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Major advances have occurred in our understand-
ing of the biology, immunology, and opportunities
for treatment of chronic lymphocytic leukemia
(CLL) in recent times. Surface antigen analysis
has helped us define classical CLL and differenti-
ate it from variants such as marginal zone leuke-
mia, mantle cell leukemia, and prolymphocytic
leukemia. An important observation has been that
the B-cells in indolent types of CLL, which do not
require therapy, have undergone somatic
hypermutation and function as memory B-lympho-
cytes whereas those more likely to progress have
not undergone this process.

Section | by Dr. Nicholas Chiorazzi encom-
passes emerging elements of the new biology of
CLL and will address the types of somatic
hypermutation that occur in CLL cells and their
correlation with other parameters such as telo-
mere length and ZAP70 status. In addition he
addresses the concept of which cells are prolifer-
ating in CLL and how we can quantitate the
proliferative thrust using novel methods. The
interaction between these parameters is also
explored.

Section Il by Dr. Thomas Kipps focuses on
immune biology and immunotherapy of CLL and
discusses new animal models in CLL, which can
be exploited to increase understanding of the
disease and create new opportunities for testing
the interaction of the CLL cells with a variety of
elements of the immune system. It is obvious that

immunotherapy is emerging as a major therapeu-
tic modality in chronic lymphocytic leukemia. Dr.
Kipps addresses the present understanding of the
immune status of CLL and the role of passive
immunotherapy with monoclonal antibodies such
as rituximab, alemtuzumab, and emerging new
antibodies. In addition the interaction between the
CLL cells and the immune system, which has been
exploited in gene therapy with transfection of CLL
cells by CD40 ligand, is discussed.

In Section IIl, Dr. Michael Keating examines the

guestion “Do we have the tools to cure CLL?” and
focuses on the fact that we now have three distinct
modalities, which are able to achieve high quality
remissions with polymerase chain reaction (PCR)
negativity for the immunoglobulin heavy chain in
CLL. These modalities include initial
chemoimmunotherapy with fludarabine, cyclo-
phosphamide, and rituximab, the use of
alemtuzumab for marrow cytoreduction in minimal
residual disease and allogeneic bone marrow
transplants. The emergence of non-ablative
marrow transplants in CLL has led to the broaden-
ing of the range of opportunities to treat older
patients. The addition of rituximab to the chemo-
therapy preparative regimens appears to be a
significant advance.

The combination of our increased understand-
ing of the biology, immune status, and therapy of
CLL provides for the first time the opportunity for
curative strategies.
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were once assumed to derive from immature immuno-
logically incompetent B lymphocytes and to behave as
inert cells that divided minimally, died rarely, and
thereby passively accumulated to numbers that eventu-
ally compromised the patiehit now appears that B-
CLL cells derive from mature, antigenically experi-
enced, immunologically competent B lymphocytes and
In recent years, our view of the biological features claghat the leukemic cells from most patients turn over at
sically ascribed to the leukemic B cells of chronic lymdefinable rates suggesting that a genetic abnormality
phocytic leukemia (B-CLL) has changed. B-CLL celldn apoptosis that cannot be overridden by an exogenous
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signal may not exist. These findings impute that B-CLbowever, clonal expansion is limited to those B-cells
is a dynamic, not passive, accumulative diséase. that have BCRs complementary to a selecting antigen
This Section reviews recently defined and currentlgFigure 1, right-hand panel; see Appendix, page 617),
unfolding aspects of the biology of B-CLL cells andhen only certain clones will amplify (clones B, D, E,
then proposes a model describing the path a normalaBd G). Other clones with inappropriately conformed
cell could traverse to become a leukemic cell of eith@CRs will remain inactive because they will not re-
increasing or stable degrees of aggressivity. Key cooeive stimulatory signals (clones A, C, and F).
cepts underlying this model include roles for (1) anti- The primary structure of the antigen-binding site
gen selection of precursor B cells, (2) maturational ref a B-lymphocyte’s BCR is determined by the DNA
sponses to antigen by the precursor clones, (3) a sleaquence of its variable (V) domains. These are com-
but progressive development and selection for genepcised of recombined VY D, and ] segments in the
lesions that continues after the leukemic state is estdieavy (H) chains and Vand J segments in the light
lished, and (4) an appreciable and occasionally siz@-) chains. Additional diversity is provided by the in-

able level of leukemic cell turnover. sertion or deletion of nucleotides at the joints of re-
combination.
B-CLL Cells Derive From Mature If we assume that these recombination events are
Immunocompetent B Lymphocytes random (which may be an oversimplification), then the

The following sections discuss information, derivedikelihood that a particular Ygene will be expressed
from various groups, indicating that B-CLL cells evolvan an individual B-lymphocyte is 1/44, since there are
from immunologically competent B lymphocytes andpproximately 44 functional germling,\genes. There-
that B-CLL cells themselves retain certain key immuntre, finding an individual \/ gene in a B-cell popula-
functions that affect their in vivo biology and the clini-tion at a frequency significantly greater than 1/44 would

cal course and outcome of individual patients. suggest that a nonstochastic selective process led to the
expansion of the B-cells using that particulargéne
Selection of B-CLL precursor cells by antigen in their BCRs. Similarly, a specific D segment would

Multiple laboratories have analyzed thgV, genes randomly occur in 1/25 B cells and a particulagéne
expressed by B-CLL cells in hopes of identifying a rein 1/6 B-cells. Therefore, similar criteria for selection
lationship between the structure of the B-cell recept@an be used when evaluating the use of these gene seg-
for antigen (BCR) and this disease. Such a relationshipents. Finally, the likelihood that specifi¢, VD, and
could support a role for antigen selection in disease di-genes would be used in the sam{Y¥, rearrange-
velopment. It also might help identify causative antigensaent is 1/6600 (1/44 1/25x 1/6), for a specific Vand

Antigen selection of specific B-lymphocyte clones] gene is 1/200 (1/401/5) or 1/124 (1/3k 1/4) for ak
can be inferred if the structure of the BCR of the B-cellersus a rearrangement, respectively. Only 1/1,320,000
clones that expand in a disease differs from the anti@-cells would be predicted to randomly express the same
pated random display or the display observed in nov-,, D, J,, VK, and & segments in its BCR.
mal individuals. This skewing results from more effec- The frequencies at which specifig,VD, and ]
tive binding of antigen by cells with a BCR of complegene segments are used to construct the BCRs of B-
mentary structure thereby enabling cell triggering an@LL cells are different from what would be expected
clonal expansion. from random assortment and from what is found in

If clonal expansion is induced randomlyigure  normal peripheral blood CD%nd CD5 B-lympho-
1, left-hand panel; see Appendix, page 617), then alytes? The V,, genes most commonly used in B-CLL
B-cell clones, irrespective of BCR structure and antcells arel-69, 3-07, and4-34.
gen-binding capacity, will expand to some degree. If, Furthermore, the processes that occur in normal
B-lymphocytes at the time of \DJ, rearrangement lead
to major differences in structural features of the third
* North Shore — LIJ Research Institute, 350 Community complementarity determining region (CDR3) of both
Drive, Manhassgt, NY 1103Q and Departments of Medicine, the Ig H and L chains. These regions of the V domains
North Shore University Hospital, and NYU School of are the most critical for binding the majority of anti-
Medicine, Manhasset and New York, NY

gens. The B-CLL cases that use the most commpn V

Acknowledgments: These studies were supported in part bydenes in their yDJ, rearrangements can also use spe-
grants from the NCI (CA 81554 and CA 87956), the Jean  cific D and J, segments and hence have characteristic
Walton Fund for Lymphoma & Myeloma Research, the HCDR3s?“ These V, gene and HCDR3 associations
Joseph Eletto Leukemia Research Fund, and AIRC. describe 3 prototypic B-CLL BCR§igure 2).
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These BCR prototypes are built primarily aroundng and selection seems very likely. Another unique
rearranged H chain features; however, in addition, reubset of cases expresses aW pair involving the
markably similar BCR structures involving both the Hv,;3-21/J, 6 andVA2-14/JA3 genes. In almost every in-
and L chain V domains exist among subsets of casg®nce, the HCDR3 segments of these cases are remark-
(Figure 2). These latter cases represent the clearest ebly short and of very similar amino acid sequé¥iée.
amples of selection for specific BCR structures amorigecently, additional examples of B-CLL cases that use
B-CLL precursors. For example, a group of tg&  similar rearranged H and L chain V region genes were
CLL cases have an H chain V region comprised, in eacbported'! suggesting that this phenomenon may be
instance, of Y/ 4-39/D6-13/J5, and an L chain V re- more frequent than previously appreciated.
gion consisting of MVO12/k1.5® As mentioned above,
the likelihood of these specific VD, J,, V,, and J  Accumulation of gV gene mutationsin
segments occurring in the same B-CLL cell by chanq#ecursors of B-CLL cells
alone is 1 in 1.32 million. These rearranged gene se§election for B-cell clones that bind specific antigens
ments are almost identical to the germline segments aawad thereby respond and expand is a feature of compe-
therefore the amino acid sequences of the BCRs of edeht immunocytes. If one accepts that specific B-cell
case are virtually identical. Furthermore, the LCDR8lones cannot expand unless signaled by antigen
of these cells, in every instance, display an arginine #irough engagement of the BCR, then the studies dis-
the V_J junction. Since this amino acid is created byussed above indicate that the precursor cells that be-
diverse genetic mechanisms, a role for it in antigen bindame leukemic were immunocompetent. The follow-

B-CLL ANTIGEN RECEPTOR TYPES

B-CLL Cases
Expressing
VHDJH/VLJL Pairs

/ N\ Lo l

VH1-Expressing VH3-Expressing VH4-Expressing
B-CLL Cases B-CLL Cases B-CLL Cases

Most I VH4-39 VH3-21
RS commony VH1-69 VH3-07 VH4-34
expressed V gene VkO12 Vi2-14
_V gene mutation . None Many, few or None or None
status or few none few Many Many or few
| D6-13/JH5 D?/JH6 D3-3 + JHB JH4 JH4 JHE
D or J Association |
S Jki JI3 | |
| | |
Long segment Short segment Long segment Short segment Short segment Long segment
HCDR3 _
characteristics Significant aa Significant aa Many tyrosines Unremarkable Unremarkable Some tyrosines
: Sk sty Most acidic Least acidic Least acidic More acidic
—_— AA identity
LCDR3 Very significant
characteristics Argiatil JL aa similarity = = = —

| junction

Figure 2. Characteristics of the most common and the most unique B-cell chronic lymphocytic leukemia (B-CLL) B-cell
receptors (BCRs).

The prototypic unmutated BCR is represented by the rearrangement that uses the V,, 1-69 gene, whereas the prototypic mutated BCR is
represented by the V,3-07 rearrangement. The V,4-34 rearrangements have characteristics of both the prototypic unmutated and
mutated BCRs. The arrangements involving these 3 V|, genes are the most common in B-CLL. Less common but remarkably unique
BCRs are represented by the V,4-39 and V;3-21 rearrangements that pair with defined D, J;, V|, and J; genes. These latter BCRs are
the most striking examples of antigen selection of a specific antigen-binding site.

Adapted, with permission, from the Annual Review of Immunology, Volume 21, 20032 (www.annualreviews.org).
Abbreviations: BCR, B-cell receptor; B-CLL, B-cell chronic lymphocytic leukemia; CDR, complementarity determining region.
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ing section outlines information indicating that, aftecific V,, gene use and HCDR3 featur&glre 2) and
antigen binding and clonal expansion, some B-CLhbave clinical relevance: the cases in the unmutated group
precursor cells accumulate somatic mutations, anothgsive a much more aggressive course than those in the
feature of competent B-lymphocytes. mutated groupTable 11419,

The somatic hypermutation process requires BCR
cross-linking by antigen, cellular activation, cooperaB-CLL cells express an activated,
tion of T lymphocytes and other cells, and involvemerantigen-experienced cell surface phenotype
in the germinal center reaction. It was originally preThe development of Ig V gene mutations requires a
sumed that B-CLL cells would lack V gene mutationseries of active cellular processes initiated by BCR
because they express the CD5 antigen, a molecule tbaiss-linking by antigen. Therefore, those B-CLL cases
marks a murine B-cell subset that does not accumuladtet exhibit V gene mutations must have come from
such mutations to an appreciable degree. It is now cleemmunologically competent B-cells. However, using
however, that the Ig V genes of ~50% of randomly chdhis parameter as the sole definition of immune compe-
sen IgM-expressing cases and ~75% of isotypéence, B-CLL cells without V gene mutations could
switched cases exhibit somatic mutatiéh%:1°In gen- derive from immature, antigen naive incompetent cells.
eral, these mutations fulfill the criteria for selection byNevertheless, since the absence of V gene mutations
antigen, i.e., there are more replacement mutationsdones not necessarily indicate the absence of prior anti-
the CDRs and less in the framework regions (FRsyenic stimulation, these cases could derive from com-
which permits the development of a more specific antpetent B cells that had been antigen stimulated but did
gen-binding site while maintaining the necessary supot develop mutations. The following surface mem-
porting scaffold of the BCR. brane phenotypic studies, using immunofluorescent mi-

One can divide B-CLL cases into 2 groups, mueroscopy and monoclonal antibodies to defined mark-
tated and unmutated, using an arbitrary limit for variaers, suggest that antigen stimulation, and response to
tion from germ line V genes=(2% differences from it, are prerequisites for the development of B-CLL, even
germ line = mutated; < 2% difference = unmutgted in those cases that do not exhibit Ig V gene mutations.
These 2 mutation-defined subgroups also differ in spe- When compared with age-matched normal subjects,
B-CLL cells overexpress activation
markers (CD23, CD25, CD69, and
CD71) and underexpress markers
downregulated by cell activation
(CD22, CD79b, and IgD). In addi-

Table 1. Molecular, phenotypic, and clinical characteristics of the IgV gene-defined B-
cell chronic lymphocytic leukemia (B-CLL) subgroups.*

Subgroup | Subgroup Il

Stage at presentation Often Rai intermediate/highrisk ~ Often Rai low risk tion, the leukemic cells uniform|y
Age at presentation No difference No difference express CD27, identifying them as
Gender More males M=F B cells that were triggered and had

Lymphocyte doubling time Frequently < 12 months Frequently>12months  entered the memory cell pool.

V gene mutations Few or none Significant numbers Gene expression profiling studies
Antigen selection Yes Yes support this interpretatiot:'®
ZAP70 expression High Low When the surface membrane phe-
CD38 expression High Low notypes of B-CLL cases with and
Activation markers 38+/69+ 71+/62L+ without lg V gene mutations ?‘re
Telomere length Uniformly short Diverse lengths pompared, the 2 SUbgroups differ
Telomerase activity High Low in the percentages of cells express-
. _ ing some of these markerBased
Retention of BCR signaling Yes No . - i
. . on the reciprocal relationship of
Ongoing IgV gene mutations ~ Yes Yes i,
. . markers that indicate early versus
Intermittent expression of AID  Yes Yes . .
N , , late cellular activation, the
Chromosomal abnormalities Poor prognosis Better prognosis
_ unmutated cases resemble B cells
Treatment requirement Usual Unusual

* Subgroup | is defined by the expression of unmutated (< 2% difference from germline
counterpart) BCRs, and Subgroup Il by the expression of mutated (= 2% difference from
germ line) BCRs. Patients in Subgroup | experience a much more aggressive clinical

course.

