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Chronic lymphocytic leukemia (CLL) comprises a substantial proportion of leukemias in adults in the western
hemisphere. Male gender, increasing age, ethnicity (high in Caucasians, lowest in Asians), and family history are risk
factors. Although no specific extrinsic etiologic factors have been established, farming and pesticide exposure are
assoclated with increased risk. Migration studies confirm that ethnic groups retaln the risk associated with their origin
rather than their new location, favoring a role for heredity. Kindreds with multiple cases of CLL have been well described
in the literature and studies in large populations confirm that lymphoproliferative malignancies and especially CLL occur
together at a rate that cannot be attributed to chance. Since environmental factors cannot readily explain the familial
aggregations, a hereditary factor that affects susceptibility to CLL is likely. The identlification of ciones that are
immunophenotypically identical to CLL in healthy individuals from CLL kindreds (14% to 18%) as well as in the general
population (3.5% in age bracket >65 years) suggests a possible precursor condition, but longitudinal studies will be
necessary to establish significance in the general population. Family {linkage) and population {candidate gene) studies
to date have been too small to identify the specific genes that account for increased susceptibility; larger studies
including planned consortia to identify additional high-risk kindreds for genetic studies, as well as the application of
advanced technologles such as genomics, cytogenetic, expression, and proteomics, are widely expected to advance

understanding over the next few years.
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Epidemiology of CLL

HRONIC LYMPHOCYTIC LEUKEMIA (CLL)

comprises a substantial proportion of leukemia
in adults in the western hemisphere. No specific
etiologic factor is known, but male gender, increasing
age, ethnicity, and family history are risk factors.

It has only been a few decades since the Eighth
Revision of the International Classification of Dis-
eases (ICD) recognized the distinction between lym-
phoid and myeloid leukemias. Subsequent revisions
recognized chronic versus acute leukemias and sub-
types such as prolymphocytic and adult T-cell leuke-
mia/lymphoma.' Increasingly, heterogeneity in mor-
phology (typical and atypical CLL?), cell type (B-cell
is predominant, but CLL of T or natural killer lym-
phocytes comprises a greater proportion in Asians),
immunophenotypic pattern, and cytogenetic features
are recognized. The Revised European-American
Lymphoma classification recognizes some of this het-
erogeneity.> The prognostic outlook for CLL is
strongly related to the presence of somatic mutations
in the gene encoding the immunoglobulin heavy-
chain variable region of CLL B cells. The assay to detect
mutations is difficult and time-consuming. Protein
levels of ZAP-70,* which are elevated in patients with
unmutated IgVH, but not in those with the mutated
IgVH protein, provide prognostic information.

Overview of Demographic Patterns

Of the four major commonly diagnosed leukemias,
variation in incidence by country of origin is greatest

for CLL.5 For example, in Los Angeles County, age-
adjusted incidence rates are observed to be high in
non-Hispanic whites and African Americans, me-
dium in Hispanic whites, and lowest in Chinese,

Japanese, and Filipino males. CLL is reported to

comprise only 4.6% of all leukemias among hospital-
ized patients in Peking,® but about 30% of adult
leukemias in the United States. CLL is rare before the
age of 30, but the incidence rises sharply with in-
creasing age and it is the predominant leukemia type
in the elderly. Age-adjusted incidence rates are
higher in males than in females. The male predomi-
nance has declined over the course of this century
from a high of over 2.5 to approximately 1.7.7

Role of Extrinsic Fnvironmental Factors

No extrinsic environmental factors are unequivocally
established as risk factors for CLL. Three of the four
major leukemia subtypes (acute myelogenous leuke-
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mia [AML], acute lymphocytic leukemia [ALL], and
chronic myelogenous leukemia [CML]) are associ-
ated with ionizing radiation exposure. Although ion-
izing radiation has not been implicated in CLL,® there
is some evidence for the role of non-ienizing radia-
tion such as that emitted by power lines and magnetic
fields.® A meta-analysis of 38 studies of leukemia,
including trials relying on job title information to
estimate exposure, found an overall 1.6-fold in-
creased risk.1® For a variety of other chemical and
occupational agents, some of which are implicated in
other leukemias, evidence is nill. These include ben-
zene exposure,!’ petroleum industry employees,'2
and gasoline service station workers.!* There is weak
evidence for some increased risk in rubber industry
workers and those exposed to styrene and buta-
diene* and ethylene oxide.'3

