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In 1988 and 1996, a National Cancer Institute-sponsored Working Group (NCI-WG) on chronic 
lymphocytic leukemia (CLL) published guidelines for the design and conduct of clinical trials for 
patients with CLL to facilitate comparisons between different treatments and to establish 
definitions that could be used in scientific studies on the biology of this disease.1,2 The Food and 
Drug Administration (FDA) also adopted these guidelines in their evaluation and approval of new 
drugs. During the last decade, considerable progress has been made in defining new prognostic 
markers, diagnostic parameters and treatment options, prompting the IWCLL-sponsored Working 
Group to revise the 1996 criteria (Tables 1-4). 

1. Diagnosis of CLL 
The World Health Organization (WHO) classification of hematopoietic neoplasias describes CLL as 
leukemic, lymphocytic lymphoma, being only distinguishable from SLL (small lymphocytic 
lymphoma) by its leukemic appearance.3 In the WHO classification 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).4  

It is important to verify that the patient has CLL and not some other lymphoproliferative disease 
that can masquerade as CLL, such as hairy cell leukemia, or leukemic manifestations of mantle cell 
lymphoma, marginal zone lymphoma, splenic marginal zone lymphoma with circulating villous 
lymphocytes or follicular lymphoma. To achieve this, it is essential to evaluate the blood count, 
blood smear, and the immune phenotype of the circulating lymphoid cells (see below,1.1. and 1.2.).  
 
1.1. Blood 
The diagnosis of CLL requires the presence of ≥ 5000 B-lymphocytes/µL in the peripheral blood 
for the duration of at least 3 months. The clonality of the circulating B-lymphocytes 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 
discernable 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.5 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. 

CLL or SLL might be suspected in otherwise healthy adults who have an absolute increase in the 
clonal B lymphocytes, but who have less than 5000 B-lymphocytes/µL in the blood. However, in 
the absence of lymphadenopathy or organomegaly (as defined by physical examination and CT 
scans), cytopenias, or disease-related symptoms, the presence of fewer than 5000 B-lymphocytes 
per µL blood is defined as “monoclonal B-lymphocytosis” (MBL).6 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.7  
 
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 5000/µL. In SLL, the diagnosis should be confirmed by histopathological 
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evaluation of a lymph node biopsy whenever possible. 

 

1.2. lmmunophenotype 
CLL cells co-express the T-cell antigen CD5 and B-cell surface antigens CD19, CD20, and CD23. 
The levels of surface immunoglobulin, CD20, and CD79b are characteristically low compared to 
those found on normal B cells.8,9  Each clone of leukemia cells is restricted to expression of either 
kappa or lambda immunoglobulin light chains.8 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.10 Also, the leukemia cells of mantle cell lymphoma, despite also 
expressing B cell surface antigens and CD5, generally do not express CD23. 
 
1.3. Other tests performed at diagnosis 
The tests described in section 1.3. are not needed to establish the diagnosis of CLL, but may help 
to predict the prognosis or to assess the tumor burden. With the exception of molecular genetics 
(FISH), the application of these tests should not be used in routine practice to influence therapy 
and is not generally recommended. However, certain parameters, such as immunoglobulin 
mutational status, are useful for predicting the clinical course in individual cases. These tests can 
be recommended for patients who want a better prediction of the rate at which their disease 
might progress but it should be emphasized that the indication for treatment does not depend on 
any of these tests but on the clinical stage and the disease activity (see Section 4). 
 
1.3.1 Molecular Genetics 
Using interphase fluorescence-in situ hybridization (FISH), cytogenetic lesions can be identified 
in more than 80% of all CLL cases.11 The most common deletions are in the long arm of 
chromosome 13 (del(13q14.1)). Additional, frequent chromosomal aberrations comprise deletions 
and/or trisomy of chromosome 12, deletions in the long arm of chromosomes 11 (del(11q)) and 6 
(del(6q)), and in the short arm of chromosome 17 (del(17p)).11 When stimulated in vitro, CLL 
cells can have detectable chromosomal translocations, which are of potential prognostic 
significance.12 However, certain translocations can help distinguish other lymphoproliferative 
diseases from CLL (e.g. t(11;14), which generally is found in mantle cell lymphoma). 
 
