Continuing medical education activity
in American Journal of Hematology
CME Editor: Ayalew Tefferi, MD
CME Author: Michael Hallek, MD
CME Information: Chronic lymphocytic leukemia: 2013
update on diagnosis, risk stratification and treatment
If you wish to receive credit for this activity, please refer
to the website: www.wileyhealthlearning.com
Accreditation and Designation Statement:

Blackwell Futura Media Services is accredited by the
Accreditation Council for Continuing Medical Education to
provide continuing medical education for physicians.
Blackwell Futura Media Services designates this journalbased CME for a maximum of 1 AMA PRA Category 1
CreditTM. Physicians should only claim credit commensurate with the extent of their participation in the activity
Educational Objectives

Upon completion of this educational activity, participants
will be better able to:
1. Explain the basic principles of CLL pathogenesis
2. Explain how to establish the diagnosis and to use clinical and genetic information to predict the prognosis of a
given patient with CLL
3. Identify when treatment is indicated and to design the
appropriate therapy for different patients with CLL

process for American Journal of Hematology is single
blinded. As such, the identities of the reviewers are not
disclosed in line with the standard accepted practices of
medical journal peer review.
Conflicts of interest have been identified and resolved in
accordance with Blackwell Futura Media Services’s Policy
on Activity Disclosure and Conflict of Interest. The primary
resolution method used was peer review and review by a
non-conflicted expert.
Instructions on Receiving Credit

This activity is intended for physicians. For information
on applicability and acceptance of continuing medical education credit for this activity, please consult your professional licensing board.
This activity is designed to be completed within one
hour; physicians should claim only those credits that reflect
the time actually spent in the activity. To successfully earn
credit, participants must complete the activity during the
valid credit period, which is up to two years from initial publication. Additionally, up to 3 attempts and a score of 70%
or better is needed to pass the post test.
Follow these steps to earn credit:

Activity Disclosures

No commercial support has been accepted related to the
development or publication of this activity.
Author: Michael Hallek, MD discloses advisory board
consulting fees and speaker honoraria from Roche, Gilead,
Janssen (J&J), GSK, Mundipharma, and Celgene; and clinical trial research support from Roche, Gilead, Janssen,
Mundipharma, and Celgene.
CME Editor - Ayalew Tefferi, MD has no conflicts of interest to disclose.
This activity underwent peer review in line with the standards of editorial integrity and publication ethics maintained
by American Journal of Hematology. The peer reviewers
have no conflicts of interest to disclose. The peer review

 Log on to www.wileyhealthlearning.com
 Read the target audience, educational objectives, and
activity disclosures.
 Read the activity contents in print or online format.
 Reflect on the activity contents.
 Access the CME Exam, and choose the best answer
to each question.
 Complete the required evaluation component of the activity.
 Claim your Certificate.
This activity will be available for CME credit for twelve
months following its launch date. At that time, it will be
reviewed and potentially updated and extended for an additional twelve months.

C 2013 Wiley Periodicals, Inc.
V

American Journal of Hematology

803

http://wileyonlinelibrary.com/cgi-bin/jhome/35105

AJH Educational Material
ANNUAL CLINICAL UPDATES IN HEMATOLOGICAL MALIGNANCIES: A CONTINUING MEDICAL
EDUCATION SERIES

Chronic lymphocytic leukemia: 2013 update on diagnosis, risk
stratification and treatment
Michael Hallek*
Disease Overview: Chronic lymphocytic leukemia (CLL) is the commonest leukemia in western countries.
The disease typically occurs in elderly patients and has a highly variable clinical course. Leukemic transformation is initiated by specific genomic alterations that impair apoptosis of clonal B-cells.
Diagnosis: The diagnosis is established by blood counts, blood smears, and immunophenotyping of circulating B-lymphocytes, which identify a clonal B-cell population carrying the CD5 antigen as well as B-cell markers.
Prognosis: Two prognostic staging systems exist, the Rai and Binet staging systems, which are established by physical examination and blood counts. Various biological and genetic markers also have prognostic value. Deletions of the short arm of chromosome 17 (del(17p)) predict resistance to most available
therapies.
Therapy: Patients with active or symptomatic disease or with advanced Binet or Rai stages require therapy.
For physical fit patients, chemoimmunotherapy with fludarabine, cyclophosphamide and rituximab represents the current standard therapy. For unfit patients, treatment with an anti-CD20 antibody plus a milder
chemotherapy (chlorambucil) is currently established as standard treatment. At relapse, the initial treatment
may be repeated, if the treatment-free interval exceeds two years. If the disease relapses earlier, alternative
therapies such as bendamustine alone or with rituximab, alemtuzumab, lenalidomide, or ofatumumab
should be used. Patients with a del(17p) or TP53 should be considered for an allogeneic SCT.
Future Challenges: Several new agents (e.g., ibrutinib, obinutuzumab) hold the potential to change standard of CLL treatment in the next 6–12 months. Therefore, CLL patients should be included into current clinC 2013 Wiley Periodicals, Inc.
ical trials whenever possible. Am. J. Hematol. 88:804–816, 2013. V
Introduction and Disease Overview
With an age-adjusted incidence of 4.1/100,000 inhabitants in the United States, chronic lymphocytic leukemia
(CLL) is the most common type of leukemia in western
countries. More than 15,000 newly diagnosed cases and
4,500 deaths are currently estimated [1,2]. The median
age at diagnosis lies between 67 and 72 years. More male
than female patients (1.7:1) are affected [3–5]. As the incidence rate rises with age, the prevalence and mortality of
CLL are likely to increase further due to the demographic
changes in society in the forthcoming decades. Moreover,
the proportion of younger patients with early stage
CLL and minimal symptoms seems to increase due to
more frequent blood testing [6].
CLL is characterized by the clonal proliferation and accumulation of mature, typically CD5-positive B-cells within the
blood, bone marrow, lymph nodes, and spleen [7]. Very
recently, it has been reported that in CLL the capacity to
generate clonal B cells might be acquired at the hematopoietic stem cell (HSC) stage [8], suggesting that the primary leukemogenic event in CLL might involve multipotent,
self-renewing HSCs. The leukemic transformation is initiated by specific genomic alterations causing the deletion of
specific micro-RNA genes and increasing the resistance of
B cells towards apoptosis [9,10].
Deletions on the long arm of chromosome 13, specifically involving band 13q14 (del(13q14)) represent the single most frequently observed cytogenetic aberration in
CLL, occurring in approx. 55% of all cases. An isolated
del(13q14) is typically characterized by a benign course of
the disease. The miRNAs, miR-15a and 16-1, were
recently identified to be located in the critical region of
del(13q14) [9]. The pathophysiologic role of these miRNAs
is further underscored by the phenotype of genetically

