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ABSTRACT

The diagnosis and management of chronic lympho-
cytic leukemia (CLL) is reviewed, including the basic
aspects of epidemiology, molecular biology, and cytoge-
netics with clinical relevance. The importance of

immunophenotype in the differential diagnosis of other
lymphoproliferative disorders related to CLL, staging,
prognostic factors, promising new drugs, and approaches
issummarized. The Oncologist 1999;4:352-369

INTRODUCTION

Chronic lymphocytic leukemia (CLL) is the most fre-
quent form of leukemia in adults in western countries,
accounting for 25% of all leukemias[1], but fewer than 5% of
the casesin the eastern hemisphere. Inthe USA, 95% of CLL
cases are B-cdl phenotype, while in Asa, T-cell CLL pre-
dominates [1, 2]. The true incidence of CLL is difficult to
assess. Patients may be asymptomatic prior to an incidental
diagnosis. In the last 20 years, the number of cases of CLL
presenting in asymptomatic stages has doubled from 30% to
60%, likely due to an increasing number of blood tests per-
formed for other medical or surgical reasons. Moreover, sen-
sitive techniques to diagnose and differentiate CLL from
other chronic lymphoproliferative disorders have only
recently become routinely available [3, 4]. The estimated cur-
rent annua incidence in the USA varies from 7,300 to 12,500
new cases, with an overall incidence rate of 2.3/100,00 [5-8].

ETioLoGY

The etiology of CLL is unknown [1]. Severd lines of
evidence suggest a genetic component, such as the increased
prevalence of CLL among first-degree relatives, the phe-
nomenon of anticipation, where there is an increased of
severity and earlier age of onset with each generation and the
increased frequency of autoimmune disorders in relatives of
CLL patients [9-15].

Environmental factors, such as ionizing radiation,
chemicals (benzene and solvents from the rubber industry),
and drugs have shown no apparent relationship [16-19].

MOLECULAR BioLOGY

CLL is a model for failed programmed cell death or
apoptosis. The BCL-2 family proteins, key regulators of
programmed cell death (PCD), are overexpressed in 90% of
B-CLL cells, athough in the vast majority of the cases
(96%-99%), no trandlocation involving the BCL-2 gene has
been detected. These slow-growing B-CLL cellsaccumulate
in the body, predominantly in the G, phase of the cell cycle.
One consequence is an acquired resistance to cell-cycle-
active agents. The imbalance in the ratio of mgjor pro- and
anti-apoptotic BCL-2 family proteins, such as BAX and
BAK (induction of apoptosis), BCL-2 (anti-apoptotic),
BAD, BIK, and HRK (anti-apoptotic inhibitors) seems to
play an important role in the behavior and treatment
response of CLL, athough convincing clinical evidence is
not yet available [20-22].

Mutations of the tumor suppressor gene p53 and increased
expression levels of the cyclin-dependent kinase inhibitor p27
have been shown to correlate with disease progression and
overal poor prognoss. Poor response to therapy has been
associated with p53 mutations [23-26].

Cytokines produced and released directly by CLL cdls,
such as tumor necrosis factor (TNF) and interleukin 8 (1L-8),
as well as IL-2, which is produced by T lymphocytes and
absorbed by CLL cells through specific receptors, participate
in autocrine or paracrine loops and affect CLL cell surviva
and proliferation [27-31]. IL-4 production is associated with
increased expression of CD30 by expanded CD8' T cdls.
Since there is evidence that most CLL cells express the
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CD30 ligand, this interaction may influence the CLL cells
environment and itsimmune functions [32].

Onecritical step for theimmune responseto antigenisthe
expression of the ligand for CD40 (CD40L or CD154), pro-
duced by activated T cells. Downregulation of this ligand
induced by leukemic CLL lymphocytes results in severe
immunodeficiency states. Gene therapy trialsinvolving trans-
fer of a functiona CD40 ligand into CLL cells to generate
cytotoxic T lymphocytes against autologous nontransduced
leukemic cells are ongoing [33, 34].

CYTOGENETICS

There is no single specific cytogenetic abnormality in
CLL [1]. The development of new techniques, such as fluo-
rescent in situ hybridization (FISH), has increased the detec-
tion of numerical and structural chromosome abnormalities.
The most common cytogenetic dteration is deletion 13q14
(51%), followed by deletion 11922-g23 (17%-20%), trisomy
12(15%), and deletion 17p13 [20, 35-39]. Complex abnor-
malities may be present; for example, CLL patients with tri-
somy 12 may have smultaneous 13q14 deletions [ 10, 39-41].

A number of cytogenetic abnormalities, including trisomy
12 and the presence of 14q, 11q, and 17p chromosome abnor-
malities, have been related to poor outcome. Trisomy 12 is
associated with atypical lymphocyte morphology and
immunophenotype (CD5-, FMCT*, strong immunoglobulin
expression) and disease progression. Patients with 11q dele-
tions tend to be younger, with an advanced clinica stage at
presentation associated with extensive periphera, abdominal,
and mediastinal lymphadenopathy, and a treatment-free inter-
va of nine monthsin contrast to 43 months for those without
the deletion. Chromosome 17 abnormalities have been associ-
ated with p53 mutation, fludarabine-resistance therapy, and
therapy failure in patients with Richter's syndrome, atypical
CLL morphology, and prolymphocytic leukemia (PLL). It is
unclear whether these cytogenetic abnormalities are primary
or secondary events[35, 36, 38, 39, 40, 42-47].

The presence of IgV gene mutations have been associated
with the lack of CD38 expression in a group of patients with
good clinical outcome and better survival. Therefore, CD38
may be useful both as a surrogate for gV gene mutations and
asaprognogtic factor [48, 49].

