (57% �12, 49% del 13q34, and 51%
and 27% del 17p13.1), the lower stringency analysis
setting still did not detect FISH identified aberrations in
2/4 cases (�12, 57% and del 17p13.1, 27%) (Figure 3
and not shown). Whether the discordances in these ab-
erration calls were due to differences in the parallel sam-
ples analyzed, the effect of short-term cultures used for
cytogenetic analysis, or technical issues related to either
assay is unclear.

Comparison of FISH and aCGH Detection of
Selected Chromosomal Aberrations in Follow-
up Blinded Study Samples

Based on the pilot study results, a workflow algorithm was
designed for routine analysis of sequential CLL cases.
This included evaluation of the flow cytometry for parallel
samples to ensure that the percentage of CD5/CD19�
lymphocytes was at least 25% of the total cells before
proceeding with CGH analysis. Only cases that met this
pre-screening criterion were tested. For data analysis, we
included use of both CGH Analytics at high and low
stringency filter settings and Nexus software; aCGH ab-
errations were only called when an aberration was iden-
tified using at least two of the three analysis settings.

Using these criteria, 38 CLL cases (26 bone marrow
aspirates and 12 peripheral blood) were analyzed. Mul-

tiprobe FISH studies with aberration percentages at chrs
11q22.3, 12, 13q14, 13q34, and 17p13 were available for
comparison in 36/38 (95%) cases. Identical FISH/aCGH
calls were noted in 32/36 (89%) cases. Cytogenetic ab-
normalities at the five loci of interest were not detected by
either FISH or aCGH in 10/36 (28%) cases and 33 aber-
rations were identified by FISH in the remaining 26 cases.
Of the aberrations identified by FISH, 30/33 (90%) and
26/33 (79%) were also seen by aCGH using low-strin-
gency and high stringency settings, respectively. In the 4
FISH�/aCGH� discordant cases, the aberrations were
present in 9, 10, 13, 14, and 16% of the interphase nuclei
by FISH (Table 3). As in the pilot study, no false-positive
aberration calls were identified within the five chromo-
somal loci assessed by multiprobe FISH using our cus-
tom-designed, high-density aCGH.

Incidence of Chromosomal Aberrations
Identified in the Custom Designed aCGH

The incidence of aberrations seen within 12/15 genomic
loci augmented with high density probe tiling was calcu-
lated for the entire patient cohort using Nexus analysis
software (Table 4). The incidences of aberrations at
14q32 and 6q21–27 are the subject of additional manu-
scripts that provide more detailed analysis of aCGH and
FISH aberrations in these loci.

Discussion

CLL is unique among the B-cell lymphoproliferative dis-
orders in that it mostly lacks reciprocal chromosomal
translocations.29 Instead, it typically shows a character-
istic set of chromosomal deletions or gains that have
prognostic and diagnostic utility, and is, therefore, an
ideal tumor type for genomic profiling by CGH. Our study
demonstrates that a custom-designed oligonucleotide ar-
ray with high tiling on specific genomic loci can be used
clinically as an alternative method for the evaluation of
genomic aberrations with prognostic significance in CLL.

Table 3. Comparisons between aCGH and FISH Studies in Blinded Validation Study

aCGH match by case aCGH match by aberration Comment

FISH� 10/10 0/0 No false positive calls by aCGH
FISH� 22/26 28/33 See listing of “false-negative” aCGH cases

below
Discordances
Case FISH chromosomal abnormality FISH % aCGH results*
1 del (13q14.3) 10* Deletion not seen in the 3 analysis settings
2 Trisomy 12 72 �12 identified, del (13q14) missed on all 3

settings
del (13q14) 13*

3 del (13q14.3) 14* del (13q14) identified on low stringency
CGH-A setting, missed by other 2 settings

4 del (17p13.1) 97 del (17p13) identified, del (13q14.3) and
del (13q34) missed on all 3 analysis
settings

del (13q34) 9*
del (13q14.3) 16*

*All cases analyzed by low and high stringency setting in CGH Analytics (CGH-A) and in Nexus. See Materials and Methods section for setting.
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In the initial and follow-up blinded study, aCGH calls
showed a high degree of concordance with parallel FISH
studies, except where the FISH aberration was present in
fewer than 25% of analyzed cells. There were no false-
positive calls at these loci by aCGH using FISH and/or
G-banded karyotyping as the reference method.