Abbreviations: Ig, immunoglobulin; BCR, B-cell receptor.
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that are temporally more proximal
to an inductive stimulus than the
mutated cases.
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Telomere shortening as an indicator of prior cell affects clonal survival and expansion and impacts nega-

cycling of B-CLL cells and their precursors tively on a patient’s clinical course.

Telomeres shorten with each round of cell division.

Therefore, telomere length measures the proliferativ@igoclonal B-cell expansionsin

history of a cell. Telomeres of B-CLL cells are muchormal aging individuals and family members

shorter than those in B-cells of age-matched normal patients with B-CLL

donors. Surprisingly, telomere lengths of unmutated Bxs normal humans and mice age, their lymphocyte rep-

CLL cases are much shorter than those of mutatedoires switch from a random distribution to a rela-

caseg’?tsuggesting that unmutated leukemic cells hawevely restricted set of clonés?® This narrowing of the

a more extensive history of cell division than mutatedellular repertoire can be ascribed to either antigen se-

cases. These cases also have significantly higher teleetion or a genetic diathesis independent of antigen

merase activity which may compensate for the exelection or both. As discussed above, the easiest ap-

tremely short telomeres in these célls. proach to identify the diversity of lymphocyte clones
within an individual is to determine the distribution of

Can B-CLL cdlstill respond to antigen stimulation? the clonally restricted antigen receptors expressed

Collectively, the studies discussed above provide comithin the cell population by DNA sequencing of the

pelling evidence that B-CLL cells emerge from a popuantigen receptor genes used by individual lymphocytes.

lation of antigen-selected, mature, immunocompeteht less precise, but technologically more convenient,

B-lymphocytes that have carried out typical functionmethod uses flow cytometry and monoclonal antibod-

of normal B-cells. However, these studies do not ades specific for individual antigen receptors or for char-

dress directly whether or to what extent B-CLL cellsicteristic subset specific surface markers.

themselves are immunocompetent. Data derived from Using such an immunofluorescence approach,

in vivo and in vitro studies suggest that, for certain kelgawstron et @l identified small collections of B-lym-

immune parameters, B-CLL cells are competent or cgocytes that bear characteristic cell surface markers

be made to function competently. of B-CLL cells (CD19, 20, CD5", CD79k") circulat-

For example, in vivo, some B-CLL cells spontaneing in the blood of ~3% of randomly chosen normal
ously differentiate into plasma cetfsyndergo isotype individuals of 40 years of age or older. Although the
class switching®2>develop new Ig V gene mutatiofts, total number of these cells in a given individual is quite
and expre$$® and upregulate or downregulate the acsmall, the absence of these cells in the majority of nor-
tivation-induced cytidine deaminas&lD)?® that is es- mal subjects suggests that they represent a clonal am-
sential for the somatic mutation procédglany of these plification of a selected set of B-lymphocytes. The
same phenomena can be induced by appropriate stinmbnotypic expression of L chain isotyp&sof A) and
in vitro.2326:29.31,32 an apparent restriction gV, gene use among these

In addition to these functions, B-CLL cells fromcells support this concept. Of note, cells with this pheno-
certain cases maintain the ability to signal through thgpe are twice as frequent in men as women and among
BCR 334 This ability is manifested by tyrosine phos-subjects o 60 years of age.
phorylation of key signaling proteins, Canobiliza- Support for an inherited susceptibility to develop
tion, expression of genes reminiscent of BCR signational expansions of this phenotype comes from stud-
ing,*® and the prevention or induction of apoptosis ifes of the circulating B-cells of healthy first-degree rela-
vitro, following BCR cross-linking>2®* The latter find- tives of patients with B-CLE8 The blood of these ap-
ings are especially significant since they challenge thparently normal individuals contains these populations
contention that B-CLL cells have an inherent defect iat significantly increased frequency (median ~13.5%
programmed cell death that cannot be altered by extef- family members) and in similar numbers to those
nal signals. Other studies, demonstratimgt cell-cell found in randomly chosen normal subjects from fami-
contact can inhibit spontaneous apoptosis in vitro, sufies apparently without B-CLL. With few exceptions,
port the conclusion that an obligate apoptotic defect dodee presence of these cells among individuals and the
not necessarily exist in B-CLI¥:*? Interestingly, those levels of these cells within individuals were relatively
cases that retain BCR signaling capacity can be disticenstant. These cells, whether derived from families
guished from those that do not by the presence with or without B-CLL, expressed little or no CD38, a
CD38%430r ZAP-70* or the absence of Ig V gene mutacell surface phenotype of cases that frequently follow
tions?* all markers of poor prognosis, although these coan indolent cours¥.
relations are not absolute. This suggests that the ability of
the B-CLL cell to retain signaling capacity in some way
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B-CLL Cells Progressively Develop tations or deletions could occur at various sites in the
Genetic Lesions Over Time cellular DNA. Furthermore, th& D gene, which is used
The concept that clonal evolution can lead to more dabhy normal B cells to create Ig V gene mutations and to
gerous clonal variants is well established in oncologygelete DNA segments during isotype switching, can be

In B-CLL, this principle is manifest by the develop-expressed in B-CLL celB:2*Becaus@lD is expressed
ment of single or complex abnormal genetic karyotypestermittently in only a small fraction of the B-CLL
over time. These abnormalities are rarely evident atone?® new genetic defects developing through the
clinical presentation and therefore represent prime eaetion of this enzyme would be diverse in nature and
amples of clonal evolution. Although specific DNAwould exist only among certain clonal members. How-
segment gains do occur in B-CLL (e.g., partial or comever, it should be clear that at this juncture there are no
plete trisomy 12), the disease is primarily charactefirm data to implicate AID gene expression with ongo-
ized by DNA deletions. Deletions at 1314, 11g22-g23)g SHM or genome instability.
17p13, and 6921 are the most comrffohhe precise
genes targeted by these deletions that lead to dise&imical Implications of These Findings
progression are not defined in several instances, &eme patients with B-CLL survive for decades after
though for 17p13 it appears to p83 and for 11g22- initial diagnosis and never require therapy; others suc-
g23 occasionally i&TM. cumb rapidly to the disease despite therapy. To deal
However, the relatively specific and restricted lowith this heterogeneity in clinical course and outcome,
cation of these more common chromosomal abnormaRai et ai® and subsequently Binet et’atreated stag-
ties may have caused more diverse, widespread genoinig systems based on clinical symptoms, physical signs,
variability to go unnoticed. Genome-wide screeningnd laboratory values. These systems currently repre-
studies have found alterations of relatively small chrsent the gold standards for patient evaluation and treat-
mosomal regions spread throughout the leukemic caetlent decisions. Some of the findings mentioned above
genome®52 These alterations consist of clonal monohave led to the recognition of subgroups of patients, at
allelic and biallelic losses as well as gains such as dire laboratory level, that are proving to be valuable
plications, amplifications, and trisomies. Most interesiadjuncts to the Rai and Binet staging systems.
ing is that in several instances such losses or gains were Ig V gene mutation status is currently the most ac-
seen at the subclonal level indicating the presence atutate discriminator of clinical outcome in several ret-
possible emergence of clonal variants that differed edspective studie’:1¢54586Patjents with few mutations
several locP! If B-CLL cells commonly generate suchsuccumb to the disease at least 3 times faster than those
diverse genetic alterations, then a wide array of funerith significant mutations (approximate median surviv-
tional variants that might arise could be selected to avaids < 8 years versus24 years).
clonal restraint and death. Two protein markers that are easier to measure in
The mechanism(s) that lead to the chromosomdie clinical laboratory that have prognostic value are
alterations classically associated with B-CLL and to thiatracellular ZAP-76*%52and cell surface CD3859%3
apparently more widespread genomic changes are Wn inverse correlation exists between each of these
known. However, two features of B-CLL cells shouldnarkers and clinical course and survival. Since CD38
be remembered: shortened telomere lengthAldcex-  levels may change over time in some patiéfit& s
pression. Significant shortening of telomeres can leahd may correlate with increased disease aggressive-
to telomere dysfunction which, in turn, can lead to garess’* this marker may also be helpful in determining
nome instability? Although non-reciprocal chromo- a worsening of clinical course. At the present time, it
somal rearrangements usually result from telomere dyappears that ZAP-70 correlates well with Ig V gene
function, chromosomal losses and regional amplificanutations and therefore may be a convenient clinical
tions and deletions also occur with very short telonsurrogate for V gene mutation statu&-CLL cells in
eres. The fact that poor outcome patients (i.e., thobeth the high-risk Ig V gene subgroup and the CD38 sub-
with unmutated Ig V genes and with large numbers gfroup®*>52%4are more likely to express ominous cytoge-
CD38 cells) have uniformly short telomefeé¥d and netic abnormalities (e.g., trisomy 12, 11g-, and 17p-).
are enriched for chromosomal aberratigtf$25+and
p53 dysfunctiom* suggests a link between telomerd_evel of Leukemia Cell Turnover In Vivo
dysfunction and widespread genomic abnormalities. [Fhe rate at which any biological system evolves is de-
addition, the somatic hypermutation process appeaesmined by the frequency that variants are produced
to be ongoing in B-CLL cases.If this process is and the relative selective advantages that the variants
mistargeted, as occurs in certain lymphof#lsen mu- possess. For newly arisen subclones to become a sig-
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nificant proportion of the total population, they mustinked, in some intimate fashion, to the pathogenesis of
either arise very early in the life of the clone or have this disease. The most parsimonious explanation for this
selective advantage. That selective advantage must irecolvement would be that the BCRs of the B-lympho-
sult in an increased growth or accumulation rate thaytes that become leukemic capture and internalize the
may be due to faster division, decreased death or cleagent that leads to transformation. Although appeal-
ance, or both. If a B-CLL clone was simply dividinging, there is, as yet, no solid proof for this route of trans-
slowly with little loss of cells, it would be difficult for formation. A currently more appealing model is that
novel variants to catch up with the already existingwultiple antigens, that do not directly have transform-
massive number of clonal members. However, witing activity, select out B-cells for leukemic transfor-
substantial turnover of the leukemic cells, novel varimation by repetitively initiating cell signaling, DNA
ants could more quickly enrich to a level that couldeplication, and clonal expansion. This selection could
become clinically significant. cull out B-cells from the entire available BCR reper-
We have measured leukemic cell turnover in &ivotoire or from a BCR repertoire that is limited to a dis-
using a non-radioactive, stable isotopic labeling techinct subset of normal B-lymphocyt&%:Repetitive cell
nique that utilizes heavy water (D) to mark the DNA cycling then could serve as a promoting factor for the
of newly generated celf§.This approach has enabledslow but progressive accumulation of DNA changes that
us to follow in vivo the dynamics of B-CLL cell turn- would be necessary to confer leukemic properties on a
over during a 12-week labeling period followed by anember of the expanding normal B-cell clone.
washout period of 12 to 20 weeks. In most patients, These antigens could be foreign, autologous, or
incorporated label is observed in the CBOB5* B- both. We prefer the last possibility for several reasons.
cell compartment after 2 weeks. However, in sever&irst, many B-CLL BCRs are autoreacthfe° This is
patients there is a marked lag time before labeled cetlensistent with finding the Ygenes commonly ex-
appear and their relative abundance continues to ipressed in B-CLL BCRs to be those associated with
crease well after week 12 whenintake ends. This autoreactivity’™”® Second, susceptibility to auto-
suggests that the cells that are produced in solid comeactivity and autoimmunity is frequently linked within
partments (bone marrow, lymph nodes, spleen) can faamilies, which would be consistent with the apparent
slowly released. Fitting a 2-compartment mixture modgropensity of family members of B-CLL patients to
to the data produces cell turnover rate estimates betwekzvelop clonal amplification§:#8 Third, the structures
1% and 10% per week for most patients stutfied. of the B-CLL BCRs in certain instances are very remi-
These unexpectedly high turnover rates have sewmiscent of antibodies that react with capsular polysac-
eral implications. They indicate that the B-CLL clonecharides of microorganisnig*™ e.g., Haemophilus
is undergoing substantial replication. Since significantfluenzae, Streptococcus pneumoniae, and Neisseria
changes in peripheral lymphocyte counts did not occuameningitides. Fourth, immune cross-reactivity between
in the patients studied, the high turnover rates also sygplysaccharide/carbohydrate antigens and autoantigens
gest that considerable cell death is occurring within the not infrequerit and anti-polysaccharide antibodies
clone. This is consistent with in vitro studies indicatingan be converted into autoantibodies (anti-dsDNA) by
that B-CLL cells rapidly undergo spontaneous apoptosigry minimal (1 amino acid) change in the Ig V region
that can be enhanced by BCR crosslinking by anti-Iglgtructure’” The B-cell subpopulation that is especially
antibodies**5¢7 This faster than anticipated turnoverimportant in anti-carbohydrate and anti-self (autoanti-
suggests that novel variants, with competitive advalvody) responses resides in the marginal zone (MZ) of
tages in proliferation and/or survival, could have theolid lymphoid tissue¥.These MZ B-cells can display
opportunity to become a significant proportion of theliscrete BCRs comprised of very restricted V(D)J seg-
clone. It will be interesting to compare the turnover ratesents in animal systems and exhibit the presence and
of the B-CLL cases that use mutated versus unmutataldsence of Ig V gene mutations in both mice and hu-
Ig V genes, since they differ so significantly in telomimans. Based on these considerations, we proposed pre-
ere lengths which can be an indicator of both past amtusly that B-CLL cells derive from MZ B cells that

present proliferation. have been driven by foreign carbohydrate antigens and
by autoantigens.
A Model for the Development and Evolution How can we reconcile differences in BCR struc-
of B-CLL Cells ture with clinical progression and disease outcome? If

Collectively, the preceding data suggest that B-CLlve assume that the prototypic B-CLL BCHSgure
develops from specific B-lymphocytes that expres8) were selected and driven by discrete types of anti-
BCRs of restricted structure, implying that the BCR igens that differed in their capacity to induce Ig V gene
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mutations (i.e., foreign antigens that could induce munaling through various receptors, more effective or
tations versus autoantigens that usually cannot induabundant adhesion to the endothelium or stroma, or
mutations in the absence of overt autoimmunity), themming receptors that could enhance trafficking to a
unmutated B-CLL cells could have competitive advamicroenvironment that would support expansion and
tage. This advantage might come about because of gwvival, etc. When one considers clonal turnover rates
availability of stimulatory autoantigens and the retainedf ~1%—10% per week, it becomes more reasonable that
capacity to signal through the BCR once autoantigesuch adaptations would enable selected subclones to be-
engagement occurs. Indeed, those cases that retain toisie a dominant fraction of the totaigure 3 (see Ap-
signaling property usually express molecular and cgbendix; page 617) depicts a model of these potential steps
lular features seen in patients with the worst clinicah the clonal development and evolution of B-CLL cells.
outcomes (absence of V gene mutations, expression of