CLINICAL FEATURES

About 40%-60% of patients with CLL are diagnosed in
the absence of disease-related symptoms, even with very high
numbers of circulating lymphocytes >100 x 10°1. Frequently,
the presence of lymphadenopathy or an abnormal CBC per-
formed during a routine medical examination is the only rea-
son to consider the diagnosis [1, 50]. The remaining patients
may present with weskness, fatigue, night swegts, fever, and

Chronic Lymphocytic Leukemia

may be with or without infections or autoimmune diseases
[51-56]. Physical examingtion generdly reveas nontender,
painless, and mobile lymphadenopathy [1], splenomegaly, or
hepatomegaly. Metabolic abnormalities (e.g., hyperuricemia)
or mechanical disorders (e.g., airway obstruction) related to
the tumor burden, may aso be present. Any part of the body,
including skin and meninges may be infiltrated by CLL célls
[50]; however, such findings are uncommon. Manifestations
of bone marrow (BM) involvement, particularly significant
anemia (hemoglohin <11g/dl) or thrombocytopenia (platelets
count <100 x 10%1), are noted at presentation in 15% of CLL
patients. A positive direct antiglobulin test (DAT) is present
in about 20% of patients at diagnosis but is not commonly
associated with hemolytic anemia[57].

DiaGNoOsIS

The National Cancer Institute-Sponsored Working
Group (NCI-WG) published guidelines for the diagnosis and
criteria for response for CLL (Table 1) [58]. The peripheral
blood should exhibit an increase in the number of small
mature-appearing lymphocytes to >5,000/ul [58]. The BM
aspirate smear must show >30% of al nucleated cells to be
lymphoid. Although a BM examination is rarely required to
make the diagnosis of CLL in genera practice, it may be
valuable prior to the start of treatment in order to define prog-
nostic factors (Table 2). Subsequently, aBM examination is
indicated primarily to evaluate response to treatment or to
assess normal elements if there is an unexplained anemia or
thrombocytopenia [58].

DiFFERENTIAL DIAGNOSIS

CLL can be distinguished from other closely related
chronic lymphroproliferative disorders on the basis of its
morphology and immunophenotype (Table 3), such as the
leukemic phase of mantle-cell lymphoma (MCL-L) and fol-
licular lymphoma (FL-L), PLL, hairy cell leukemia (HCL),
and splenic lymphoma with villous lymphocytes (SLVL)
[48, 58, 59]. Flow cytometry has been very helpful in dif-
ferentiating between MCL-L and CLL. The morphology of
MCL is smal cleaved lymphocytes, and the immunophe-
notype is that of B-cell neoplasms (CD5*, CD19*, CD20"),
but MCL can be distinguished from CLL based on its
expression of cyclin D1 and the lack of CD23 expression.
In addition, MCL has a brighter or more intense surface
immunoglobulin and CD20 expression than CLL. t (11;14),
involving BCL-1, the locus of PRAD-1 or cyclin D1 gene,
istypicaly present.

Three main phenotypic features present on B-cell
CLL cells differentiate CLL from PLL and HCL. CLL
cells are positive for B-cell antigens, CD19, CD20, and
CD23, and they coexpress CD5 in the absence of T-cell
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Table 1. NCI-WG guidelines for the diagnosis and response criteria
for CLL [58]

Diagnosis
Lymphocytosis (x 10%/1) >5; >1 B-cell marker

(CD19, CD20, CD23) + CD5
Ayptical cells (%)

(eg. prolymphocytes) <55

Duration of lymphocytosis ~ None required
BM lymphocytes (%) 230
Staging Modified Rai, correlate with Binet
Eligibility for trials Active disease
Response criteria
CR
Physical exam Normal
Symptoms None
Lymphocytes (x 10%/1) <4
Neutrophils (x 10°1) 215
Platelets (x 10°1) >100
Hemoglobin (g/dl) >11 (untransfused)
BM lymphocytes (%) <30; no nodule
PR
Physical exam

(nodes, and/or liver/spleen) >50% decrease
Plus>1 of:
Neutrophils (x 10°/1) >15
Hemoglobin (g/dl) >11 or 50% improvement
Platelets (x 10°1) >100
Duration of CR or PR >2 months

Progressive disease
Physical exam

(nodes, liver, spleen) >50% increase or new

Circulating lymphcytes 250% increase
Other Richter's syndrome
Stable disease All others

markers. The cells are monoclona with respect to their
expression of either kappa or lambda light chains. Surface
immunoglobulin (slg) is of low density. Other markers
more characteristic of NHL or HCL, such as CD10 and
CD103, are absent.

STAGING AND PROGNOSTIC FACTORS

Rai and Binet staging systems (Table 4) are the most com-
monly used staging systemsin CLL [60-62]. However, neither
system accurately identifies those patientsin early stages who
will progress from those who will remain indolent.
Lymphocytosisaloneisnot classified by the Binet system, and
neither system includes splenomegaly aone.
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Unfavorable prognostic factors, independent of clinical
stage, are age (>55 years), male sex, black race, and poor
performance status. There are no differences between ol der
and younger CLL patients in presenting features, response
rates, or duration of response.

Lahoratory prognostic factors which may predict out-
come include lymphocyte doubling time, with a 12-month
cut-off, B2-microglobulin, soluble CD23, and LDH. Whether
the pattern of BM infiltration and the degree of lymphocyte
infiltration are independent factors is controversial. The
prognostic value of hcl-2, fas, and multidrug resistance gene
expression is unclear [10, 39, 40, 62-78].

TREATMENT

Over the past few decades, there has been little progress
in prolonging survival of patients with CLL, and it remains
an incurable disorder.

Indication for Treatment

Since no treatment to date has made a significant impact
on the outcome of patients with early-stage CLL, when to
initiate therapy becomes an important decision. Factors
which should prompt the initiation of therapy include the
presence of disease-related symptoms, massive and/or pro-
gressive lymphadenopathy or hepatosplenomegaly, BM fail-
ure, or recurrent infections. The lymphocyte doubling time
should be considered in the total clinical picture but not used
asthe primary criterion [58].

Nevertheless, about 30% of patients have indolent or
smoldering CLL characterized by Binet stage A, non-diffuse
BM histology, hemoglobin >13 g/dl, blood lymphocytes <30
x 10%1, and lymphocyte doubling time >12 months [59].
Their life expectancy issmilar to that of a population without
CLL. Only 15% of these patients are likely to exhibit pro-
gressive CLL, and careful observation is the standard of care
(Tables2, 3) [58, 79, 80).

