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Abstract
Chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL) is usually an incidental
diagnosis in patients with early–intermediate stage disease. However, most patients with a
diagnosis of CLL will subsequently have significant morbidity and die from their disease and its
complications. For these patients, CLL is not the ‘good leukemia’ with a predictably ‘benign’
outcome. Indeed, we can now identify a cohort of patients with high-risk CLL at diagnosis who
will have rapid disease progression, poor response to treatment, and poor survival based on
prognostic methods developed from an improved understanding of the biology of CLL. The
concomitant development of improved treatments has led to risk-adjusted management approaches
that could improve outcomes. We discuss the clinical and laboratory components of
comprehensive risk evaluation of patients with CLL and our approach to the management of
patients with a high to very high risk of disease progression and poor outcome. In addition, we
review the challenges and prospects for improving prognostic precision and the development of
new drugs to improve the treatment of patients with CLL with a high risk of adverse outcome.
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Introduction
Although the variability of the course of chronic lymphocytic leukemia (CLL) has been
recognized for decades, high-risk CLL is a more recent clinical concept. The concept of high
risk of adverse outcome in patients with CLL is based on: (a) the recognition that patients
with CLL with treatment refractory progressive disease or a short duration of response to
treatment have a poor prognosis, (b) the ability to predict poor prognosis at diagnosis, and
(c) the recognition that comorbidity, poor organ function, and poor performance status can
limit management options and worsen outcome in patients with CLL. Patients with high-risk
disease require more careful active monitoring than patients with low- to intermediate-risk
CLL, and can benefit from risk stratified management (Table I).

CLL is the most prevalent hematological malignancy in the USA, and the *25% of patients
with high-risk disease are an important part of the practice of hematology. The estimated
annual incidence of CLL (including small lymphocytic lymphoma [SLL]) is 5.5:100 000
resulting in over 15 000 new diagnoses per year, with a median age at diagnosis of 72 years
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[1] and a median age at treatment in the late 70s. There are multiple parameters other than
individual prognostic factors (discussed below) that can influence the course of all patients
with CLL. Advanced age and poor biological fitness, defined as impaired physical fitness
and organ function, considerably increase the risk for adverse consequences of progressive
disease and contribute to the decreased survival for patients with CLL compared to the age-
matched population [2]. Although the extent of age-related risk is still not fully defined, it is
important to consider that the median age of patients with CLL enrolled in most clinical
trials is about 60 years, and results are thus often difficult to generalize to the average patient
with CLL. Gender is an additional consideration in risk evaluation in the patient with CLL.
CLL is a male-predominant disease (1.3–1.5:1) [2,3], although the relative rate in females
does increase with age [2]. Females tend to have a better prognosis than males, although the
reason for this difference is not known [2]. Thus, age and gender need to be considered in
risk evaluation of patients with CLL.

CLL is associated with an increased risk of serious complications including autoimmune
cytopenia, infections, and second malignancies. Cytopenias secondary to autoimmune
disease do not have the same serious prognostic implications as cytopenia secondary to bone
marrow failure, but the independent implications of autoimmune complications on CLL risk
are still not fully defined [4–7]. Patients with CLL can have profound immunodeficiency
early in the course of their disease prior to any treatment. The first detectable defect is
usually hypogammaglobulinemia, which increases the risk of infection by encapsulated
organisms [8]. Progressive disease and treatment are associated with additional defects in
cellular immunity that result in an increased risk of opportunistic infections [8]. The risk of
second malignancies is markedly increased in patients with CLL. In addition to the well-
described risk of transformation of CLL to clonally related diffuse large B-cell lymphoma,
CLL is also associated with a significant increase in the risk of development of clonally
unrelated hematopoietic, skin, and solid tumors, which can have an adverse effect on
outcome for these patients [9,10]. Melanoma and non-melanoma skin cancers are a
particular concern because they occur at a considerably higher frequency. Non-melanoma
skin cancers tend to be more locally aggressive and have a higher risk of metastases even in
patients with earlier stage and untreated CLL [11]. Patients with CLL should thus all be
considered at increased risk for these complications and require monitoring during all phases
of the disease with appropriate preventive measures (e.g. sun protection and vaccinations)
and surveillance (annual skin and primary health examinations).