There is increasing evidence from prospective clinical trials that detection of certain 
chromosomal deletions has prognostic significance. Patients with leukemia cells that have 
del(17p) have an inferior prognosis and appear resistant to standard chemotherapy regimens 
employing alkylating drugs and/or purine analogues.13,14 In a retrospective analysis on several 
chromosomal aberrations as detected by FISH, patients who had CLL cells with chromosomal 
aberrations del(11q) and del(17p) had an inferior outcome compared to patients who had 
leukemia cells with a normal karyotype or del(13q) as the sole genetic abnormality.11 On the 
other hand, patients with leukemia cells having del(17p) may respond to therapy with 
alemtuzumab, either alone or in combination with other anti-leukemia agents.15,16 Detection of 
these cytogenetic abnormalities has apparent prognostic value and may influence therapeutic 
decisions. For clinical trials, it is recommended that cytogenetics be performed prior to treating a 
patient on protocol. Additional genetic defects may be acquired during the course of the disease;17 
therefore, the repetition of FISH analyses seems justified prior to subsequent, second- and third-
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line treatment. 
 
1.3.2 Mutational status of IgVH, VH3.21 usage, and expression of ZAP-70 or CD38 
The leukemia cells express immunoglobulin that may or may not have incurred somatic mutations 
in the immunoglobulin heavy chain variable region genes (IgVH genes). The outcome of patients 
with leukemia cells that use an unmutated IgVH gene is inferior to those patients with leukemia 
cells that use a mutated IgVH gene.18,19 In addition, the VH3.21 gene usage is an unfavorable 
prognostic marker independent of the IgVH mutational status.20 Leukemia-cell expression of ZAP-
70 and CD38 was found to correlate with the expression of unmutated IgVH genes and to predict a 
poor prognosis.21-27 However, the association between expression of ZAP-70 or CD38 with the  
expression of unmutated IgVH genes is not absolute. It is uncertain whether leukemia-cell 
expression of unmutated IgVH genes or ZAP-70 predict the response to treatment or overall 
survival, once therapy is required.14,28 Taken together, further clinical trials are needed to 
standardize the assessment of these parameters and to determine whether they should affect the 
management of patients with CLL.  

 
1.3.3 Serum markers 
Several studies have found that serum markers CD23, thymidine kinase, and ß2-microglobulin 
may predict survival or progression-free survival.29-35 Assays for these markers should be 
standardized and used in prospective clinical trials to validate their relative value to the 
management of patients with CLL.  
 
1.3.4 Marrow Examination 
Characteristically more than 30% of the nucleated cells in the aspirate are lymphoid. Although 
the type of marrow infiltration (diffuse versus non-diffuse) reflects the tumor burden and 
provides some prognostic information, recent studies of the German and Spanish study groups 
suggest that the prognostic value of BM biopsy may now be superseded by new prognostic 
markers. 
A marrow aspirate and biopsy generally are not required for the diagnosis of CLL. However, a 
marrow biopsy and aspirate can help evaluate for factors that might contribute to cytopenias 
(anemia, thrombocytopenia) that may or may not be directly related to leukemia-cell infiltration 
of the marrow. Because such factors could influence the susceptibility to drug-induced 
cytopenias, a marrow biopsy is recommended prior to initiating therapy. It is recommended to 
repeat a marrow biopsy in patients with persisting cytopenia after treatment to uncover disease- 
versus therapy-related causes. 
 