Previoudly Untreated Patients

Early Versus Delayed Treatment

Whether early therapeutic intervention should be used in
patients with limited-stage disease has been addressed by sev-
erd randomized trids [81, 82]. The French Cooperative
Group's recently updated studies included 1,535 previoudy
untreated patients with Binet A disease. In the CLL-80 trid,
609 patients were randomly assigned to receive either tredt-
ment with daily chlorambucil (CLB) (0.1 mg/kg/day) until
clinical resistance to the drug was observed or no initia ther-
apy. Theresponseratein the treated group was 76%. After fol-
low-up of more than 11 years, 49% of patients had still not
progressed; however, 27% of the stage A CLL patients died of
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disease-related causes. In the CLL-85 trid, 926 patients were
randomly assigned to recelve intermittent CLB (0.3 mg/kg/day
for five days every month), plus prednisone (40 mg/m?/day for
five days every month) for three years or no treatment. The
response to therapy in the treated group was 69%.

Although CLB dlowed progression to stage B and C in
both trials, there was no advantage to early intervention on the
overdl survival. The reason for the surviva differences
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between the untreated and treated groups for those patientswho
progressed to stage B (54% versus 21%) is unknown. Disease
progresson and infections, followed by second malignan-
cies—mostly epithelia malignancies—were the most frequent
CLL-related causes of deathsin the treated group in both trials.
Although there was an gpparent increase in second malignan-
ciesin the treated group from the earlier trid, this observation
was not made in the subsequent study. One possible explana:

tion for this discrepancy is the

Recommendation

Pretreatment evaluation

History and physical

Examination of peripheral blood smear
Immunophenotyping of peripheral blood lymphocytes
BM at diagnosis

BM prior to therapy

Cytogenetic/molecular studies

CT scans, MRI, lymphangiogram, gallium scan

Indications for treatment

Treat with stage 0-1

Treat for active/progressive disease (newly diagnosed)

Treat without active/progressive disease (newly diagnosed)
Treat without active/progressive disease (relapsed/refractory)

Response assessment

CBC, differentia
BM

Phenotype
Cytogenetics/FISH

Table 2. NCI-WG recommendations for evaluation and monitoring CLL patients [58]

General practice

O
x X 2+ D00

X X [ %X

X X + [

difference in drug administra-
tion schedules (daly versus
intermittent).

In another study, Cancer
and Leukemia Group B
(CALGB) invegtigators [82]
randomized 51 patients to
intermittent CLB once a
month, or to no initial treat-
ment. At five years from ran-
domization, the proportion of
patients exhibiting active dis-
ease was 70% in the untreated
group and 55% in the treated
group; however, there was no
significant difference in sur-
vival between the two groups.
Other U.S. and European tri-
als with alkylating-agent-

Clinical trial

x *O0O0O0O00

* ok [] %

* 4+ OO

in situ hybridization.

General practice s defined as the accepted treatment options for CLL patient not enrolled inaclinical trid.

Abbreviations: 0 = dways; x = not generally indicated; + = desirable; * = if aresearch question; ¥ =if a
study not performed recently; e.g. = at diagnosis; MRI = magnetic resonanceimaging; FISH = fluorescence

based protocols have also
failed to show benefit for
early treatment in patients
with indolent CLL [83].

Table 3. Phenotype of chronic B-cell lymphoid leukemias [59, 71]

Disease slg CD5 CD23 CD10
CLL —+ + + -
PLL + I+ —+ -
HCL/v ++ - - -
MZL + - +H- -
MCL-L + + - I+
FL-L + - - +-
LPL + - - -+
SLVL + i+ - I+

CD1lc CD43 CD103 FMC7 CD25
—+ + - - -
+- -+ - + -

+ +— + + ++
+ + - + —+
- + - +/— -
- - - + -
+ -1+ - + -1+
+- + —+ + —+

is expressed.

All express pan B-cell-associated antigens (e.g., CD19, CD20) and HLA-DR class |1 antigens. -+, —, +, ++, +/— symbolsrefer to frequency amarker

Abbreviations: CLL = chronic lymphocytic leukemia; PLL = prolymphocytic leukemia; HCL/v = hairy cell leukemialhairy cell leukemia variant;
MZL = margina zone lymphoma; MCL = mantle cell lymphoma-leukemic phase; FL-L = follicular lymphoma-leukemic phase; LPL = lympho-
plasmacytoid lymphoma; slg = surface immunoglobulin; FL = follicular lymphoma; LPL = lymphoplasmocytoid lymphoma (immunocytoma,
Waldenstrdm's macroglobulinemia); SLVL = splenic lymphomawith villous lymphocytes.
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Table4. The Rai and Binet Staging Systems; main features and median survival [62]
Staging system Stage Modified three-stage-system Clinical features Median survival
(years)
Rai 0 Low-risk Lymphocytes only (in blood and marrow) >10
| Intermediate-risk Lymphocytosis + lymphadenopathy 7
Il Lymphocytosis + splenomegaly and/or 7
hepatomegaly + lymphadenopathy
1 High-risk Lymphocytosis + anemia (hemoglobin <110 g/l)
tlymphadenopathy + spenomegaly + hepatomegay 1.5
v Lymphocytosis + thrombocytopenia (platelets
<100 x 10°1) + anemia + lymphadenopathy +
spenomegaly + hepatomegaly
Binet A <3 node-bearing areas >10
B >3 node-bearing areas 5
C Anemia and/or thrombocytopenia 2

Front-Line Treatment

Alkylating agents and purine analogs (PAS) are the
most important agents available for the treatment of CLL.
CLB, has been the most commonly used alkylating agent
inCLL.

Cyclophosphamide has been used for patients unrespon-
siveto or intolerant of CLB. Early trials used different crite-
riato start treatment and different doses of drug and schedules
of administration. Definition of clinical response varied
widely, making it difficult to interpret response rates [ 72, 84-
87]. In generd, the overall response rate with CL B-based reg-
imens has been between 40% and 60%, with complete
responses (CRs) in fewer than 20% of patients.

PAs, fludarabine (2-fluoro-ara-AMP) and cladribine (2-
chlorodeoxyadenosine, 2-CdA), and the irreversible
inhibitor of adenosine deaminase, pentostatin (2'-deoxy-
coformycin, 2-DCF) [88], altered dramatically the
approach to CLL patients. Their basic chemical structureis
listed in Figure 1. The agorithm for CLL patient approach
is suggested in Figure 2 [89)].