engineered mice carrying a targeted deletion of the mir15a/16-1 locus in combination with a deletion of the noncoding RNA gene DLEU2. These animals develop a monoclonal B-cell lymphocytosis-like disorder, CLL, and
lymphoma, suggesting that the miRNAs 15a and 16-1
indeed play a role in CLL leukemogenesis [11].
Deletions of the long arm of chromosome 11 (del(11q))
can be found in 25% of chemotherapy-na€ıve patients with
advanced disease stages and 10% of patients with early
stage disease [12,13]. These deletions frequently encompass band 11q23 harboring the gene ATM, which encodes
for the proximal DNA damage response kinase ATM. In
addition, patients carrying a del(11q) clone typically show a
bulky lymphadenopathy, rapid progression, and reduced
overall survival [14]. Interestingly, some of the poor prognostic features of del(11q) seem to be overcome by the
use of chemoimmunotherapy [15].
Trisomy 12 is observed in 10–20% of CLL patients. However, the genes involved in the pathogenesis of CLLs carrying a trisomy 12 are largely unknown. Furthermore, the
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prognostic relevance of trisomy 12 remains a matter of
debate [16].
Deletions of the short arm of chromosome 17 (del(17p))
are found in 5–8% of chemotherapy-na€ıve patients. These
deletions almost always include band 17p13, where the
prominent tumor suppressor gene TP53 is located. CLL
patients carrying a del(17p) clone show marked resistance
against genotoxic chemotherapies that cannot be overcome
by the addition of anti-CD20 antibodies in the context of
state of the art chemo-immunotherapy [15]. Mutations of
TP53 are found in 4–37% of patients with CLL, and have
been associated with very poor prognosis (ultra-high risk)
in a number of studies [17]. Among cases with confirmed
del(17p), the majority show mutations in the remaining
TP53 allele (>80%). In cases without del(17p), TP53 mutations are much rarer, but have a similarly detrimental effect
on chemotherapy response and overall survival [16]. TP53
mutations are also associated with higher genomic complexity in CLL, indicating that a crippled DDR promotes a
“mutator phenotype” in CLL [16].
The recently reported whole genome sequencing projects in CLL have revealed a number of recurrent somatic
gene mutations that occur in parallel to the abovementioned structural genomic aberrations. These include
the genes NOTCH1, MYD88, TP53, ATM, SF3B1, FBXW7,
POT1, CHD2, and others [13,18]. Of note, TP53, ATM,
POT1, and CHD2 encode for proteins critically involved in
DNA damage signaling and DNA repair [19]. Intriguingly,
both del(17p) and del(11q), as well as inactivating somatic
mutations in TP53 and ATM are enriched in patients with
secondary resistance to DNA-damaging chemotherapy
[13,18]. This observation underscores the critical importance of the ATM-Chk2-p53 signaling axis in mediating
apoptosis in response to DNA damage in CLL.
Survival of CLL cells strictly depends on a permissive
microenvironment composed of cellular components like macrophages, T cells, or stromal follicular dendritic cells [20–22]
providing stimuli for activation of crucial survival and proproliferative signaling pathways in transformed cells. This
microenvironment produces various essential proteins (chemokines, cytokines, and angiogenic factors) that interact with
leukemic cells via appropriate surface receptors or adhesion
molecules to support the survival of CLL cells [10,22,23].
In light of these important advances it is not surprising
that the management of this leukemia is constantly undergoing important changes that have started 20 years ago
and still gain in dynamics [24]. Several new drugs have
been approved (fludarabine, bendamustine as well as three
monoclonal antibodies, alemtuzumab, rituximab, and ofatumumab). Chemoimmunotherapies composed of fludarabine
and rituximab (with our without cyclophosphamide), or of fludarabine and alemtuzumab have shown to improve overall
survival when used as therapy for CLL patients. In addition,
several specific inhibitors interrupting important pathways for
CLL cell survival are currently in the final phases of clinical
development. It is the purpose of this educational review to
integrate the latest knowledge on CLL therapy and diagnostic tools into a simple algorithm to guide the diagnostic and
therapeutic decisions in daily practice.
Diagnosis
This section uses the recently updated iwCLL guidelines
[25] (with minor modifications), which give very clear and
concise recommendations on how to establish the diagnosis
of CLL. In most cases the diagnosis of CLL is established
by blood counts, differential counts, a blood smear, and
immunophenotyping. The World Health Organization (WHO)
classification of hematopoietic neoplasias describes CLL as
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leukemic, lymphocytic lymphoma, being only distinguishable
from SLL (small lymphocytic lymphoma) by its leukemic
appearance [26]. CLL is always a disease of neoplastic
B-cells, while the entity formerly described as T-CLL is now
called T-cell prolymphocytic leukemia (T-PLL) [27].
The diagnosis of CLL requires the presence of  5,000
B-lymphocytes/mL in the peripheral blood for the duration of
at least 3 months. The clonality of the circulating Blymphocytes needs to be confirmed by flow cytometry. The
leukemia cells found in the blood smear are characteristically small, mature lymphocytes with a narrow border of
cytoplasm and a dense nucleus lacking discernible nucleoli
and having partially aggregated chromatin. These cells
may be found admixed with larger or atypical cells, cleaved
cells, or prolymphocytes, which may comprise up to 55%
of the blood lymphocytes [28]. Finding prolymphocytes in
excess of this percentage would favor a diagnosis of prolymphocytic leukemia (B-cell PLL). Gumprecht nuclear
shadows, or smudge cells, found as cell debris, are other
characteristic morphologic features found in CLL.
Monoclonal B lymphocytosis
In the absence of lymphadenopathy or organomegaly (as
defined by physical examination or CT scans) [25], cytopenias, or disease-related symptoms, the presence of fewer
than 5,000 B-lymphocytes per mL blood is defined as
“monoclonal B-lymphocytosis” (MBL) [29]. The presence of a
cytopenia caused by a typical marrow infiltrate defines the
diagnosis of CLL regardless of the number of peripheral blood
B-lymphocytes or of the lymph node involvement. MBL seems
to progress to frank CLL at a rate of 1–2% per year [30].
The definition of SLL requires the presence of lymphadenopathy and the absence of cytopenias caused by a clonal
marrow infiltrate. Moreover, the number of B-lymphocytes
in the peripheral blood should not exceed 5,000/mL. In SLL,
the diagnosis should be confirmed by histopathological
evaluation of a lymph node biopsy whenever possible.
Immunophenotyping
CLL cells co-express the T-cell antigen CD5 and B-cell
surface antigens CD19, CD20, and CD23 [25]. The levels of
surface immunoglobulin (Ig), CD20, and CD79b are characteristically low compared to those found on normal B cells
[31,32]. Each clone of leukemia cells is restricted to expression of either kappa or lambda immunoglobulin light chains
[31]. Variations of the intensity of expression of these
markers may exist and do not prevent inclusion of a patient
in clinical trials for CLL. In contrast, B-cell PLL cells do not
express CD5 in half of the cases, and typically express high
levels of CD20 and surface Ig [33]. Also, the leukemia cells
of mantle cell lymphoma, despite also expressing B cell surface antigens and CD5, generally do not express CD23.
Risk Stratification, Staging, and Indication for
Treatment
Again, very concise definitions for the initiation of therapy
have been proposed by the updated iwCLL guidelines [25]
and are used here. Two widely accepted staging methods
co-exist, the Rai [34] and the Binet system [35]. The original Rai classification was modified to reduce the number of
prognostic groups from five to three [36]. Both systems
describe three major prognostic groups with discrete clinical outcomes. These two staging systems are simple, inexpensive, and solely rely on a physical examination and
standard laboratory tests. They do not require ultrasound,
computed tomography, or magnetic resonance imaging.
The modified Rai staging system defines low-risk disease as patients who have lymphocytosis with leukemia
cells in the blood and/or marrow (lymphoid cells >30%)
(former Rai stage 0). Patients with lymphocytosis, enlarged
nodes in any site, and splenomegaly and/or hepatomegaly
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(lymph nodes being palpable or not) are defined as
having intermediate risk disease (formerly considered
Rai Stages I or II). High risk disease includes patients with
disease-related anemia (as defined by a hemoglobin (Hb)
level less than 11 g/dL) (formerly Stage III) or thrombocytopenia (as defined by a platelet count of less than 100 3
109/L) (formerly Stage IV).
The Binet staging system is based on the number of
involved areas, as defined by the presence of enlarged
lymph nodes of greater than 1 cm in diameter or organomegaly, and on whether there is anemia or thrombocytopenia.
The areas of involvement considered are (1) head and neck,
including the Waldeyer ring (this counts as one area, even if
more than one group of nodes is enlarged). (2) axillae
(involvement of both axillae counts as one area). (3) Groins,
including superficial femoral (involvement of both groins
counts as one area). (4) Palpable spleen. (5) Palpable liver
(clinically enlarged). Binet stages are defined as follows:
Stage A. Hb  10 g/dL and platelets  100 3 109/L and
up to two of the above involved.
Stage B. Hb  10 g/dL and platelets  100 3 109/L and
organomegaly greater than that defined for Stage A (i.e.,
three or more areas of nodal or organ enlargement).
Stage C. All patients who have Hb of less than 10 g/dL
and/or a platelet count of less than 100 3 109/L, irrespective of organomegaly.
Criteria for initiating treatment may vary depending on
whether or not the patient is treated in a clinical trial. In general practice, newly diagnosed patients with asymptomatic
early-stage disease (Rai 0, Binet A), should be monitored
without therapy unless they have evidence of disease progression. Studies from both the French Cooperative Group on
CLL [37], the Cancer and Leukemia Group B (CALGB) [38],
and the Spanish Group Pethema [39] in patients with earlystage disease showed that the use of alkylating agents did not
prolong survival in this specific situation. This result was confirmed by a meta-analysis [40]. In one study, treated patients
with early-stage disease had an increased frequency of fatal
epithelial cancers compared with untreated patients [37].
Therefore, the potential benefit of an early-intervention therapy with anti-leukemia drugs remains to be proven.
Whereas patients at intermediate (Stages I and II) and
high risk (Stages III and IV) according to the modified Rai
classification or at Binet Stage B or C usually benefit from
the initiation of treatment, some of these patients (in particular Rai intermediate risk or Binet stage B) can be monitored without therapy until they have evidence for
progressive or symptomatic/active disease as defined by
iwCLL guidelines [25]:
- evidence of progressive marrow failure (anemia and/
or thrombocytopenia);
- massive (i.e.,  6 cm below the left costal margin) or
progressive or symptomatic splenomegaly;
- massive nodes (i.e.,  10 cm in longest diameter) or
progressive or symptomatic lymphadenopathy;
- progressive lymphocytosis with an increase of > 50%
over a 2-month period;
- lymphocyte doubling time (LDT) of less than 6 months;
- autoimmune anemia and/or thrombocytopenia that is
poorly responsive to corticosteroids or other standard
therapy;
- disease-related symptoms such as unintentional
weight loss  10% within the previous 6 months, significant fatigue, fevers of greater than 100.5 F or 38.0 C
for 2 or more weeks without other evidence of infection; or night sweats for more than 1 month without
evidence of infection.
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Patients with initial blood lymphocyte counts of less than
30.000/mL may require a longer observation period to
determine the LDT. Also, factors contributing to lymphocytosis or lymphadenopathy other than CLL (e.g., infections)
should be excluded.
Patients with CLL may present with a markedly elevated
leukocyte count; however, the symptoms associated with
leukocyte aggregates that develop in patients with acute
leukemia rarely occur in patients with CLL. Therefore, the
absolute lymphocyte count should not be used as the sole
indicator for treatment.
Several genetic markers, in particular some of the above
defined genetic and chromosomal aberrations, have been
described to add prognostic information to these two staging systems, but so far there is no consensus or evidence
that the use of additional markers is needed in general
practice to define a treatment indication [41]. It is anticipated that the prognostic classification might change in the
near future (Bahlo et al., submitted).
Response Assessment
The update iwCLL guidelines give a detailed description
of the assessment of the treatment response. A detailed
overview of these response criteria is beyond the scope of
this manuscript. In essence the following response categories can be separated [25]: complete remission, partial
remission, stable disease, and progression, as well as
refractory disease. In addition, the assessment of minimal
residual disease (MRD) has been introduced as an additional and increasingly important category of response
assessment. This results in four categories of response
(Fig. 1), CR1MRD2, CR1MRD1, PR1MRD2, PR1MRD1.
Eradicating MRD
The assessment of minimal residual disease (MRD)
recently has become a very important endpoint with
prognostic impact in clinical trials [42]. Detectable MRD
after therapy following alemtuzumab consolidation therapy predicts relapse and shorter (progression-free) survival [43–47]. Results of a small Phase III trial by the
GCLLSG showed improved PFS with alemtuzumab consolidation therapy compared to the observation arm (no
progression vs. 24.7 months, P 5 0.036) when calculated
from the start of fludarabine-based treatment [43]. In a
similar approach, an OR of 53% was achieved by an alemtuzumab consolidation therapy (39% at a 10-mg dose and
65% at a 30-mg dose (P 5 0.066)) [47]. MRD was efficiently cleared from the bone marrow in most patients,
with 38% of the patients achieving a molecular remission.
Median time to disease progression had not yet been
reached for patients who achieved MRD negativity, compared with 15 months for patients who still had residual
disease after alemtuzumab consolidation treatment [47].
However, this approach may cause considerable myelotoxicity, lymphocytopenia, and sometimes life threatening
infections, in particular if conventional doses of alemtuzumab are administered within 3–6 months after the last
chemotherapy in patients with a low tumor load [48,49].
The quantitative assessment of MRD in 471 patients in
the CLL8 trial receiving FC or FCR has provided additional
insight into the clinical significance of MRD as assessed by
four color flow cytometry [50]. MRD levels below 1024 were
correlated with longer PFS. The FCR regimen produced
lower median MRD levels compared with FC, resulting in
longer PFS [50].
Therefore, MRD assessment is recommended in clinical
trials using standardized protocols of either four-color flow
cytometry or allele-specific oligonucleotide PCR (one CLL
cell in 10,000 leukocyte sensitivity) [51], although evaluation
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Figure 1. Definition of response in CLL. MRD, minimal residual disease; CR,
complete remission; PR, partial remission.

of MRD is currently not recommended for routine clinical
practice [25].
Treatment Components
Single Agents
Cytostatic agents. Monotherapy with alkylating agents
has served as initial, front-line therapy for CLL, and chlorambucil has been considered the “gold standard” for several decades [40]. Even today, this drug remains an
appropriate option, particularly in frail elderly or unfit
patients. The advantages of chlorambucil are its low toxicity, low cost, and convenience as an oral drug; the major
disadvantages are its low to nonexistent CR rate and some
side effects that occur after extended use (prolonged cytopenia, myelodysplasia, and secondary acute leukemia).
Novel results indicate that chlorambucil monotherapy may
be used less frequently, since the combination with antiCD20 antibodies has proven more effective (see below).
Three purine analogues are currently used in CLL: fludarabine, pentostatin, and cladribine (2-CdA). Fludarabine
remains by far the best studied compound of the three in
CLL. Fludarabine monotherapy produces superior overall
response (OR) rates compared with other treatment regimens containing alkylating agents or corticosteroids [52–
54]. Fludarabine induced more remissions and more complete remissions (CR) (7–40%) than other conventional
chemotherapies, like CHOP (cyclophosphamide, doxorubicin, vincristine, prednisone), CAP (cyclophosphamide, doxorubicin, prednisone), or chlorambucil, but did not improve
overall survival when used as single agent [54–57]. Similarly, cladribine monotherapy was shown to produce a
higher CR rate than chlorambucil plus prednisone (47% vs.
12%) without resulting in a longer survival [58].
More recently, bendamustine, 4-[5-[Bis(2-chloroethyl)amino]-1-methylbenzimidazol-2-yl]butanoic acid, which has
been used in Germany for more than 30 years, was compared with chlorambucil in a randomized trial. Bendamustine produced improved responses but greater toxicity and
no OS benefit [59]. The overall response (OR) and median
PFS rates were 67% and 22 months respectively for bendamustine versus 30% and 8 months for chlorambucil (both
P < 0.0001).
Monoclonal Antibodies
Anti-CD20 antibodies. CD20 is an activated, glycosylated phosphoprotein expressed on the surface of mature Bcells. The protein has no known natural ligand [60] and its
function is not yet discovered. It is suspected to act as a
calcium channel in the cell membrane. As CD20 is
expressed on most B-cell malignancies, the introduction of
the anti-CD20 antibody Rituximab in 1998 improved the
treatment of most CD20-positive non-Hodgkin lymphomas
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including CLL [61]. Some newer CD20-antibodies challenge
rituximab [62–64].
Rituximab. In CLL, Rituximab is less active as a single
agent than in follicular lymphoma, unless very high doses
are used [65,66]. In contrast, combinations of rituximab
with chemotherapy have proven to be very efficacious
therapies for CLL (see below).
Ofatumumab is a fully humanized antibody targeting a
unique epitope on the CD20 molecule expressed on human
B-cells, resulting in increased binding affinity to CD20, prolonged dissociation rate, and increased cell kill due to
greater CDC activity and similar ADCC activity compared
with Rituximab, especially in cells expressing low levels of
CD20 [67]. The American FDA and the European EMA
recently licensed Ofatumumab as monotherapy in patients
that are fludarabine- and alemtuzumab-refractory. This
decision was based on an analysis of 201 patients that
were either fludarabine- and alemtuzumab-refractory (FArefractory) or only fludarabine-refractory and suffered from
bulky disease (>5 cm) [68]. The overall response rate was
51% in the FA-refractory group and 44% in the bulky disease group. The definitive value of Ofatumumab for the
treatment of B-cell lymphoma and CLL will require further
investigations.
Obinutuzumab (GA101). The humanized and glycoengineered monoclonal antibody Obinutuzumab showed
impressive results in vitro with higher rates of apoptosis in
B-cells in comparison to Rituximab [69]. The humanization
of the parental B-Ly1 mouse antibody and subsequent
glycol-engineering lead to higher affinity binding to CD20
type II epitope, increased antibody-dependent cellular cytotoxicity (ADCC), low complement-dependent cytotoxicity
(CDC) activity, and increased direct cell death induction
[70]. A phase-I study with Obinutuzumab showed promising
results in 13 CLL patients [71] but also in other indolent
lymphoma [72]. Major side effects included infections, neutropenia, thrombocytopenia, and tumor lysis syndrome,
which all resolved. There were no dose-limiting toxicities.
Encouraging results were reported in the run-in phase of
the CLL11 trial on CLL patients with increased comorbidity
[73]. Six subjects older than 70 years (median age 76
years; cumulative illness rating score of 8) received 6 3
28-day cycles of obinutuzumab (1,000 mg on Days 1, 8,
and 15 of cycle 1 and Day 1 of cycles 2–6) plus chlorambucil (0.5 mg/kg on Day 1 and 15 of each cycle). Infusionrelated reactions occurred in 5 patients, but were mild.
Grade 3–4 neutropenias were seen in five patients. No febrile neutropenias or Grades 3–4 infections were observed.
All subjects completed therapy. Complete responses were
documented in 2 patients while 4 responded partially. After
a median follow-up of 23 months from start of treatment,
none of the patients had progressed with CLL or died.
These results suggest that chemoimmunotherapy with obinutuzumab and chlorambucil is feasible and promisingly
active in CLL patients with increased comorbidity. The
results of the CLL11 will be available soon.
Other Monoclonal Antibodies
Alemtuzumab is a recombinant, fully humanized, monoclonal antibody against the CD52 antigen. Monotherapy
with alemtuzumab has produced response rates of 33–
53%, with a median duration of response ranging from 8.7
to 15.4 months, in patients with advanced CLL who were
previously treated with alkylating agents and had failed or
relapsed after second-line fludarabine therapy [74–76]. In
addition, alemtuzumab has proven effective in patients with
high-risk genetic markers such as deletions of chromosome
11 or 17 (del(11q) and del(17p)) and TP53 mutations
[77,78]. Therefore, alemtuzumab is considered a reasonable therapeutic option for patients with these poor
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TABLE I. Selected New, Nonapproved Drugs in CLL
Class
Antibodies