ZAP-70 and CD38, expression of unfavorable genetic Il. | MMUNE BioLoGY AND THERAPY OF
lesions, ang53 dysfunction). This would not preclude CHRroNIC LymPHOCYTIC LEUKEMIA
cases with mutated BCRs to also develop such advan-

tages, if their BCRs, which have affinity for foreign Thomas J. Kipps, MD, PhD*

antigens (e.g., bacterial polysaccharides), also cross-
reacted with autoantigens. As mentioned, this type @fssential Monoclonal Lymphopathy
antigen-binding cross-reaction or conversion is wellow cytometry can be used to monitor for lympho-
documented. Alternatively, latent or persistent infeceytes that have phenotypic features in common with
tion could provide the necessary foreign antigenic driv@at of chronic lymphocytic leukemia (CLL) B cells,
in these instances. namely cells that co-express CD19 and CD5 and that
What then might be the competitive advantage thatve relatively low-level expression of CD20 and
repetitive BCR signaling imparts to the leukemiaCD79b. This can be used as a sensitive test for minimal
subclone in vivo? The most unifying property wouldesidual disease (MRD) following theralghis method
be the ability of such B-CLL cells to more easily ancliso can be used to examine the blood mononuclear
frequently enter the cell cycle and thereby generatells of healthy subjects for cells that either are normal
more dangerous subclones that could convert a leuksunterparts to the CLL B cell or possibly nascent CLL.
mic cell into a more aggressive variaRtgure 3; see One study evaluated first-degree relatives of CLL pa-
Appendix, page 617). Favoring this hypothesis is thgents from 21 different families with 2 or more family
fact that the B-CLL cases with BCRs whose structurghembers with CLL. This study found that approxi-
features most convincingly suggest antigen-binding anfately 8 (14%) of the 59 healthy first-degree relatives
drive (V,4-39, V,;3-2T', and \/, 1-69 casesFigure of patients with familial CLL who were tested had cir-
2) appear to have the worst clinical courses. Signifeulating B cells with these “CLL-B-cell” characteris-
cant genome instability would likely amplify or possi-tics? The detection of such cells in the blood of healthy
bly result from the impact of such repetitive signalingcontrol subjects was significantly less frequent, sug-
Because of this, we might consider that B-CLL is gesting that genetic factors might contribute to the rela-
disease phenotype, characterized by the clonal exp&Re abundance of these cells in the blood.
sion of a subset of B-lymphocytes that eventually de- Conceivably, an excess of cells with these charac-
velops a series of genetic abnormalities based on altgsristics could presage development of CLL. Evalua-
ations occurring throughout the genome. These abnaibn of the immunoglobulin genes used by such B cells
malities probably would occur stochastically in indifrom any one subject revealed evidence for oligoclonal
vidual members of the clone and advantageous fun@nd in some cases monoclonal) gene rearrangements,
tional changes could be selected. Although we haggiggesting an apparent excess of B cells belonging to
focused on the role of the BCR in these processes, therg or a few different clones. Such clonal expansions
is no reason to believe that other receptors (e.g., CD4f,B cells were found more frequently in men than in
cytokine and chemokine receptors, and Toll-like recegvomen (with a male-to-female ratio of nearly 2:1) and
tors) could not render similar effects. more common in people ages 60 to 89 than in younger
In such a model, B-CLL may not be defined by adults. Because these demographics correspond to the
single initiating genotypic abnormality (although a po-
tential candidate for this central abnormality exfts
but rather by any one of a humber of genetic changesniversity of California at San Diego, Division of Hematol-
that lead to clonal expansion in excess of clonal deatrgy/Oncology, Department of Medicine, 9500 Gilman Drive,
These paths could include heightened responses to si§RB 102, La Jolla CA 92093-0663
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noted predominance of CLL in men and the aged, B-cell development, combined with other factors, such
seems reasonable to speculate that these clonal B-eallstimulation via surface immunoglobulin receptors
expansions represent cell populations that potentialynd/or secondary mutations, appear required for devel-
could evolve into B-cell CLL. The noted frequency obpment of a monoclonal B-cell-CLL-like disease in
finding such cells in the blood of healthy control subthese animals. In this regard, it is noteworthy that the
jects appears surprisingly high, with 3.5% of tested suheoplastic B cells that develop in these animals appear
jects fi = 910) having detectable blood lymphocyteso express a restricted repertoire of immunoglobulin
with such characteristiésAt this time, it is uncertain genes, suggesting a potential role for stimulation via
whether persons who have detectable clonal B-cedlrface immunoglobulin receptors in the development
populations are at increased risk for developing CLlaf leukemia. Evaluation of such factors in this animal
Because the cause and clinical significance of suchodel could shed light on the mechanism(s) that con-
clonal, blood B-cell expansions is unknown, it appeatsibute to leukemogenesis in patients with CLL.
appropriate to term this condition as “essential mono-
clonal lymphopathy.” Similar to the patients with esimmunoglobulin Genes in CLL
sential monoclonal gammopathy who have an increas&étle mutational status of the immunoglobulin genes
risk for developing plasma cell myeloma, patients witkexpressed by CLL cells can be used to segregate pa-
essential monoclonal lymphopathy could have a greatignts into 2 subsets that have significantly different ten-
risk for developing CLL than the general population.dencies for disease progression. Patients with leuke-
mia cells that express unmutated immunoglobulin heavy
Animal Models of CLL chain variable region genes (Iggenes) have a greater
Carlo Croce and associates developed an animal mot®idency for disease progression than those who have
for CLL that could allow for study of the critical eventsleukemia cells that express Ig\genes with less than
in leukemogenesifsMice made transgenic for the hu-96% nucleic acid sequence homology with their germ-
manTCL1 gene under the control of a tissue-specific |ine counterpart$ Generally, the Igy genes ex-
immunoglobulin enhancer (Ep-TCL1) develop clonapressed by any one leukemia-cell population do not
B-cell expansions that are similar to those observed #mow significant intraclonal diversity or tendency to
patients with essential monoclonal lymphopathy. Thesecumulate additional somatic mutations over time.
animals develop detectable clonal expansions of*CDE&oupled with the observation that patients with leuke-
B-cell populations in the peritoneum at 2 months ahia cells that express mutated Ig receptors generally
age that become evident in the spleen by 3 to 5 monthsve a more indolent clinical course than those with
and then in the marrow by 5 to 8 months of age. EId&LL cells that express unmutated Ig genes, it appears
mice eventually develop a CLL-like disease, each argertain that leukemia cells that express mutated Ig genes
mal developing a monoclonal outgrowth of B cells thadlo not evolve from cases that originally expressed
share many features in common with that of the leukenmutated Ig genes.
mia B cells of patients with CLL, including the Because of this, some investigators have argued that
coexpression of CD5, low-level surface immunoglothe two subsets have, in fact, a distinct cytogenesis (re-
bulin, and pan B-cell surface antigériBhese cells in- viewed by Naylor and Capf It was speculated that
filtrate the blood and secondary lymphoid tissues, cautie subgroup of leukemia cells that express unmutated
ing lymphocytosis, splenomegaly, and lymphadenop#gV,, genes were derived from pregerminal center, or
thy. The pathology of involved lymph nodes appeansaive, B cells. On the other hand, the leukemia cells that
similar to that of patients with CLL. expressed mutated Ig\genes were presumably derived
Although theTCL1 gene is expressed at high levdrom postgerminal center, or memory-type, B cells.
els by CLL B cells, overexpression of this gene that However, these assumptions are not supported by
maps a 14g32.1 is not unique to this disease. Inde¢ak findings made from analyses of the |@énes ex-
TCL1 initially was identified through analyses of transpressed in CLL. Indeed, CLL cells that express
locations involving T-cell receptor genes of T-celunmutated Ig genes do not use a random assortment of
prolymphocytic leukemia% Furthermore, mice made IgV , genes that reflect those used by naive B cells. For
transgenic folfCL1 using different tissue-specific pro- example, one particular Ig\gene, namely V1-69, is
moters/enhancers do not develop a B-cell-CLL-likeised by about a fifth of such cadé&$hut is infrequently
disease, but rather develop other types of lymphoigsed by CLL cells that express mutated,|@énes or
malignancies:® As such, overexpression of ti€L1 normal B cells. Moreover, there are several alleles of
gene per se does not cause a B-cell-CLL-like diseaskis gene that can be segregated into two types, based
Rather, overexpression ®CL1 at particular stages of on differences in sequence encoding the second comple-
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mentarity-determining region (CDR2), which can beatalytic domairt*? Following ligation of the T-cell
distinguished using anti-idiotypic monoclonal antibodreceptor (TCR), there is activation of Src family PTK
ies (mAbs).® Only one type of allele of M-69 is gen- that in turn phosphorylates tyrosine-containing immuno-
erally used in CLL. (Of note, this allele appears infrereceptor tyrosine-based activation motifs (ITAMS)
guently in populations at low risk for developing CLL,within the cytoplasmic tails of the accessory molecules
e.g., persons of Far East Asian ancestry). Furthermood,the TCR2® ZAP-70 is recruited to the phosphylated
the antibody-heavy chains encoded by this allele in CUTAMs and subsequently becomes activated, in turn
have third complementarity-determining regiongausing activation of Tec family PTKs and downstream
(CDR3) that are distinct from the CDR3 of antibodysignaling pathways, such as the phospholipgge®€
heavy chains expressed by normal B cells that use thignaling pathway and the Ras/mitogen-activated pro-
same IgV, gene**°Because the CDR2 and CDR3 foldtein kinase (MAPK) pathwadf.B cells generally lack
together to form a major part of the antibody’s antiger2AP-70, but instead use another related PTK 372
binding site, the discovery of such distinctive regionfor signal transduction via the BCR comptégimilar
strongly suggests that the antibodies used by such Ctd. ZAP-70, p72* is recruited to the phosphylated
B cells are selected based on their capacity to bind soifif&Ms of the activated BCR complex where it subse-
as yet undefined self or environmental antigen. As sudiplently becomes activated. As such, ZAP-70 ané'fp72
the CLL cells that use unmutated lg§enes cannot be play similar roles in membrane antigen-receptor sig-
assumed to represent neoplastic naive B cells. naling pathways.

Studies involving gene microarray analyses have It had been recognized that CLL B cells generally
provided further evidence for this. Indeed, regardlessmve a diminished response to ligation of the BCR com-
of whether CLL cells use unmutated or mutated Iglex?*-3 The poor responsiveness of CLL B cells to
genes, they share common expression levels of maBEZR cross-linking had been argued secondary to low-
genes and have gene expression profiles that are deel expression of surface Ig, inadequate levels or dys-
tinct from that of other B-cell malignancies or normalfunction of p72X a tyrosine kinase with homology to
nonmalignant adult blood (or even neonatal core bloodAP-70, or overexpression of an alternative transcript
B cells?222 Furthermore, the gene expression patterrencoding a truncated form of CD79b[f)ga critical
observed in CLL appear to be most compatible withignaling molecule of the BCR complex. Even though

that of antigen-experienced, non-naive B cells. most CLL cells generally express similar levels of72
they vary in the level to which p?Ris phosphorylated
Zeta-Associated Protein of 70 kD (ZAP-70) following ligation of the BCR compleX:3Moreover, the

CLL cells that use unmutated Ig\genes can be distin- level of tyrosine-phosphorylation of p#2appears asso-
guished from those that express mutated, Ig€nes ciated with the ability of the leukemia cell to respond to
through the differential expression of a relatively smattross-linking of its antibody receptdts.
subset of genes. One of these genes encodes the zeta-However, more recent studies demonstrate that li-
associated protein of 70 kd, or ZAP-70. ZAP-70 is gation of the BCR complex on CLL cells that express
70-kd cytoplasmic protein tyrosine kinase that ordiZAP-70 induced significantly greater tyrosine-phospho-
narily is expressed only in natural killer (NK) cells andylation of cytosolic proteins, including p79 than did
T cells, in which it originally was identified as beingsimilar stimulation of CLL cells that did not express
able to associate with the CD3 zeta chgkel{ain) of ZAP-702Z Furthermore, the capacity to signal via the
the T-cell-receptor complex. In contrast to CLL cell8CR for antigen was associated most closely with the
that have mutated Ig receptors, CLL cells that ussxpression of this kinase, even in unusual cases of CLL
unmutated Igy, genes express ZAP-70 RNASubse- that expressed ZAP-70 but used mutated Igenes.
guent studies found that CLL B cells that had unmutatédoreover, recent studies have identified unusual cases
V, genes generally expressed levels of ZAP-70 proteaf CLL in which the leukemia cells express unmutated
that were comparable to those expressed by norniglreceptors but fail to express ZAP-70. Like the cases
blood T cells® In contrast, CLL B cells that expressedf leukemia that have mutated Ig receptors and lack
mutated IgV, genes generally do not express detectietectable expression of ZAP-70, these cases also fail
able levels of ZAP-70 protein. to demonstrate receptor signaling via ligation of the
Expression of ZAP-70 has functional significancd8CR. Moreover, the average level of BCR-induced
for the signaling capacity of the B-cell receptor (BCRphosphorylation of p7% and other signal-transducing
complex expressed in CLL. ZAP-70 is a protein tyrosinproteins in such cases was significantly less than that
kinase (PTK) of T cells that is characterized by 2 tarebserved in cases that expressed ZAP-70, regardless
dem src homology (SH2) domains and a C-terminaff the mutational status of the expressed, |génes.
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These observations suggest that ZAP-70 can enharteea limiting factor governing tumor progression, par-
the signaling capacity of the BCR complex in CLL. ticularly during early stages of the disease when the
Ongoing studies are addressing whether the sigierdependency of leukemia cells with accessory cells
naling capacity of the BCR is more tightly associatedeems most apparent.
with clinical progression than expression of mutated NLC protect leukemia cells through a
versus unmutated Ig\Mgenes in CLL. Indeed, compe-mechanism(s) that requires cell-cell contact. This im-
tent BCR complex signaling might provide a growtlplies that appropriate ligand-receptor interactions are
factor stimulus to the leukemia B cells that is condieritical for leukemia cell survival. Indeed, ligation of
cive to disease progression. If so, then analyses of thertain receptors can enhance leukemia cell survival in
BCR signaling capacity might provide for a more relivitro. For example, CLL B cells resist spontaneous or
able prognostic indicator in CLL than the mutationatirug-induced apoptosis in vitro when exposed to the
status of the expressed antibodygénes or other mark- fibronectin fragment H89, a ligand far 3, integrin
ers, which are only associated indirectly with the bicexpressed by the CLL cells of many pati€ht$he

logical factors governing disease progression. engagement of this integrin on the leukemia cell surface
by fibronectin on NLC could enhance the expression lev-
Nurselike Cells els of antiapoptotic proteins of the bcl-2 family.