CLB

CLB is available in tablet form, and its absorption by
the gastrointestinal tract isamost complete. The most com-
mon and |east myel osuppressive schedule is 20-30 mg/m?
every two weeks. Regimens of 20-40 mg/m? every four
weeks or the daily schedule of 4-8 mg/m? are also used.
There is no indication for maintenance therapy following
maximal response[91-93]. In previously untreated patients,
combination chemotherapy, including such drugs as pred-
nisone, vincristine, or anthracyclines, has produced
responses between 10% and 80%, with very few CRs. The
heterogenous population enrolled in these trials does not
alow accurate comparisons. No combination has been

proven to be superior either to another combination or to a
single agent [71, 81, 83, 91-93].

Corticosteroids

The use of corticosteroids should be reserved for
patients with CLL and concurrent autoimmune phenomena
[53, 71, 85, 90, 93-95]. These agents have limited single-
agent activity and are associated with substantia toxicity,
including opportunistic infections and osteopenia.

SONESY
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(Fludarabine)

O 20
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2-Deoxycoformycin
(Pentostatin)
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2-Chlorodeoxyadenosine
(Cladribine)
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Figure 1. Chemical structures of the purine nucleoside analogs.
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| Retreat, CLB, CHOP |

Active disease I ’ Stable I
v
FIudarabme I l Observation I
4+«
Response I l Failure I
A
o
\ Clinical trial |

Figure 2. Suggested algorithm for approaching CLL in clinical practice [89].

Fludarabine

Fludarabine (2-fluoro-ara-AMP), is an adenosine
deaminase (ADA)-resistant nucleoside analog. It isinitialy
phosphorylated intracellularly by DCK to 2-fluoroadeno-
sine monophosphate (2-fluoro-ara-AMP) and sequentialy
phosphorylated to diphosphate by adenylic kinase, then by
nucleoside diphosphate kinase to the active metabolite
2-fluoro-ara-ATP, which inhibits DNA synthesis and repairs
RNA synthesis. Apoptosis, resulting from the accumulation
of oligonucleosomal fragments, may be one of the main anti-
tumor mechanisms in dividing and nondividing cells [73].

Theinitial datawith fludarabine asfront-line agent in the
CLL therapy were reported and recently updated by Keating
et al. [95-102]. Their experience included 191 CLL patients
treated with fludarabine or fludarabine with prednisone [100-
101]. There were 30% complete remissions (by NCI-WG cri-
teria), with an overall response rate (partia response [PR] +
CR) of 78%, whereas 22% of patients failed to respond to
fludarabine. Three percent of patients died during the first
three months. The average time to progression was 30
months, with patients reaching CR (37%) having the longest
time to progression, regardless of the CLL stage. Survival
was the same for CR and nodular partia remission (nPR).
With an average follow-up close to three years, 10%-15% of
these patients are till in remission. The results of thesetrials
and the randomized onesindicate that fludarabine s the most
active agent for front-line therapy of CLL.

Fludarabine and Randomized Clinical Trials

Two mgjor randomized tridls have compared the efficacy
of fludarabine with akylating-agent-based treatment as
front-line treatment of CLL. CALGB, Southwest Oncology
Group (SWOG), Cancer Therapy Group/ National Cancer
Ingtitute of Canada (CTG/NCI), and Eastern Cooperative

Oncology Group (ECOG) intergroup study [102] alocated
544 untreated patients with active disease to receive fludarar
bine (25 mg/m?day for five days) or CLB (40/mg/m?/day 1)
or acombination of fludarabine and CLB (20mg/m? of each
drug, CLB on day 1, fludarabine days 1-5) every four weeks
for up to 12 months. Patients who failed to respond or who
experienced progressive disease with the origina treatment
in the first six months, were crossed over to the other arm.
The 167 patients from the fludarabine group had an overall
response rate of 70% (27% CR and 43% PR), which was sig-
nificantly higher than the 173 patients from the CLB group
who had an overal response rate of 43% (3% CR and 40%
PR), p < 0.001. The duration of response for those patients
who reached CR and PR was aso significantly longer in the
fludarabine group, 32 months versus 18 months for those in
the CLB group (p=0.0002). Surviva andysisfor 385 patients
was available. The median progresson-free survival was 27
months for the fludarabine group and 17 months for the CLB
group (p < 0.0001). However, no difference in the overal sur-
vival was seen at a median follow-up of 30 months.

The French Cooperative Group on CLL [103, 104] evalu-
ated 695 previoudy untregted stage B (486) and C (209)
patients; 225 received fludarabine (25 mg/m?/day), or one of
two anthracycline-based standard combination regimens. 238
patients received CAP (cyclophosphamide 750 mg/m?/day 1,
doxorubicin 50 mg/m?/day 1, and prednisone 40 mg/m?/days
1-5), and 232 patients received CHOP (cyclophosphamide
300 mg/m?/day 1, doxorubicin 25 mg/m?/day 1, vincrisine
1 mg/m?/day 1, and prednisone 40 mg/m?/days 1-5). Complete
histological remisson (CHR) and immunologica remisson
(IR) were defined asnormal BM hiopsy and <100 CD5"CD19"
celg/ll in the periphera blood. CHR was 28%, 13%, 37%;
partial remission, defined as greater than 50% reduction of
measurable disease manifestations and a more than 50%
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improvement of al abnorma blood counts, was 49%, 53%,
44%, respectively; and failure was 23%, 35%, and 19%,
respectively, for the CHOP, CAP, and fludarabine group. CHR
was observed in 37% of fludarabine, 28% of CHOP, and 13%
inthe CAP group. In the fludarabine, CHOP and CAP groups,
IR was 55%, 35%, and 29%, respectively, and the number of
reported deaths were 38, 51, and 62, respectively.

While nausea and vomiting were more frequent in the
CAP group, anemia and treatment-related thrombocytope-
nia were higher in the fludarabine group. Eleven treatment-
related deaths were reported, three in the CHOP, five in the
CAP, and three in the fludarabine group. To date, no treat-
ment combination has given better results than fludarabine
alone. Nevertheless, no chemotherapy regimen has clearly
prolonged survival in CLL.