Immune gene therapy
SMIP
Bcl2 antagonists

Tyrosine kinase inhibitors

Cyclin-dependent kinase inhibitors

mTOR inhibitors
IMiD

Agent (References)

Target

Route

Stage of development

Obinutuzumab (GA101) [69,73]
Blinatumomab [82,83]
Dacetuzumab [84–86]
Lucatumumab [87]
Mapatumumab [88]
mAb 37.1 [89,90]
ISF35 (Adenovirus-CD154) [91–93]
TRU-016 [94,95]
ABT-263 (Navitoclax) [96]
Obatoclax [97–99]
ABT-199 [100–102]
Fostamatinib [103]
Idelalisib (CAL-101) [104,105]
Ibrutinib (PCI-32765) [106]
Flavopiridol [107,108]
Dinaciclib [109]
SNS-032 [110]
Everolimus (RAD001) [111,112]
Lenalidomide [113,114]

CD20
CD3/CD19
CD40
CD40
TRAIL-R1
CD37
CD40
CD37
Bcl-2
Pan-Bcl2 family
BH3 mimetic
Syk
PI3K p110d
BTK
CDK
CDK 1,2,5,9
CDK 2,7,9
mTOR
multiple

i.v.
i.v.
i.v.
i.v.
i.v.
i.v.
i.v., intranodal injection
i.v.
p.o.
i.v.
p.o.
p.o.
p.o.
p.o.
i.v.
i.v.
i.v.
i.v./p.o.
p.o.

Phase III
Phase I
Phase I
Phase II
Phase Ib/II
Phase I
Phase I
Phase II
Phase I/IIa
Phase II
Phase II
Phase I/II
Phase I
Phase I
Phase II
Phase I
Phase I
Phase I/II
Phase III

prognostic features. In a recent prospective randomized
study alemtuzumab was tested against chlorambucil [79].
Alemtuzumab led to a greater OR and CR (P < 0.0001),
superior PFS with a 42% reduction in risk of progression or
death (P < 0.0001) and significantly longer median time to
progression (TTP) (P 5 0.0001). Therefore, the drug has
been approved by the US FDA as front-line therapy for
CLL.
New Drugs in Clinical Development
In addition to the approved drugs described in the previous section, there are an increasing number of very hopeful new compounds in clinical development (for reviews see
[80,81]). Since a detailed description of these fascinating
agents is beyond the scope of this review, Table I shows a
summary of the most promising agents. This article will
only describe a selected number of agents that are now
being tested in advanced (Phase III) clinical trials.
Agents targeting B-cell receptor signaling. B-cell receptor signaling seems to play an important role for the
survival of CLL cells [115,116]. Different aspects of the
B-cell-receptor have been recognized as a prognostic
marker in chronic lymphocytic leukemia, such as immunoglobulin heavy chain variable gene (IGHV) or stereotypy.
Continuous or repetitive BCR signaling supports CLL cell
survival (reviewed in [116]). This might explain why inhibition of BCR signaling is a new and potent strategy to treat
CLL [80]. The B-cell receptor signaling in CLL cells is supported by different tyrosine kinases, such as Bruton’s tyrosine kinase (BTK), Spleen tyrosine kinase (Syk), ZAP70,
Src family kinases (in particular Lyn kinase) as well as
PI3K [80]. The following section will describe selected
inhibitors of these kinases, which have entered testing in
Phase III trials (see Table I).
Fostamatinib. Spleen tyrosine kinase, so called Syk,
transfers and enhances the signal of the B-cell receptor.
Activation of Syk results in cell survival through activation
of phosphatidylinositol 3-kinases and AKT [117]. The
expression of Syk is upregulated in chronic lymphocytic
leukemia cells turning it into a promising target [118]. Fostamatinib disodium, the first clinically available oral Syk
inhibitor, induces apoptosis through disruption of B-cell
receptor (BCL) signaling. A Phase I/II trial in recurrent Bcell malignancies demonstrated an overall response rate of
21% (5 of 23) for DLBCL, 10% (2 of 21) for FL, 54% (6 of
11) for SLL/CLL, and 11% (1/9) for MCL [103]. All 6
responses among the CLL patients were partial remissions.
Median progression-free survival was 4.5 months for all
entities and 6.4 months for the CLL patients [103]. Dose-
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limiting toxicity in the phase I population were neutropenia,
diarrhea, and thrombocytopenia.
Idelalisib (CAL-101). Class I phosphatidylinositol 3kinases (PI3Ks) regulate cellular functions relevant to oncogenesis [119]. Expression of the PI3K p110 d isoform
(PI3K- d) is restricted to cells of hematopoietic origin where
it plays a key role in B cell proliferation and survival. In CLL
the PI3K pathway is constitutively activated and dependent
on PI3K d [120]. CAL-101 is an oral PI3Kd-isoformselective inhibitor, which promotes apoptosis in primary
CLL cells in a time- and dose-dependent manner without
inducing apoptosis in normal T cells or natural killer cells
and without diminishing antibody-dependent cellular cytotoxicity. CAL-101 inhibits CLL cell chemotaxis toward
CXCL12 and CXCL13 and migration beneath stromal cells
(pseudoemperipolesis). CAL-101 also down-regulates
secretion of chemokines in stromal cocultures and after
BCR triggering [120]. CAL-101 reduces survival signals
derived from the BCR or from nurse-like cells, and inhibits
BCR- and chemokine-receptor-induced AKT and MAP
kinase (ERK) activation [120].
In a Phase I clinical trial in heavily pre-treated CLL
patients, CAL-101 showed acceptable toxicity, positive
pharmacodynamic effects and favorable clinical activity
(high level of lymph node regression and prolonged duration of symptomatic tumor control) [104]. Totally, 22 of the
37 patients that were enrolled so far had high risk cytogenetic aberrations like del(17p) or del(11q). Of the 32
patients CAL-101 reduced lymphadenopathy in all 32
(100%) patients. 29/32 (91%) achieved a lymph node
response (50% reduction in target lesions). An initial
increase of peripheral lymphocyte counts could be
observed in 21 of the 37 patients, reaching its peak during
the first 2 cycles and decreasing afterwards. This was interpreted as a phenomenon of lymphocyte-redistribution
between lymph nodes and peripheral blood.
Ibrutinib. Bruton tyrosine kinase (Btk) leads to downstream activation of cell survival pathways such as NF-jB
and MAP kinases via Src family kinases [121]. Ibrutinib
(formerly called PCI-32765) is an orally active small molecule inhibiting Bruton’s tyrosine kinase (BTK) that plays a
role in the signal transduction of the B-cell receptor (BCR).
Inhibition of BTK might induce apoptosis in B-cell lymphomas and CLL-cells [121]. Fifty-six patients with relapsed or
refractory B-cell lymphoma and CLL received escalating
oral doses of ibrutinib at two schedules were evaluated:
one, 28 days on, 7 days off; and two, once-daily continuous
dosing. Objective response rate in 50 evaluable patients

American Journal of Hematology

annual clinical updates in hematological malignancies

Figure 2. Targeting of the BCR signaling as a therapeutic strategy in CLL. Red symbols and letters indicate new therapeutics as discussed in the text. [Color figure can
be viewed in the online issue, which is available at wileyonlinelibrary.com.]

was 60%, including complete response of 16%. Median
progression-free survival in all patients was 13.6 months
[106]. The most relevant treatment-related side effects iere
viral infections. All patients had no changes in NK- or T-cell
counts.
Dasatinib. Dasatinib is a Src- and Abl- kinase inhibitor
that induces apoptosis in primary CLL cells [122]. In addition Dasatinib seems to increase the apoptotic effects of
various agents like fludarabine, chlorambucil, sorafenib, the
HSP90 inhibitor 17-DMAG, dexamethasone, or the BH3mimetic ABT-737 [122–127]. In a Phase II study, 6 of 15
patients in a Phase II study showed nodal remissions lacking a decrease of more than 50% in lymphocyte count,
only 2 patients showed a partial remission [128]. In summary, dasatinib seems effective in reduction of nodular
tumor masses, but seems to lack efficacy on peripheral
blood lymphocytes.
Bcl-2 inhibitors. Proteins in the B cell CLL/lymphoma 2
(Bcl-2) family are key regulators of the apoptotic process
[129]. The Bcl-2 family comprises proapoptotic and prosurvival proteins. Shifting the balance toward the latter is an
established mechanism whereby cancer cells evade apoptosis. Bcl-2, the founding member of this protein family, is
encoded by the BCL2 gene which was initially described in
follicular lymphoma as a protein in translocations involving
chromosomes 14 and 18 [130].
The Bcl-2 inhibitor ABT-263 (Navitoclax) and ABT199. ABT-263 is a small molecule Bcl-2 family protein
inhibitor that binds with high affinity (Ki  1 nM) to multiple
anti-apoptotic Bcl-2 family proteins including Bcl-XL, Bcl-2,
Bcl-w, as well as Bcl-B and has a high oral bioavailability
[131]. Initial studies showed very promising results for this