A small proportion of the mononuclear cells from the  Another potentially important molecule is the
blood of patients with CLL can differentiate into largechemokine SDF-d. Because of its electrostatic charge
round, adherent cells that attract CLL cells and proteat physiologic pH, this chemokine can bind the plasma
them from undergoing spontaneous or drug-induced cetlembrane and form a concentration gradient surround-
death. Because these cells share features in comniogp the cells that produce this factor. The CLL cells
with thymic nurse cells that nurture developing thyfrom all patients tested express high levels of the re-
mocytes, we designated these cells “nurselike cellsseptor for SDF-& (CXCR4)3¢ Exposure of CLL cells
or NLC 32 Although NLC apparently are derived fromto SDF-Tn triggers endocytosis of CXCR4, mobiliza-
hematopoietic cells, these cells have features that di@n of calcium, actin polymerization, and chemotaxis
distinct from those of blood-derived monocytes, madn vitro.*® Similar to marrow stromal cells (MSC), NLC
rophages, or dendritic cef$Although NLC differen- express high levels of SDFtland can attract leuke-
tiate from blood mononuclear cells after several daysia cells via a CXCR4-dependent mechanism. In ad-
in vitro, fully differentiated NLC can be found in thedition, SDF-In can trigger CLL cells to activate p44/
spleen and secondary lymphoid tissue of patients witf2 mitogen-activated protein-kinase (ERK T3 key
CLL. There they might play a role in protecting CLL cellssignaling pathway for promoting cell survival through
from apoptosis in vivo. This model implies that CLL cellgranscription-dependent and transcription-independent
are dependent upon specific extrinsic factors from NL@&iechanisms. This could account for the observation
and other stromal elements for their survival. that neutralizing antibodies to SDIé-tan inhibit some
Conceivably, CLL cells recirculate from the bloodof the protective activity of NLC on CLL cells in vitro.
through secondary lymphoid tissues and back into tAde B-cell activating factor belonging to the tumor ne-
systemic circulation in response to certain chemokines,osis factor (TNF) family (BAFF) and its receptor,
such as stromal-derived factor 1 (SDF-1), CCL21, an&AFF-R, also potentially factor in the protective-ad-
or CCL19%* Production of such chemokines as SDF-%antage afforded by NLC for CLL cells. CLL cells ex-
by NLC could recruit leukemia cells from the bloodoress BAFF-R!=8 also known as the receptor for B-
into secondary lymphoid tissues, where the leukemigmphocyte stimulatory factor (BlySY, TALL-1,4°
cells in turn could receive survival stimuli from NLCzTNF4, or TANK# Ligation of BAFF-R by BAFF is
and other stroma elements. Because these chemolkéssential for B-cell development because defects in ei-
receptors are down modulated in response to the réter the ligand or the receptor arrest progression from
evant chemokine, leukemia cells within lymphoid comimmature to mature B cells. In vitro, BAFF increases
partments potentially could be replaced by newly aB-cell survival and can induce proliferation of anti-lgM-
riving leukemia cells and then reenter the systemic cistimulated blood B cell&. One report indicated that
culation. The leukemia cells in the blood that fail t&CLL cells express RNA encoding BAFFaising the
reenter such protective compartments might undergwospect that BAFF could serve as an autocrine growth/
spontaneous cell death and account for the appearasuevival factor in this disease. However, it has not been
of “smudge” cells that typically are found in the bloodpossible to detect expression of functional BAFF pro-
smears of patients with this disease. As such, the retain on leukemia cell surface membranes. NLC, on the
tive number and activity of such stromal elements miglather hand, express high levels of BAFF, which appar-
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ently contributes to their capacity to support leukemiilicroarray analyses of leukemia cells have identified
cell survival. Agents that interfere with 1 or more ofmany other genes that appear expressed at high levels
such important receptor-ligand interactions could provie CLL B cells relative to that of other cell types or B-
useful in the treatment of patients with this disease. cell malignancies. Conceivably, some of these encode
antigens that are expressed primarily by CLL B cells

Immune Therapy of CLL and not by other cell types. One antigen long-identi-
fied as restricted in its expression to the leukemia cell
Passive immune therapy is that of the idiotype for the antibody expressed by the

Approval of rituximab (anti-CD20) for treatment ofleukemia cell clone. Strategies similar to those used in
follicular lymphoma ushered in the advent of passivihe immune therapy of follicular lymphomas are under
immune therapy for CLE2 Although CD20 is expressed investigation, such as use of the antibody protein (or
at low levels by CLL B cells relative to the cells in fol-nucleic acid vaccine encoding the idiotype-portion of the
licular lymphoma, several clinical trials have demonantibody protein) coupled to an immunogenic carrier.
strated this mAb to have a therapeutic benefit in pa- Cellular vaccines involving the leukemia cell that
tients with CLL. When used as a single agent, rituximalb modified to enhance its capacity to induce an im-
generally can induce only partial respon$éseven at mune response or dendritic cells pulsed with putative
higher doses intended to overcome soluble inhibitotsukemia-associated antigens are under investigation.
to the CD20 mAb that are found in the sera of mos€dne strategy is to modify the leukemia cell through
patients with CLL*4” However, rituximab apparently transduction of an adenovirus encoding the ligand for
can improve the therapeutic outcome of patients wh&D40 (CD154). Ligation of CD40 can induce CLL cells
used concomitantly with other drugs that commonly ate express immune costimulatory molecules that are
used in the treatment of CLL, such as fludarabine mongequired for stimulation of allogeneic or autologous T
phosphate (fludara) or fludara and cyclophosphaffidecells. Because CLL cells stimulated in this fashion can

Campath-1H (alemtuzumab) has been approved fimduce generation of autologous cytotoxic T c#&lls,
treatment of patients with CLL that is refractory to commethods for ligating CD40 have been incorporated into
monly used drugs, such as chlorambucil and/mtrategies for treating this disease. There are different
fludara? This mAb has significant activity against leu-approaches in animal models using either intratumor
kemia cells in the blood and marrow, but appears lesgection of viral vectors encoding CD184%r cell-
effective in clearing cells in secondary lymphoid tishased vaccines composed of either dendritic cells or tu-
sues? where they might be protected from apoptosimor cells that had been modified to express CH1%4.
by NLC and other stromal elements. Of particular infransduction of primary follicle center lymphoma B
terest, this antibody appears capable of clearing leukeells® or CLL B cell$® with adenovirus encoding
mia cells that lack p53,which typically are resistant CD154 can enhance autologous cellular immune rec-
to standard chemotherapy. For this reason, strateg@gnition of neoplastic cells. Moreover, Ad-CD154
incorporating use of alemtuzumab to treat patients withansduced CLL B cells showed promising results in a
minimal residual disease following chemotherapy ar@hase | clinical trial study.A Phase Il study currently
being evaluated for their capacity to provide curativies evaluating the effects of multiple injections of au-
therapy for patients with this dise&S8e. tologous Ad-CD154-transduced CLL B cells.

Other agents for passive immune therapy of CLL are
being evaluated. These include mAbs or immunotoxirictivated T-cell Therapy
specific for other antigens expressed by CLL cells (e.d,cells activated via CD3/CD28 coligation display func-
CD23 [IDEC-152], HLA-DR determinants [HulD10], tional characteristics of effector cells that are able to
and even CD25 [denileukin diftitox, OTAK]). Radiola-induce cytolysis of autologous leukemia cells via the
belled mAbs, such as zevalin, also beeng evaluated extrinsic cell-death pathway. This effect appears to be
for their capacity to provide a therapeutic benefit. Thmediated in part by CD154 (CD40-ligand), Fas-L, and/
use of radiolabelled mAbs, however, is handicappent TRAIL, which are expressed by such activated T
by the invariable infiltration of the marrow by CLL cells,cells®* Because of their noted expression of CD154,

making stem cell toxicity a significant concern. infusions of activated, autologous T cells potentially
could have effects similar to that noted in CD154-gene
Active immune therapy therapyt! Processing of CLL patients’ blood mono-

Identification of leukemia-associated antigens coulduclear cells ex vivaith anti-CD3/CD28 microspheres
lead to development of vaccines for inducing activeeads to the rapid activation and 100- to 1000-fold ex-
antileukemia immunity in patients with this diseasepansion of T cells over 11 to 14 days, even in patients
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who have received prior treatment with chemotheraggwed for decades without any evidence of progressive
(e.g., fludara). The cultured cells consist of T cells thalisease development whereas some other patients de-
exhibit no apparent functional defects and few, if anyeloped early symptoms of bone marrow failure, re-
B cells. The anti-CD3/CD28 bead-activated T cellpeated infections, and transformation into more aggres-
express high levels of interferon (IFN)-TNF-a, sive forms of the disease. The earlier attempts to cat-
CD154, CD137 (4-1BBL), and other key effector molegorize these patients into prognostic subcategories led
ecules, such as CD134 (OX-40), CD54 (ICAM-1), antb the hallmark classifications of Rai and Binet sepa-
CD25 (IL-2 receptor). Owing to their expression ofating patients into various stagedVhile this approach
CD154 and TNFa, CD3/CD28-activated T cells canwas generally effective, it provided limited informa-
induce neoplastic B cells to express CD80, CD86, anidn on prognosis for individual patients.
ICAM-1 (CD54)%2% These molecules play important  The development of newer prognostic factors has
roles in the immune costimulation of T cells respondallowed for further discrimination of patients into risk
ing to peptides presented by major histocompatibilitgategories. A number of traditional prognostic factors
complex (MHC) antigens of antigen-presenting c&lls.such as age, sex, and tumor burden were useful, and
As such, some of the immune suppressive featuress#rologic staging parameters such as beta-2-micro-
the leukemia cell are reversed, at least transiently. globulin (32M), thymidine kinase (TK), and soluble
Because of these potential benefits, a Phase | trfaD23 emerged as being independently discriminatory
testing the safety and biologic activity of activated Tafter accounting for the stage of disea%#lore re-
cell therapy has been initiated at University of Califoreently, seminal breakthroughs in the understanding of
nia, San Diego with Xcyte Therapies, Inc (Seattlghe variability in CLL were obtained by appreciation
Wash). For this, the patients undergo leukapheresisdbthe importance of mutation status of immunoglobu-
remove mononuclear cells that subsequently are clih genes. In 1999, two groups of investigators demon-
tured ex vivo with anti-CD3/CD28 microspheres. Thetrated that patients with a memory cell immunopheno-
cultivated autologous T cells subsequently are reinfusggpe with mutated immunoglobulin genes had a very
as a single intravenous infusion. A dose-escalation stuthworable outcome and a low probability of developing
currently is under way in patients who have failed staprogressive disease, whereas those with unmutated
dard chemotherapy or who elect to receive such treatamunoglobulin genes were much more likely to de-
ment prior to chemotherapy. Conceivably, this approaskelop progressive disease and be associated with a
could be combined with other treatment regimens thahorter survivat:!® Damle and colleagues also demon-
ordinarily cause T-cell depletion, potentially allowingstrated that patients with low expression of CD38 on
us to mitigate the problems associated with the immutiee CLL cells were associated with a mutated pheno-
dysfunction caused by most other standard treatmemype and had a very favorable prognostic outcéme.

for this disease. Further studies have confirmed that mutation status is a
powerful predictor of prognosis whereas CD38, in some
I1l. D o WE Have THE TooLs To Cure CLL? hands, is less powerfully predictieThe reason for
the unmutated status may be associated with the obser-
Michael J. Keating, MB, BS* vation that unmutated patients have spliced variants of

the enzyme activation induced cytidine deaminase

The traditional wisdom of management of CLL is base@hID) which is emerging as a major focus for research
on the principle to first “do no harm.” This approacrand understanding of the biology of CI!3 More re-
was based on two “pillars of wisdom.” First, CLL pa-cently, analysis of gene microarray data has highlighted
tients are considered to be an elderly population whbe association of ZAP70 (a tyrosine kinase) with the
are more likely to die of causes other than CLL. Thenmutated phenotygé!* ZAP70 has independent prog-
second pillar is that treatment was ineffective in proiostic importance and it is obvious that within a few years
longing survival that was associated with a very lowlarification of the relative impacts of the immunoglobu-
frequency of complete remissioh&rom the earliest lin gene mutation status, CD38, and ZAP70 will allow
time it was apparent that CLL was a disease with vepategorization of patients into those with minimal risk of
heterogeneous outcorhidlany patients could be fol- dying of CLL and a separate subset type of patients more
likely to develop progression of the disease.

A misconception, which has been perpetuated over
* University of Texas MD Anderson Cancer Center, Depart- many years, is that patle'nts sgldom die of CLL. It is
ment of Leukemia, 1400 Holcombe Boulevard, Box 428, clear now from observations in the modern era that
Houston TX 77030 patients who do have progression of their CLL predomi-
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nantly die of complications of the disease, especiallidual disease detected by the PCR techrifiether
from infections!® As the disease progresses, immunivestigators have suggested that sophisticated flow
dysfunction and myelosuppression become more aadalysis can be as sensitive as PCR for detection of
more severe leading to an increased susceptibility taesidual diseas€ A question that can be posed in CLL
variety of infections. With the increasing awareness tha whether flow cytometry negativity or PCR negativ-
patients with progressive CLL die of their disease, i&y are reasonable surrogate endpoints for prolonged
strictly palliative approach does not appear to be vsurvival and prospects for cure and whether these end-
able and attempts at curative strategies for subsetspaiints are consistently achievable with modern ap-
patients with progressive CLL should be undertakenproaches to therapy. | propose that these are reason-
able endpoints and modern clinical trials should try to
Curability of Lymphoid Malignancies achieve this state in a significant proportion of patients.
Formerly Hodgkin’s disease, acute lymphocytic leuke-
mia, and diffuse large B-cell lymphoma were considfool 1—Chemotherapy
ered to be incurable diseases. The development of klistorically, the approach to the treatment of CLL was
fective therapies has transformed these conditions intased on the alkylating agents, predominantly chloram-
reliably curable diseases in subsets of patients. It is alsocil but also cyclophosphamide. Corticosteroids were
clear that increasing quality of response is associatatso reported to be useful but were associated with a
with the prospect of improved survival and prospedtigh incidence of infection; combinations of chloram-
for cure. The question persists as to whether this cadmdcil with prednisone became the benchmark of therapy
cept applies to CLL or whether CLL is more like folli-in CLL.?28 A major breakthrough that occurred in che-
cular lymphoma with a propensity to multiple responsanotherapy management was the discovery of the ac-
with relapse. A major weakness of CLL research hdwity of purine analogs fludarabine monophosphate
been the lax response criteria that have been applied(FAudara), 2-chlorodeoxyadenosine (2-CDA), and
major contribution of the National Cancer Institutgpentostatin (DCF, deoxycoformyciff)3 The activity
(NCI) Working Group and the International Workingof fludarabine in previously treated patients was rap-
Group on CLL (IWCLL) was the development of newidly confirmed in previously untreated patieéfitand
criteria for response with provided comparability be2-CDA was also confirmed to be very active in both
tween studie$’'® The disappearance of clinical evi-subsets of patients. The addition of corticosteroids did
dence of disease on examination, return of hematopoiet appear to be helpful. Once the activity of fludarabine
sis to normal, and normalization of the bone marroand 2-CDA was confirmed, randomized comparative
were important elements in defining complete remidrials were conducted. Fludara has been shown to be
sion (CR). Even as late as 1986, persistent nodules in gugerior in terms of complete remission rate and re-
bone marrow biopsy were allowed for patients to be clastission duration when compared with the CAP regi-
sified as complete remissiotis? It is now obvious that men (cyclophosphamide, doxorubicin, and prednisone)
the persistence of these nodules is associated with peraisd chlorambucit**?In the American Intergroup study
tence of CLL with a higher propensity for relagse. of fludarabine versus chlorambucil, there was a very
Even in patients who achieved a bone marrow bsignificantly higher CR rate, overall response rate, and
opsy remission along with the other criteria for CRremission duration in the Fludara-treated patiéhts.
detection of residual disease was comparatively ea€pmparisons of 2-CDA + prednisone to chlorambucil
once flow cytometry with monoclonal CD5 + 19 co-and prednisone have also confirmed the greater activ-
expressing cells (the hallmark of CLL) was posstble.ity of the purine analogs compared to alkylating
The CR patients who had more than 10% residual Cldgents® None of these studies, however, has led to a
cells on flow cytometry had shorter remission duratiorsurvival advantage as patients have largely relapsed and
However, there was no significant impact on survivalgone on to subsequent therapy. The conclusion reached
Up until recently, rarely were patients described to hafeom these comparative studies has been that the pu-
achieved PCR negativity for the immunoglobulin heavyine analogs are the most active single group of agents
chain (IgV,,) sequence and were classified as molecin CLL and should form the building block of subse-
lar remissiong% The PCR technique has been usefiquent therapies.
in predicting the long-term survival of patients with low-  The purine analogs are potent inhibitors of DNA
grade lymphom&: While there is evidence that somerepair. Thus, combinations of fludarabine and cyclo-
patients who are in long-term remission remain PCphosphamide have been develop&dand more re-
positive and those who become PCR negative conseently fludarabine, cyclophosphamide, and mitoxan-
tently have longer remissions than those who have reene® These agents had high response rates in single
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institution studies and appear to have higher CR rates Two approaches have been undertaken to try to im-
than single agent purine analogs. Randomized compapaeve the response rate to rituximab in CLL. The first
tive trials are now being conducted to evaluate the bewas the increase in dose intensity on the once a week
efit of combinations compared to single agent apschedul€? the second, a tripling of dose intensity by
proaches. A small number of patients treated with thege/zing the conventional dose 3 times a wéeBoth

combinations have been able to achieve PCR negatapproaches have increased the response rate to approxi-

ity.%® The results of chemotherapy protocols with omately 40%. Newer clinical trials have demonstrated

without rituximab are shown ifable 2

Tool 2—Monoclonal Antibodies

The development of monoclonal antibodies with activ-

that administration of rituximab to previously untreated
patients is associated with a substantially higher over-
all response rate and CR rété.