Cladribine

Varying schedules, routes of adminigtration, small num-
bersof patients, different response criteria, and short follow-up
of these trials have made the comparison among various stud-
ies difficult (Table 5). Pooling together 174 previoudy
untreated patients from these trids, and using the NCI criteria,
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the overal response (PR + CR) is estimated to be similar to
fludarabine (75%-85%), with CRs between 10% and 26%.
The duration of response, between three and eight months, is
shorter than with fludarabine. Based on the trials above, 2-
CdA induces fewer CRs with a shorter duration of response
than fludarabine [89, 90, 95, 105-113]. Myelosuppression
and infections, including opportunistic agents, were the most
common side effects [89).

Pentogtatin

The mgjority of trias (Table 5) with pentostatin (2-DCF)
were conducted in previoudly treated patients. Only one trial
involving 13 previoudy untreated patients has been pub-
lished, with six PRs, no CRs, and an overall response of 46%.
The response rate with pentostatin in CLL patients appearsto
be lower than in patients treated with fludarabine.

Second-Line Treatment

Therapy for patients who have relapsed after initial
therapy or who were refractory is paliative in intent.
Therefore, patients without disease-related symptoms or
deterioration of blood counts, infections, or autoimmune

Table 5. Fludarabine, cladribine, and pentostatin activity in previously treated and untreated CLL patients

Fludarabine Cladribine Pentostatin
Tria Patients RR CR  Duration | Trid Patients RR CR  Duration | Tria Patients  RR ~ CR  Duration
(N (%) (%) (months* (n) (%) (%)  (months)* (n) (%) (%) (months)*

Previoudly treated patients
Grever [184] 2 13 3 NA Saven [105] 0 4 4t 4 Grever [96] 20 20 5 109
Keating [101] 78 58 14 2 Tallman[106] 26 31 0 16 Dillman [97] 26 16 5 NA
O'Brien [198] 169 52 3t 2 Robak [107] 2 3% 5t NA Ho [190] 26 27 0 75
Hiddemann[185] 20 55 20t NA Julliusson [112] 52 58 31t 20t Dearden [98] 17 35 0 6
Puccio [186] 2 31 0 6 Rondelli [109] 19 68 11t CR,9+8 | Dearden[98] 29 30 NA NA
Bergmann [187] 18 67 NA 6 O'Dwyer [99] 29 24 3 NA
Spriano [188] 21 48 5 NA
Montserrat [189] 68 28 4t NA
Sorensen [123] 703 32 3 13
French cooperative 48 48 13 1
Group on CLL [103]
Previoudly untreated patients
Keating [101] 3% 8 37 3B Robak [107] 18 5 17t NA Dillman [97] 13 46 0 NA
O'Brien [198] 9% 79 63 CR Saven [110] 20 8 10 8+
French cooperative 52 71 23f 2448 Delannoy [111] 19 74 471 NA
GrouponCLL [103] 166 70 27 PR30 Julliusson [108] 63 7% 16 14
Rai [102] 34+8 Talman[113] 54 8l 26 NA

3

Abbreviations. n = number of assessable patientsin trial; RR = percentage of patients responding to trestment (CR + PR); CR = complete response by the current NCI guidelines
(including absence of BM nodules); PR = partial response; NA = information not available.

*Median duration of remission.
tPercentage of patients achieving a CR with or without lymphoid nodulesin the BM.

tActuaria estimate.

8Median duration not reached at time indicated.
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disease, may be followed until therapy is indicated, using
the same criteria as with initial treatment [58]. When treat-
ment isindicated, patients should be considered for clinical
research trials.

For patients who were initially treated with fludarabine
and experienced a response that lasted a year or longer,
retreatment with fludarabine is associated with an overall
response of more than 50% [100-102, 114]. Patients with
shorter durations of response should be considered for alter-
nate treatment options. Combinations with chemotherapy
agents such as cyclophosphamide [114] and biologic agents
such as rituximab are currently being evaluated [88, 100,
101, 115-122]. Alkylating agents alone or in combination
with anthracyclines have limited effect as second-line treat-
ment [88, 90, 100, 101, 118]. In fludarabine failures, CLB
achieves only a 17% PR rate [102].

For patients whose disease was refractory to fludarabine,
aclinical trial of anovel agent is the best trestment option.

Fludarahine is the drug of choice for patients whose dis-
ease relapsed after or was refractory to an dkylating agent as
initial trestment.

Severd trias (Table 5) have shown overal response rates
between 28% and 67%. The discrepancies among these trials
reflect not only the small number of patients with different
prognogtic factors but also different schedules. Duration of
response and overal survival are longer for patients who
relapse than for those patients who were refractory to their
initial therapy [101].

The largest single-center experience with fludarabine in
CLL was from the M.D. Anderson Cancer Center, in which
there were 57% complete remissions and 36% partid remis-
sionsof 28 relapsed patients and 28% complete remissions and
10% partial remissions of 50 refractory patients. However, the
complete remission rate in thistria is artificialy high because
in 63% of those cases there were residual lymphoid nodulesin
the BM, which would now be considered nodular PRs [100].
The median time to progression was 18 months for patients
who were refractory to akylating agents and 17 months for
patients who had relapsed after previous response; however,
the median surviva was 29 months for the relapsed patients
and nine months for the refractory patients. The NCI group C
study [123] included 791 patients with advanced CLL who
falled to respond to akylating agents. Of the 724 patients
entered, 703 were evauated for response. Fludarabine was to
be delivered at 25 mg/m?/day for five consecutive days every
four weeks. The median age was 65 years. The overdl
response rate was 32%, with CR in 3%, and PR in 29%. With
a follow-up duration of 59 months, the median duration of
response was 13.1 months, median survival time from regis-
tration was 12.6 months, median time to respond 4 months,
and time to progression was 7.5 months. Age, performance
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datus (PS), and Ral stage correlated with survival (p < 0.01).
Toxicity was sSimilar to that noted in other trials, with grade 4
hematologic toxicity reported in 43% and infection in 22%.
Neurotoxicity correlated with age [124]. High risk, older age,
and extensive prior trestment may explain, in part, thelow CR
and overall response rate in this study.