Evaluation of individual risk in patients with chronic lymphocytic leukemia
Patients with CLL can be evaluated for biological predictors of risk of disease progression,
poor response to treatment, complications, and death using clinical and laboratory testing at
diagnosis and then throughout the course of their disease. Ongoing reevaluation is essential,
because changes in CLL biology and the health of the patient can profoundly influence these
risks. Risk evaluation is increasingly valuable in planning overall management strategy and
treatment interventions, and can help patients and their families adapt to the disease and its
consequences. However, despite considerable improvements over the past two decades, the
accuracy of predictive methods can still be limited for a given individual, and thus
definitions of risk are both non-standard and in constant flux due to continuous
improvements in methods and knowledge. For the purposes of this discussion, high risk in
an individual patient with CLL is defined as disease that has a high probability of early
progression, poor response to treatment, or considerable morbidity and mortality from CLL
and its complications.

ZENT and KAY Page 2

Leuk Lymphoma. Author manuscript; available in PMC 2012 September 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Risk stratification
CLL risk stratification began with the staging systems initially described by Rai et al. [12]
and validated by Binet et al. [13]. The characterization of molecular markers of risk of
disease progression and poor prognosis in CLL cells subsequently provided important new
tools for predicting the natural history of early–intermediate stage CLL at diagnosis [14–16].
The current challenge is to implement this knowledge, which is constantly being refined and
expanded, into the daily care of patients with CLL throughout the course of their disease.

Prognosis at diagnosis—All patients with newly diagnosed CLL are likely to benefit
from a comprehensive risk evaluation. This includes confirmation of the diagnosis of CLL,
clinical staging, evaluation of biological fitness and comorbidities, and measurement of
appropriate molecular prognostic markers. Advanced clinical stage is defined as cytopenia
caused by progressive CLL, and this should be confirmed by clinical evaluation and a bone
marrow study to exclude other causes of cytopenia, including autoimmune complications of
CLL [6]. The small percentage (<10%) of patients with CLL with bone marrow failure at
diagnosis have a significantly poorer survival than other patients with CLL (median 6.2
years vs. 9.7 years [6], median 3.7 years vs. 9 years [7]). Of note, patients with cytopenia
caused by autoimmune complications (5–10% of patients with CLL in the course of their
disease) have considerably better survival and should not be considered to have high-risk
CLL based on cytopenia alone [4–7]. Clinical staging also provides a measure of tumor
burden based on the degree of adenopathy and visceromegaly detectable on clinical
examination. Patients with early stage disease (Rai 0, Binet A) have a better prognosis than
patients with intermediate stage disease (Rai I–II, Binet B) [12,13]. However, because the
rate of disease progression cannot usually be determined at diagnosis, the determination of
tumor burden is not fully informative of the biology of the disease and, hence, risk of
progression especially in patients with early–intermediate clinical stage. In these patients,
molecular markers can be especially helpful in determining disease risk.

Patients with newly diagnosed CLL are likely to benefit from the most comprehensive
molecular biological evaluation of their disease that can be performed. The following tests
are very helpful for assessment and counseling when you first see a patient with CLL.