Another antibody, Campath-1H (alemtuzumab),

ity against surface antigens on CLL cells has led totargets CD52, an antigen that is ubiquitous in CLL with

flurry of research in this aren@dgble 3). The first mono-

of 375 mg/m per week for 4 weel.

Table 2. Reported complete and overall response rates (CR
and OR) in various clinical trials for chronic lymphocytic

leukemia (CLL).
Regimen Patients  %CR %O0R Ref.
Chlorambucil 181 3 37 32
Fludarabine (Flu) 170 20 70 32
Flu+Cyclophosphamide (FC) 34 35 88 34
Flu+Rituximab (Concurrent) 51 7 90 37
(Sequential) 53 28 77 37
FC+Rituximab 202 69 95 38

Table 3. Reported results with monoclonal antibody therapy in chronic

lymphocytic leukemia (CLL).

heterogeneity of antigen density. Early studies demon-
clonal antibody approved for use in lymphoid maligstrated clear activity in CLL but were associated with a
nancies was rituximab. The pivotal clinical trial, how-significant incidence of opportunistic infections pre-
ever, demonstrated a low level of responsiveness smmably associated with the T-cell immunodeficiency,
patients’ small lymphocytic lymphoma, the counterpamvhich occurs subsequent to alemtuzumab administra-
of CLL.* This low response rate was attributed to bottion. CD52 is present on both B- and T-lymphocytes
the lower antigen density of CD20, the target foand monocytes. In a pivotal study, Campath-1H was
rituximab on CLL and SLL cells compared to follicu-evaluated in fludarabine-refractory patients who had
lar lymphoma, and a more rapid clearance of the anfireviously been exposed to alkylating agents and who
body from plasma of patients with SLL compared talemonstrated a 33% response rate with excellent ac-
follicular lymphoma. This postulated “antigen sink” wagivity in clearing peripheral blood and bone marréw.
largely unexplained but recent data suggest that thaMhen Campath-1H was moved into initial therapy ad-
is a substantial amount of soluble CD20, which, asrainistered as a subcutaneous injection, the response
measure of turnover of CLL cells, may allow immuneate was comparable to that achieved with fludaraf3ine.
complex formation with more rapid clearance of antiOther studies have taken the approach that monoclonal
bodies from plasm&. Other studies have confirmed aantibodies will be more effective in the management of
low response rate with conventional doses of rituximatninimal residual disease (MRD) and have demonstrated
that low amounts of residual tumor can be cleared by
the administration of Campath-¥£f° Many of these
Campath-1H-treated patients become PCR negative
when treated for MRD. Another approach to MRD has
been to use the monoclonal antibody zevlimhich

is associated with significant myelosuppression and has
been less effective in our experience. Other monoclonal
antibodies such as epratuzumab and anti-HU1D10 an-
tibodies are being explored in CLL.

Tool 3—Chemo-immunotherapy
In vitro studies have demonstrated that rituximab sen-

Previousl y  Prior %CR +
Regimen Untreated Rx Dose (4-week schedule) PR Ref.
Rituximab 43 —  375mg/m2qw x4 9+49 46
6 27  375mg/m?tiw x4 3+42 40
— 50  500-2250 mg/m? qw x 4 0+36 41
Campath 0 93 30 mg tiw x 12 wks IV 2+31 42
38 — 30 mg tiw x 18 wks SC 19+68 43

Abbreviations: CR, complete response; PR, partial response

Hematology 2003

sitizes cell lines to the cytotoxicity of a num-
ber of agents including fludarabine and cy-
clophosphamidét There is also evidence that
rituximab will downregulate bcl2 perhaps by
inhibition of 1L1052 Fludarabine down-
regulates CD55 and CD59 which can be con-
sidered as complement defense proté&ins.
Based on the in vitro evidence of additive or
synergistic activity, studies combining
rituximab with fludarabine have been de-
signed and implemented. Cancer and Leuke-
mia Group B (CALGB) has compared simul-
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taneous administration of rituximab with fludarabinghe United Kingdom, Hellman and colleagues demon-
versus fludarabine followed by rituxim&A higher strated that patients refractory to fludarabine have a very
complete response rate was seen in the simultanega®d response to the addition of Campath*1MGer-
arm of the study compared to the sequential. There waisn study illustrated that fludarabine and Campath-1H
no additional toxicity apart from an increase in neutrcezan be administered to previously treated patients with
penia but not of infections, either traditional or oppor€LL with a high overall and complete response tate.
tunistic. The study will continue to mature and evalu©ther combinations are under development.
ate long-term benefit.

At the MD Anderson Cancer Center (MDACC)Tool 4—Stem Cell Transplantation
fludarabine and cyclophosphamide have been combin8tem cell transplantation (SCT) was not widely used in
with rituximab in the FCR regimen with fludarabinethe management of CLL for a number of reasons. Prior
being given at 25 mg/fday for 3 days, days 1 to 3,to the development of the purine analogs, adequate
and cyclophosphamide 250 mg/&times a day. Ritux- clearing of blood and bone marrow to collect uncon-
imab is given at a dose of 375-500 mytm day 13 taminated stem cells for autologous transplantation was
There were 204 patients with previously untreated CLhot possible. In addition, the advanced age of the pa-
with either advanced stage disease or progressive d#@nt population with CLL limited the allogeneic SCT
lier stage disease that were treated. The overall respoapgroach. In 1996, Michallet et al published a study of 54
rate is 95% with 69% complete remission rate. Of irpatients with an allogeneic transplé&itwenty-four pa-
terest, 82% of the CR patients have a CD5 + 19 pdients were still in remission with a median follow-up of
centage in the bone marrow of < 1%. In addition, af27 months. Most other studies have had smaller numbers
proximately half of the patients are able to become PGR patients in the range of 12—25. The impression from
negative for the gy gene® A number of the PR pa- these studies is that a number of patients (30%-40%)
tients have complete marrow clearance but have peppear to stay in a long-term disease-free state.
sistent cytopenia, which prevents them from being clas- A greater number of patients have been transplanted
sified as having a CR. This regimen is associated withith autologous stem cells. The largest study was from
significant tumor lysis requiring the administration otthe Dana Farber Cancer Institute with 154 pati€nts.
allopurinol. Neutropenia of grade 3 and 4 is commomhe treatment related deaths were 6 (4%) out of 154;
but not associated with a high incidence of infectioh32 patients were in ongoing complete remission. Five-
with only 2% of courses being associated with majgrear event-free survival for these 154 patients is 65%.
infection. Failure-free survival and overall survival arédn update of this study is needed. In a study of 14 au-
illustrated inFigure 4 and remission duration by re-tologous stem cell transplants, 9 patients became MRD
sponses iffrigure 5. CR rate and response duration areegative; of these 9, 2 relapsed, and 4 became MRD
significantly superior to FC.

Less information is available on the combination
of fludarabine with Campath-1H. In a small study from
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% 6 12 18 24 30 36 42 Figure 5. Time-to-treatment failure of 202 chronic lymphocytic
Menths leukemia (CLL) patients treated with fludarabine,

cyclophosphamide, and rituximab (FCR) as initial therapy

Figure 4. Time-to-treatment failure and survival of 202 chronic according to response (NCIWG criteria).

lymphocytic leukemia (CLL) patients treated with fludarabine, Abbreviations: CR, complete response; PR, partial response; NR,
cyclophosphamide, and rituximab (FCR) as initial therapy. no response; NCIWG, National Cancer Institute Working Group.
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positive®® Of the 5 patients who remained MRD posi-other hand, if they remain MRD positive and if the level
tive, 4 relapsed. In the 12 allogeneic transplant patierd$ positivity increases with time intensification or con-
on the same study, 3 have died and 8 of the remaining@idation with antibody therapy, SCT is reasonable.
became MRD negative on a long-term basis. At the present time, it appears that autologous SCT is
There is clear evidence in a number of studies thabt curative but prolongs remission duration. On the
a graft-versus-leukemia (GVL) effect is associated witbther hand, the GVL effect of ablative and nonablative
allogeneic SCT. Nonablative allogeneic transplants haadlogeneic SCT can be associated with long-term con-
increasingly been performed to explore the graft vetrol. The ability to achieve MRD negativity with all of
sus leukemia effect. Of 30 patients from the Germahese modalities gives rise to the prospect of long-term
Cooperative Group, 12 achieved complete remissiossrvival in a substantial number of patients with CLL.
and 8 were MRD negativé The follow-up is too short The question arises as to whether therapy has modified
to draw any conclusions. Seventy-seven patients hawe survival of patients over time. An analysis of pa-
had nonablative transplants from the European Botients receiving initial therapy for CLL from 1970-1985,
Marrow Transplant Registry with a projected event-fre2985-1995, and 1995 on, illustrates that there is a steady
survival of 3 to 4 years of 50%.The development of increase in the survival fraction of patients over time
nonablative transplants has extended the range of gRigure 6). Obviously, covariate adjustment needs to
tients eligible for allogeneic SCT to 75 years of age. Ine made for the patients going on to the various studies
a comparison of ablative versus nonablative transplarist at least the question has arisen as to whether pa-
at MDACC, the long-term survival appears to be simitients with CLL are surviving for longer periods of time
lar (~40%) despite the higher age range of thwith modern therapy. The conclusion is that the tools
nonablative SCT%2Generally, patients who are MRD are available for curative strategies to be developed in
negative have longer disease-free intervals with oveGLL challenging further developments to make treat-
all survival than patients who remain MRD positive. ments more tolerable. Immune therapy using vaccines
and gene therapy approaches are promising and will

Strategic Application of Present Modalities probably have a major application in situations of MRD.
With the development of new chemo-immunotherapy
programs, antibody treatment for MRD, and autologous REFERENCES

and allogeneic stem cell transplants, the options for

therapy of patients have become increasingly complelx.Unraveling the Biology of Chronic Lymphocytic
The ability to achieve MRD negativity in other diseases Leukemia

has translated into longer event-free survival and assio- Dameshek W. Chronic lymphocytic leukemia—an accumula-
ciation with long-term survival. A feasible strategy, tive disease of immunologically incompetent lymphocytes.

. . . Lo Blood. 1967;29:Suppl:566-584
therefore, is for patients who are undergomg mmai_ Chiorazzi N, Ferrarini M. B cell chronic lymphocytic

therapy to have the most effective remission induction |eukemia: lessons leared from studies of the B cell antigen

regimen. If they become and stay MRD negative, then receptor. Ann Rev Immunol. 2003;21:841-894

no further therapy should be offered to them. On th% Fais F, .GhiOttO F, Hashimoto S, et al. Chronic lymphocytic
leukemia B cells express restricted sets of mutated and
unmutated antigen receptors. J Clin Invest. 1998;102:1515-
1525

4. Johnson TA, Rassenti LZ, Kipps TJ. Ig VH1 genes expressed
in B cell chronic lymphocytic leukemia exhibit distinctive

08 _ G Reaxeas molecular features. J Immunol. 1997;158:235-246
' s=ss 215 153 1985- 1994 5. Hashimoto S, Dono M, Wakai M, et al. Somatic diversification
v 360 66 1996-2003 and selection of immunoglobulin heavy and light chain

06 variable region genes in Ig&DS5' chronic lymphocytic

leukemia B cells. J Exp Med. 1995;181:1507-1517.
6. Valetto A, Ghiotto F, Fais F, et al. A subset of IgG+ B-CLL
cells expresses virtually identical antigens receptors that bind

04

Frapartian Sundving

e, similar peptides. Blood. 1998;92:431a
02 B 7. Chiorazzi N, Ferrarini M. Immunoglobulin variable region
* gene characteristics and surface membrane phenotype define
00 B-CLL subgroups with distinct clinical courses. Chronic
0 2 4 6 8 10 12 14 16 18 20

Lymphoid Leukemias. Vol. Second edition, revised and
expanded; 2001:81-109

8. Ghiotto F, Fais F, Valetto A, Dono M, Albesiano E, Allen SL,
Rai KR, Nardini M, Tramontano A, Ferrarini M, Chiorazzi N.
Antigen selection as a promoting factor for the evolution of

Figure 6. Survival of chronic lymphocytic leukemia (CLL)
patients requiring therapy by era (dated from the start of
initial therapy).

Hematology 2003 169

20z dunr 80 uo Jsanb Aq ypd'eg/ L €51/208€E L L L/ESL/LIE00Z/HPd-Blonie/ABojojewayjaursuonedlgndyse//:diy woy papeojumoq



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

chronic lymphocytic leukemia. J Clin Invest;in press 26.

Tobin G, Thunberg U, Johnson A, et al. Somatically mutated
Ig V(H)3-21 genes characterize a new subset of chronic
lymphocytic leukemia. Blood. 2002;99:2262-2264.

Tobin G, Thunberg U, Johnson A, et al. Chronic lymphocytic 27.

leukemias utilizing the VH3-21 gene display highly restricted
Vlambda2-14 gene use and homologous CDR3s: implicating
recognition of a common antigen epitope. Blood.

2003;101:4952-4957 28.

Albesiano E, Messmer BT, Ghiotto F, Fais F, Ferrarini M,
Chiorazzi N. Multiple examples of identical heavy and light
chain Ig rearrangements support a primary role for antigen in

the development of B-CLL. Blood. 2003;in press 29.

