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Pretherapy patients with chronic lymphocytic leukemia (CLL) from US Intergroup trial E2997

were analyzed with single nucleotide polymorphism microarrays to detect acquired chromosomal

anomalies. The four CLL-typical anomalies (11q-, þ12, 13q-, and 17p-) were found at expected

frequencies. Acquired anomalies in other regions account for 70% of the total detected anoma-

lies, and their number per participant has a significant effect on progression-free survival after

adjusting for the effects of 17p- (and other covariates). These results were compared with those

from a previous study of more than 50,000 participants from the GENEVA consortium of genome-

wide association studies, which analyzed individuals with a variety of medical conditions and

healthy controls. The percentage of individuals with acquired anomalies is vastly different be-

tween the two studies (GENEVA 0.8%; E2997 80%). The composition of the anomalies also dif-

fers, with GENEVA having a higher percentage of acquired uniparental disomies and a lower

percentage of deletions. The four common CLL anomalies are among the most frequent in

GENEVA participants, some of whom may have CLL-precursor conditions or early stages of

CLL. However, the patients from E2997 (and other studies of symptomatic CLL) have recurrent

acquired anomalies that were not found in GENEVA participants, thus identifying genomic

changes that may be unique to symptomatic stages of CLL.
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Chronic lymphocytic leukemia (CLL) is one of the most
common hematological cancers in adults, with an incidence
that increases with age (1). CLL is defined by a total blood
lymphocyte count greater than 5 � 109 cells/L and a specific
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immunophenotype (2). The clinical course of disease is
highly variable. There is strong evidence that CLL is nearly
always preceded by monoclonal B cell lymphocytosis (MBL),
defined by the presence of a low concentration of clonal B
cells with an immunophenotype characteristic of CLL (3).
People with MBL are asymptomatic, but have an estimated
1e2% annual risk of progression to CLL (4). The mecha-
nisms of disease progression from MBL to CLL, and from
indolent to aggressive CLL are still largely unknown.

Many studies of CLL patients, using chromosome banding
or interphase fluorescence in situ hybridization (FISH), have
shown four or five common anomalies involving copy number
variation (5,6). For example, D€ohner et al. (7) found 55% of
patients with del(13q14), 18% with del(11q22), 16% with 12q
trisomy, 7% with del(17p13), and 6% with del(6q21). The 17p
and 11q deletions were associated with a poor prognosis,
whereas the 13q deletions were associated with a better
prognosis. Microarray technologies also have been used to
detect acquired chromosomal anomalies in CLL patients
(8e13). In addition to the five common abnormalities, these
studies detected a variety of deletions, duplications, and ac-
quired uniparental disomies (aUPDs). Genomic complexity,
defined by the number or length of anomalies per patient, has
been associated with shorter progression-free survival (PFS)
(10) and time to treatment (14). Genomic sequencing studies
of CLL patients have shown that the recurrence ofmutations in
specific genes is low (15) and that the total number of point
mutations in coding sequences is lower than in many other
cancers (16,17). Although chromosome banding studies have
found that balanced translocations in CLL are rare,
sequencing studies have shown that some patients have

multiple rearrangements associated with copy number varia-
tion in a phenomenon known as chromothripsis (18), which
has been associated with a poor prognosis (19).

Herewedescribe genomic profiling, using single nucleotide
polymorphism (SNP) microarrays, of 214 CLL patients
enrolled in E2997, a randomized, phase III intergroup clinical
trial led by the Eastern Cooperative Oncology Group (ECOG)
(20). This trial evaluated treatment with a combination of flu-
darabine and cyclophosphamide (FC) compared with fludar-
abine alone (FL). FC provides the backbone of a widely used
chemotherapy for CLL, which now commonly includes ritux-
imab to constitute a regimen designated as FCR. Previously,
the prognostic significance of a large panel of laboratory fac-
tors was evaluated in this trial, including IGHV mutational
status, TP53 mutations, and FISH assays of the five copy
number alterations (CNAs) described above (21). The occur-
rences of del(17p13) and del(11q22) were each associated
with reduced PFS, whereas mutational status of IGHV and
TP53 had no significant effect independent of del(17p13).

The blood cell chromosomal anomalies that we discuss in
this paper were acquired during the lifetime of the individual.
Ideally, acquired and inherited anomalies are distinguished
using paired tumorenormal samples. However, in many
studies (such as E2997), normal control tissues were not
genotyped. An alternative method of identifying acquired
anomalies is detection of a mosaic mixture of normal and
abnormal cells in a single tissue, assuming that the abnor-
mality was acquired during development. This approach
works well using the B-allele frequency (BAF) and log r ratio
(LRR) metrics from Illumina microarrays (22e24), provided
that a single anomaly constitutes a significant fraction
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Figure 1 Classification of chromosome anomalies. (A) Normal individuals have biparental disomy in the zygote (fertilized egg) and

in somatic cells such as blood. (B) Individuals with an inherited CNA have the abnormality in the zygote and somatic cells. (C) and (D)

Individuals with a mixture of normal cells and abnormal cells in the soma are assumed to have developed from a normal zygote and,

therefore, the abnormality is classified as acquired. In (C), the abnormality is a CNA and in (D) a segmental UPD. (E) Individuals with a

large (>3Mb) non-mosaic CNA in somatic cells are considered to have an acquired anomaly (derived from a normal zygote) because

CNAs > 3 Mb are very rarely inherited (see text). Each cell is shown with a pair of homologous autosomes, one maternal (red) and one

paternal (blue).
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