2. Clinical Staging 
There are two widely accepted staging methods for use in both patient care and clinical trials: the 
Rai36 and the Binet system.37 The original Rai classification was modified to reduce the number 
of prognostic groups from five to three.38 As such, both systems now describe three major 
subgroups with discrete clinical outcomes. These two staging systems are simple, inexpensive, 
and can be applied by physicians worldwide. Both solely rely on a physical examination and 
standard laboratory tests, and do not require ultrasound, computed tomography, or magnetic 
resonance imaging. These two systems are outlined in the following. 

2.1. Rai staging system 
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The modified Rai classification defines low-risk disease as patients who have lymphocytosis with 
leukemia cells in the blood and/or marrow (lymphoid cells >30%) (formerly considered Rai stage 
0). Patients with lymphocytosis, enlarged nodes in any site, and splenomegaly and/or 
hepatomegaly (lymph nodes being palpable or not) are defined as having intermediate risk disease 
(formerly considered Rai stage I or stage 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 x 109/L) (formerly stage IV).  

2.2. Binet staging system 
Staging 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.  

Area of involvement considered for staging 
(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 femorals (involvement of both groins counts as one area). 
(4) Palpable spleen. 
(5) Palpable liver (clinically enlarged). 

Stage A. Hb ≥ 10 g/dL and platelets ≥ 100 X 109/L and up to two of the above involved. 
Stage B. Hb ≥ 10 g/dL and platelets ≥ 100 X 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 x 
109/L, irrespective of organomegaly.  

 
3. Eligibility Criteria for Clinical Trials 
The selection of CLL patients for clinical trials is similar to that for patients with other 
malignancies. Phase I-II clinical trials commonly, although not invariably, are intended for 
patients who have had prior therapy. It may be worth considering the inclusion of patients with 
SLL in some phase I-II trials exploring new agents in CLL. However, for SLL the response 
assessment should be done according to the lymphoma guidelines. The combination of new 
agents with standard therapy as part of phase II studies may be investigated in both untreated and 
previously treated patients. Phase III clinical trials are used to compare the clinical outcome 
employing new treatment modalities with that using current standard therapy. Other 
requirements for eligibility with respect to age, clinical stage, performance status, organ 
function, or status of disease activity should be defined for each study. 

3.1. Performance Status and Fitness 
Prior to inclusion in a trial, the performance status as defined by the Eastern Cooperative 
Oncology Group (ECOG) should be 0-3. Future clinical trials involving elderly patients ideally 
should assess the comorbidity (fitness) and/or functional activity of patients (e.g. such as that 
defined by “cumulative illness rating scale” (CIRS) or the “Charlson” score).39,40  

3.2. Organ Function Eligibility for Clinical Trials 
Most chemotherapy agents have potential toxicity for the liver, kidneys, heart, lungs, nervous 
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system, or other organ systems. Therefore, organ function requirements should be guided by the 
known or suspected toxicity of each agent based on preclinical studies or prior clinical studies. 
Patients enrolled on protocols evaluating agents with known or suspected toxicity for a given 
organ(s) should have documented the specific organ function prior to therapy.  
3.3. Infectious Disease Status 
The status of specific infectious diseases as outlined in section 3.5 should be documented. 
Patients with active infections requiring systemic antibiotics, antifungal or antiviral drugs should 
have their infection resolved prior to initiating therapy in a clinical trial. 
 

3.4. Second Malignancies 
Patients with a second malignancy, other than basal cell carcinoma of the skin or in situ 
carcinoma of the cervix or the breast, generally are not considered candidates for entry into 
clinical trials unless the tumor was successfully treated with curative intent at least 2 years prior 
to trial entry. 

 

3.5. Required Pretreatment Evaluation 
Parameters considered necessary for a complete pretreatment evaluation may differ depending on 
whether or not the patient is treated in a clinical protocol. Therefore, a clear distinction is made in 
sections 3.5 and 5 between recommendations for general practice and the requirements for 
clinical trials (Tables 1, 2, and 3). If not indicated otherwise, recommendations are identical for 
clinical trials and general practice. In general, studies for defining these parameters should be 
performed within 2 weeks of clinical trial enrollment (except for marrow aspirate and biopsy and 
computed tomography (CT) scans (see sections 3.5.1 and 3.5.2).  
 