Schroeder HW, Jr., Dighiero G. The pathogenesis of chronic
lymphocytic leukemia: analysis of the antibody repertoire.
Immunol Today. 1994;15:288-294

Oscier DG, Thompsett A, Zhu D, Stevenson FK. Differential

rates of somatic hypermutation in V(H) genes among subsets30.

of chronic lymphocytic leukemia defined by chromosomal
abnormalities. Blood. 1997;89:4153-4160

Hamblin TJ, Davis Z, Gardiner A, Oscier DG, Stevenson FK. 31.

Unmutated Ig VH genes are associated with a more aggressive
form of chronic lymphocytic leukemia. Blood. 1999;94:1848-
1854

Krober A, Seiler T, Benner A, et al. V(H) mutation status, 32.

CD38 expression level, genomic aberrations, and survival in
chronic lymphocytic leukemia. Blood. 2002;100:1410-1416.

Damle RN, Wasil T, Fais F, et al. Ig V gene mutation status 33.

and CD38 expression as novel prognostic indicators in chronic
lymphocytic leukemia. Blood. 1999;94:1840-1847
Damle RN, Ghiotto F, Valetto A, et al. B-cell chronic

lymphocytic leukemia cells express a surface membrane 34.

phenotype of activated, antigen-experienced B lymphocytes.
Blood. 2002;99:4087-4093.

Rosenwald A, Alizadeh AA, Widhopf G, et al. Relation of
gene expression phenotype to immunoglobulin mutation

genotype in B cell chronic lymphocytic leukemia. J Exp Med. 35.

2001;194:1639-1647.
Klein U, Tu Y, Stolovitzky GA, et al. Gene expression

profiling of B cell chronic lymphocytic leukemia reveals a 36.

homogeneous phenotype related to memory B cells. J Exp
Med. 2001;194:1625-1638.
Damle R, Batliwala F, Allen SL, et al. Telomere length and

telomerase activity delineate distinctive replicative features oB7.

the B-CLL subgroups defined by Ig V gene mutations. Blood.
2003;in press
Hultdin M, Rosenquist R, Thunberg U, et al. Association

between telomere length and V(H) gene mutation status in  38.

chronic lymphocytic leukaemia: clinical and biological
implications. Br J Cancer. 2003;88:593-598
Fu SM, Winchester RJ, Feizi T, Walzer PD, Kunkel HG.

Idiotypic specificity of surface immunoglobulin and the 39.

maturation of leukemic bone-marrow-derived lymphocytes.
Proc Natl Acad Sci U S A. 1974;71:4487-4490.
Malisan F, Fluckiger AC, Ho S, Guret C, Banchereau J,

Martinez-Valdez H. B-chronic lymphocytic leukemias can 40.

undergo isotype switching in vivo and can be induced to
differentiate and switch in vitro. Blood. 1996;87:717-724
Efremov DG, Ivanovski M, Batista FD, Pozzato G, Burrone

OR. IgM-producing chronic lymphocytic leukemia cells 41.

undergo immunoglobulin isotype-switching without acquiring
somatic mutations. J Clin Invest. 1996;98:290-298

Fais F, Sellars B, Ghiotto F, et al. Examples of in vivo isotype
class switching in IgMchronic lymphocytic leukemia B cells.

J Clin Invest. 1996;98:1659-1666 42.

170

Gurrieri C, McGuire P, Zan H, et al. Chronic lymphocytic
leukemia B cells undergo somatic hypermutation and
intraclonal immunoglobulin VHDJH gene diversification. J
Exp Med. 2002;196:629-639

Oppezzo P, Vuillier F, Vasconcelos Y, et al. Chronic lympho-
cytic leukemia B cells expressing AID display dissociation
between class switch recombination and somatic
hypermutation. Blood. 2003;101:4029-4032

McCarthy H, Wierda WG, Barron LL, et al. High expression
of activation-induced cytidine deaminase (AID) and splice
variants is a distinctive feature of poor-prognosis chronic
lymphocytic leukemia. Blood. 2003;101:4903-4908
Albesiano E, Messmer BT, Damle RN, Allen SL, Rai KR,
Chiorazzi N. Activation induced cytidine deaminase in
chronic lymphocytic leukemia B cells: expression as multiple
forms in a dynamic, variably sized fraction of the clone. Blood
(In press). 2003

Honjo T, Kinoshita K, Muramatsu M. Molecular mechanism
of class switch recombination: linkage with somatic
hypermutation. Annu Rev Immunol. 2002;20:165-196.

Fu SM, Chiorazzi N, Kunkel HG, Halper JP, Harris SR.
Induction of in vitro differentiation and immunoglobulin
synthesis of human leukemic B lymphocytes. J Exp Med.
1978;148:1570-1578

Totterman TH, Nilsson K, Sundstrom C. Phorbol ester-induced
differentiation of chronic lymphocytic leukaemia cells.
Nature. 1980;288:176-178.

Zupo S, Isnardi L, Megna M, et al. CD38 expression distin-
guishes two groups of B-cell chronic lymphocytic leukemias
with different responses to anti-lgM antibodies and propensity
to apoptosis. Blood. 1996;88:1365-1374

Lanham S, Hamblin T, Oscier D, Ibbotson R, Stevenson F,
Packham G. Differential signaling via surface IgM is
associated with VH gene mutational status and CD38
expression in chronic lymphocytic leukemia. Blood.
2003;101:1087-1093

Bernal A, Pastore RD, Asgary Z, et al. Survival of leukemic B
cells promoted by engagement of the antigen receptor. Blood.
2001;98:3050-3057.

Panayiotidis P, Ganeshaguru K, Jabbar SA, Hoffbrand AV.
Interleukin-4 inhibits apoptotic cell death and loss of the bcl-2
protein in B-chronic lymphocytic leukaemia cells in vitro. Br J
Haematol. 1993;85:439-445.

Chaouchi N, Wallon C, Goujard C, et al. Interleukin-13
inhibits interleukin-2-induced proliferation and protects
chronic lymphocytic leukemia B cells from in vitro apoptosis.
Blood. 1996;87:1022-1029

Trentin L, Cerutti A, Zambello R, et al. Interleukin-15
promotes the growth of leukemic cells of patients with B-cell
chronic lymphoproliferative disorders. Blood. 1996;87:3327-
3335

Francia di Celle P, Mariani S, Riera L, Stacchini A, Reato G,
Foa R. Interleukin-8 induces the accumulation of B-cell
chronic lymphocytic leukemia cells by prolonging survival in
an autocrine fashion. Blood. 1996;87:4382-4389
Panayiotidis P, Jones D, Ganeshaguru K, Foroni L, Hoffbrand
AV. Human bone marrow stromal cells prevent apoptosis and
support the survival of chronic lymphocytic leukaemia cells in
vitro. Br J Haematol. 1996;92:97-103

Burger JA, Tsukada N, Burger M, Zvaifler NJ, Dell’Aquila M,
Kipps TJ. Blood-derived nurse-like cells protect chronic
lymphocytic leukemia B cells from spontaneous apoptosis
through stromal cell-derived factor-1. Blood. 2000;96:2655-
2663.

Ghia P, Caligaris-Cappio F. The indispensable role of

American Society of Hematology

20z dunr 80 uo Jsanb Aq ypd'eg/ L €51/208€E L L L/ESL/LIE00Z/HPd-Blonie/ABojojewayjaursuonedlgndyse//:diy woy papeojumoq



43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

microenvironment in the natural history of low-grade B-cell
neoplasms. Adv Cancer Res. 2000;79:157-173.

Mangiola M, Cutrona G, Colombo M, et al. Mechanisms that
control cell apoptosis or survival through surface Ig in B-CLL.
Leuk Lymphoma. In press

Chen L, Widhopf G, Huynh L, et al. Expression of ZAP-70 is 62.

associated with increased B-cell receptor signaling in chronic
lymphocytic leukemia. Blood. 2002;100:4609-4614

Stall AM, Farinas MC, Tarlinton DM, et al. Ly-1 B-cell clones
similar to human chronic lymphocytic leukemias routinely

develop in older normal mice and young autoimmune (New 63.

Zealand Black-related) animals. Proc Natl Acad Sci U S A.
1988;85:7312-7316

Viale A-C, Chies JAB, Huetz F, et al. VH-gene family
dominance in aging mice. Scand J Immunol. 1994,;39:184-188
Rawstron AC, Green MJ, Kuzmicki A, et al. Monoclonal B
lymphocytes with the characteristics of “indolent” chronic
lymphocytic leukemia are present in 3.5% of adults with
normal blood counts. Blood. 2002;100:635-639.

Rawstron AC, Yuille MR, Fuller J, et al. Inherited predisposi-
tion to CLL is detectable as subclinical monoclonal B-
lymphocyte expansion. Blood. 2002;100:2289-2290
Stilgenbauer S, Lichter P, Dohner H. Genomic aberrations in B
cell chronic lymphocytic leukemia. In: Cheson BD, ed.
Chronic Lymphoid Leukemias (ed 2nd). New York: Marcel
Dekker, Inc; 2001:353-376

Bentz M, Huck K, du Manoir S, et al. Comparative genomic
hybridization in chronic B-cell leukemias shows a high
incidence of chromosomal gains and losses. Blood.
1995;85:3610-3618

Novak U, Oppliger Leibundgut E, Hager J, et al. A high-
resolution allelotype of B-cell chronic lymphocytic leukemia
(B-CLL). Blood. 2002;100:1787-1794

Ottaggio L, Viaggi S, Zunino A, et al. Chromosome aberra-
tions evaluated by comparative genomic hybridization in B-
cell chronic lymphocytic leukemia: correlation with CD38
expression. Haematologica. 2003;88:769-777

Hackett JA, Feldser DM, Greider CW. Telomere dysfunction
increases mutation rate and genomic instability. Cell.
2001;106:275-286

Lin K, Sherrington PD, Dennis M, Matrai Z, Cawley JC, Pettitt

AR. Relationship between p53 dysfunction, CD38 expression72.

and IgV(H) mutation in chronic lymphocytic leukemia. Blood.
2002;100:1404-1409.
Pasqualucci L, Neumeister P, Goossens T, et al.

Hypermutation of multiple proto-oncogenes in B-cell diffuse 73.

large-cell lymphomas. Nature. 2001;412:341-346.

Rai KR, Sawitsky A, Cronkite EP, Chanana AD, Levy RN,
Pasternack BS. Clinical staging of chronic lymphocytic
leukemia. Blood. 1975;46:219-234

Binet JL, Auquier A, Dighiero G, et al. A new prognostic
classification of chronic lymphocytic leukemia derived from a
multivariate survival analysis. Cancer. 1981;48:198-206
Maloum K, Davi F, Merle-Beral H, et al. Expression of
unmutated VH genes is a detrimental prognostic factor in
chronic lymphocytic leukemia. Blood. 2000;96:377-379
Hamblin TJ, Orchard JA, Ibbotson RE, et al. CD38 expression
and immunoglobulin variable region mutations are indepen-
dent prognostic variables in chronic lymphocytic leukemia,
but CD38 expression may vary during the course of the
disease. Blood. 2002;99:1023-1029.

Oscier DG, Gardiner AC, Mould SJ, et al. Multivariate
analysis of prognostic factors in CLL: clinical stage, IGVH
gene mutational status, and loss or mutation of the p53 gene

are independent prognostic factors. Blood. 2002;100:1177- 77.

Hematology 2003

61.

64.

65.

66.

67.

68.

69.

70.

71.

74.

75.

76.

1184.

Crespo M, Bosch F, Villamor N, et al. ZAP-70 expression as a
surrogate for immunoglobulin-variable-region mutations in
chronic lymphocytic leukemia. N Engl J Med. 2003;348:1764-
1775

Wiestner A, Rosenwald A, Barry TS, et al. ZAP-70 expression
identifies a chronic lymphocytic leukemia subtype with
unmutated immunoglobulin genes, inferior clinical outcome,
and distinct gene expression profile. Blood. 2003;101:4944-
4951

Ibrahim S, Keating M, Do KA, et al. CD38 expression as an
important prognostic factor in B-cell chronic lymphocytic
leukemia. Blood. 2001;98:181-186.

Chang CC, Cleveland RP. Conversion of CD38 and/or
myeloid-associated marker expression status during the course
of B-CLL: association with a change to an aggressive clinical
course. Blood. 2002;100:1106.

Messmer D, Messmer B, Albesiano E, et al. Direct measure-
ment of B-CLL cell production and turnover in vivo. Blood.
2002;100:169a

Hellerstein M, Neese R. Mass isotopomer distribution analysis
at eight years: theoretical, analytic, and experimental
considerations. Am J Physiol. 1999;276:E1146-E1170

Zupo S, Cutrona G, Mangiola M, Ferrarini M. Role of surface
IgM and IgD on survival of the cells from B-cell chronic
lymphocytic leukemia. Blood. 2002;99:2277-2278.

Broker BM, Klajman A, Youinou P, et al. Chronic lymphocytic
leukemic cells secrete multispecific autoantibodies. J
Autoimmun. 1988;1:469-481.

Sthoeger ZM, Wakai M, Tse DB, et al. Production of
autoantibodies by CD5-expressing B lymphocytes from
patients with chronic lymphocytic leukemia. J Exp Med.
1989;169:255-268

Borche L, Lim A, Binet JL, Dighiero G. Evidence that chronic
lymphocytic leukemia B lymphocytes are frequently
committed to production of natural autoantibodies. Blood.
1990;76:562-569

Silverman GJ, Goldfien RD, Chen P, et al. Idiotypic and
subgroup analysis of human monoclonal rheumatoid factors.
Implications for structural and genetic basis of autoantibodies
in humans. J Clin Invest. 1988;82:469-475

Pascual V, Victor K, Spellerberg M, Hamblin TJ, Stevenson
FK, Capra JD. VH restriction among human cold agglutinins.
The VH4-21 gene segment is required to encode anti-1 and
anti-i specificities. J Immunol. 1992;149:2337-2344.
Stevenson FK, Longhurst C, Chapman CJ, et al. Utilization of
the VH4-21 gene segment by anti-DNA antibodies from
patients with systemic lupus erythematosus. J Autoimmun.
1993;6:809-825.