In summary, the challenging decision regarding when
and how to treat CLL patients should be based on the eval-
uation of all prognostic and risk factors involved for each
particular patient, including molecular (e.g., p53 abnormal-
ities) and cytogenetic factors (e.g.,11q deletions regardless
of the symptoms) and severity of CLL-related signs and
symptoms (Table 6).

Based on thetrial results above, fludarabineis clearly the
first-line therapeutic option in CLL and for patients refrac-
tory to akylating agents. Due to PA toxicity, CLB should be
considered in patients ol der than 90 years with severe comor-
bid disease such as rena insufficiency who will likely live
less than one year regardless of the CLL therapy.

In fludarabine failures, the best option is to enrall
patientsin a clinical trial. Cladribine, analogs, pentostatin,
and alkylating agents induce few PRs of short duration and
are associated with significant toxicity; therefore, they can-
not be recommended in this setting.

The role of akylating agents in combination with PAs
(e.g., fludarabine and cyclophosphamide) or pentostatin (e.g.,
pentostatin and CLB) for previoudy untrested and treated
CLL patientsis promising, but itsindication must be restricted
toclinicd trials. Preliminary results of phasell triasinvolving
a small number of patients have shown a comparable

Table 6. NCI-WG criteriafor initiating therapy in CLL patients[58]

A >1of thefollowing disease-related symptoms:
+ Weight loss 210% within the previous 6 months;

usua activities)
* Feversof 2100.5°F for > two weeks without evidence of infection.

and/or thrombocytopenia).

A Autoimmune anemia and/or thrombocytopenia poorly responsive to
corticosteroid therapy.

A Massive(i.e, >6 cm below the left costal margin) or progressive
spenomegaly.

lymphadenopathy.
A Progressive lymphocytosis with an increase of >50% over two-month
period, or an anticipated doubling time of <six months.

A Marked hypogammaglobulinemia or the development of amonoclonal
protein in the absence of any of the above criteriafor active is not
sufficient for protocol therapy.

* Extreme fatigue (i.e., ECOG PS> two, cannot work or unable to perform

A Evidence of progressive marrow failure (development of or worsening anemia

A Massivenodes or clusters (i.e., >10 cmin longest diameter) or progressive
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frequency of CRs with fludarabine as the single agent
[125-133].

The recommendations above will likely change with a
better definition of new prognostic factors being evaluated
and development of more effective treatment options for
CLL with curative intent.

Toxicities of Purine Analogs (PAS)

Toxicities of PAs include myelosuppression, immunosup-
pression, neurotoxicity, and tumor lysis syndrome (<3%).
Gastrointestinal toxicities, such asnauseaand vomiting, hepatic
toxicity, and fever have also been reported [88, 89, 90, 95-99).

PA

As generd rule, CLL patients should be treated with the
fewest number of cycles for maximal responses. Therapy for
more than six to nine months and maintenance therapy with a
PA should be avoided, as well as combinations with steroids,
since administration of two agentsin temporal proximity only
adds unnecessary toxicity and increaseslife-threatening oppor-
tunistic infections and myelosuppression [95, 134]. Infections
occur in about one-third to one-half of patients receiving a PA
at any time during the treatment [95]. Therole of infection pro-
phylaxis is unknown. Profound, prolonged lymphopenia
occurs within weeks of administration, with a disproportionate
decrease in CDA4 cdlls for severd years after completion of
cladribine or pentostatin. As a consequence of these effects,
opportunistic infections, such as Candida, herpes, and
Pneumocystis carinii pneumonia (PCP), as well as unusua
infections, such as Listeria monocytogenes meningitis, dis-
seminated Cryptococcus neoformans, Mycobacterium,
Legiondla, and reactivation of hepatitis A are being encoun-
tered with increased frequency in CLL patients [95].

The major predisposing risk factors to myelosuppres-
sion and treatment-related infections include ol der age (>65
years), poor PS, advanced disease (Rai stagelll or 1V), BM
involvement, previous refractory cytotoxic chemotherapy
and extensive prior therapy, pancytopenia from previous
treatment, administration of higher-than-recommended
doses, acombination or sequence of PAs, arepeated course
of PA, poor/dow response to PA therapy, concurrent corti-
costeroids, absolute granulocyte count <1,000 cells/pl, CD4
count <50 cell/ul, hypogammaglobulinemia (1gG titer <400
mg/dl), and renal dysfunction [95, 104].

PAs and Autoimmune Reactions

Autoimmune phenomena may be related to CLL and/or
to CLL thergpy. Autoimmune hemolytic anemia (AIHA),
idiopathic thrombocytopenic purpura (ITP), and purered cell
aplasia (PRCA) have been reported at any time during ther-
apy. Although PAs may be associated with the development
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of AIHA, the frequency is unknown and probably low.
Whether the PA has to be discontinued in the setting of
AIHA iscontroversial. Although most patients can be treated
with no further complication, others appear to experience a
worsening of the hemolysis. Splenectomy may ameliorate
prolonged cytopenias [53, 95, 135].

Growth Factors

The use of myeloid growth factors should follow the
American Society of Clinica Oncology (ASCO) guidelines
[136]. Recombinant human erythropoietin (rh-Epo), adminis-
tered s.c., a an initia dose of 150 U/kg, up to amaximum of
300 U/kg three times a week has been shown to be effective
for some patients with CLL-related anemia, independent of
the pretreatment endogenous serum levels of erythropoietin
[137-139)].

BM and Stem Cell Transplantation

The data for autologous stem-cell transplantation in
CLL arelimited, and therole of this treatment approach has
yet to be defined. Although some investigators have sug-
gested that the best time for autologous BM transplant is
earlier in the disease course [140, 141], thisapproach is still
considered investigationa and should be restricted to the
clinical trial setting.

Allogenic transplant has been performed on a limited
number of younger patients (<50 years), generaly those
who failed initial therapy or who relapsed after fludarabine-
based therapy and had an HLA-compatible donor. Graft-
versus-host disease (GVHD) has been a limiting factor for
this selected population. Conditioning regimens using flu-
darabine may be associated with attenuated acute GVHD,
without increasing the relapse rate [140].