3.5.1. Essential pretreatment tests (see Table 1) 
3.5.1.1. Physical examination: The bidimensional diameters of the largest palpable lymph nodes 
in each of the following sites should be recorded: cervical, axillary, supraclavicular, inguinal, and 
femoral. The size of the liver and spleen, as assessed by palpation, should also be recorded.  
3.5.1.2. Assessment of performance status (ECOG score). 

3.5.1.3. A complete blood cell count (CBC; white blood cell count, hemoglobin and hematocrit, 
platelet count) and differential count, including both percent and absolute number of 
lymphocytes, and reticulocyte count should be performed. Reporting the proportion of prolymphocytes 
is desirable when these are present. 
3.5.1.4. Marrow biopsy: Prior to initiating treatment in a clinical trial with potentially 
myelosuppressive agents, patients should undergo a unilateral marrow aspirate and biopsy. 
Repeat marrow biopsies may be compared with the pre-treatment marrow specimen. 
3.5.1.5. Serum chemistry (e.g., creatinine, bilirubin, LDH, transaminases, alkaline 
phosphatase).  
3.5.1.6. Serum immunoglobulin levels. 

3.5.1.7. Direct antiglobulin test (DAT). 

3.5.1.8. Chest radiograph. 

3.5.1.9. Human immunodeficiency virus (HIV) 

Patients who are infected with HIV should be given special consideration because of the potential 
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risks for immune suppression with most anti-leukemia therapies and the potential for 
compounded myelotoxicity of treatment with anti-retroviral therapy. 

3.5.1.10. Cytomegalovirus (CMV) 
Therapies associated with the potential for reactivation of infection with CMV, such as 
alemtuzumab or allogeneic stem cell transplantation, should include plans for monitoring for active 
CMV disease and/or for providing anti-CMV therapy.41 These should cover screening or early 
diagnosis of CMV reactivation and its subsequent management. However, a positive CMV 
serology does not represent a contraindication for alemtuzumab treatment or allogeneic stem cell 
transplantation. As a general recommendation for patients treated with alemtuzumab, close 
monitoring and/or therapy for active CMV disease should be considered for patients found to 
have evidence for increased levels of CMV in the blood by the polymerase chain reaction (PCR), 
even in the absence of clinical symptoms. Also, evaluation and therapy for CMV is recommended 
for any patient with clinical symptoms of active CMV infection. 
3.5.1.11. Hepatitis B and Hepatitis C 

Before initiating treatment, the evaluation for infection with hepatitis B virus (HBV) and hepatitis 
C virus (HCV) is recommended, since reactivation of HBV and HCV infections may occur under 
therapy with immunosuppressive or myelosuppressive drugs. Chronic HBV carriers as defined by 
positive surface antigen (HBsAg) undergoing chemotherapy should receive prophylactic therapy 
with nucleoside analogs such as lamivudine to prevent HBV reactivation.42,43  

 

3.5.2 Additional pretreatment tests (Table 1) 
The following tests may be performed in clinical trials or in the presence of specific clinical 
problems. 
3.5.2.1. The assessment of molecular cytogenetics (FISH) prior to therapy is recommended. 

3.5.2.2. Computed tomography (CT) scans: CT scans generally are not required for the initial 
evaluation, or follow up. Moreover, the staging of CLL does not use CT scans but relies on 
physical examination and blood counts. A recent study has found that patients in Rai stage 0 but 
with detectable abdominal disease by CT scans may have a more aggressive disease.44 Therefore, 
clinical studies evaluating the use of CT scans in CLL are strongly encouraged. Moreover, 
enlarged lymph nodes if detected only by CT scan do not change the clinical Binet or Rai stage. 