Fluorescence in situ hybridization—Fluorescence in situ hybridization (FISH) for
known chromosome abnormalities is the single most useful clinical test for evaluation of
clinical risk in patients with CLL [16]. Approximately 5–10% of newly diagnosed patients
with CLL have 17p13 deletion (17p—) resulting in the loss of one allele of TP53 (tumor
protein p53) [16,17]. This is usually associated with a dysfunctional mutation in the
remaining TP53 allele, a short time to disease progression, poor response to conventional
chemoimmunotherapy (CIT), and poor overall survival [18,19]. An 11q22 deletion (11q—)
resulting in the loss of one allele of ATM (ataxia telangiectasia mutated) was initially
reported as more common in younger males with bulky CLL and a short time to treatment
[20], and is associated with an increased risk of clonal evolution [21] and poorer survival
[16]. In contrast, patients in whom deletion of 13q14 (13q—) is the sole genetic abnormality
on FISH analysis have a lower risk of CLL progression [16,17].

IGHV—Somatic hypermutation of the B cell receptor (BCR) variable region is a
physiological event during antigen driven maturation of B cells in secondary lymphoid
tissue. The extent of somatic hypermutation can be measured by comparing the clonal
immungolobulin heavy variable gene (IGHV) sequence to known germline sequences in the
clinical laboratory. CLL clones that utilize an unmutated IGHV (by convention a sequence
<2% different from rearranged germline) or the VH3-21 family gene segment (irrespective
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of mutation status) have decreased time from diagnosis to first treatment and poorer survival
[14,15,22].

ZAP-70—ZAP-70 is an intracellular molecule associated with BCR signaling in a small
subset of normal B cells [23]. In patients with CLL, higher levels of ZAP-70 expression are
associated with shorter time to treatment and poorer survival [24]. However, the routine
clinical measurement of ZAP-70 expression is difficult and non-standardized, and the
clinical utility of this assay is thus limited to centers that do well-validated assays on fresh
specimens. Although there is a statistical correlation between increased expression of
ZAP-70 and unmutated IGHV status [24], this relationship is not sufficiently precise to
allow mutation status to be reliably predicted by the level of ZAP-70 expression [25].

CD38—CD38 is a surface protein that is expressed at variable levels in CLL and can be
reliably measured by flow cytometry. CD38 expression levels have a well-validated
statistical correlation with time to treatment and prognosis, but use as a single parameter has
limited value in defining high-risk CLL in individual patients [26].

Other prognostic factors—There are a large number of other prognostic factors reported
in the literature. A comprehensive review of their role in determining CLL risk is outside of
the scope of this review.

Relapsed/refractory disease—Optimal management of patients with relapsed/
refractory CLL requiring treatment for progressive disease requires reevaluation and
revision of risk stratification. Patients with abnormal TP53 function, purine analog
refractory disease, transformation, and poor biological fitness are at the highest risk of poor
treatment response and outcome.

TP53 function—The risk of defective TP53 function increases with disease duration and
treatment and especially with the use of purine analog containing CIT. Patients with CLL
are at significant risk of clonal evolution, with over 25% having an additional defect
detected by FISH at 5 years after diagnosis [27]. The majority of these additional defects
increase disease risk, and about one-third involve the TP53 pathway (17p— or 11q—)
[21,27]. At present, most clinicians can only infer TP53 dysfunction by detecting 17p— by
FISH, but new developments in the ability to routinely test for TP53 mutations and function
should improve both the sensitivity and precision of detection of TP53 dysfunction, which is
essential for planning treatment in patients with progressive CLL.

Purine analog refractory—Patients with CLL who do not respond to a purine analog
containing regimen or who have a short duration of response (time to progression of less
than 1 year) are considered to be purine analog refractory and have a poor prognosis. These
patients require similar treatment approaches to patients with defective TP53 function.

