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FISH Analysis Provides Important
Prognostic Information in B-Cell Chronic
Lymphocytic Leukemia

B-cell chronic lymphocytic leukemia (CLL) is
the most common form of leukemia in
individuals from the Western Hemisphere. It
usually affects patients over the age of 50 years
and is more frequent in men than in women.
Symptoms and signs of the disease may
include lymph node, spleen, and/or liver
enlargement; fatigue; fever; night sweats;
weight loss; and loss of appetite. These may be
present singly or in combination for an
individual patient. However, in a substantial
fraction of CLL patients, there are no
symptoms at diagnosis and the disease is first
recognized incidentally when a routine blood
test suggests the diagnosis.

Diagnosing B-CLL

The diagnosis of CLL requires data from the
complete blood cell count (CBC) with
microscopic evaluation of the peripheral blood
smear and flow cytometric immunopheno-
typing of the blood lymphocytes (#3287,
Leukemia/Lymphoma Immunophenotyping
by Flow Cytometry). In CLL, the CBC wiill
demonstrate an absolute increase in blood
lymphocytes. By microscopy, B-cell CLL (B-
CLL) lymphocytes are small cells with round
nuclei, distinctly clumped chromatin,
inconspicuous nucleoli, and sparse agranular
pale-blue staining cytoplasm. (See Figure 1.)
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By flow cytometry, the abnormal lymphocytes express
surface membrane antigens found on all
B-lymphocytes, such as CD19 and CD20. Paradoxically,
they are positive for an antigen usually expressed on
T-lymphocytes, CD5, and they express the B-cell
activation antigen, CD23. In addition, small amounts of
either (but not both) kappa or lambda light chain
containing surface immunoglobulin are present on the
surface of the leukemic B cells. In the context of an
absolute increase in blood small lymphocytes, this
phenotype: weak positivity for surface immunoglobulin
and positivity for CD19, CD20, CD5, and CD23 on blood
or bone marrow lymphocytes, establishes the diagnosis
of B-CLL.

B-CLL Diagnostic Algorithm
= Recognize peripheral blood lymphocytosis by
CBC and blood smear morphologic evaluation.

= Demonstrate a CD19, CD20, CD5, and CD23
positive phenotype by flow cytometry.

= Demonstrate weak positivity for either kappa or
lambda light chain containing surface
immunoglobulin by flow cytometry.
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Figure 1. This peripheral blood smear contains the typical
small lymphocytes with condensed chromatin and sparse
agranular cytoplasm that are characteristic for B-cell chronic
lymphocytic leukemia.

Once the initial diagnosis of B-CLL is established as
outlined above, additional testing is undertaken to
identify features that will predict prognosis. Rai or Binet
stage, pattern of bone marrow involvement by the CLL
cells, lymphocyte-doubling time, expression of CD38 by
the neoplastic B cells, and cytogenetic abnormalities in
the leukemic B cells have all been identified as
prognostic indicators in B-CLL.

Conventional Cytogenetic
Analysis in B-CLL

Cytogenetic anomalies in the lymphocytes of B-CLL have
been documented for many years. These abnormalities
have been identified by studying the chromosomes of
dividing (metaphase) cells. Because only a very small
fraction of the neoplastic B cells of CLL actively divide, it
is difficult to locate and analyze sufficient numbers of
neoplastic B cells from individuals with B-CLL. To
overcome this pitfall, in vitro cell stimulation techniques
have been applied to cells from this disease to increase
the fraction of neoplastic cells in metaphase and thereby
increase the probability of finding chromosome
abnormalities. Using these strategies, conventional
cytogenetic analysis has documented abnormalities in
chromosomes 6, 11, 12, 13, and 17 associated with B-CLL.
When patients with B-CLL are stratified into different
groups by these chromosome abnormalities, it has been
demonstrated that each abnormality is associated with a
different prognosis and survival rate.

Even with optimal cell stimulation techniques, the
frequency of detection for chromosomal abnormalities in
B-CLL is less than 50%. Consequently, conventional
cytogenetic analysis can only predict survival in a
limited number of patients. Therefore, routine
cytogenetic testing for chromosomal abnormalities in
patients with B-CLL is not recommended.