The strongest evidence for some relation to CLL
risk involves exposures related to farming. Phenoxy
herbicides are associated with non-Hodgkin’s lym-
phoma (NHL), a closely related B-cell malignancy.
For CLL, studies involving farmers and animal work-
ers in ltaly,!¢ Danish male gardeners exposed to pes-
ticides and herbicides,!” and farmers in Michigan,!®
Nebraska,'® and lowa,?® suggest some increase in
risk, particularly if exposed to 2,4,5,-T or 2,4-D (phe-
noxy herbicides). Although a follow-up study of res-
idents of Seveso, ltaly did not find higher susceptibil-
ity to lymphocytic leukemia,?' it is plausible to
conclude that some exposure associated with farm-
ing, likely herbicides 2,4-D and 2,4,5-T, is associated
with risk of CLL.

Role of Genes and Families

Of all the major hematological malignancies, CLL
shows the highest familial incidence, suggesting a
genetic component.?? Related B-cell lymphocyte dis-
orders exhibit many common characteristics®® (Wal-
denstrom’s macroglobulinemia,** non-Hodgkin’s
and Hodgkin's lymphoma) and also demonstrate a
familial tendency. Families with multiple cases of
CLL provide a potential tool for the identification of
genetic susceptibility factors that may be crucial in
understanding both the etiology and molecular
mechanisms of pathogenesis. In contrast to patterns
observed in most other malignancies such as breast
cancer and consistent with a hereditary role, the low
incidence of CLL in certain ethnic groups does not
markedly increase after migration to high-incidence
areas.2?

Early Reports of Kindreds

There have been many reports of familial CLL affect-
ing two or more siblings in one generation and some
reports of CLL occurring in two or more generations.

Striking CI.L kindreds were reported as early as the
first half of the last century?6-3® and was considered
consistent with a “conditionally dominant autosomal
type” mode of inheritance.?” It is possible that
chance, as yet unidentified environmental agents, or
disease misclassification (particularly in earlier re-
ports) can account for some of these aggregations of
cases. The study of “mixed” hematologic malignancy
families showed that CLL is increased 2.8 to 3.0 times
in first-degree relatives compared to the rate for solid
tumors.?8 More recent studies have consistently iden-
tified family history of CLL (or other hematolympho-
proliferative cancers) as a risk factor for CLL.2939

Approach to Family Studies

At the National Cancer Institute (NCI) we investigate
CLL and other lymphoproliferative disease kindreds
using a Familial Cancer Registry. An attempt is made
to examine and follow all affected individuals and
their first-degree relatives. The amount of informa-
tion obtained varies depending on geographic fac-
tors, degree of association of family members, inter-
est and willingness to participate and allow consent
to obtain medical records and information, and the
inevitable family members lost to follow-up. Ideally,
for each family member we obtain a detailed personal
and family history, medical history, and physical
examination. Additional medical and clinical infor-
mation is obtained {rom private physicians, hospital
records, and death certificates. All malignancies are
histologically confirmed and documentation of diag-
noses from original pathology materials is sought in
cases not originally identified at our institution.
Complete blood cell counts, automated chemistries,
quantitative serum immunoglobulins, urine analysis,
chest x-ray, and flow cytometric lymphocyte subset
analyses are obtained for both affected and unaffected
individuals. Serum, cryopreserved lymphocytes, leu-
kemic cells, urine, and buccal cells (or skin fibro-
blasts) of affected individuals and close relatives are
stored. Archival biopsies have gained importance
with the advent of molecular methods. Institutional
approval is obtained and signed informed consent is
required of all participants.

Our early documentation of kindreds with striking
aggregations of hematologic malignancies®* led to
systematic efforts to characterize these families and
collect biospecimens to conduct linkage and other
genetic studies to try to identify genes that contribute
to susceptibility in families.