Biological fitness—Poor biological fitness in patients with CLL can markedly increase
the risk of adverse effects of disease progression, complications, and treatment. However,
evaluation of biological fitness is complex, not yet standardized, and can be difficult in some
patients. Although age is an independent poor prognostic factor in CLL [28], the reasons
why older patients with CLL are at increased risk are not well defined, and risk can vary
widely between different patients of the same age [29]. The loss of organ reserve caused by
comorbidities and aging are major determinants of an individual’s tolerance of the
complications and treatment of CLL. Thus, the assessment of organ function is usually a
more important determinant of CLL risk than chronological age alone.
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Irreversible decreases in functional status are an important cause of increased risk for poor
outcome in patients with CLL. However, objective measurement of the overall functional
status can be difficult in patients with CLL. Although functional status can be evaluated
using the Eastern Cooperative Oncology Group (ECOG) performance score and the
activities of daily living (ADL) and Instrumental Activities of Daily Living (IADL) scales,
the results of these assessments have only a moderate correlation in individual patients [30]
and are thus of limited clinical value in patient care. In addition, the results of these
evaluations can be misleading in patients with CLL with potentially treatment responsive
anemia or profound fatigue. The future development of better tools for assessing the
biological fitness of patients with CLL would be very useful for more accurate identification
of those patients at higher risk of poor outcome.

What we do
Initial evaluation—We do a comprehensive clinical evaluation of all patients with CLL at
their first visit. The accuracy of the diagnosis of CLL is reviewed using published
immunophenotypic criteria, and mantle cell lymphoma in leukemic phase is excluded by
either FISH with an IGH probe or a cyclin D1 (CCND1, BCL-1) immunostain to detect
t(11;14) [31–33]. Patients whose monoclonal B cells have an immunophenotype that is
atypical for CLL require a diagnostic lymphoid tissue biopsy prior to initiation of treatment
[34,35]. Physical examination is used to detect bulky disease. Computed tomography (CT)
scanning and a bone marrow study are not routinely required at diagnosis and are performed
only if clinically indicated. However, a bone marrow study should be done in all patients
before treatment.

Prognosis at diagnosis—Our approach is to do FISH analysis, IGHV mutation analysis,
and ZAP-70, CD38, and CD49d [36] expression analysis by flow cytometry on all patients
with newly diagnosed CLL who are potential candidates for treatment, when indicated.
Patients are then risk stratified to very high, high, intermediate, and low risk of disease
progression (Figure 1) and managed accordingly. The major limitation to our current
approach is the inability to detect patients with loss of TP53 function not caused by 17p—.
These patients, who constitute approximately 5% of those newly diagnosed with CLL, have
a very poor prognosis at disease progression, equivalent to patients with 17p—, and are thus
classified as having very-high-risk CLL [19]. We are currently only able to test for TP53
mutations in selected patients as part of ongoing clinical trials. However, we believe that this
testing is very important, and plan to start using routine TP53 mutation analysis in 2011 in
both patients with earlier stage disease and those who require treatment for progressive
disease. However, we do appreciate that the currently available assays are still not capable
of identifying all patients with defects in the TP53 pathway and that further improvements
of clinical tests for this critical pathway are required.

Another important component of the TP53 pathway is the ATM protein located at 11q22.
The 11q— defect is usually monoallelic, and the consequences of the loss of one allele of
ATM on TP53 pathway function depend on the integrity of the remaining allele. Analysis of
the residual allele in patients with CLL with 11q— has shown that it is dysfunctional in
approximately 30% of patients, resulting in poorer responses to therapy and inferior clinical
outcome [37]. Unfortunately, mutation analysis of the very large ATM gene is not routinely
available. Several additional approaches are being tested for utility in measuring the
integrity of the TP53 pathway in CLL, including measurement of miR34a expression [38].
However, none of these approaches are currently available for clinical use.

CLL is clearly a genetically complex disease in which additional genetic defects are
frequently acquired during the course of the disease. Although FISH analysis is a clinically
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accessible and very useful test of genomic integrity, it provides a limited insight into the
genetic defects that could be used to determine risk in patients with CLL. Whole genome
approaches such as comparative genomic hybridization (CGH) and single nucleotide
polymorphism (SNP) analysis are currently being used in research projects to measure
genomic complexity and discover novel defects in CLL, and could potentially be clinically
useful for prognostication in the future [39].