FISH Cytogenetic Analysis in B-CLL

Fluorescence in situ hybridization (FISH) utilizes
fluorochrome-labeled small DNA fragments that can
bind to specific regions of the chromosomes (FISH
probes) to detect structural or numerical chromosomal
abnormalities. Once the genetic abnormalities that
characterize malignancies are known, FISH probes can
be designed to detect the abnormalities.
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FISH has several advantages over conventional

cytogenetics:

= |t can be applied to nondividing cells (interphase nuclei)
and is, therefore, well suited for studying disorders with
low proliferative rates such as B-CLL.

= Many more cell nuclei can be evaluated by FISH for
chromosomal abnormalities (typically 200) than can
usually be evaluated by conventional cytogenetics
(optimally 30), greatly increasing the probability of
detecting abnormalities. In the case of stable phase
B-CLL, Mayo researchers were able to detect genetic
abnormalities by FISH in 73% of cases.

= While FISH technology requires experienced
technologists to perform the analysis, FISH is
considerably less time consuming than conventional
cytogenetics. Typical turnaround time for conventional
cytogenetic analysis is several days. By contrast, FISH
analysis can usually be performed in 1lor 2 days.

= FISH probes target very specific regions of the
chromosomes, in some instances at the level of the gene.
Thus, they are able to identify chromosomal
abnormalities that are too small to be detected by
conventional cytogenetics.

= In the cases of hematologic malignancies, conventional
cytogenetic analysis performed on a bone marrow
specimen has a much higher rate of detection of
chromosomal abnormalities than similar studies
performed on a blood specimen. Conversely, FISH can
be used with equal success on both blood and bone
marrow specimens so that, for some patients, the
discomfort and expense of a bone marrow examination
can be avoided.

#83089 Fluorescence In Situ Hybridization for Chronic
Lymphocytic Leukemia brings all of these advantages to
the evaluation of the patient with B-CLL. This test will
detect deletions of chromosomes 6q, 11q, 13q, and 17p and
trisomies of chromosomes 6, 11, 12, 13, 14, and 17. Once
the diagnosis of B-CLL has been definitively established
by blood smear review and flow cytometry, FISH can then
be applied to detect these genetic abnormalities in an attempt
to predict prognosis. (See FISH Signal Patterns in CLL.)

Patients whose CLL cells have deletions of chromosomes
17p and 11q have been found to be at greater risk for
adverse outcome than patients with trisomy of
chromosome 12 or a normal karyotype. Patients whose
cells have deletion of chromosome 13q as a sole
abnormality probably have a better prognosis. Because
these cytogenetic abnormalities are not specific for B-CLL,

the diagnosis of B-CLL must be established by methods
other than FISH. However, the FISH test for CLL might
also be useful at the time of disease progression or relapse
to look for chromosome evolution or to exclude the
emergence of another neoplastic process.

On a final note, one other disorder that must be
considered in the differential diagnosis of B-CLL is mantle
cell lymphoma with a leukemic presentation. FISH can be
very useful in the diagnosis of mantle cell lymphoma
because neoplastic cells from virtually all cases of mantle
cell lymphoma will have the t(11;14)(q13;932). This
translocation involves the cyclin D1 gene on chromosome
11913 and the immunoglobulin heavy chain gene on
chromosome 1432 and is not observed in the cells of B-
CLL. FISH for mantle cell lymphoma (#82434 Fluorescence
In Situ Hybridization [FISH] with cyclin D1 and IgH for
Mantle Cell Lymphoma) may, therefore, supplement the
analysis of B-cell lymphoproliferative disorders presenting
with absolute lymphocytosis.

Mantle Cell Lymphoma Diagnostic Algorithm
= Recognize peripheral blood lymphocytosis by
CBC and blood smear morphologic evaluation.

= Demonstrate the CD19, CD20, CD5 positive and
CD23 negative phenotype.

= Perform FISH for the t(11;14)(q13;932) to establish
the diagnosis.

Summary

In most cases, laboratory evaluation of patients with B-
CLL is straightforward; the disease is identified on a
routine CBC with peripheral blood smear review and is
confirmed by flow cytometry. Following diagnosis,
prognostic chromosomal abnormalities may be identified
by FISH. However, when the diagnosis is not clear-cut and
physicians desire a second opinion on the morphologic
evaluation, Mayo Medical Laboratories (MML) also offers
#5434 Hematopathology Consultation. All requests for a
hematopathology consultation are processed as a
consultation first, and special studies are performed if
diagnostically indicated. FISH testing must be separately
ordered, as it is not included in #5434 Hematopathology
Consultation.
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