American Journal of Hematology

drug as a single agent [96]. However, its therapeutic use
seemed somewhat limited by severe thrombocytopenias
being a prominent side effect. Therefore, the compound
was re-engineered to create a highly potent, orally bioavailable and Bcl-2-selective inhibitor, ABT-199 [101]. This compound inhibits the growth of BCL-2 dependent tumors in
vivo and spares human platelets. A single dose of ABT-199
in three patients with refractory chronic lymphocytic leukemia resulted in tumor lysis within 24 hr [101]. Together,
these data indicate that selective pharmacological inhibition
of BCL-2 shows promise for the treatment of BCL-2dependent hematological cancers, including CLL.
The BH3-mimetic AT-101. AT101 is an orally active
BH3-mimetic, which inhibits the anti-apoptotic activity of
Bcl-2, Bcl-XL and Mcl-1 and might be an active agent for
the treatment of CLL, as the resistance to apoptosis in CLL
cells is associated with high levels of Bcl-2 protein expression. AT101 was found to induce apoptosis in CLL cells in
vitro and to overcome drug resistance mediated by the
microenvironment [132]. It showed a good tolerability and
satisfactory efficacy in combination with weekly infusions of
rituximab in previously treated CLL patients [133,134].
Immunomodulatory drugs
Lenalidomide is a second generation thalidomide analogue and an immunomodulatory agent with antiangiogenic
properties that is used in treatment of myelodysplastic syndrome and multiple myeloma and is currently investigated
in the treatment of CLL. It showed encouraging results in
the treatment of high risk patients including carriers of a
del(17p) [135]. In 58% of the patients lenalidomide causes
a so called tumor flare reaction, which leads to a sensation
of heat and burning in the lymph nodes and occurs only in
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CLL patients [113,136]. The overall response rate of lenalidomide monotherapy varied between 32% and 54% in different clinical trials [113,114,137].
The combination of lenalidomide and rituximab seems to
increase the response rate without a higher risk of toxicity,
even in patients with del(17p) and/or unmutated IGHVstatus. In a Phase II trial, 59 patients with relapsed or
refractory CLL received a combination of lenalidomide and
rituximab [138]. Lenalidomide was started on Day 9 of
cycle one at 10 mg orally and administered daily continuously. Each cycle was 28 days. Rituximab was administered for 12 cycles; lenalidomide could continue indefinitely
if patients benefitted clinically. The overall response rate
was 66%, including 12% complete responses and 12%
nodular partial remissions. Time to treatment failure was
17.4 months. The most common grade 3 or 4 toxicity was
neutropenia (73% of patients). Fourteen patients (24%)
experienced a grade 3 to 4 infection or febrile episode. In
essence, this combination seems a helpful alternative for
patients with refractory CLL and warrants further
investigation.
In contrast to these encouraging results a trial testing the
combination of lenalidomide, rituximab and fludarabine in
previously untreated CLL patients was stopped prematurely
due to severe side [139]. The high toxicity rate observed in
this trial is likely to be explained by the parallel start of all
drugs. Flinn et al. [140] started with a very similar treatment schedule of fludarabine, rituximab and lenalidomide,
and 3 out of 4 patients who received all three drugs on Day
1 experienced severe side effects. After changing the
administration schedule and starting with lenalidomide on
Day 8 of the first cycle, the regimen was better tolerated.
This observation was confirmed by Egle et al. [141]. The
German CLL study group is currently investigating combination of Bendamustine, Rituximab, and Lenalidomide in
previously treated physically fit patients (CLL2P protocol of
the GCLLSG).
Blum et al. [142] presented preliminary, encouraging
results on the addition of flavopiridol to lenalidomide which
lead to a response in 7 of 15 patients (among them 4 with
a del(17p) and 3 with a del(11q)). Lenalidomide is also
being tested in combination with other agents like ofatumumab [143].
Everolimus (RAD001). Everolimus has shown good efficacy in hematological malignancies [144], in particular T-cell
lymphoma, and was therefore tested in CLL as well. So far,
the results in CLL have been disappointing with low response
rates, and the enthusiasm for this drug has been further
reduced by severe infectious complications [111,112].
Combination chemotherapy
A major advance in CLL treatment was achieved by the
combined use of different treatment modalities, in particular
for patients that had a good fitness.
Since purine analogs and alkylating agents have different
mechanisms of action and partially non-overlapping toxicity
profiles, it seemed logical to combine the two modalities for
achieving synergistic effects. Preclinical studies demonstrated that exposure of CLL cells to fludarabine and cyclophosphamide resulted in synergistic cytotoxicity [145].
Fludarabine has been evaluated in a variety of combination
regimens. The combination of fludarabine with another
purine analog, cytarabine, appeared to be less effective
than fludarabine alone, while the combination of fludarabine
with chlorambucil or prednisone increased hematological
toxicity without improving the response rate compared with
fludarabine alone (response rates 27%–79%) [54,146]. The
most thoroughly studied combination chemotherapy for
CLL is fludarabine plus cyclophosphamide (FC) [146]. In
noncomparative trials, the overall response rates did not
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appear to be better than with fludarabine alone, but the
addition of cyclophosphamide (with or without a third drug,
mitoxantrone) appeared to improve the CR rate up to 50%
[146]. The addition of mitoxantrone to FC in 37 patients
with relapsed/refractory CLL produced a high CR rate
(50%), including 10 cases of MRD negativity, with a median
duration of response of 19 months [45]. All MRD-negative
patients were alive at analysis; the median duration of
response had not been reached in the CR patients compared to 25 months in non-CR patients. A Phase II study
of cladribine in combination with cyclophosphamide has
also demonstrated activity in advanced CLL, but the results
seemed inferior to FC [147].
Three randomized trials have shown that FC combination
chemotherapy improves the CR and OR rate and PFS as
compared to fludarabine monotherapy [148–150]. The rate
of severe infections was not significantly increased by the
FC combination despite a higher frequency of neutropenias. A reanalysis of the CLL4 trial of the GCLLSG suggested that the first-line treatment of CLL patients with FC
combination may improve the OS of the non-high risk CLL
patients (all patients not exhibiting a del(17p) or TP53
mutation).
A Polish study group compared 2-CdA alone to 2-CdA
combined with cyclophosphamide (CC) or to cyclophosphamide and mitoxantrone (CMC) in 479 cases with untreated
progressive CLL [151]. Surprisingly, the CC combination
therapy did not produce any benefit in terms of progression
free survival or response rates when compared with 2-CdA
alone. Compared with 2-CdA, CMC induced a higher CR
rate (36% vs. 21%, P 5 0.004), and a trend for a higher CR
rate with CC was observed (29% vs. 21%, P 5 0.08). The
percentage of patients who were in CR and were MRD
negative was higher in the CMC arm compared with 2-CdA
(23% vs. 14%, P 5 0.042). There were no differences in
overall response, progression-free survival, and overall survival among treatment groups. Grade 3/4 neutropenia
occurred more frequently in CC (32%) and CMC (38%)
than in 2-CdA (20%) (P 5 0.01 and P 5 0.004, respectively). Infections were more frequent in CMC compared
with 2-CdA (40% vs. 27%, P 5 0.02). On the basis of these
results, cladribine combination therapies do not seem to
offer a major advantage when used as first line treatment
for CLL.
Chemoimmunotherapy
Combinations using rituximab. Since preclinical studies
showed evidence for a synergy between rituximab and fludarabine [152], rituximab combinations with fludarabine or
fludarabine-based regimens were investigated in Phase II
trials. A GCLLSG trial on 31 previously treated or untreated
CLL patients showed 27 (87%) responses and 10 (32%)
CRs [153]. The CALGB 9712 protocol combined rituximab
with fludarabine in either a sequential or concurrent regimen in a randomized study. Patients (n 5 104) with previously untreated CLL received six cycles of fludarabine, with
or without rituximab, followed by four once-weekly doses of
rituximab [154]. Overall and complete response rates were
higher in the concurrent group (90% and 47% vs. 77% and
28%). In a retrospective analysis, all patients of the CALGB
9712 protocol treated with fludarabine and rituximab were
compared with 178 patients from the previous CALGB
9011 trial, who received only fludarabine [155]. The
patients receiving fludarabine and rituximab had a better
progression-free survival (PFS) and overall survival (OS)
than patients receiving fludarabine alone. Two-year PFS
probabilities were 67% versus 45% and 2-year OS probabilities were 93% versus 81%. Similarly, in a large Phase II
trial conducted at the MD Anderson Cancer Center on 300
patients with previously untreated CLL, rituximab plus
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fludarabine/cyclophosphamide (FC) achieved an overall
response rate of 95%, with CR in 72%, nPR in 10%, PR
due to cytopenia in 7%, and partial remission due to residual disease in 6% [156]. Six-year overall and failure-free
survival were 77% and 51%, respectively. Median time to
progression was 80 months.
These results led the GCLLSG to conduct a randomized
trial, the CLL8 protocol [15]. 817 patients (median age 61
years) with good physical fitness were randomly assigned
to receive 6 courses of FC (n 5 409) or FCR (n 5 408).
64% were at Binet Stage B, 32% Binet C and 5% Binet A.
FCR induced a higher OR rate than FC (92.8 vs. 85.4%)
and more CR (44.5 vs. 22.9) (P < 0.001). PFS at 2 years
was 76.6% in the FCR arm and 62.3% in the FC arm
(P < 0.01). FCR treatment was more frequently associated
with CTC Grades 3 and 4 neutropenia (FCR 34%; FC
21%), while other side effects were not increased. Treatment related mortality occurred in 2.0% in the FCR and
1.5% in the FC arm. A systematic analysis of prognostic
factors including molecular cytogenetics showed that the
positive effect of FCR applied for most prognostic subgroups. However, FCR did not improve the survival of
patients with a del(17p). Similar results were obtained in a
trial comparing FCR to FC in second line treatment of CLL
[157]. 272 patients were treated with FC and 274 with
FCR. Overall response rates were 58% and 70% for FC
and FCR, respectively, with 13% and 24.3% CR. TTF was
20.6 versus 30.6 months. Taken together, these results
suggest that rituximab plus fludarabine-based therapies
represent a significant advance in therapy for CLL.
Since CLL often occurs in elderly patients with relevant
comorbidity, a dose-modified FCR-Lite regimen was
designed to maintain the efficacy but decrease the toxicity
of the FCR regimen [158]. This regimen reduced the dose
of the two cytostatic agents, (fludarabine to 20 mg/m2 and
cyclophosphamide to 150 mg/m2 Days 2–4 during cycle 1
and Days 1–3 in cycle 2–5) and increased the dose of rituximab (Day 1 of cycle 1 at a dose of 375 mg/m2; cycles
2–5 on Day 1 at 500 mg/m2 preceding chemotherapy and
on Day 14 of each cycle). Maintenance rituximab at 500
mg/m2 was given every 3 months until progression. The
CR rate was 77% for 50 previously untreated CLL patients
with an OR rate of 100%. At a median follow-up of 2.4
years all complete responders remain in CR except for one
patient who died of a myocardial infarction while still in
remission. Five patients with PRs died within 2 years of
completing FCR-Lite. Grade 3/4 neutropenia was documented in only 13% of cycles, which is lower than
observed with the usual FCR regimen.
Several variations have been tested to further improve
the efficacy of the FCR regimen: Alemtuzumab (A) was
added to FCR (CFAR) in a phase 2 trial on 60 high-risk
untreated patients < 70 years with serum beta2-microglobulin >/5 4 mg/L [159]. Complete remission (CR) was
achieved in 70%, partial remission (PR) in 18%, nodular
PR in 3%, for an overall response of 92%. Of 14 patients
with 17p deletion, CR was achieved by 8 (57%). Grade 3–4
neutropenia and thrombocytopenia occurred with 33% and
13% courses, respectively. The median progression-free
survival was 38 months and median OS was not reached.
In conclusion, CFAR seems an active frontline regimen for
high-risk CLL that might be helpful for cytoreductive therapies before an allogeneic stem cell transplant.
In another study on seventy-two untreated CLL patients
</5 70 years, mitoxantrone was combined at 6 mg/m2 on
Day 1 of each cycle with FCR [160]. The overall response,
minimal residual disease (MRD)-negative complete
response (CR), MRD-positive CR, and partial response
rates were 93%, 46%, 36%, and 11%, respectively. Severe