Relapsed/refractory disease—All patients with CLL who have progressive relapsed/
refractory disease requiring treatment according to standard criteria [40] should be carefully
reevaluated for changes in their risk parameters. These patients require a repeat bone
marrow study to determine the extent of involvement by CLL and their myeloid reserve.
Repeat FISH analysis is also required to examine for clonal evolution and especially the
very-high-risk 17p—. Imaging with CT scans can be useful, but is not required to determine
tumor burden. Positron emission tomography (PET) scanning is of limited value in the
evaluation of patients with CLL because the disease usually has low fluorodeoxyglucose
(FDG) avidity, and should be reserved for those patients with features causing concern for
transformation to diffuse large B-cell lymphoma. Although the negative predictive value of
PET scanning for detection of transformation to diffuse large B-cell lymphoma is high in
patients with CLL, the positive predictive value is low [41]. Our unpublished experience is
that patients with 17p— can have FDG-avid CLL, and an excision biopsy of FDG-avid
tissue is always required to distinguish between progressive CLL, diffuse large B-cell
lymphoma, other malignancies, fungal infections (e.g. histoplasmosis), and other etiologies.

Biological fitness—Assessment of biological fitness requires a comprehensive clinical
evaluation to determine whether patients are fit for CIT, can tolerate only less toxic therapy,
or are candidates for palliative care [42]. Our basic assessment includes performance status,
effort tolerance, and organ function (renal, hepatic, and hematopoietic). Additional organ
function testing is done as clinically indicated.

Management of the patient with high-risk chronic lymphocytic leukemia
Initial treatment

Early–intermediate stage with high–very-high-risk CLL—Randomized trials have
shown that early intervention with chemotherapy is not beneficial for patients with CLL
[43]. Patients with CLL who have early–intermediate clinical stage and do not meet standard
criteria for disease progression [40] should thus not be treated outside of a clinical trial.
Even among patients with 17p— and non-progressive CLL there is a small cohort who have
an unexplained long time to treatment [44,45]. However, the improving ability to predict
prognosis and identify patients with high risk of progression of their CLL could mean that
some patients with CLL would benefit from early treatment with more targeted non-
chemotherapy treatment modalities. A phase II clinical trial of early treatment of high-risk
CLL (at least one of following risk factors: 17p—, 11q—, IGHV unmutated, and CD38+ or
ZAP-70+) with a short course of alemtuzumab and rituximab showed that this regimen is
effective and has acceptable toxicity [46]. However, assessment of the clinical value of these
early interventions will require a randomized controlled trial comparing early treatment
versus conventional management.

Patients diagnosed with advanced stage/progressive CLL—Only 5–10% of
patients have advanced stage or progressive disease at diagnosis that requires immediate
treatment [6]. In these patients, the single most important parameter for risk stratification
and planning treatment is currently TP53 function. Patients with TP53 deletions/mutations
have suboptimal responses to standard CIT and require alternative therapies [19].
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Patients with no known defect in TP53—The standard of care for fit patients is CIT
using a purine analog, alkylating agent, and rituximab containing treatment regimen [47–
49]. The results of the CLL8 study of the German CLL Study Group (GCLLSG) showed a
survival advantage for patients with progressive CLL without 17p— who were treated with
fludarabine, cyclophosphamide, and rituximab (FCR) compared to those receiving
fludarabine and cyclophosphamide (FC) [49]. This study also showed that patients with 11q
— treated with FCR did not have inferior responses to treatment [49]. There are also data
from the CLL4 study of the GCLLSG published in abstract form that suggest that the
addition of cyclophosphamide to fludarabine improves treatment responses in patients with
11q— [50], and data from our phase II trial using pentostatin and rituximab support the
importance of the use of cyclophosphamide in CIT [51]. There have not been any rigorous
randomized phase III trials comparing the use of FCR and pentostatin, cyclophosphamide,
and rituximab (PCR) for initial treatment of CLL. However, our clinical experience suggests
that PCR is better tolerated than FCR in older and frailer patients.