The major clinical trials with autologous and allogenic
transplants are summarized in Table 7.

Recent reports suggest that submyel oablative regimens
(“mini-transplant” or “transplant-lite”) may achieve suc-
cessful engraftment. Donor leukocyte infusions are deliv-
ered in the presence of residual disease or mixed chimerism.
Although acute GVHD may be reduced, chronic GVHD
remains a major problem. This procedure is being
explored in older patients and those with significant med-
ical comorbidity who are usualy not eligible for atraditional
alogenic BMT.

In summary, inthe clinical trial context, when donors are
available, myeloablative alogeneic stem cell transplantation
should be considered for young patients who are refractory to
fludarabine therapy. Nonmyeloablative alotransplant should
be considered for older patients or young patients with poor
prognostic features who are not eigible for myeloablative
protocols (e.g., significant medical comorhidity).
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Table 7. Allogenic and autologous BM transplant in CLL patients
Trial Patient Age No. of Interval from Remission Event-free  Overall survival
(n) (years) prior diagnosis survival (follow-up in
therapy (months) (months) months)
Allogenic
Michallet [197] 54 41 (21-58) NA 37 (5-30) 38/54 HR (70%) 23/54 (43%) 24/54 (44%)
(27.5-80) (NA)
Khouri [192] 15 43 (25-55) 3(1-4) 40 (13-119) 13/15CR (86.6%)  8/15 (53%) 8/15 (53%)
115 PR (6%) (3-60) (3-60)
Rabinowe [191] 8 40 (31-54) 2.5 (1-6) 41 (117-85) 7/8 CR (88%) 6/8 (75%) 6/8 (75%)
(12.6-18) (12.6-18)
Khouri* [193] 6 595(51-71)  4(2-6) NA 2/6 CR (33%) 1/6 (16.6%) 3/6 (50%)
2/6 PR (33%) (NA) (NA)
Esteve [197] 7 47 (29-51) 2 41 (12-94) 57 (71%) 5/7 (71%) 57 (71%)
(4-68) (4-68)
Autologous
Khouri [192] 1 59 (37-66) 3(2-5) 495 (15-147) 6/11 CR (55%) 3/11 (27%) 6/11 (55%)
4/11nCR, (36%)  (4-29) (10)
V11 PR, (9%)
Rahinowe [191] 12 45 (27-54) 2(1-4) 25 (12-115) 10/11 CR 10/12 (83%) 11/12 (92%)
1NE (6.2-31) (6-31)
Paviectic [194] 16 9 (44-60) 2 13 (5-58) 16/16 (100%) 5/16 (31%) 10/16 (62%)
(22-125) (41)
Dreger [195] 18 49 (29-61) 02 NA 6/18 (33%) 13/18 (72%) 13/18 (72%)
(12-48) (12-48)
Esteve [197] 5 47 (29-51) 2 41 (12-94) 45 (80%) 4/5 (80%) 45 (80%)
(1-23) (1-23)
Sutton [196] 20 55 (38-66) 3(2-5) 53 (7-108) 10/20 (50%) 7120 (35%) 11/20 (55%)
(5-63) (1-63)
Abbreviations: HR = hematol ogic remissions; CR = complete remission; nCR = nodular complete remission; PR = partial remission; NA = not available;
NE = not evaluable.
*Nonmyel oablative regimen. One patient reached CR after a second transplant.

New Drugs

Compound GW506U78 isanew PA (Fig. 1). This pro-
drug is converted to arabinosylguanine (araG) by ADA.
GW506U78 has produced exiting preliminary data in
refractory T-cell and B-cell hematopoietic malignancies,
including patients with B-CLL refractory to CLB and flu-
darabine regimens [142-144]. A national multicenter trial is
currently accruing refractory CLL patients.

Other new agents include kinase inhibitor flavopiridol
and the protein kinase C inhibitors UCN-01 and bryostatin
[90, 145].

BioLoGic AGENTS

Interferon-alpha

IFN-a has been the most widely studied biological agent
in CLL. In previoudy untreated patient, IFN-o as single
agent achieves afew brief responses. No improvement in the

disease-free survival or overal surviva has been observed
when this agent has been used as maintenance therapy for
patients who reached PR and CR after fludarabine treatment
[115-119].

MoONOCLONAL ANTIBODIES (MADS)

CAMPATH 1H

CAMPATH-1 is ahumanized 1gG1 antiCD52 antibody
that bindsto B and T cells as well asto most B- and T-cell
leukemias and lymphomas. This agent was almost aban-
doned because of excessive toxicity, myelosuppression,
and infections. Less intense schedules have evaluated pre-
viously untreated and treated patients. Tumor regression is
seen most notably in the periphera blood, less in the BM
and spleen, and rarely in lymph nodes [120-122]. Major
responses (CR + PR) were achieved in eight of nine previ-
ously untreated patients [146]. In a phase |1 study trial with
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refractory patients, CAMPATH 1H produced an overall
response of 42%, including severa prolonged remissions
[147]. Complete remissions in previously fludarabine-
treated B-PLL patients have been reported [148]. This com-
pound is also being investigated as a “purging agent” for
BM transplantation. Primary side effects include moderate
myelosuppression with opportunistic infections. A few
patients have become aplastic. The skin rash, fever, and
hypotension are associated with i.v. administration of the
antibody but may be less prominent with s.c. administration
[121, 122]. The pivota trial of this agent has been com-
pleted and is undergoing analysis.

Rituximab

Rituximab is achimeric anti-CD20 mAb therapy which
is approved for the treatment of relapsed follicular low-
grade lymphoma patients. Approximately half of treated
patients respond, including CRs in 6%. In contrast, limited
activity has been observed in previously treated CLL
patients; in one series, asingle PR was noted in a cohort of
15 patients [149]. The discrepancy between follicular non-
Hodgkin's lymphoma (NHL) and CLL likely reflects the
reduced surface density of CD20 on the small lymphocytes.
Rapid tumor lysis has been reported in CLL patients with
lymphocytosis [150]. Ongoing studies are evaluating flu-
darabine in combination with rituximab as primary therapy
for CLL [151-153].