American Journal of Hematology

neutropenia developed in 13% of patients. These results
do not justify the broad use of this regimen outside of clinical trials.
An alternative idea was to substitute fludarabine in the
FCR regimen with pentostatin (PCR) in order to reduce
myelotoxicity. In a Phase III randomized trial comparing
FCR to PCR in previously untreated or minimally treated
CLL patients, there were no statistical differences between
treatments in OS or response [161]. Moreover, this trial did
not demonstrate a lower infection rate with PCR.
Bendamustine has been combined with rituximab (BR) in
81 patients with relapsed CLL [162]. Patients received 70
mg/m2 of bendamustine on Days 1 and 2 and 375 mg/m2
of rituximab on Day 1 of the first cycle and 500 mg/m2 on
Day 1 of subsequent cycles administered every 28 days for
up to 6 cycles. On the basis of intent-to-treat analysis, the
overall response rate was 59.0% (95% CI, 47.3% to
70.0%). Complete response, partial response, and nodular
partial response were achieved in 9.0%, 47.4%, and 2.6%
of patients, respectively. Overall response rate was 45.5%
in fludarabine-refractory patients and 60.5% in fludarabinesensitive patients. Among genetic subgroups, 92.3% of
patients with del(11q), 100% with trisomy 12, 7.1% with
del(17p), and 58.7% with unmutated IGHV status
responded to treatment. After a median follow-up time of
24 months, the median event-free survival was 14.7
months. Severe infections occurred in 12.8% of patients.
Grade 3 or 4 neutropenia, thrombocytopenia, and anemia
were documented in 23.1%, 28.2%, and 16.6% of patients,
respectively.
The BR regimen was also investigated as first line therapy in 117 CLL patients [163]. Bendamustine was administered at a dose of 90 mg/m2 on Days 1 and 2 combined
with 375 mg/m2 rituximab on Day 0 of the first course and
500 mg/m2 on day 1 during subsequent courses for up to
six courses. In all, 117 patients, age 34–78 years, 46.2% of
patients at Binet Stage C, and 25.6% of patients age 70
years or older received BR chemoimmunotherapy for firstline treatment of CLL. Overall response rate was 88.0%
(95% CI, 80.7% to 100.0%) with a complete response rate
of 23.1% and a partial response rate of 64.9%. Ninety percent of patients with del(11q), 94.7% with trisomy 12,
37.5% with del(17p), and 89.4% with unmutated IGHV status responded to treatment. After a median observation
time of 27.0 months, median event-free survival was 33.9
months, and 90.5% of patients were alive. Grade 3 or 4
severe infections occurred in 7.7% of patients. Grade 3 or
4 adverse events for neutropenia, thrombocytopenia, and
anemia were documented in 19.7%, 22.2%, and 19.7% of
patients, respectively.
Overall, these results compared favorably with the FCR
regimen in that BR achieved similar response rates, albeit
lower CR rates, but induced less neutropenias than FCR.
Therefore, GCLLSG currently compares BR to FCR in a
randomized phase III trial, the CLL10 protocol.
Several other combinations have been investigated, like
cladribine with rituximab, methylprednisolone plus rituximab
followed by alemtuzumab, or rituximab plus alemtuzumab.
Their detailed description is beyond the scope of this
paper, since none of them has been proven to result in
higher efficacy as compared with FCR.
Combinations using alemtuzumab. The synergistic
activity of fludarabine and alemtuzumab was initially suggested by the induction of responses, including one CR, in
5 of 6 patients who were refractory to each agent alone
[164]. The combination of fludarabine and alemtuzumab
(FA) was investigated in a Phase II trial enrolling patients
with relapsed CLL using a four-weekly dosing protocol
[165]. This combination has proven feasible, safe, and very
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Figure 3. (a,b) Treatment algorithm for CLL patients, in first and second line indications. Al, alemtuzumab; R, rituximab; O, ofatumumab; F, fludarabine; C, cyclo€nter Krause, Cologne;
phosphamide; CLB, chlorambucil. Figure created by Dr. Gu
used with permission of the author. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]

effective. Among the 36 patients, the ORR was 83% (30/36
patients), which included 11 CRs (30%) and 19 PRs (53%)
and one stable disease (SD). Sixteen of 31 evaluated
patients (53%) achieved MRD negativity in the peripheral
blood by 3 months’ follow-up. Resolution of disease was
observed in all disease sites, particularly in the blood, bone
marrow and spleen. The FA therapy was well tolerated.
Infusion reactions (fever, chills, and skin reactions)
occurred primarily during the first infusions of alemtuzumab, and were mild in the majority of patients. While 80%
of patients were cytomegalovirus immunoglobulin G (CMV
IgG)-positive before treatment, there were only two subclinical CMV reactivations. The primary grade 3/4 hematological events were transient, including leukocytopenia (44%)
and thrombocytopenia (30%). Stable CD41 T-cell counts
(> 200/ml) were seen after 1 year.
Two phase III trials tested alemtuzumab in combination
with FC (FCA) with or fludarabine (FA). The trial of the
French study group, which compared FCA to FCR in first
line therapy was closed prematurely due to the higher toxicity and treatment-related mortality observed in the FCA arm
[166]. In this trial, alemtuzumab was given subcutaneously.
The therapeutic efficacy FCR was clearly superior to FCA in
this trial. A second randomized trial compared FA to fludarabine monotherapy in previously treated patients with
relapsed or refractory CLL [167]. In this trial, alemtuzumab
was given intravenously. FA (n 5 168) resulted in better PFS
than fludarabine monotherapy (n 5 167; median 23.7 months
vs. 16.5 months; hazard ratio 0.61; P 5 0.0003) and overall
survival (median not reached vs. 52.9 months; HR 0.65;
P 5 0.021) compared with fludarabine alone. All-cause
adverse events occurred in 161 (98%) of 164 patients in the
combination treatment group and 149 (90%) of 165 in the
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fludarabine alone group. Patients in the FA group had more
cytomegalovirus events (14% vs. <1%) and grade 1 or 2
infusion-related adverse reactions (62% vs. 13%). Major
Grade 3 or 4 toxicities in the combination treatment and
monotherapy groups were leucopenia (74% vs. 34%), lymphopenia (94% vs. 33%), neutropenia (59% vs. 68%),
thrombocytopenia (11% vs. 17%), and anemia (9% vs.
17%). The incidence of serious adverse events was higher
in the combination treatment group (33% vs. 25%); deaths
due to adverse events were similar between the two groups
(6% vs. 12%).
The combination of alemtuzumab with rituximab has also
been studied in patients with lymphoid malignancies,
including those with refractory/relapsed CLL, producing an
ORR of 52% (8% CR; 4% nodular PR, nPR; 40% PR)
[168]. These results need to be confirmed by larger trials.
Combinations using novel agents. The effect of oblimersen, an anti-Bcl2 antagonist, when added to the FC regimen was investigated in 241 patients. Fludarabine 25 mg/
m2/d plus cyclophosphamide 250 mg/m2/d were administered
intravenously for 3 days with or without oblimersen 3 mg/kg/d
as a 7-day continuous intravenous infusion (beginning 4 days
before chemotherapy) for up to six cycles. CR/nPR was
achieved in 20 (17%) of 120 patients in the oblimersen group
and eight (7%) of 121 patients in the chemotherapy-only
group (P 5 0.025). Achievement of CR/nPR was correlated
with both an extended time to progression and survival
(P < 0.0001). The overall survival and the progression-free
survival were improved in patients that achieved at least a
partial response. This study already announced the potential
of Bcl-2 targeted treatment strategies, but the more relevant
combination studies using novel Bcl-2 antagonists (see Table
I and above) are currently being done.
Selecting of the Right Treatment: How to Treat CLL?
Parameters to be considered
Given the impressive choice of options, the right choice
of treatment of a given CLL a patient becomes a task that
requires experience, a good clinical judgment and an
appropriate use of diagnostic tools. The following parameters should be considered before recommending a treatment for CLL [41]:
1.
2.
3.
4.

The clinical stage of disease.
The fitness of the patient.
The genetic risk of the leukemia.
The treatment situation (first versus second line,
response versus non-response of the last treatment).

Using the assessment of these 4 parameters, the following recommendations can be given:
First line treatment
In a patient with advanced (Binet C, Rai III-IV) or active,
symptomatic disease, treatment should be initiated. In this
situation, patients need to be evaluated for their physical
condition (or comorbidity). For patients in good physical
condition (“go go”) as defined by a normal creatinine clearance and a low score at the “cumulative illness rating
scale” (CIRS) [169], patients should be offered more combination therapies such as FC or FR or FCR.
Patients with a somewhat impaired physical condition
(“slow go”) may be offered either chlorambucil in combination
with an anti-CD20 antibody or a dose-reduced fludarabine
containing regimen with a CD20 antibody. The aim of therapy
in this situation is symptom control.
Patients with symptomatic disease and with del(17p) or
TP53 mutations man receive FCR or BR or an
alemtuzumab-containing regimen as first-line treatment. In
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general, these regimen all yield response rates above 50%.
These patients respond poorly to fludarabine or
fludarabine-cyclophosphamide. Since none of these therapies promises long-lasting responses (except, maybe, ibrutinib), an allogeneic stem cell transplantation should be
offered and discussed.
Second-line treatment
Figure 3 summarizes the principles of managing of
patients at relapse according to the duration of remission
and the physical fitness. As a general rule, the first-line
treatment may be repeated, if the duration of the first
remission exceeds 12 months (or with the modern chemoimmunotherapies 24 months).
The choice becomes more difficult and limited in
treatment-refractory CLL (as defined by an early relapse
within 6 months after the last treatment) or in cases with
the chromosomal aberration del(17p). In principle, the initial
regimen should be changed. There are the following
options that can be applied:
- Alemtuzumab alone or in combination [75,165].
- Allogeneic stem cell transplantation with curative
intent [170].
- Experimental protocols using the new drugs
described above (Table 1)
The choice of one of these options depends on the fitness of the patient, the availability of the drugs and the
molecular cytogenetics. According to recommendations of
an EBMT consensus group, physically fit patients with
refractory CLL or with a del(17p) should be offered an allogeneic transplantation, since their prognosis so far has
remained extremely poor with conventional therapies [170].
Finally, it is important to emphasize that patients with
refractory disease should be treated within clinical trials
whenever possible.
Summary and Outlook
Like in other hematologic malignancies, the management
of CLL is currently undergoing a dynamic and rapid
change. While writing this article, I am fully aware that in
6–12 months from now there will be several very potent,
targeted and nonchemotherapeutic drugs in development
or even on the market that have the potential of completely
changing the current treatment recommendations. Therefore, it is important that all hematologists and oncologists
contribute to the impressive and historically unique chance
by offering their time and commitment to include their
patients into the current clinical trials.
Moreover, it has never been as important as now to have
a format of annually updated treatment recommendations,
in a format like the one offered by this Journal.
References
1. Jemal A, Siegel R, Ward E, et al. Cancer statistics, 2007. CA Cancer J Clin
2007;57:43–66.
2. National Cancer Institute [Website]. Surveillance Epidemiology and End
Results Cancer Statistics review. available at: 2009;last access: march, 29th
2010.
3. Molica S. Sex differences in incidence and outcome of chronic lymphocytic
leukemia patients. Leuk Lymphoma 2006;47:1477–1480.
4. Morton LM, Wang SS, Devesa SS, et al. Lymphoma incidence patterns by
WHO subtype in the United States, 1992–2001. Blood 2006;107:265–276.
5. Watson L, Wyld P, Catovsky D. Disease burden of chronic lymphocytic leukemia within the European Union. Eur J Haematol 2008;81:253–258.
6. Mauro FR, Foa R, Giannarelli D, et al. Clinical characteristics and outcome of
young chronic lymphocytic leukemia patients: A single institution study of 204
cases. Blood 1999;94:448–454.
7. Rozman C, Montserrat E. Chronic lymphocytic leukemia. N Engl J Med 1995;
333:1052–1057.