In clinical trials where the treatment intent is to maximize complete remissions chest, 
abdominal and pelvic CT scans are recommended to evaluate the response to therapy. CT scans 
should be performed prior to the start of therapy and at the first restaging following therapy if 
previously abnormal.  

3.5.2.3. Other imaging methods: Except in some patients with Richter’s transformation, positron 
emission tomography (PET) scans do not provide information that is useful in the management of 
CLL. Similarly, nuclear magnetic resonance imaging and other imaging techniques are generally 
not useful in the management of CLL.  

3.5.2.4. Abdominal ultrasound: In some countries, the use of abdominal ultrasound is popular to 
assess the extent of lymphadenopathy and organomegaly in CLL. While it may be used in the 
clinical management of individual patients, this methodology is strongly investigator-dependent 
and should therefore not be used for the response evaluation in clinical trials. 

3.5.2.5. A lymph node biopsy is generally not required, unless such tissue is necessary for 
companion scientific studies or in rare cases with difficult diagnosis. A lymph node biopsy is 
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requested to establish the diagnosis of a transformation into an aggressive lymphoma (Richter’s 
syndrome). 

 

4. Indications for Treatment 
4.1. Primary Treatment Decisions (Table 2) 
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,45 the Cancer and 
Leukemia Group B (CALGB),46 the Spanish Group Pethema,47 and the Medical Research Council 
(MRC)48 in the UK in patients with early-stage disease confirm that the use of alkylating agents 
in patients with such early-stage disease does not prolong surviva1. This result was confirmed by 
a meta-analysis.49 In one study, treated patients with early-stage disease had an increased 
frequency of fatal epithelial cancers compared to untreated patients.45 Therefore, the potential 
benefit, if any, of an early-intervention therapy with anti-leukemia drugs, alone or in combination 
with monoclonal antibodies, requires further study.  

Whereas patients at intermediate (stage I and II) and high risk (stage 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 disease. 
 
Active disease should be clearly documented for protocol therapy. At least one of the following 
criteria should be met: 
(1)  Evidence of progressive marrow failure as manifested by the development of, or worsening 

of, anemia and/or thrombocytopenia 
(2)  Massive (i.e., > 6 cm below the left costal margin) or progressive or symptomatic 

splenomegaly 
(3)  Massive nodes (i.e., >10 cm in longest diameter) or progressive or symptomatic 

lymphadenopathy 
(4)  Progressive lymphocytosis with an increase of >50% over a 2-month period, or lymphocyte 

doubling time (LDT) of less than 6 months. LDT can be obtained by linear regression 
extrapolation of absolute lymphocyte counts (ALC) obtained at intervals of two weeks over 
an observation period of 2-3 months; patients with initial blood lymphocyte counts of less 
than 30.000/µl 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.  

(5)  Autoimmune anemia and/or thrombocytopenia poorly responsive to corticosteroids or other 
standard therapy (see 10.2). 

(6) A minimum of any one of the following disease-related symptoms must be present: 
(a) Unintentional weight loss ≥ 10% within the previous 6 months. 
(b) Significant fatigue (i.e., ECOG PS 2 or worse; cannot work or unable to perform 

usual activities). 
(c) Fevers of greater than 100.5° F or 38.0° C for 2 or more weeks without other 

evidence of infection. 
(d) Night sweats for more than 1 month without evidence of infection. 
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Hypogammaglobulinemia or monoclonal or oligoclonal paraproteinemia does not by itself 
constitute a basis for initiating therapy. However it is recommended to assess the change of these 
protein abnormalities, if patients are treated. 
 
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 
 

4.2. Second-Line Treatment Decisions 
In general, second-line treatment decisions follow the same indications as those used for 
initiation of first-line treatment. Patients who have resistant disease, a short time to progression 
after the first treatment, and/or leukemia cells with del(17p) often do not respond to standard 
chemotherapy and have a relatively short survival. Therefore, such patients should be offered 
investigative clinical protocols including allogeneic hematopoietic stem cell transplantation.50-54 

 

5. Definition of Response, Relapse and Refractory Disease (Tables 3 and 4) 
Assessment of response should include a careful physical examination and evaluation of the 

blood and marrow. Imaging studies, in particular CT scans, generally are not required except to 
monitor the response to therapy in clinical trials (Table 3).  