Adderson EE, Shackelford PG, Quinn A, et al. Restricted
immunoglobulin VH usage and VDJ combinations in the
human response tdaemophilus influenzae type b capsular
polysaccharide. Nucleotide sequences of monospecific anti-
Haemophilus antibodies and polyspecific antibodies cross-
reacting with self antigens. J Clin Invest. 1993;91:2734-2743.
Zhou J, Lottenbach KR, Barenkamp SJ, Lucas AH, Reason
DC. Recurrent variable region gene usage and somatic
mutation in the human antibody response to the capsular
polysaccharide o&treptococcus pneumoniae type 23F. Infect
Immun. 2002;70:4083-4091

Diaw L, Siwarski D, Coleman A, et al. Restricted immunoglo-
bulin variable region (Ig V) gene expression accompanies
secondary rearrangements of light chain Ig V genes in mouse
plasmacytomas. J Exp Med. 1999;190:1405-1416

Diamond B, Scharff MD. Somatic mutation of the T15 heavy

171

20z dunr 80 uo Jsanb Aq ypd'eg/ L €51/208€E L L L/ESL/LIE00Z/HPd-Blonie/ABojojewayjaursuonedlgndyse//:diy woy papeojumoq



chain gives rise to an antibody with autoantibody specificity. Leukemia. 2002;16:993-1007.
Proc Natl Acad Sci U S A. 1984;81:5841-5844 16. Naylor M, Capra JD. Mutational status of Ig V(H) genes
78. Martin F, Kearney JF. B-cell subsets and the mature provides clinically valuable information in B-cell chronic
preimmune repertoire. Marginal zone and B1 B cells as part of lymphocytic leukemia. Blood. 1999;94:1837-1839.
a “natural immune memory”. Immunol Rev. 2000;175:70-79. 17. Kipps TJ, Tomhave E, Pratt LF, Duffy S, Chen PP, Carson DA.
79. Bichi R, Shinton SA, Martin ES, et al. Human chronic Developmentally restricted VH gene expressed at high
lymphocytic leukemia modeled in mouse by targeted TCL1 frequency in chronic lymphocytic leukemia. Proc Natl Acad
expression. Proc Natl Acad Sci U S A. 2002;99:6955-6960. Sci U S A. 1989;86:5913-5917.
18. Johnson TA, Rassenti LZ, Kipps TJ. Ig VH1 genes expressed
II. Immune Biology and Therapy of Chronic in B-cell chronic lymphocytic leukemia exhibit distinctive
Lymphocytic Leukemia molecular features. J Imr_nunol. 1997;158:_235-246.
1. Maloum K, Sutton L, Baudet S, et al. Novel flow-cytometric 19. Sasso EH, Johnson T, Kipps TJ. Expression of the Ig VH gene

analysis based on BCDSubpopulations for the evaluation of 51plis proportional to its germline gene copy number. J Clin

minimal residual disease in chronic lymphocytic leukaemia. 20 I\;v./gﬁt' %?S;I?T(Z.OM??SS' mal B cell " 51p1
Br J Haematol. 2002;119:970-975. - Wighopt ioF 1, FIpps 1. flormar B CETls express 5pl-

2. Rawstron AC, Yuille MR, Fuller J, et al. Inherited predisposi- encoded Ig heavy chains that are distinct from those expressed

tion to CLL is detectable as subclinical monoclonal B- by chronic lymphocytic leukemia B cells. J Immunol.

. 2001;166:95-102.
lymphocyte expansion. Blood. 2002;100:2289-2290. ’ ; ) .
3. Rawstron AC, Green MJ, Kuzmicki A, et al. Monoclonal B 21. Rosenwald A, Alizadeh AA, Widhopf G, et al. Relation of

lymphocytes with the characteristics of “indolent” chronic gene expression phenotype to |mmupoglobulln mutation
lymphocytic leukemia are present in 3.5% of adults with genotype in B cell chronic lymphocytic leukemia. J Exp Med.

normal blood counts. Blood. 2002;100:635-639. 2001;194:16309-1647.

4. Lichtman MA. Essential monoclonal gammopathy. In: Beutler22' Klel_n_ U, Tuy, StOIOV'tZI.(y GA, et aI._Gene Expression
E. Lichtman MA, Coller BS, Kipps TJ, Seligsohn U, eds profiling of B cell chronic lymphocytic leukemia reveals a

Williams’ Hematology. 6th ed. New York, NY: McGraw-Hill; K‘/IOrgO%%gi?fgf{‘ggsoti’gggreIated to memory B cells. J Exp
2000:1271-1277. ed. ; : - .

5. Bichi R, Shinton SA, Martin ES, et al. Human chronic 23. Chen L, Widhopf G, Huynh L, et al. Expression of ZAP-70 is

lymphocytic leukemia modeled in mouse by targeted TCL1 associated with increased B-cell receptor signaling in chronic

eprssion. o e ced 5 U'S A 0053560550060, ,, DB e Bond 20z 100-000 4038
6. Virgilio L, Narducci MG, Isobe M, et al. Identification of the ’ 9 ' Y ' ' : 9

TCL1 gene involved in T-cell malignancies. Proc Natl Acad ck)f a porcr:ne _genﬁ_ s%/k that etr?g_cl)_def a 72t—kD|a pro‘tlell;—tlyrosme
Sci U S A. 1994:91:12530-12534. inase showing high susceptibility to proteolysis. io

o . o . Chem. 1991;266:15790-15796.
7. Virgilio L, Lazzeri C, Bichi R, et al. Deregulated expression of, L . .
TCL1 causes T cell leukemia in mice. Proc Natl Acad Sci U 825' Chan AC, Iwashima M, Turck CW, Weiss A. ZAP-70: a 70 kd

A. 1998:95:3885-3889. protein-tyrosine kinase that associates with the TCR zeta

chain. Cell. 1992;71:649-662.
8. Hoyer KK, French SW, Turner DE, et al. Dysregulated TCL1 . ; ' . . .
promotes multiple classes of mature B cell lymphoma. Proc 26. Qian D, Weiss A. T cell antigen receptor signal transduction.

. Curr Opin Cell Biol. 1997;9:205-212.
Natl Acad Sci U S A. 2002;99:14392-14397. - ; e )
9. Damle RN, Wasil T, Fais F, et al. Ig V gene mutation status 27. Kane LP, Lin J, Weiss A. Signal transduction by the TCR for

and CD38 expression as novel prognostic indicators in chron'&c8 %‘;Eﬁ&cctgnogggrﬂgu_??;'nzgogt;izl:zéifzf'ezrg:ﬁal expression
lymphocytic leukemia. Blood. 1999;94:1840-1847. ’ ! ’ ’ ) P

10. Hamblin TJ, Davis Z, Gardiner A, Oscier DG, Stevenson FK. Of.ZAP'?O and Sylf proteir} tyrqsine "if‘ases' a’.‘d th_e role of
Unmutated Ig V(H) genes are associated with a more this family of protein tyrosine kinases in TCR signaling. J

aggressive form of chronic lymphocytic leukemia. Blood. 29 Ilimr?lim(;l.rlﬂ‘c‘)g4;15nzzs47h5'i-§7l6gl.\/l n der Schoot CE. van
1999:94:1848-1854. . Lankeste , van Schijnde , van der Schoo , val

11. Hamblin TJ, Orchard JA, Ibbotson RE, et al. CD38 expression Sc?r:fe’;ﬂ%n?\?er’\lleosess?rll (gﬁrc:/riz :_Irir Eﬁc ?ir(]:tllgeirllerfncigpéocr:ells
and immunoglobulin variable region mutations are indepen- P ymphocy ’

dent prognostic variables in chronic lymphocytic leukemia, 30 ?Er?l?estgrgic?ﬁsﬁl??ldlggM Pakker NG. Van Oers RH. van
but CD38 expression may vary during the course of the ’ ’ ! ' ' !

. a0, Lier RA. Antigen receptor function in chronic lymphocytic
disease. Blood. 2002;99:1023-1029. .
N . ' . leukemia B cells. Leuk Lymphoma. 1996;24:27-33.
12. Krober A, Seiler T, Benner A, et al. V(H) mutation status, 31. Semichon M Merle-Ber;/I Hp Lang V, Bismuth G. Normal Syk
CD38 expression level, genomic aberrations, and survival in =" . ! P ’ L
chronic lymphocytic leukemia. Blood. 2002;100:1410-1416. E;cl’ltse"l‘_éi"kee'n:’i“; ""l%rg’?r,Tf_'ltgrzols_ngghOSphory'at'on in B-CLL
13. Lin K, Sherrington PD, Dennis M, Matrai Z, Cawley JC, Pettitt32 Burgér A TsuI;ada N' Bl-Jrger M Zvéiﬂer NJ, Dell’Aquila M
AR. Relationship between p53 dysfunction, CD38 expression; ! ’ ' ' '

and IgV(H) mutation in chronic lymphocytic leukemia. Blood. IKlrzpi TJ.t_BI?odk-dar_lve; nu"rsi;llllf: cellﬁtp;otect chrontlc .
2002:100:1404-1409. ymphocytic leukemia B cells from spontaneous apoptosis

14. Oscier DG, Gardiner AC, Mould SJ. et al. Multivariate through stromal cell-derived factor-1. Blood. 2000;96:2655-

. . . A 2663.
analysis of _prognos*uc factors in CLL: C“m.cal stage, IGVH 33. Tsukada N, Burger JA, Zvaifler NJ, Kipps TJ. Distinctive
gene mutational status, and loss or mutation of the p53 gene

- . ) ) 3 features of “nurselike” cells that differentiate in the context of
ilrleBLndependent prognostic factors. Blood. 2002;100:1177 chronic lymphocytic leukemia. Blood. 2002;99:1030-1037.

15. Stilgenbauer S, Bullinger L, Lichter P, Dohner H. Genetics of34' Burger JA, Kipps TJ. Chemokine receptors and stromal cells

chronic lymphocytic leukemia: genomic aberrations and V(H) in the homing and homeostasis of chronic lymphocytic
gene mutation status in pathogenesis and clinical course. leukemia B cells. Leuk Lymphoma. 2002;43:461-466.

172 American Society of Hematology

20z dunr 80 uo Jsanb Aq ypd'eg/ L €51/208€E L L L/ESL/LIE00Z/HPd-Blonie/ABojojewayjaursuonedlgndyse//:diy woy papeojumoq



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

de la Fuente MT, Casanova B, Moyano JV, et al. Engagement
of alphadbetal integrin by fibronectin induces in vitro
resistance of B chronic lymphocytic leukemia cells to
fludarabine. J Leukoc Biol. 2002;71:495-502.

Burger JA, Burger M, Kipps TJ. Chronic lymphocytic
leukemia B cells express functional CXCR4 chemokine
receptors that mediate spontaneous migration beneath bone
marrow stromal cells. Blood. 1999;94:3658-3667.

Briones J, Timmerman JM, Hilbert DM, Levy R. BLyS and
BLyS receptor expression in non-Hodgkin’s lymphoma. Exp
Hematol. 2002;30:135-141.

Novak AJ, Bram RJ, Kay NE, Jelinek DF. Aberrant expression
of B-lymphocyte stimulator by B chronic lymphocytic
leukemia cells: a mechanism for survival. Blood.
2002;100:2973-2979.

Moore PA, Belvedere O, Orr A, et al. BLyS: member of the
tumor necrosis factor family and B lymphocyte stimulator.
Science. 1999;285:260-263.

Shu HB, Hu WH, Johnson H. TALL-1 is a novel member of
the TNF family that is down-regulated by mitogens. J Leukoc
Biol. 1999;65:680-683.

Mukhopadhyay A, Ni J, Zhai Y, Yu GL, Aggarwal BB.
Identification and characterization of a novel cytokine,
THANK, a TNF homologue that activates apoptosis, nuclear
factor-kappaB, and c-Jun Niterminal kinase. J Biol Chem.
1999;274:15978-15981.

Schneider P, MacKay F, Steiner V, et al. BAFF, a novel ligand
of the tumor necrosis factor family, stimulates B cell growth. J
Exp Med. 1999;189:1747-1756.

Plosker GL, Figgitt DP. Rituximab: a review of its use in non-
Hodgkin’s lymphoma and chronic lymphocytic leukaemia.
Drugs. 2003;63:803-843.

Itala M, Geisler CH, Kimby E, et al. Standard-dose anti-CD20
antibody Rituximab has efficacy in chronic lymphocytic
leukaemia: results from a Nordic multicentre study. Eur J
Haematol. 2002;69:129-134.

Hainsworth JD, Litchy S, Barton JH, et al. Single-agent
Rituximab as first-line and maintenance treatment for patients
with chronic lymphocytic leukemia or small lymphocytic
lymphoma: a phase I trial of the Minnie Pearl Cancer
Research Network. J Clin Oncol. 2003;21:1746-1751.
O’Brien SM, Kantarjian H, Thomas DA, et al. Rituximab

53.

dose-escalation trial in chronic lymphocytic leukemia. J Clin 64.

Oncol. 2001;19:2165-2170.

Manshouri T, Do KA, Wang X, et al. Circulating CD20 is
detectable in the plasma of patients with chronic lymphocytic|||.
leukemia and is of prognostic significance. Blood. 1.
2003;101:2507-2513.

Byrd JC, Peterson BL, Morrison VA, et al. Randomized phase

2 study of fludarabine with concurrent versus sequential
treatment with Rituximab in symptomatic, untreated patients
with B-cell chronic lymphocytic leukemia: results from

Cancer and Leukemia Group B 9712 (CALGB 9712). Blood. 5.
2003;101:6-14.

Rai K, Hallek M. Future prospects for alemtuzumab
(MabCampath). Med Oncol. 2002;19(suppl):S57-S63. 3.
Osterborg A, Mellstedt H, Keating M. Clinical effects of
alemtuzumab (Campath-1H) in B-cell chronic lymphocytic
leukemia. Med Oncol. 2002;19(suppl):S21-S26.
Stilgenbauer S, Dohner H. Campath-1H-induced complete
remission of chronic lymphocytic leukemia despite p53 gene
mutation and resistance to chemotherapy. N Engl J Med. 5.
2002;347:452-453.

Rawstron AC, Kennedy B, Evans PA, et al. Quantitation of
minimal disease levels in chronic lymphocytic leukemia using

Hematology 2003

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

a sensitive flow cytometric assay improves the prediction of
outcome and can be used to optimize therapy. Blood.
2001;98:29-35.

Kato K, Cantwell MJ, Sharma S, Kipps TJ. Gene transfer of
CD40-ligand induces autologous immune recognition of
chronic lymphocytic leukemia B cells. J Clin Invest.
1998;101:1133-1141.

Kikuchi T, Crystal RG. Anti-tumor immunity induced by in

vivo adenovirus vector-mediated expression of CD40 ligand in
tumor cells. Hum Gene Ther. 1999;10:1375-1387.

Loskog A, Bjorkland A, Brown MP, Korsgren O, Malmstrom
PU, Totterman TH. Potent antitumor effects of CD154
transduced tumor cells in experimental bladder cancer. J Urol.
2001;166:1093-1097.

Dilloo D, Brown M, Roskrow M, et al. CD40 ligand induces

an antileukemia immune response in vivo. Blood.
1997;90:1927-1933.

Kikuchi T, Miyazawa N, Moore MA, Crystal RG. Tumor
regression induced by intratumor administration of adenovirus
vector expressing CD40 ligand and naive dendritic cells.
Cancer Res. 2000;60:6391-6395.

Nakajima A, Kodama T, Morimoto S, et al. Antitumor effect of
CD40 ligand: elicitation of local and systemic antitumor
responses by IL-12 and B7. J Immunol. 1998;161:1901-1907.
Cantwell MJ, Wierda WG, Lossos IS, Levy R, Kipps TJ. T cell
activation following infection of primary follicle center
lymphoma B cells with adenovirus encoding CD154.
Leukemia. 2001;15:1451-1457.

Wierda WG, Cantwell MJ, Woods SJ, Rassenti LZ, Russak CE,
Kipps TJ. CD40-ligand (CD154) gene therapy for chronic
lymphocytic leukemia. Blood. 2000;96:2917-2924.

Chu P, Deforce D, Pedersen IM, et al. Latent sensitivity to Fas-
mediated apoptosis after CD40 ligation may explain activity
of CD154 gene therapy in chronic lymphocytic leukemia. Proc
Natl Acad Sci U S A. 2002;99:3854-3859.

Ranheim EA, Kipps TJ. Activated T cells induce expression of
B7/BB1 on normal or leukemic B cells through a CD40-
dependent signal. J Exp Med. 1993;177:925-935.