Radioimmunoconjugates have not been actively pursued
to date in CLL because of the concern that the extensive BM
infiltration will predispose to significant and prolonged myelo-
toxicity. Preliminary studiesin patients with BM involvement
arein development.

Gene Therapy

A goal of a genetic approach to CLL would be to mod-
ify the B-CLL phenotype so that it is capable of stimulating
T cells to respond to presented antigens. The interaction of
CD40 and its ligand CD40L (or CD154) expression on acti-
vated T cells plays a key role in the B-cell activation, sur-
vival, and differentiation [154, 155]. A preliminary report of
aphase | study with three B-cell patients showed no imme-
diate toxicity. Anorexia, fatigue, malaise and fever were the
major side effects and subsided in three days without spe-
cific treatment [156]. Two chemotherapy-naive patients
experienced agreater than 50% decrease in peripheral blood
lymphocytosis.

Infectionsand CLL

Infections as the result of the disease and/or its trestment
are the magjor cause of morbidity and mortality in CLL. The
pathogenesis of this increased susceptibility is multifactorial
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and involves both humora and cellular defects, including
hypogammaglobulinemia, defective complement activity,
and cell-mediated abnormalities [94, 95, 157, 158]. Prior to
treatment, the most frequent pathogensinclude organismsthat
require opsonization, such as Saphylococcus aureus,
Streptococcus  pneumoniae,  Haemophilus  influenza,
Escherichia cali, and Klebsiella pneumoniae. Fungal and
vird infections are mostly encountered in late-stage CLL
patients recelving akylating agents with glucocorticosteroids
and notably with PA therapy [95]. Trimetropim-sulfamethox-
azole (TMP-SMX) in patients requiring concurrent cortico-
steroids reduces the risks of PCP [95, 134]. No studies have
shown benefits for prophylactic antimicrobia therapy to
patients on PA therapy. Prophylactic i.v. immunoglobulin
therapy is neither cost-effective nor does it improve the qual-
ity of life of CLL patients. It has no effect on life-threatening
infection [158-161].

Immune Diseases and CLL

CLL cdls produce polyreective, low-&ffinity autoantibod-
ies, which may explain the high incidence of hypogamma-
globulinemiaand other autoimmune-associated diseases [162-
168]. Warm antibody autoimmune hemolytic anemia (WIHA)
(10%-25%), immune thrombocytopenic purpura (ITP) (2%),
and pure red cdl aplasia (PRCA) (0.5%-6%) are mogt fre-
quently reported. Autoimmune hemolysis may present Smul-
taneoudy with ITP in CLL patients (Evans syndrome) [1,
51-53, 58, 166]. The primary approach to autoimmune dis-
easesin CLL isto treat the underlying disorder, generally with
regimens including prednisone. Alternative trestments for
patients unresponsive to steroids include i.v. immunoglobulin
(IV1g), splenectomy, or cyclosporine A for WIHA. For PRCA
[53-56, 169-174], a regimen of cyclosporine A, akylating
agents, and antithymocyte globulin has been used with vari-
able success. Secondary ITP is managed as autoimmune
hemolytic anemia and does not confer a poor prognosis
[53, 121, 174].

Aggressive Transformation

About 15% of patients with CLL undergo a transforma-
tion to amore aggressive disorder, most often prolymphocytic
leukemia (PLL) or Richter's syndrome (RS).

PLL can occur de novo or as aggressive transformation
from CLL (CLL/PLL). The main clinica features and dif-
ferences between de novo PLL and CLL/PLL are listed in
Table 8.

CLL/PLL occursat amedian of 52 months from the diag-
nosis of CLL; 80% are B-cell type and may present with a
high density of surface immunoglobulin (slg), usudly IgM,
with kappaor lanbdalight chains[63-69, 175-183]. The pres-
ence of greater than 55% and/or 15,000/l prolymphocytes
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Table 8. Differences between de novo PLL and CLL/PLL
CLL transformation ~ denovoPLL
(CLL/PLL)
Age 60s 70s
Lymphocytosis Moderate Marked
Splenomegaly Moderate Marked
Lymphadenopathy Moderate Rare
p53 mutations >50% (substitutions) >50% (deletiong/insertions)
Responsetotherapy  Fair Poor
Cytogenetics Trisomy 12, 11q 1(6;12)
Substitutions = refers to a single base-pair substitution (“point mutation”).

establishes a diagnosis of PLL [58]. The main differentia
diagnosis (Table 3) is with other CD5* B-cell disorders
which include CLL and the leukemic phase of mantle-cell
lymphoma [58].

PL patients are usudly refractory to therapy, which may
reflect frequent p53 abnormalities [63, 67, 69, 178-183].
Transient clinical responses lasting six to nine months have
been reported with fludarabine, pentostatiny CAMPATH-1,
and BMT [63-69]. The median survival with conventional
treatments has been reported to be 7.5 months for T-cell
PLL. Survival figures are more variable with B-cell PLL
patients; differences among series reflect variability of de
novo and transformed PL L cases as other prognostic factors
[68, 180, 182].

Chronic Lymphocytic Leukemia

RS has been reported to occur in 3%-5% of CLL
patients, however, thisfigureislikely an underestimate [70].
RS represents the transformation from CLL to an aggressive
non-Hodgkin's lymphoma, usudly diffuse, large-cell lym-
phoma. The diagnosis requires biopsy. Gene rearrangement
studies suggest the same clond origin for CLL and RS [70,
71, 74]. Pdtients usualy present with progressive clinica
deterioration with a wasting picture, lymphadenopathy, and
systemic symptoms, often with an abdomina mass or extran-
odal involvement and a rising LDH. RS responds poorly to
therapy, with a median survival of only four to five months
[70-73]. Rare cases of transformation from CLL to Hodgkin's
disease, multiple myeloma, and acute lymphocytic leukemia
have been reported [74-78].

CONCLUSION

CLL continues to be an incurable disease. Fludarabine
has changed the traditional approach for CLL patients and
now is considered a therapeutic option for initial treatment.
More important, however, will be to use this agent as a
building block on which to base more effective treatment
strategies. A better understanding of the molecular biology
and immunology of this disease will lead to the rational
development of strategies targeted at the underlying mech-
anisms of this disease. By integrating these new
approaches, we may finally realize the goal of curing this
disease.
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