 
5.1. Complete remission (CR) requires all of the following criteria as assessed at least 3 months 

after completion of therapy: 
5.1.1. Absence of clonal lymphocytes in the peripheral blood (as defined in section 1.1 and 1.2).  
5.1.2. Absence of significant lymphadenopathy (e.g. lymph nodes greater than 1,5 cm in 

diameter) by physical examination. In clinical trials a CT scan of the abdomen, pelvis and 
thorax should be performed if previously abnormal. Lymph nodes should not be larger than 
1,5 cm in diameter. 

5.1.3. No hepatomegaly or splenomegaly by physical examination. In clinical trials a CT scan of 
the abdomen should be performed at response assessment if found to be abnormal prior to 
therapy or if physical exam is inconclusive at the time of evaluation. 

5.1.4. Absence of constitutional symptoms. 
5.1.5. Blood counts above the following values: 
 5.1.5.1. Polymorphonuclear leukocytes ≥ 1.500/µL.  
 5.1.5.2. Platelets > 100.000/µL. 

5.1.5.3. Hemoglobin > 11,0 g/dL (untransfused). 

5.1.6. For patients in clinical trials (Table 3): a marrow aspirate and biopsy should be performed 
at least 3 months after the last treatment and if clinical and laboratory results listed in 5.1.1 to 
5.1.5 demonstrate that a CR has been achieved. The marrow should be analyzed by flow 
cytometry and/or immunohistochemistry to demonstrate that the marrow is free of clonal B-
CLL cells. Cases with residual CLL cells by conventional (not 4-colour; see below) flow 
cytometry or immunohistochemistry are defined as PR.   
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In some cases, lymphoid nodules can be found (formerly used to define nodular PR), 
which often reflect residual disease.55,56 Therefore, these nodules should be assessed by 
immunohistochemistry to define whether they are comprised primarily of T cells or 
lymphocytes other than CLL cells or of CLL cells. The category of “nodular PR” should no 
longer be used. If the marrow is found to be hypocellular, a repeat marrow biopsy should be 
performed after 4-6 weeks, provided that the blood counts have recovered, as defined in 5.1.5. 
Marrow biopsies should be compared with that of the pre-treatment marrow. In some cases, it 
is necessary to postpone the marrow biopsy until after all the other criteria to define a CR 
(5.1.1 to 5.1.5) have been satisfied. However, this time interval should not exceed 6 months 
after the last treatment.  

5.1.7. A controversial issue is how best to categorize the response of patients who fulfill all the 
criteria for a CR (including the marrow examinations described in 5.16), but who have a 
persistent anemia or thrombocytopenia or neutropenia apparently unrelated to CLL, but 
related to drug toxicity. We recommend that these patients should be considered as a different 
category of remission, CR with incomplete bone marrow recovery (CRi). For the definition of 
this category, CRi, the marrow evaluation (see 5.1.6.) should be performed with scrutiny and 
not show any clonal infiltrate. In clinical trials, CRi patients should be monitored 
prospectively to determine whether their outcome differs from that of patients with detectable 
residual disease or with non-cytopenic CR.  

 
5.2. Partial remission (PR) is defined by the criteria described in 5.21, 5.22, and/or 5.23 (if 

abnormal prior to therapy), as well as one or more of the features listed in 5.24. To define a PR 
at least one of these parameters needs to be documented for a minimal duration of 2 months 
(Table 4). Constitutional symptoms persisting for more than 1 month should also be 
documented. 