American Journal of Hematology

8. Kikushige Y, Ishikawa F, Miyamoto T, et al. Self-renewing hematopoietic stem
cell is the primary target in pathogenesis of human chronic lymphocytic leukemia. Cancer Cell 2011;20:246–259.
9. Calin GA, Dumitru CD, Shimizu M, et al. Frequent deletions and downregulation of micro- RNA genes miR15 and miR16 at 13q14 in chronic lymphocytic leukemia. Proc Natl Acad Sci USA 2002;99:15524–15529.
10. Chiorazzi N, Rai KR, Ferrarini M. Chronic lymphocytic leukemia. N Engl J
Med 2005;352:804–815.
11. Klein U, Lia M, Crespo M, et al. The DLEU2/miR-15a/16-1 cluster controls B
cell proliferation and its deletion leads to chronic lymphocytic leukemia. Cancer
Cell 2010;17:28–40.
12. Zenz T, Mertens D, Kuppers R, et al. From pathogenesis to treatment of
chronic lymphocytic leukaemia. Nat Rev Cancer 2010;10:37–50.
13. Quesada V, Conde L, Villamor N, et al. Exome sequencing identifies recurrent
mutations of the splicing factor SF3B1 gene in chronic lymphocytic leukemia.
Nat Genet 2011;44:47–52.
€hner H, Stilgenbauer S, James MR, et al. 11q deletions identify a new sub14. Do
set of B-cell chronic lymphocytic leukemia characterized by extensive nodal
involvement and inferior prognosis. Blood 1997;89:2516–2522.
15. Hallek M, Fischer K, Fingerle-Rowson G, et al. Addition of rituximab to fludarabine and cyclophosphamide in patients with chronic lymphocytic leukaemia:
A randomised, open-label, phase 3 trial. Lancet 2010;376:1164–1174.
16. Seiffert M, Dietrich S, Jethwa A, et al. Exploiting biological diversity and
genomic aberrations in chronic lymphocytic leukemia. Leuk Lymphoma 2012;
53:1023–1031.
17. Zenz T, Vollmer D, Trbusek M, et al. TP53 mutation profile in chronic lymphocytic leukemia: Evidence for a disease specific profile from a comprehensive
analysis of 268 mutations. Leukemia 2010;24:2072–2079.
18. Puente XS, Pinyol M, Quesada V, et al. Whole-genome sequencing identifies
recurrent mutations in chronic lymphocytic leukaemia. Nature 2011;475:
101–105.
19. Jackson SP, Bartek J. The DNA-damage response in human biology and disease. Nature 2009;461:1071–1078.
20. Tsukada N, Burger JA, Zvaifler NJ, et al. Distinctive features of "nurselike"
cells that differentiate in the context of chronic lymphocytic leukemia. Blood
2002;99:1030–1037.
21. Pedersen IM, Kitada S, Leoni LM, et al. Protection of CLL B cells by a follicular dendritic cell line is dependent on induction of Mcl-1. Blood 2002;100:
1795–1801.
22. Burger JA, Ghia P, Rosenwald A, et al. The microenvironment in mature B-cell
malignancies: A target for new treatment strategies. Blood 2009;114:
3367–3375.
23. Reinart N, Nguyen PH, Boucas J, et al. Delayed development of chronic lymphocytic leukemia in the absence of macrophage migration inhibitory factor.
Blood 2013;121:812–821.
24. Hallek M. State-of-the-art treatment of chronic lymphocytic leukemia. Hematology Am Soc Hematol Educ Program 2009:440–449.
25. Hallek M, Cheson BD, Catovsky D, et al. Guidelines for the diagnosis
and treatment of chronic lymphocytic leukemia: A report from the International Workshop on Chronic Lymphocytic Leukemia updating the National
Cancer Institute-Working Group 1996 guidelines. Blood 2008;111:
5446–5456.
€ller-Hermelink HK, Montserrat E, Catovsky D, et al. Chronic lymphocytic
26. Mu
leukemia/small lymphocytic lymphoma. In: Jaffe ES, Harris NL, Stein H, et al.,
editors. World Health Organization Classification of Tumours Pathology and
Genetics of Tumours of Haematopoietic and Lymphoid Tissues. Lyon: IARCPress; 2001. pp 127–130.
€ller-Hermelink HK. T-cell prolymphocytic leukae27. Catovsky D, Ralfkiaer E, Mu
mia. In: Jaffe ES, Harris NL, Stein H, et al., editors. World Health Organization
Classification of Tumours Pathology and Genetics of Tumours of Haematopoietic and Lymphoid Tissues. Lyon: IARCPress; 2001. pp 195–196.
28. Melo JV, Catovsky D, Galton DAG. The relationship between chronic lymphocytic leukaemia and prolymphocytic leukaemia. IV. Analysis of survival and
prognostic features. Br J Haematol 1986;63:377–387.
29. Marti GE, Rawstron AC, Ghia P, et al. Diagnostic criteria for monoclonal B-cell
lymphocytosis. Br J Haematol 2005;130:325–332.
30. Rawstron AC, Bennett FL, M. O’Connor SJM, et al. Monoclonal B-cell Lymphocytosis (MBL): a precursor state for Chronic Lymphocytic Leukemia (CLL).
N Engl J Med, in press.
31. Moreau EJ, Matutes E, A’Hern RP, et al. Improvement of the chronic lymphocytic leukemia scoring system with the monoclonal antibody SN8 (CD79b).
Am J Clin Pathol 1997;108:378–382.
32. Ginaldi L, De Martinis M, Matutes E, et al. Levels of expression of CD19 and
CD20 in chronic B cell leukaemias. J Clin Pathol 1998;51:364–369.
€ller-Hermelink HK, Montserrat E, et al. B-cell prolymphocytic
33. Catovsky D, Mu
leukaemia. In: Jaffe ES, Harris NL, Stein H, et al., editors. World Health
Organization Classification of Tumours Pathology and Genetics of Tumours
of Haematopoietic and Lymphoid Tissues. Lyon: IARCPress; 2001. pp
131–132.
34. Rai KR, Sawitsky A, Cronkite EP, et al. Clinical staging of chronic lymphocytic
leukemia. Blood 1975;46:219–234.
35. Binet JL, Auquier A, Dighiero G, et al. A new prognostic classification of
chronic lymphocytic leukemia derived from a multivariate survival analysis.
Cancer 1981;48:198–204.

813

annual clinical updates in hematological malignancies
36. Rai KR. A critical analysis of staging in CLL. In: Gale RP, Rai KR, editors.
Chronic Lymphocytic Leukemia: Recent Progress and Future Directions. New
York: Alan R.Liss.; 1987. pp 253–264.
37. Dighiero G, Maloum K, Desablens B, et al. Chlorambucil in indolent chronic
lymphocytic leukemia. N Engl J Med 1998;338:1506–1514.
38. Shustik C, Mick R, Silver R, et al. Treatment of early chronic lymphocytic leukemia: intermittent chlorambucil versus observation. Hematol Oncol 1988;6:
7–12.
39. Montserrat E, Fontanillas M, Estape J, et al. Chronic lymphocytic leukemia
treatment: an interim report of PETHEMA trials. Leuk Lymphoma 1991;5:
89–92.
40. CLL trialists’ collaborative group. Chemotherapeutic options in chronic lymhocytic leukemia. J Natl Cancer Inst 1999;91:861–868.
41. Cramer P, Hallek M. Prognostic factors in chronic lymphocytic leukemia-what
do we need to know? Nat Rev Clin Oncol 2011;8:38–47.
42. Bottcher S, Hallek M, Ritgen M, et al. The role of minimal residual disease
measurements in the therapy for CLL: Is it ready for prime time? Hematol
Oncol Clin North Am 2013;27:267–288.
43. Schweighofer CD, Ritgen M, Eichhorst BF, et al. Consolidation with alemtuzumab improves progression-free survival in patients with chronic lymphocytic
leukaemia (CLL) in first remission: long-term follow-up of a randomized phase
III trial of the German CLL Study Group (GCLLSG). Br J Haematol 2009;144:
95–98.
44. Moreton P, Kennedy B, Lucas G, et al. Eradication of minimal residual disease
in B-cell chronic lymphocytic leukemia after alemtuzumab therapy is associated with prolonged survival. J Clin Oncol 2005;23:2971–2979.
45. Bosch F, Ferrer A, Lopez-Guillermo A, et al. Fludarabine, cyclophosphamide
and mitoxantrone in the treatment of resistant or relapsed chronic lymphocytic
leukaemia. Br J Haematol 2002;119:976–984.
46. Montillo M, Cafro AM, Tedeschi A, et al. Safety and efficacy of subcutaneous
Campath-1H for treating residual disease in patients with chronic lymphocytic
leukemia responding to fludarabine. Haematologica 2002;87:695–700; discussion 700.
47. O’Brien SM, Kantarjian HM, Thomas DA, et al. Alemtuzumab as treatment for
residual disease after chemotherapy in patients with chronic lymphocytic leukemia. Cancer 2003;98:2657–2663.
48. Lin TS, Donohue KA, Byrd JC, et al. Consolidation therapy with subcutaneous
alemtuzumab after fludarabine and rituximab induction therapy for previously
untreated chronic lymphocytic leukemia: final analysis of CALGB 10101. J Clin
Oncol 2010;28:4500–4506.
49. Wendtner CM, Ritgen M, Schweighofer CD, et al. Consolidation with alemtuzumab in patients with chronic lymphocytic leukemia (CLL) in first remission—Experience on safety and efficacy within a randomized multicenter phase
III trial of the German CLL Study Group (GCLLSG). Leukemia 2004;18:
1093–1101.
50. Bottcher S, Ritgen M, Fischer K, et al. Minimal residual disease quantification
is an independent predictor of progression-free and overall survival in chronic
lymphocytic leukemia: A multivariate analysis from the randomized GCLLSG
CLL8 trial. J Clin Oncol 2012;30:980–988.
51. Rawstron AC, Villamor N, Ritgen M, et al. International standardized approach
for flow cytometric residual disease monitoring in chronic lymphocytic leukaemia. Leukemia 2007;21:956–964.
52. Anaissie EJ, Kontoyiannis DP, O’Brien S, et al. Infections in patients with
chronic lymphocytic leukemia treated with fludarabine. Ann Intern Med 1998;
129:559–566.
53. Plunkett W, Gandhi V, Huang P, et al. Fludarabine: Pharmacokinetics, mechanisms of action, and rationales for combination therapies. Semin Oncol 1993;
20:2–12.
54. 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.
55. Steurer M, Pall G, Richards S, et al. Purine antagonists for chronic lymphocytic leukaemia. Cochrane Database Syst Rev 2006;3:CD004270.
56. Johnson S, Smith AG, Loffler H, et al. Multicentre prospective randomised trial
of fludarabine versus cyclophosphamide, doxorubicin, and prednisone (CAP)
for treatment of advanced-stage chronic lymphocytic leukaemia. The French
Cooperative Group on CLL [see comments]. Lancet 1996;347:1432–1438.
57. Leporrier M, Chevret S, Cazin B, et al. Randomized comparison of fludarabine, CAP, and ChOP in 938 previously untreated stage B and C chronic lymphocytic leukemia patients. Blood 2001;98:2319–2325.
58. 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.
59. Knauf WU, Lissichkov T, Aldaoud A, et al. Phase III randomized study of
bendamustine compared with chlorambucil in previously untreated patients
with chronic lymphocytic leukemia. J Clin Oncol 2009;27:4378–4384.
60. Cragg MS, Walshe CA, Ivanov AO, et al. The biology of CD20 and its potential
as a target for mAb therapy. Curr Dir Autoimmun 2005;8:140–174.
61. Hagemeister F. Rituximab for the treatment of non-Hodgkin’s lymphoma and
chronic lymphocytic leukaemia. Drugs;70:261–272.
62. Bauer K, Rancea M, Roloff V, et al. Rituximab, ofatumumab and other monoclonal anti-CD20 antibodies for chronic lymphocytic leukaemia. Cochrane
Database Syst Rev 2012;11:CD008079.
63. Cang S, Mukhi N, Wang K, et al. Novel CD20 monoclonal antibodies for lymphoma therapy. J Hematol Oncol 2012;5:64.