Description of the NCI Families

We recently described a series of 32 CLL families seen
at the NCIL.32 Of the first 26 kindreds, 17 involved
sibships, including one set of twins; 12 involved a
parent-child relationship, and six kindreds involved
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both sibships and parent-child relationships. Only
one family spanned three generations (the proband,
her father, and her son). There is evidence that sec-
ond-degree relatives were involved in five families.
Consanguinity was observed in at least three kindred.
Six of the kindred were of Eastern European origin
and of Jewish descent. Overall, there were 71 affected
individuals within the 26 families. The ratio of men to
women was 4:3, compared to a 2:1 ratio among pa-
tients with common B-CLL. There were no cases of
CLL observed in the non-bloodline subjects (ie,
among spouses) in the kindred under discussion;
however, in separate investigations, we have ob-
served a few cases of both connubial CLL and connu-
bial NHL.

Formal segregation analysis was precluded in this
series because the mode of ascertainment was mixed.
Affected sibships were most commonly observed,
followed by parent-child pairs. The associated lym-
phoid neoplasms were varied and solid tumor in-
volvement was at least as high or higher than in
common B-CLL. At least six of our kindred were of
Eastern Europe Jewish descent and two of these kin-
dred had a history of consanguinity. The general
pattern of familial illness in the literature suggests an
autosomal dominant mode of inheritance, while the
occasional observation of consanguinity suggests a
recessive mechanism. Based on our CLL series and
previous studies, there is no consistent pattern of
illness in families to suggest a common mode of
genetic transmission.

Our group has described some of the earliest CLL
kindreds as well as some with closely related hema-
tologic malignancies®* including Waldenstrom’s
macroglobulinemia. One of our kindreds has heen
followed on a continuous basis for 25 years.>* As
noted above in other familial cases with CLI., this
family showed remarkable differences in the clinical
course and cytogenetic and molecular findings of
each affected member. Marrow, blood, lymph node,
and spleen involvement were variable, as was the
progression of their clinical course and response to
chemotherapy. However, there is no evidence that
familial B-CLL and common (sporadic) B-CLL have
any obvious distinctive clinical or laboratory features
or follow an atypical clinical course.

Population Studies of Families

Despite the evidence suggesting a familial risk com-
ponent in CLL, questions remain regarding the spec-
trum of tumors associated with CLL and the effects of
gender and age at diagnosis on familial risk. The
availability of a large familial cancer database in Swe-
den?> allowed us to quantify the degree of familial
aggregation of CLL and related lymphoproliferative
malignancies using population-based data. We con-
ducted an analysis of familial aggregation of CLL in

the Swedish Family Cancer Database by comparing
recurrence of CLL and other lymphoproliferative ma-
lignancies in first-degree relatives of 5,918 cases com-
pared to first-degree relatives of 11,778 matched con-
trols.3¢

Relatives of CLL cases were at significantly in-
creased risk for CLL and Hodgkin’s lymphoma. Risk
was also increased for NHL but was borderline in
significance. Risks for CLL were similar in parents,
siblings, and offspring of cases, and in male and
female relatives. Relatives of cases with age at diag-
nosis under 63 years were not at increased risk com-
pared to relatives of cases with age at diagnosis later
than 65. We conclude that CLL is significantly famil-
ial and shares a genetic etiology for a broader spec-
trum of lymphoproliferative tumors.

Anticipation

Several groups including ours®? have reported that in
two-generation families with lymphoproliferative tu-
mors* including CLL, age at onset of offspring is
substantially earlier than in parents, a phenomenon
termed “anticipation.” There are some rare genetic
disorders (such as Huntington disease) for which a
biological mechanism— expansion of unstable trinu-
cleotide repeats—explains the anticipation. Thus,
investigators hope that finding anticipation in other
hereditary diseases will help define a mechanism of
gene action. However, well-known ascertainment bi-
ases may lead to anticipation and some alternative
statistical approaches have been suggested to address
this bias.?®*° Mainly, offspring are censored at their
age at observation and may still be at risk. In addition,
families with offspring having an early age at onset
and parents with later onset are more likely to come
to the attention of study investigators. In the Swedish
population described above, Kaplan-Meier curves in
parents compared to offspring showed no significant
difference in age of onset of CLL, a finding that does
not support anticipation. Contrary to other studies in
the literature,*! at least in this European population,
we failed to observe either a relationship of age at
diagnosis to familial risk or evidence for anticipation.