Patients with defective TP53—There is no standard of care for this group of patients,
and CIT rarely results in complete (CR) or durable responses [19]. Therapies with TP53-
independent mechanisms of action such as high-dose corticosteroids and alemtuzumab can
be effective, but rarely result in durable responses [52,53]. Combination therapies using
alemtuzumab and rituximab [54] and high-dose methylprednisolone in combination with
either rituximab [55,56] or alemtuzumab [57] have utility and can achieve response rates of
over 50%, but rarely achieve a CR. A major limiting factor in the use of these combination
therapies is severe immunosuppression and infections. There is thus a clear need to develop
more effective regimens for these patients.

Allogeneic peripheral blood stem cell transplant using a reduced-intensity conditioning
regimen (RIC allotransplant) can achieve long-term remission in patients with high-risk
CLL including those with 17p— [58,59]. This should be an early consideration in the
management of all patients with high-risk relapsed/refractory CLL who have progressive
disease requiring treatment. In biologically fit patients with a suitable donor, the initial step
in treatment is to achieve a substantial reduction of tumor burden with non-transplant
therapy. Thus, effective RIC allotransplant requires strategic long-term planning and
coordination of therapy with early involvement of the transplant team. Patients who are not
eligible for RIC allotransplant should be considered for early use of experimental therapy on
clinical trials.

Later disease progression—Patients with high-risk CLL who do not require treatment
for progressive CLL at diagnosis should be actively monitored for CLL progression and
complications with clinic visits at least every 3 months. When these patients have
progressive disease, they require reevaluation of their risk status prior to deciding on
treatment. These patients require both FISH testing to detect clonal evolution and clinical
reevaluation to detect any changes in biological fitness that could affect treatment choices.
Based on this evaluation, patients can be managed according to the same principles as
described above for patients requiring treatment at diagnosis.

Relapsed/refractory CLL—Patients with previously treated CLL who have progressive
disease requiring treatment require risk reevaluation. Patients with purine analog sensitive
CLL who do not have a detectable TP53 defect are likely to respond to repeat treatment with
CIT. In contrast, patients with CLL whose disease is purine analog refractory or who have
defective TP53 have very-high-risk disease with poor response to conventional treatment
and short survival. In these patients, the initial approach should focus on the possibility of
RIC allotransplant. Patients with TP53 dysfunction who are not candidates for RIC
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allotransplant have the same limited treatment options as those for initial treatment of
patients with TP53 dysfunction, as described above. Patients with purine analog refractory
disease without known TP53 defects who are not candidates for RIC allotransplant can also
be considered for additional therapeutic options including lenalidomide [60], ofatumumab
[61], and other experimental options via clinical trials.

Biologically frail patients—Therapy of biologically frail patients needs to be
individualized based on the CLL risk, fitness, and comorbidities. Important considerations
are anemia and fatigue, which can cause a considerable but reversible decrease in
performance status. Patients who are less biologically fit usually do not tolerate standard
CIT and should be considered for less toxic therapy with regimens such as pentostatin and
rituximab (PR) [51], dose-reduced FCR (FCRlite) [62], and PCR [48]. In addition,
experimental options that do not include chemotherapy such as alemtuzumab and rituximab
(Intergroup-ECOG1908, NCT01013961) could be appropriate therapy.

What we do
Initial treatment of CLL
Early–intermediate stage with high–very-high-risk CLL: Newly diagnosed patients have
a prognostic evaluation, and qualifying patients with non-progressive high-risk early–
intermediate stage disease (≥1 of: 17p—, 11q—, unmutated IGHV/use of VH3-21 +
expression of ZAP-70 ± CD38) are offered participation in a combination monoclonal
antibody based therapy trial. For high-risk patients not participating in this study, the
standard of care is active monitoring every 3 months. At each visit patients are monitored
for disease progression and complications. Patients receive ongoing education about CLL
and its complications, with emphasis on early recognition and management of infection,
appropriate vaccinations, skin and other malignancy prevention/screening, and monitoring
for disease progression. Our clinic is also designed to facilitate rapid patient access for
evaluation of new clinical problems. Patients have direct telephonic access to a CLL-
dedicated registered nurse to triage and manage problems and arrange clinic visits as
required.