814

64. Maloney DG. Anti-CD20 antibody therapy for B-cell lymphomas. N Engl J Med
2012;366:2008–2016.
65. Huhn D, von Schilling C, Wilhelm M, et al. Rituximab therapy of patients with
B-cell chronic lymphocytic leukemia. Blood 2001;98:1326–1331.
66. O’Brien S, Kantarijan H, Thomas D, et al. Rituximab dose-escalation trial in
chronic lymphocytic leukaemia. J Clin Oncol 2001;19:2165–2170.
67. Teeling JL, Mackus WJ, Wiegman LJ, et al. The biological activity of human
CD20 monoclonal antibodies is linked to unique epitopes on CD20. J Immunol
2006;177:362–371.
68. Wierda WG, Kipps TJ, Mayer J, et al. Ofatumumab as single-agent CD20
immunotherapy in fludarabine-refractory chronic lymphocytic leukemia. J Clin
Oncol 2010;28:1749–1755.
69. Patz M, Isaeva P, Forcob N, et al. Comparison of the in vitro effects of the
anti-CD20 antibodies rituximab and GA101 on chronic lymphocytic leukaemia
cells. Br J Haematol 2011;152:295–306.
70. Mossner E, Brunker P, Moser S, et al. Increasing the efficacy of CD20 antibody therapy through the engineering of a new type II anti-CD20 antibody with
enhanced direct and immune effector cell-mediated B-cell cytotoxicity. Blood
2010;115:4393–4402.
71. Morschhauser F, Cartron G, Lamy T, et al. Phase I Study of RO5072759
(GA101) in Relapsed/Refractory Chronic Lymphocytic Leukemia. ASH Annual
Meeting Abstracts 2009;114:884-.
72. Salles G, Morschhauser F, Lamy T, et al. Phase 1 study results of the type II
glycoengineered humanized anti-CD20 monoclonal antibody obinutuzumab
(GA101) in B-cell lymphoma patients. Blood 2012;119:5126–5132.
73. Goede V, Fischer K, Busch R, et al. Chemoimmunotherapy with GA101 plus
chlorambucil in patients with chronic lymphocytic leukemia and comorbidity:
results of the CLL11 (BO21004) safety run-in. Leukemia 2012.
€
74. Osterborg
A, Dyer MJ, Bunjes D, et al. Phase II multicenter study of human
CD52 antibody in previously treated chronic lymphocytic leucemia. European
study group of CAMPATH-1H treatment in chronic lymphocytic leukemia. J
Clin Oncol 1997;15:1567–1574.
75. Rai KR, Freter CE, Mercier RJ, et al. Alemtuzumab in previously treated
chronic lymphocytic leukemia patients who also had received fludarabine. J
Clin Oncol 2002;20:3891–3897.
76. Keating MJ, Flinn I, Jain V, et al. Therapeutic role of alemtuzumab (Campath1H) in patients who have failed fludarabine: Results of a large international
study. Blood 2002;99:3554–3561.
77. 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 2002;347:452–453.
78. Lozanski G, Heerema NA, Flinn IW, et al. Alemtuzumab is an effective therapy
for chronic lymphocytic leukemia with p53 mutations and deletions. Blood
2004;103:3278–3281.
79. Hillmen P, Skotnicki AB, Robak T, et al. Alemtuzumab compared with chlorambucil as first-line therapy for chronic lymphocytic leukemia. J Clin Oncol 2007;
25:5616–5623.
80. Wiestner A. Emerging role of kinase-targeted strategies in chronic lymphocytic
leukemia. Hematol Am Soc Hematol Educ Program 2012;2012:88–96.
81. Isfort S, Cramer P, Hallek M. Novel and emerging drugs for chronic lymphocytic leukemia. Curr Cancer Drug Targets 2012;12:471–483.
82. Nagorsen D, Bargou R, Ruttinger D, et al. Immunotherapy of lymphoma and
leukemia with T-cell engaging BiTE antibody blinatumomab. Leuk Lymphoma
2009;50:886–891.
83. Bargou R, Leo E, Zugmaier G, et al. Tumor regression in cancer patients by
very low doses of a T cell-engaging antibody. Science 2008;321:974–977.
84. Advani R, Forero-Torres A, Furman RR, et al. Phase I study of the humanized
anti-CD40 monoclonal antibody dacetuzumab in refractory or recurrent nonHodgkin’s lymphoma. J Clin Oncol 2009;27:4371–4377.
85. Furman RR, Forero-Torres A, Shustov A, et al. A phase I study of dacetuzumab (SGN-40, a humanized anti-CD40 monoclonal antibody) in patients with
chronic lymphocytic leukemia. Leuk Lymphoma;51:228–235.
86. Lapalombella R, Gowda A, Joshi T, et al. The humanized CD40 antibody
SGN-40 demonstrates pre-clinical activity that is enhanced by lenalidomide in
chronic lymphocytic leukaemia. Br J Haematol 2009;144:848–855.
87. Byrd JC, Kipps TJ, Flinn IW, et al. Phase I study of the anti-CD40 humanized
monoclonal antibody lucatumumab (HCD122) in relapsed chronic lymphocytic
leukemia. Leuk Lymphoma 2012;53:2136–2142.
88. Younes A, Vose JM, Zelenetz AD, et al. A Phase 1b/2 trial of mapatumumab
in patients with relapsed/refractory non-Hodgkin’s lymphoma. Br J Cancer;103:1783–1787.
89. Heider KH, Kiefer K, Zenz T, et al. A novel Fc-engineered monoclonal antibody to CD37 with enhanced ADCC and high proapoptotic activity for treatment of B-cell malignancies. Blood 2011;118:4159–4168.
90. Krause G, Patz M, Isaeva P, et al. Action of novel CD37 antibodies on chronic
lymphocytic leukemia cells. Leukemia 2012;26:546–549.
91. Castro JE, Melo-Cardenas J, Urquiza M, et al. Gene immunotherapy of
chronic lymphocytic leukemia: A phase I study of intranodally injected adenovirus expressing a chimeric CD154 molecule. Cancer Res 2012;72:2937–2948.
92. Wierda WG, Cantwell MJ, Woods SJ, et al. CD40-ligand (CD154) gene therapy for chronic lymphocytic leukemia. Blood 2000;96:2917–2924.
93. Wierda WG, Castro JE, Aguillon R, et al. A phase I study of immune gene
therapy for patients with CLL using a membrane-stable, humanized CD154.
Leukemia 2010;24:1893–1900.

American Journal of Hematology

annual clinical updates in hematological malignancies
94. Robak T, Robak P, Smolewski P. TRU-016, a humanized anti-CD37 IgG fusion
protein for the potential treatment of B-cell malignancies. Curr Opin Investig
Drugs 2009;10:1383–1390.
95. Zhao X, Lapalombella R, Joshi T, et al. Targeting CD37-positive lymphoid
malignancies with a novel engineered small modular immunopharmaceutical.
Blood 2007;110:2569–2577.
96. Roberts AW, Seymour JF, Brown JR, et al. Substantial susceptibility of chronic
lymphocytic leukemia to BCL2 inhibition: Results of a phase I study of navitoclax in patients with relapsed or refractory disease. J Clin Oncol 2012;30:
488–496.
97. Goard CA, Schimmer AD. An evidence-based review of obatoclax mesylate in
the treatment of hematological malignancies. Core Evid 2013;8:15–26.
98. O’Brien SM, Claxton DF, Crump M, et al. Phase I study of obatoclax mesylate
(GX15–070), a small molecule pan-Bcl-2 family antagonist, in patients with
advanced chronic lymphocytic leukemia. Blood 2009;113:299–305.
99. Samuel S, Tumilasci VF, Oliere S, et al. VSV oncolysis in combination with the
BCL-2 inhibitor obatoclax overcomes apoptosis resistance in chronic lymphocytic leukemia. Mol Ther 2010;18:2094–2103.
100. Davids MS, Letai A. ABT-199: taking dead aim at BCL-2. Cancer Cell 2013;
23:139–141.
101. Souers AJ, Leverson JD, Boghaert ER, et al. ABT-199, a potent and selective
BCL-2 inhibitor, achieves antitumor activity while sparing platelets. Nat Med
2013;19:202–208.
102. Vandenberg CJ, Cory S. ABT-199, a new Bcl-2-specific BH3 mimetic, has in
vivo efficacy against aggressive Myc-driven mouse lymphomas without provoking thrombocytopenia. Blood 2013;121:2285–2288.
103. Friedberg JW, Sharman J, Sweetenham J, et al. Inhibition of Syk with fostamatinib disodium has significant clinical activity in non-Hodgkin lymphoma
and chronic lymphocytic leukemia. Blood 2010;115:2578–2585.
104. Furman RR, Byrd JC, Brown JR, et al. CAL-101, An isoform-selective inhibitor of phosphatidylinositol 3-kinase P110{delta}, demonstrates clinical activity
and pharmacodynamic effects in patients with relapsed or refractory chronic
lymphocytic leukemia. ASH Annual Meeting Abstracts; 2010. pp 55–.
105. Castillo JJ, Furman M, Winer ES. CAL-101: A phosphatidylinositol-3-kinase
p110-delta inhibitor for the treatment of lymphoid malignancies. Expert Opin
Investig Drugs 2012;21:15–22.
106. Advani RH, Buggy JJ, Sharman JP, et al. Bruton tyrosine kinase inhibitor
ibrutinib (PCI-32765) has significant activity in patients with relapsed/refractory B-cell malignancies. J Clin Oncol 2013;31:88–94.
107. Phelps MA, Lin TS, Johnson AJ, et al. Clinical response and pharmacokinetics from a phase 1 study of an active dosing schedule of flavopiridol in
relapsed chronic lymphocytic leukemia. Blood 2009;113:2637–2645.
108. Byrd JC, Lin TS, Dalton JT, et al. Flavopiridol administered using a pharmacologically derived schedule is associated with marked clinical efficacy in
refractory, genetically high-risk chronic lymphocytic leukemia. Blood 2007;
109:399–404.
109. Johnson AJ, Yeh YY, Smith LL, et al. The novel cyclin-dependent kinase
inhibitor dinaciclib (SCH727965) promotes apoptosis and abrogates microenvironmental cytokine protection in chronic lymphocytic leukemia cells. Leukemia 2012;26:2554–2557.
110. Tong WG, Chen R, Plunkett W, et al. Phase I and pharmacologic study of
SNS-032, a potent and selective Cdk2, 7, and 9 inhibitor, in patients with
advanced chronic lymphocytic leukemia and multiple myeloma. J Clin Oncol
2010;28:3015–3022.
111. Zent CS, LaPlant BR, Johnston PB, et al. The treatment of recurrent/refractory chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL) with
everolimus results in clinical responses and mobilization of CLL cells into the
circulation. Cancer 2010;116:2201–2207.
112. Decker T, Sandherr M, Goetze K, et al. A pilot trial of the mTOR (mammalian
target of rapamycin) inhibitor RAD001 in patients with advanced B-CLL. Ann
Hematol 2009;88:221–227.
113. Chanan-Khan A, Miller KC, Musial L, et al. Clinical efficacy of lenalidomide in
patients with relapsed or refractory chronic lymphocytic leukemia: results of a
phase II study. J Clin Oncol 2006;24:5343–5349.
114. Ferrajoli A, Lee BN, Schlette EJ, et al. Lenalidomide induces complete and
partial remissions in patients with relapsed and refractory chronic lymphocytic
leukemia. Blood 2008;111:5291–5297.
115. Petlickovski A, Laurenti L, Li X, et al. Sustained signaling through the B-cell
receptor induces Mcl-1 and promotes survival of chronic lymphocytic leukemia B cells. Blood 2005;105:4820–4827.
116. Stevenson FK, Krysov S, Davies AJ, et al. B-cell receptor signaling in chronic
lymphocytic leukemia. Blood 2011;118:4313–4320.
117. Pogue SL, Kurosaki T, Bolen J, et al. B cell antigen receptor-induced activation of Akt promotes B cell survival and is dependent on Syk kinase. J Immunol 2000;165:1300–1306.
118. Gobessi S, Laurenti L, Longo PG, et al. Inhibition of constitutive and BCRinduced Syk activation downregulates Mcl-1 and induces apoptosis in chronic
lymphocytic leukemia B cells. Leukemia 2009;23:686–697.
119. Okkenhaug K, Vanhaesebroeck B. PI3K in lymphocyte development, differentiation and activation. Nat Rev Immunol 2003;3:317–330.
120. Hoellenriegel J, Meadows SA, Sivina M, et al. The phosphoinositide 3’kinase delta inhibitor, CAL-101, inhibits B-cell receptor signaling and chemokine networks in chronic lymphocytic leukemia. Blood 2011;118:3603–3612.
121. Herman SE, Gordon AL, Hertlein E, et al. Bruton tyrosine kinase represents
a promising therapeutic target for treatment of chronic lymphocytic leukemia
and is effectively targeted by PCI-32765. Blood 2011;117:6287–6296.