The need for better genomic profiling in CLL was re-
vealed by studies that showed conventional cytogenetic
analyses (G-banded karyotype) could only detect cyto-
genetic aberrations in about 40% to 50% of CLL cases,
and miss most cases with chr 11q22/ATM alterations,30

as well as the vast majority of cases with chr 13q14
deletions.31 Although FISH has increased this detection
rate to over 80%,21 aCGH provides some distinct advan-
tages including the potential for comprehensive genomic
profiling and the ability to delimit the boundaries of spe-
cific genomic aberrations (Figure 4 and Table 5). The
latter is also a significant advantage of oligonucleotide
array over bacterial artificial chromosome arrays that
have been recently evaluated for use in the genomic
profiling of CLL.32,33

Disadvantages of aCGH compared with FISH include
its semiquantitative nature and a lower intrinsic sensitiv-
ity. The lower limit of sensitivity of multiprobe FISH, in our
laboratory and in most published studies, for most aber-
rations is 5% to 7%.34,35 In our study, the custom array
sensitivity was 10–25% aberration-bearing cells and sim-
ilar to that seen in other studies.32 Given the high tumor
burden in most untreated CLL cases and the high intra-
tumoral level of most aberrations, this sensitivity of a
high-tiled oligonucleotide array appears adequate to
generate the needed prognostic data in CLL. The quali-
tative call and higher cutoff for detection of del ATM/11q
22.3 and TP53/17p13 for aCGH compared with FISH may

Table 4. Incidence of aCGH Aberrations Detected in High
Density Probe Coverage

Genomic areas with augmented
probe density included in the

multi-probe FISH panel
Incidence (%)
of aberrations

Chr 11q14.3–q23.3 41
Chr 12q13–q15 25
Chr 13q12–13q14.3 48
Chr 13q34.3 7
Chr 17p13 21
Additional genomic areas with augmented probe density
Chr 1q23.3 15
Chr 3q27.3 6
Chr 6q21–q23 *
Chr 6q25–q27 *
Chr 9p24 7
Chr 9p24.1 3
Chr 13q21.33 11
Chr 14q22–q24 5
Chr 14q32.13 *
Chr 18q21.33 7

*Incidence for aberrations at these genomic loci are being
addressed in separate manuscripts.

Figure 4. Mapping of the extent of deletions at chr 13q14 in CLL. Penetrance plot of the 41 cases in both the pilot and validation studies that had detectable
deletions spanning the D13S319 locus at chr 13q14.3. Using Nexus software settings detailed in the Materials and Methods, variable sized deletions are observed.
The area of analysis spans chromosome 13 from 13q14.11 to 13q14.3. The percentage penetrance for all cases within the area of analysis is illustrated by the solid
red area. The open boxes and solid bars below the percentage penetrance represent genes within the area of analysis. The horizontal pink lines represent copy
number variants within the area of analysis. The horizontal red lines at the bottom of the figure represent the extent of deletion within the area of analysis for
each individual case. Please refer to Table 5 for the genomic coordinates and deletion size for each individual case.
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also be useful in establishing more standardized cate-
gorical risk prediction models (ie, aberration present/
absent). Nonetheless, for samples where tumor cells
comprise less than 25% of the population, enrichment for
CD5/CD19� cells before DNA extraction may be re-
quired for accurate aberrancy detection by aCGH.

Among currently recognized CLL biomarker studies,
genomic profiling by aCGH is one of the most adaptable
to routine testing. For example, although immunoglobulin
heavy chain variable region gene mutational status per-
mits risk stratification in CLL patients independent of their
disease stage,4–7,10,11,13,14,36,37 this type of analysis is
labor intensive, expensive and beyond the capabilities of
many clinical laboratories. Similarly, intracellular levels of
the tyrosine kinase ZAP70 measured by flow cytometry
has been shown to be a predictor of outcome or need for

therapy that parallels immunoglobulin heavy chain vari-
able region gene mutational status.2,12,15,16,38,39 How-
ever, levels of ZAP70 expression do not always correlate
with mutational status, and it has proven difficult to stan-
dardize reagents and methodologies for its detection.40

Laboratory studies to detect genetic aberrations in CLL
thus have been easier to validate and standardize41,42

and provide correlations with other biomarkers, such as
the strong association of del ATM/11q22.3 cases with
unmutated/ZAP70� status.21,43,44

We present a model for routine application of aCGH
methodology in the clinical laboratory. By pre-screening
samples before analysis and implementing a more
streamlined workflow, we were able to reduce the likeli-
hood of expensive, wasteful testing of inadequate/bor-
derline samples and reduce overall assay turnaround
time. This approach can be used in coordination with
FISH testing and/or prior cell sorting to obtain reportable
data on nearly all CLL patients. In addition, the routine
use of aCGH for genomic profiling will permit the incor-
poration and analysis of additional genomic loci, as their
prognostic and/or diagnostic significance becomes ap-
parent,45,46 without increasing costs.
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