Ranheim EA, Kipps TJ. Tumor necrosis factor-alpha facilitates
induction of CD80 (B7-1) and CD54 on human B cells by
activated T cells: complex regulation by IL-4, IL-10, and
CDA40L. Cell Immunol. 1995;161:226-235.

Clark EA, Ledbetter JA. How B and T cells talk to each other.
Nature. 1994;367:425-428.

Do We Have the Tools to Cure CLL?

Raphael B, Andersen JW, Silber R, et al. Comparison of
chlorambucil and prednisone versus cyclophosphamide,
vincristine, and prednisone as initial treatment for chronic
lymphocytic leukemia: long-term follow-up of an Eastern
Cooperative Oncology Group randomized clinical trial. J Clin
Oncol. 1991;9:770.

Galton DAG, Wiltshaw E, Szur L, et al. The use of chloram-
bucil and steroids in the treatment of chronic lymphocytic
leukaemia. Br J Haematol. 1961,7:73.

Rai KR. A critical analysis of staging in CLL. In: Gale RP, Rai
KR, eds. Chronic Lymphocytic Leukemia. Recent Progress
and Future DirectiorNew York, NY: AR Liss; 1987:253.

Binet JL, Leporrier M, Dighiero G, et al. A clinical staging

system for chronic lymphocytic leukemia. Prognostic

significance. Cancer. 1977;40:855.

Catovsky D, Fooks J, Richards S, et al. Prognostic factors in
chronic lymphocytic leukemia: The importance of age, sex
and response to treatment in survival. Br J Haematol.
1989;72:141-147.

173

20z dunr 80 uo Jsanb Aq ypd'eg/ L €51/208€E L L L/ESL/LIE00Z/HPd-Blonie/ABojojewayjaursuonedlgndyse//:diy woy papeojumoq



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Keating MJ, Lerner S, Kantarjian H, et al. The sefizm 23
microglobulin level is more powerful than stage in predicting
response and survival in chronic lymphocytic leukemia.

Blood. 1995;86(suppl 1):606a. 24,

Knauf WU, Langenmayer |, Ehlers B, et al. Serum levels of
soluble CD23, but not soluble CD25, predict disease

progression in early stage B-cell chronic lymphocytic 25.

leukemia. Leuk Lymphoma. 1997;27:523-532.

Sarfati M, Chevret S, Chastang C, et al. Prognostic importance
of serum levels of CD23 in chronic lymphocytic leukemia.
Blood. 1996;88:4259-4264. 26
Damle RN, Fais F, Wasil T, et al. B-cell patients can be divided
into two distinct clinical categories based on CD38 expression
and IgV gene mutation status. Blood. 1998;92:431a.

Hamblin TJ, Davis Z, Oscier DG, et al. In chronic lymphocyti@27
leukemias germline configuration of immunoglobulin heavy
chain genes is associated with a more aggressive form of the
disease. Blood. 1998;92(suppl 1):515.

Ibrahim S, Keating M, Do K-A, et al. CD38 expression as an

important prognostic factor in B-cell chronic lymphocytic 28.

leukemia. Blood. 2001;98:181-186.
McCarthy H, Wierda WG, Barron LL, et al. High expression

of activation-induced cytidine deaminase (AID) and splice  29.

variants is a distinctive feature of poor-prognosis chronic
lymphocytic leukemia. Blood. 2003;101:4903-4908.

Oppezzo P, Vuillier F, Vasconcelos Y, et al. Chronic lympho- 30
cytic leukemia B cells expressing AID display dissociation
between class switch recombination and somatic

hypermutation. Blood. 2003;101:4029-4032. 31.

Crespo M, Bosch F, Villamor N, et al. ZAP-70 expression as a
surrogate for immunoglobulin-variable-region mutations in

chronic lymphocytic leukemia. N Eng J Med. 32.

2003;348(18):1764-1775.
Rosenwald A, Alizadeh AA, Widhopf G, et al. Relation of

gene expression phenotype to immunoglobulin mutation 33.

genotype in B cell chronic lymphocytic leukemia. J Exp Med.
2001;194:1639-1647.

Diehl LF, Karnell LH, Menck HR. The National Cancer data
base report on age, gender, treatment, and outcomes of

patients with chronic lymphocytic leukemia. Cancer. 34.

1999;86:2684-2692.
Cheson BD, Bennett JM, Kay N, et al. National Cancer
Institute-sponsored Working Group guidelines for chronic

lymphocytic leukemia: revised guidelines for diagnosis and 35.

treatment. Blood. 1996;12:4990-4997.
International Workshop on Chronic Lymphocytic Leukemia.
Recommendations for diagnosis, staging, and response

criteria. Ann Intern Med. 1989;110:236. 36.

Cheson BD, Bennett JM, Rai KR, et al. Guidelines for clinical
protocols from chronic lymphocytic leukemia. Recommenda-
tions of the National Cancer Institute-sponsored Working

Group. Am J Hematol. 1988;29:152. 37.

Robertson LE, Huh YO, Butler JJ, et al. Response assessment
in chronic lymphocytic leukemia after fludarabine plus
prednisone: clinical, pathologic, immunophenotypic, and
molecular analysis. Blood. 1992;80:29-36.

Vuillier F, Claisse JF, Vandenvelde C, et al. Evaluation of

residual disease in B-cell chronic lymphocytic leukemia 38.

patients in clinical and bone-marrow remission using CD5-
CD19 markers and PCR study of gene rearrangements. Leuk
Lymphoma. 1992;7:195-204.

Clavio M, Miglino M, Spriano M, et al. First line fludarabine 39
treatment of symptomatic chronic lymphoproliferative

diseases: clinical results and molecular analysis of minimal
residual disease. Eur J Haematol. 1998;61:197-203. 40

174

. Magnac C, Sutton L, Cazin B, et al. Detection of minimal
residual disease in B chronic lymphocytic leukemia (CLL).
Hematol Cell Ther. 1999;41:13-18.

Lopez-Guillermo A, Cabanillas F, McLaughlin P, et al. The
clinical significance of molecular response in indolent
follicular lymphomas. Blood. 1998;91:2955-2960.

Provan D, Bartlett-Pandite L, Zwicky C, et al. Eradication of
polymerase chain reaction-detectable chronic lymphocytic

leukemia cells is associated with improved outcome after bone

marrow transplantation. Blood. 1996;88:2228-2235.

. Lopez-Guillermo A, Cabanillas F, McDonnell Tl, et al.
Correlation of bcl-2 rearrangement with clinical characteris-
tics and outcome in indolent follicular lymphoma. Blood.
1999;93:3081-3087.

. Rawstron AC, Kennedy B, Evans PA, et al. Quantitation of

minimal disease levels in chronic lymphocytic leukemia using

a sensitive flow cytometric assay improves the prediction of

outcome and can be used to optimize therapy. Blood.

2001;98:29-35.

Hansen MM, Anderson E, Birgens H, et al. CHOP versus

chlorambucil + prednisolone in chronic lymphocytic

leukemia. Leuk Lymphoma. 1991;5:97.

Keating MJ, O'Brien S, Lerner S, et al. Long term follow-up

of patient with CLL receiving fludarabine regimens as initial

therapy. Blood. 1998;92:65-71.

. Saven A, Carrera CJ, Carson DA, et al. 2-

Chlorodeoxyadenosine treatment of refractory chronic

lymphocytic leukemia. Leuk Lymphoma. 1991;5:133-138.

Dillman RO, Mick R, Mcintryre OR. Pentostatin in chronic

lymphocytic leukemia: a phase Il trial of cancer and leukemia

group B. J Clin Oncol1989;7:433.

Rai KR, Peterson BL, Appelbaum FR, et al. Fludarabine

compared with chlorambucil as primary therapy for chronic

lymphocytic leukemia. N Engl J Med. 2000;343:1750-1757.

Robak T, Blonski JZ, Kasznicki M, et al. Cladribine with

prednisone versus chlorambucil with prednisone as first-line

therapy in chronic lymphocytic leukemia: report of a

prospective, randomized, multicenter trial. Blood.

2000;96:2723-2729.

O’Brien SM, Kantarjian HM, Cortes J, et al. Results of the

fludarabine and cyclophosphamide combination regimen in

chronic lymphocytic leukemia. J Clin Oncol. 2001;19:1414-

1420.

Flinn IW, Byrd JC, Morrison C, et al. Fludarabine and

cyclophosphamide with filgrastim support in patients with

previously untreated indolent lymphoid malignancies. Blood.
2000;96:71-75.

Bosch F, Ferrer A, Lopez-Guillermo A, et al. Fludarabine,

cyclophosphamide and mitoxantrone in the treatment of

resistant or relapsed chronic lymphocytic leukemia. Br J

Haematol. 2002;119(4):976-984.

Byrd JC, Peterson BL, Morrison VL, et al. Randomized phase

2 study of fludarabine with concurrent versus sequential

treatment with rituximab in symptomatic, untreated patients

with B-cell chronic lymphocytic leukemia: results from

Cancer and Leukemia Group B 9712 (CALGB 9712). Blood.

2003;101:6-14.

Keating MJ, Manshouri T, O'Brien S, et al. A high proportion

of true complete remission can be obtained with a fludarabine,

cyclophosphamide, rituximab combination (FCR) in chronic

lymphocytic leukemia. Blood. 2003;22:569.

. Huhn D, von Schilling C, Wilhelm M, et al. Rituximab therapy
of patients with B-cell chronic lymphocytic leukemia. Blood.
2001;98:1326-1331.

. Byrd JD, Murphy T, Howard RS, et al. Rituximab using a

American Society of Hematology

20z dunr 80 uo Jsanb Aq ypd'eg/ L €51/208€E L L L/ESL/LIE00Z/HPd-Blonie/ABojojewayjaursuonedlgndyse//:diy woy papeojumoq



41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

thrice weekly dosing schedule in B-cell chronic lymphocytic 52.

leukemia and small lymphocytic lymphoma demonstrates
clinical activity and acceptable toxicity. J Clin Oncol.
2001;19:2153.

O’'Brien SM, Kantarjian H, Thomas DA, et al. Rituximab dose53.

escalation trial in chronic lymphocytic leukemia. J Clin Oncol.
2001;19:2165.

Keating MJ, Flinn |, Jain V, et al. Therapeutic role of
alemtuzumab (Campath-1H) in patients who have failed:
results of a large international study. Blood. 2002;99:3554-
3556.

Lundin J, Kimby E, Bjorkholm M, et al. Phase Il trial of
subcutaneous anti-CD52 monoclonal antibody alemtuzumab
(Campath-1H) as first-line treatment for patients with B-cell
chronic lymphocytic leukemia (B-CLL). Blood. 2002;100:768.
McLaughlin P, Grillo-Lopez AJ, Link BK, et al. Rituximab
chimeric anti-CD20 monoclonal antibody therapy for relapsed
indolent lymphoma: half of patients respond to a four-dose
treatment program. J Clin Oncol. 1998;16:2825-2833.
Manshouri T, Do KA, Wang X, et al. Circulating CD20 is
detectable in the plasma of patients with chronic lymphocytic
leukemia and is of prognostic signficance. Blood.
2003;101(7):2507-2513.

Hainsworth JD, Litchy S, Burris HA lll, et al. Rituximab as
first-line and maintenance therapy for patients with indolent
non-Hodgkin’s lymphoma. J Clin Oncol. 2002;20:4261-4267.
Thomas DA, O'Brien S, Giles FJ, et al. Single agent Rituxan
in early stage chronic lymphocytic leukemia (CLL). Blood.
2001;98:364a.

Ferrajoli A, Thomas DA, Albitar M, et al. Alemtuzumab for
minimal residual disease in CLL. Blood. 2003;22:569
Montillo M, Cafro AM, Tedeschi A, et al. Safety and efficacy

of subcutaneous Campath-1H for treating residual disease in60.

patients with chronic lymphocytic leukemia responding to
fludarabine. Haematologica. 2002;87:695-700.

Witzig TE, Gordon LI, Cabanillas F, et al. Randomized
controlled trial of Yttrium-90-labeled ibritumomab tiuxetan
radioimmunotherapy versus refractory low-grade, follicular,
or transformed B-cell non-Hodgkin's lymphoma. J Clin Oncol.
2002;20:2453-2463.

Demidem A, Lam T, Alas S, et al. Chimeric anti-CD20 (IDEC-62.

C2B8) monoclonal antibody sensitizes a B cell lymphoma cell
line to cell killing by cytotoxic drugs. Cancer Biother
Radiopharm. 1997;12:177-186.

Hematology 2003

54.

55.

56.

57.

58.

59.

61.

Alas S, Emmanouilides C, Bonavida B. Inhibition of
interleukin 10 by rituximab results in down-regulation of bcl-2
and sensitization of B-cell non-Hodgkin's lymphoma to
apoptosis. Clin Cancer Res. 2001;7:709-723.

Golay J, Lazzari M, Facchinetti V, et al. CD20 levels
determine the in vitro susceptibility to rituximab and
complement of B-cell chronic lymphocytic leukemia: further
regulation by CD55 and CD59. Blood. 2001;98:3383-3389.
Kennedy B, Rawstron A, Carter C, et al. Campath-1H and
fludarabine in combination are highly active in refractory
chronic lymphocytic leukemia. Blood. 2002;99:2245-2247.
Elter T, Borchmann P, Reiser M, et al. Development of a new,
four-weekly schedule (FluCam) with concomittant application
of Campath-1H and fludarabine in patients with relapsed/
refractory CLL. Blood. 2003;22:580.

Michallet M, Archimbaud E, Bandini G, et al. HLA-identical
sibling bone marrow transplantation in younger patients with
chronic lymphocytic leukemia. Ann Intern Med.
1996;124(3):311-315.

Krackhardt AM, Gribben JG. High-dose therapy and stem cell
support in chronic lymphocytic leukemia. In: BD Cheson, ed.
Chronic Lymphoid Leukemias. Marcel Dekker Inc; 2001:393-
415.

Esteve J, Villamor N, Colomer D, et al. Hematopoietic stem
cell transplantation in chronic lymphocytic leukemia: a report
of 12 patients from a single institution. Ann Oncol.
1998;9:167-172.

Schetelig J, Thiede C, Bornhauser M, et al. Evidence of a
graft-versus-leukemia effect in chronic lymphocytic leukemia
after reduced-intensity conditioning and allogeneic stem-cell
transplantation: The Cooperative German Transplant Study
Group. J Clin Oncol. 2003;21:2747-2753.

Dreger P, Brand R, Hansz J, et al. Treatment-related mortality
and graft-versus-leukemia activity after allogeneic stem cell
transplantation for chronic lymphocytic leukemia using
intensity-reduced conditioning. Leukemia. 2003;17:841-848.
Khouri I, Munsell M, Yajzi S, et al. Comparable survival for
nonablative and ablative allogeneic transplantation for chronic
lymphocytic leukemia: the case for early intervention. Blood.
2000;96:205a.

Khouri IF, Keating MJ, Saliba RM, et al. Long-term follow-up
of patients with CLL treated with allogeneic hematopoietic
transplantation. Cytotherapy 2002;4(3):217-221.

175

20z dunr 80 uo Jsanb Aq ypd'eg/ L €51/208€E L L L/ESL/LIE00Z/HPd-Blonie/ABojojewayjaursuonedlgndyse//:diy woy papeojumoq