American Journal of Hematology

122. Veldurthy A, Patz M, Hagist S, et al. The kinase inhibitor dasatinib induces
apoptosis in chronic lymphocytic leukemia cells in vitro with preference for a
subgroup of patients with unmutated IgVH genes. Blood 2008;112:
1443–1452.
123. McCaig AM, Cosimo E, Leach MT, et al. Dasatinib inhibits B cell receptor signalling in chronic lymphocytic leukaemia but novel combination approaches
are required to overcome additional pro-survival microenvironmental signals.
Br J Haematol 2011;153:199–211.
124. Tromp JM, Geest CR, Breij EC, et al. Tipping the Noxa/Mcl-1 balance overcomes ABT-737 resistance in chronic lymphocytic leukemia. Clin Cancer Res
2012;18:487–498.
125. Amrein L, Hernandez TA, Ferrario C, et al. Dasatinib sensitizes primary
chronic lymphocytic leukaemia lymphocytes to chlorambucil and fludarabine
in vitro. Br J Haematol 2008;143:698–706.
126. Kuckertz M, Patz M, Veldurthy A, et al. Comparison of the effects of two
kinase inhibitors, sorafenib and dasatinib, on chronic lymphocytic leukemia
cells. Onkologie 2012;35:420–426.
127. Harr MW, Caimi PF, McColl KS, et al. Inhibition of Lck enhances glucocorticoid sensitivity and apoptosis in lymphoid cell lines and in chronic lymphocytic leukemia. Cell Death Differ 2010;17:1381–1391.
128. Amrein PC, Attar EC, Takvorian T, et al. Phase II study of dasatinib in
relapsed or refractory chronic lymphocytic leukemia. Clin Cancer Res 2011;
17:2977–2986.
129. Chao DT, Korsmeyer SJ. BCL-2 family: regulators of cell death. Annu Rev
Immunol 1998;16:395–419.
130. Tsujimoto Y, Finger LR, Yunis J, et al. Cloning of the chromosome breakpoint
of neoplastic B cells with the t(14;18) chromosome translocation. Science
1984;226:1097–1099.
131. Tse C, Shoemaker AR, Adickes J, et al. ABT-263: a potent and orally bioavailable Bcl-2 family inhibitor. Cancer Res 2008;68:3421–3428.
132. Balakrishnan K, Burger JA, Wierda WG, et al. AT-101 induces apoptosis in
CLL B cells and overcomes stromal cell-mediated Mcl-1 induction and drug
resistance. Blood 2009;113:149–153.
133. Castro JE, Loria OJ, Aguillon RA, et al. A phase II, open label study of AT101 in combination with rituximab in patients with relapsed or refractory
chronic lymphocytic leukemia. Evaluation of two dose regimens. ASH Annual
Meeting Abstracts 2007;110:3119-.
134. Castro JE, Olivier LJ, Robier AA, et al. A phase II, open label study of
AT-101 in combination with rituximab in patients with relapsed or refractory
chronic lymphocytic leukemia. ASH Annual Meeting Abstracts 2006;108:
2838-.
135. Sher T, Miller KC, Lawrence D, et al. Efficacy of lenalidomide in patients with
chronic lymphocytic leukemia with high-risk cytogenetics. Leuk Lymphoma
2010;51:85–88.
136. Moutouh-de Parseval LA, Weiss L, DeLap RJ, et al. Tumor lysis syndrome/
tumor flare reaction in lenalidomide-treated chronic lymphocytic leukemia. J
Clin Oncol 2007;25:5047.
137. Chanan-Khan AA, Czuczman MS, Padmanabhan S, et al. Clinical Efficacy of
Lenalidomide in Fludarabine-Refractory Chronic Lymphocytic Leukemia
Patients. ASH Annual Meeting Abstracts 2007;110:3108-.
138. Badoux XC, Keating MJ, Wen S, et al. Phase II study of lenalidomide and rituximab as salvage therapy for patients with relapsed or refractory chronic
lymphocytic leukemia. J Clin Oncol 2013;31:584–591.
139. Brown JR, Abramson J, Hochberg E, et al. A phase I study of lenalidomide
in combination with fludarabine and rituximab in previously untreated CLL/
SLL. Leukemia 2010;24:1972–1975.
140. Flinn IW, Berdeja JG, Waselenko JK, et al. Preliminary results from a phase
I/II study of fludarabine, rituximab, and lenalidomide in untreated patients
with chronic lymphocytic leukemia (CLL). ASH Annual Meeting Abstracts
2010;116:2461-.
141. Egle A, Steurer M, Melchardt T, et al. The REVLIRIT CLL5 AGMT study—A
phase I/II trial combining fludarabine/rituximab with escalating doses of lenalidomide followed by rituximab/lenalidomide in untreated chronic lymphocytic
leukemia (CLL): Results of a planned interim analysis. ASH Annual Meeting
Abstracts 2009;114:3453-.
142. Blum KA, Jones JA, Andritsos L, et al. Phase 1 trial of flavopiridol and lenalidomide in patients with previously treated chronic lymphocytic leukemia
(CLL). ASH Annual Meeting Abstracts 2010;116:2472-.
143. Badoux X, O’Brien S, Wierda WG, et al. Combination of ofatumumab and
lenalidomide in patients with relapsed chronic lymphocytic leukemia: Initial
results of a phase II trial. ASH Annual Meeting Abstracts 2010;116:2464-.
144. Yee KW, Zeng Z, Konopleva M, et al. Phase I/II study of the mammalian target of rapamycin inhibitor everolimus (RAD001) in patients with relapsed or
refractory hematologic malignancies. Clin Cancer Res 2006;12:5165–5173.
145. Bellosillo B, Villamor N, Colomer D, et al. In vitro evaluation of fludarabine in
combination with cyclophosphamide and/or mitoxantrone in B-cell chronic
lymphocytic leukemia. Blood 1999;94:2836–2843.
146. Hallek M, Eichhorst BF. Chemotherapy combination treatment regimens with
fludarabine in chronic lymphocytic leukemia. Hematol J 2004;5 (Suppl 1):
S20–S30.
147. Montillo M, Tedeschi A, O’Brien S, et al. Phase II study of cladribine and
cyclophosphamide in patients with chronic lymphocytic leukemia and prolymphocytic leukemia. Cancer 2003;97:114–120.
148. Eichhorst BF, Busch R, Hopfinger G, et al. Fludarabine plus cyclophosphamide versus fludarabine alone in first line therapy of younger patients with
chronic lymphocytic leukemia. Blood 2006;107:885–891.

815

149. Flinn IW, Neuberg DS, Grever MR, et al. Phase III trial of fludarabine plus
cyclophosphamide compared with fludarabine for patients with previously
untreated chronic lymphocytic leukemia: US Intergroup Trial E2997. J Clin
Oncol 2007;25:793–798.
150. Catovsky D, Richards S, Matutes E, et al. Assessment of fludarabine plus
cyclophosphamide for patients with chronic lymphocytic leukaemia (the LRF
CLL4 Trial): A randomised controlled trial. Lancet 2007;370:230–239.
151. Robak T, Blonski JZ, Gora-Tybor J, et al. Cladribine alone and in combination
with cyclophosphamide or cyclophosphamide plus mitoxantrone in the treatment of progressive chronic lymphocytic leukemia: Report of a prospective,
multicenter, randomized trial of the Polish Adult Leukemia Group (PALG
CLL2). Blood 2006;108:473–479.
152. di Gaetano N, Xiao Y, Erba E, et al. Synergism between fludarabine and rituximab revealed in a follicular lymphoma cell line resistant to the cytotoxic
activity of either drug alone. Br J Haematol 2001;114:800–809.
153. Schulz H, Klein SH, Rehwald U, et al. Phase II study of a combined immunochemotherapy using rituximab and fludarabine in patients with chronic lymphocytic leukemia. Blood 2002;100:3115–3120.
154. 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 2003;101:6–14.
155. Byrd JC, Rai K, Peterson BL, et al. Addition of rituximab to fludarabine may
prolong progression-free survival and overall survival in patients with previously untreated chronic lymphocytic leukemia: An updated retrospective comparative analysis of CALGB 9712 and CALGB 9011. Blood 2005;105:49–53.
156. Tam CS, O’Brien S, Wierda W, et al. Long-term results of the fludarabine,
cyclophosphamide, and rituximab regimen as initial therapy of chronic lymphocytic leukemia. Blood 2008;112:975–980.
157. Robak T, Dmoszynska A, Solal-Celigny P, et al. Rituximab plus fludarabine
and cyclophosphamide prolongs progression-free survival compared with fludarabine and cyclophosphamide alone in previously treated chronic lymphocytic leukemia. J Clin Oncol 2010;28:1756–1765.
158. Foon KA, Boyiadzis M, Land SR, et al. Chemoimmunotherapy with low-dose fludarabine and cyclophosphamide and high dose rituximab in previously untreated
patients with chronic lymphocytic leukemia. J Clin Oncol 2009;27:498–503.
159. Parikh SA, Keating MJ, O’Brien S, et al. Frontline chemoimmunotherapy with
fludarabine, cyclophosphamide, alemtuzumab, and rituximab for high-risk
chronic lymphocytic leukemia. Blood 2011;118:2062–2068.

816

160. Bosch F, Abrisqueta P, Villamor N, et al. Rituximab, fludarabine, cyclophosphamide, and mitoxantrone: A new, highly active chemoimmunotherapy regimen for chronic lymphocytic leukemia. J Clin Oncol 2009;27:4578–
4584.
161. Reynolds C, Di Bella N, Lyons RM, et al. A Phase III trial of fludarabine,
cyclophosphamide, and rituximab vs. pentostatin, cyclophosphamide, and rituximab in B-cell chronic lymphocytic leukemia. Investigational new drugs
2012;30:1232–1240.
162. Fischer K, Cramer P, Busch R, et al. Bendamustine combined with rituximab
in patients with relapsed and/or refractory chronic lymphocytic leukemia: A
multicenter phase II trial of the German Chronic Lymphocytic Leukemia
Study Group. J Clin Oncol 2011;29:3559–3566.
163. Fischer K, Cramer P, Busch R, et al. Bendamustine in combination with rituximab for previously untreated patients with chronic lymphocytic leukemia: A
multicenter phase II trial of the German Chronic Lymphocytic Leukemia
Study Group. J Clin Oncol 2012;30:3209–3216.
164. 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.
165. Elter T, Borchmann P, Schulz H, et al. Fludarabine in combination with alemtuzumab is effective and feasible in patients with relapsed or refractory B-cell
chronic lymphocytic leukemia: Results of a phase II trial. J Clin Oncol 2005;
23:7024–7031.
166. Lepretre S, Aurran T, Mahe B, et al. Excess mortality after treatment with fludarabine and cyclophosphamide in combination with alemtuzumab in previously untreated patients with chronic lymphocytic leukemia in a randomized
phase 3 trial. Blood 2012;119:5104–5110.
167. Elter T, Gercheva-Kyuchukova L, Pylylpenko H, et al. Fludarabine plus alemtuzumab versus fludarabine alone in patients with previously treated chronic
lymphocytic leukaemia: A randomised phase 3 trial. Lancet Oncol 2011;12:
1204–1213.
168. Faderl S, Thomas DA, O’Brien S, et al. Experience with alemtuzumab plus
rituximab in patients with relapsed and refractory lymphoid malignancies.
Blood 2003;101:3413–3415.
169. Extermann M, Overcash J, Lyman GH, et al. Comorbidity and functional status are independent in older patients. J Clin Oncol 1998;16:1582–1587.
170. Dreger P, Corradini P, Kimby E, et al. Indications for allogeneic stem cell
transplantation in chronic lymphocytic leukemia: The EBMT transplant consensus. Leukemia 2007;21:12–17.

American Journal of Hematology