Initial treatment of progressive disease: Patients with high-risk CLL who have disease
progression according to standard criteria, are biologically fit, and do not have detectable
defects of TP53 are usually treated with CIT. Our current practice is to consider FCR for
most fit patients under the age of 60 years and PCR (or dose-reduced FCR [62]) for most
patients over the age of 65 years. Patients between 60 and 65 years old are carefully
evaluated for biological fitness and organ function, and treatment decisions made in
consultation with the patient with due consideration of their personal opinions about the
risks of treatment. Our patients are also offered participation in experimental treatment
options whenever possible. Patients with defective TP53 are treated with regimens
containing alemtuzumab or high-dose corticosteroids with the aim of achieving the best
possible remission, and then proceeding to RIC allotransplant whenever possible. Our
current experimental treatment option utilizes pentostatin, alemtuzumab, and low-dose
rituximab (PAR) (NCT00669318), and standard of care is high-dose methylprednisolone
and rituximab [55] in patients with bulky disease (palpable nodes >5 cm in diameter, spleen
palpable >6 cm below costal margin), and alemtuzumab and rituximab [46] for patients with
less bulky disease.

Relapsed/refractory CLL: Patients without features of very-high risk disease are treated
with CIT if biologically fit. Patients with progressive purine refractory disease or TP53
defective CLL are treated on an experimental protocol if possible. Our current experimental
options are PAR (NCT00669318) and everolimus and alemtuzumab (NCT00935792).
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Standard of care therapies are high-dose methyl-prednisolone and rituximab, and
alemtuzumab and rituximab. In all sufficiently fit patients with a matched donor, the goal of
treatment is to achieve a response that will allow the patient to proceed to RIC
allotransplant.

Biologically frail patients: Patients without TP53 defects who are unlikely to tolerate
standard CIT are usually treated with regimens that contain corticosteroids,
cyclophosphamide, and rituximab such as R-C(V)P [63,64]. We often omit the vincristine in
this regimen in older patients at high risk of peripheral neuropathy. An alternative regimen is
PR [51]. In frail patients with TP53 defective CLL, treatment options include monotherapy
with alemtuzumab or ofatumumab, or intermediate-dose corticosteroids.

Future developments
Improving evaluation of prognosis in CLL

Although prognostic methods and treatments for CLL have improved dramatically in the
recent past, they clearly still require both major improvements and the development of
consensus for incorporation into clinical practice. In the interim, clinical care could be
improved by optimal use of the available resources by practitioners evaluating and
managing patients with CLL. Our current evaluation of high-risk CLL relies extensively on
clinical factors (e.g. stage) and the extent and duration of clinical responses to initial
therapy. We believe that prognostic evaluation can be markedly improved by the routine use
of prognostic profiles at diagnosis and before initial and subsequent treatment, to identify
patients with high-risk CLL who need different treatment approaches. The best current
example of this is the use of FISH to detect patients with 17p— and molecular methods to
detect TP53 dysfunction. We and others are committed to studies designed to continue the
development of more accurate prognostic methods for use in clinical practice.

Improving initial management of patients with very-high-risk CLL
Our current standard of care for those patients with non-progressive disease is regular active
monitoring and prevention or early treatment of the complications of CLL. However, we
believe that this cohort should also be investigated with interventions that could delay or
even prevent disease progression. Phase II clinical trials suggest that combination
monoclonal antibody therapy is effective and well tolerated in this cohort. We now need to
determine in a phase III trial whether these interventions are beneficial in these patients.