Migration Studies

Comparisons of cancer incidence and mortality rates
internationally provide important clues to etiology,
although whether differences are due to leukemo-
gens or genetic susceptibility, or both (gene-environ-
ment interaction) is difficult to establish. Data from
the Surveillance, Epidemiology and End Results
(SEER) registries can be used to compare incidence of
leukemia between white and Asian residents in the
United States. By establishing whether differences
depend on place of birth, hypotheses about the rela-
tive importance of genes and the environment can be
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tested.?’ In migration studies (for example, compar-
ing newly arrived and second-generation Asians in
Los Angeles), socioeconomic status or birthplace did
not account for important differences, suggesting a
role for genetic factors.*?

Candidate Genes

The specific genes that account for susceptibility in
CLL remain unknown. The human leukocyte antigen
(HLA)-Cw6 phenotype was associated with CLL in
Caucasians but not Blacks.** Genetic polymorphisms
involving phase 11 enzymes (GSTM1)* and defective
apoptosis [BAX, G(—248)A] have been associated
with CLL progression in small studies.** Several can-
didate genes (ATM, various HLA loci) have been
ruled out as common causes of familial CLL.*-* Tt is
anticipated that larger population studies, along with
new genomic technologies, will play a critical part in
sorting out the role for susceptibility genes in spo-
radic CLL.

With regard to genes that account for familial CLL,
in a genome-wide scan of 18 CLL families, we did not
identify any significant linkage regions segregating
families, although a few regions had elevated lod
scores, including regions on chromosomes 12, 13, 6,
and 17 that overlap with cytogenetic abnormalities
found in CLL.5° Linkage studies with larger sample
sizes are clearly needed. Recurrent cytogenetic ab-
normalities at 17pl3, trisomy 12, 6q21, 11q22-23,
and especially 13gl14 have been intensely investi-
gated. For example, the most common abnormality
in CLL is 13q14 deletion, which is observed in about
50% of cases by interphase cytogenetics.5! Although a
minimal deletion region has been defined and some
potential candidates identified, to date a specific
gene(s) that accounts for familial (or population) risk
is not firmly established.>>53

Model Systems

It is possible that more than one gene plays a role in
familial disease. The NZB murine model for B-CLL
suggests five to eight genes for the manifestation of
the disease.* A transgenic mouse created using the
TCI gene3s also developed mature B-cell lymphopro-
liferative disease.>®

Precursor State in CLL

Clones that exhibit immunophenotypic features
characteristic of CLL with otherwise completely nor-
mal physical examinations and clinical laboratory
findings are well documented in the general popula-
tion5? and in families.58.59 In CLL kindreds, as many
as 20% of first-degree relatives exhibit clones. The
presence of such clones increases with age and in
males. Ghia et al reported that 19 (3.8%) of 500

healthy Italians over age 65 had a clonal expansion of
either CD57 or CD5~ B lymphocytes,*® similar to
other reports.5* In small studies in high-risk clinical
settings, as many as one third of the individuals with
clones progressed to CLL. The rate of progression in
the general population and in families remains un-
known but is clearly less. Large population studies
are required to establish the natural history and de-
gree to which the condition predisposes to CLL in
various settings. This phenomenon bears strong par-
allels to monoclonal gammopathy of unknown sig-
nificance (MGUS),%? an age-associated increase in
serum monocional immunoglobulins that is associ-
ated with multiple myeloma.

Future Investigations in the Etiology and
Genetics of CLL

Because much larger collections of families are re-
quired to conduct genetic analyses, international
groups are encouraged to contribute families to the
collaboration. To this end, the International Familial
CLL Consortium (IFCLL) has been established to
promote such investigations. In common with many
adult-onset malignancies, identifying and studying
substantial numbers of kindreds with sufficient living
members to permit informative genetic analyses is
challenging. The IFCLL is also preparing a consensus
report outlining priorities for research in the precur-
sor state, including establishing a uniform nomencla-
ture, since a wide variety of overlapping terms (B-cell
monoclonal lymphocytosis [BCML], clonal lympho-
cytosis of undetermined significance [CLUS], etc)
used in the literature have created some confusion.
Monoclonal B-cell lymphocytosis (MBL) is the
planned consensus term for the entity. Model sys-
tems, expression, and protein studies are also ex-
pected to generate new candidate gene hypotheses for
testing in population and family studies.

Future studies will combine epidemiology, clini-
cal findings, and genetics to further our understand-
ing of this lymphoproliferative disorder.
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