Improvement of treatment options in patients with high-risk CLL
We are convinced that improving treatment will require a more complete understanding of
the biology of the CLL B-cell and its interaction with the microenvironment. Initial
investigations have already yielded important insights into membrane adhesion markers, cell
signaling, novel receptors, and apoptosis pathway proteins that could be manipulated to
improve treatment. Thus, we can now test drugs that interrupt CXCR4–CXCRL12
interactions, antibodies to unique receptor sites such as CD37, anti-CD20 antibodies with
improved complement activation potential, inhibitors of the BCR directed signaling that
target AKT and mTOR (mammalian target of rapamycin), and mimetics that bind to
proapoptotic proteins to block their function (Table II). Even if these new agents are not
highly effective as single agents, their use can provide information to design better agents,
or they could be useful in combination therapies by reducing CLL cell resistance to
currently used therapies.

CLL is characterized by the early development of profound defects in the immune system
which are exacerbated by therapy [8]. Interventions that correct these deficiencies could be
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very useful in the treatment of CLL by decreasing the major morbidity caused by infections,
autoimmune complications, and second malignancies, and by increasing the patient’s own
ability to mount an immune response against their CLL. We thus need to continue efforts to
better understand the immune defects in CLL, and use this information to develop methods
that can improve immune function. Approaches for ex vivo modification of T cells that can
then be infused into patients with CLL to induce a graft versus leukemia effect is one
exciting potential approach that has shown promise in phase I trials for hematological
malignancies [65]. Related to this approach is the potential development of an anti-leukemia
vaccine where the leukemic cells could be fused with autologous dendritic cells, with the
subsequent development of cytotoxic T cells against a wide array of tumor antigens [66].
The recent demonstration that lenalidomide is able to reverse the defects in immunologic
synapse formation in patients with CLL represents an additional novel maneuver to reverse
the profound immune T cell and natural killer (NK) defects in patients with CLL [67]. We
thus believe that there are considerable opportunities for manipulation of the defective
immune system in patients with CLL that could be of therapeutic benefit.
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Figure 1.
Risk stratification for patients with non-progressive early–intermediate stage CLL.
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Table I

Key points in the management of high-risk CLL.

1. Accurate diagnosis of CLL

2. Determine disease burden and etiology of cytopenias

3. Evaluate TP53 pathway integrity

4. Active monitoring for early detection of disease progression and complications

5. Reevaluate CLL risk before any treatment

6. Use risk stratified treatment of progressive disease

7. Early consideration of RIC allotransplant in patients with TP53 defective or purine analog refractory CLL

CLL, chronic lymphocytic leukemia; RIC allotransplant, allogeneic hematopoietic stem cell transplant from matched donor using a reduced-
intensity conditioning regimen.
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Table II

Examples of novel drugs for the therapy of CLL.

Drug Class

Lenalidomide Immune modulator (IMID)

Alvocidib (flavopiridol) Cyclin dependent kinase (CDK) inhibitor

Ofatumumab Human anti-CD20 monoclonal antibody

Veltuzumab Humanized anti-CD20 monoclonal antibody

HCD122 Human anti-CD40 monoclonal antibody

TRU-016 Anti-CD37 IgG fusion protein

Obatoclax BCL2 inhibitor

ABT-263/ ABT-737 BCL2 and BCLXL inhibitor

CAL-101 PI3K inhibitor

Fostamatinib SYK inhibitor

Everolimus mTOR inhibitor

AiX AKT inhibitor

PGG β-glucan Complement receptor 3 agonist

17-DMAG HSP90 inhibitor

Dasatinib Tyrosine kinase inhibitor

Plerixafor CXCL12 inhibitor

CLL, chronic lymphocytic leukemia; IgG, immunoglobulin G; PI3K, phosphatidylinositol 3-kinase; mTOR, mammalian target of rapamycin.
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