5.2.1. A decrease in the number of blood lymphocytes by below 50% or more from the value 
prior to therapy. 

5.2.2. Reduction in lymphadenopathy (to be assessed by CT scans in clinical trials57 and by 
palpation in general practice) as defined by: 

5.2.2.1 A decrease lymph node size by below 50% or more in 
• the sum products of up to 6 lymph nodes, or 
• in one lymph node diameter if only a single lymph node was present prior to 

therapy. 
5.2.2.2 No increase in any lymph node, and no new enlarged lymph node. In small lymph 

nodes (< 2 cm), an increase of < 25% is not considered to be significant.  
5.2.3. A decrease in the size of the liver and/or spleen by 50% more as defined by CT scan in 

clinical trials or by palpation or ultrasound in general practice. 
5.2.4. The blood count should show one of the following results: 
5.2.4.1. Polymorphonuclear leukocytes at 1.500/µL or more or 50% improvement over baseline 

without G-CSF support. 
5.2.4.2. Platelet counts greater than 100.000/µL or 50% improvement over baseline. 
5.2.4.3. Hemoglobin greater than 11,0 g/dL or 50% improvement over baseline without red blood 

cell transfusions or erythropoietin support. 
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5.3. Progressive disease is characterized by at least one of the following: 
5.3.1. Lymphadenopathy: progression of lymphadenopathy is discovered almost uniformly by 

blood counts. Therefore, imaging methods are not needed to follow CLL progression. 
Progression of lymphadenopathy may be documented by physical examination. Disease 
progression occurs, if one of the following events is observed: 
• Appearance of any new lesion such as enlarged lymph nodes (> 1,5 cm), splenomegaly, 

hepatomegaly or other organ infiltrates. 
• An increase by 50% or more in greatest determined diameter of any previous site. A 

lymph node of 1-1,5 cm must increase by 50% or more to a size greater than 1,5 cm in the 
longest axis. A lymph node of more than 1,5 cm must increase to more than 2,0 cm in the 
longest axis.  

• An increase of 50% or more in the sum of the product of diameters of multiple nodes. 

5.3.2. An increase in the liver or spleen size by 50% or more or the de novo appearance of 
hepatomegaly or splenomegaly. 

5.3.3.  An increase in the number of blood lymphocytes by 50% or more with at least 5,000 B 
lymphocytes per µL. 
5.3.4. Transformation to a more aggressive histology (e.g. Richter's syndrome). Whenever 

possible, this diagnosis should be established by lymph node biopsy. 
5.3.5. Occurrence of cytopenia (neutropenia, anemia or thrombocytopenia) attributable to CLL. 
5.3.5.1 During therapy: cytopenias may occur as a side effect of many therapies and should be 

assessed according to Table 5. During therapy, cytopenias cannot be used to define disease 
progression. Each protocol should define the amount of drug(s) to be administered with such 
cytopenias.  

5.3.5.2. Post treatment: The progression of any cytopenia (unrelated to autoimmune cytopenia), 
as documented by a decrease of Hb levels by more than 2 g/dl or to less than 10 g/dl, or by a 
decrease of platelet counts by more than 50% or to less than 100.000/µl, which occurs at least 
3 months after treatment, defines disease progression, if the marrow biopsy demonstrates an 
infiltrate of clonal CLL cells.  

5.4. Stable disease: Patients who have not achieved a CR or a PR, and who have not exhibited 
PD, will be considered to have stable disease (which is equivalent to a non-response). 

5.5. Responses that should be considered clinically beneficial include CR and PR; all others (e.g. 
stable disease, non-response, progressive disease, or death from any cause) should be rated as 
a treatment failure. 

5.6. Duration of response and progression-free survival 
 Duration of response should be measured from the end of the last treatment until evidence of 
progressive disease (as defined above). Progression-free survival (PFS) is defined as the interval 
between the first treatment day to the first sign of disease progression.  Event-free survival is 
defined as the interval between the first treatment day to the first sign of disease progression, or 
treatment for relapse, or death (whichever occurs first). Survival duration is defined as the 
interval between the first treatment day to death. 

5.7. Relapse 
Relapse is defined as a patient who has previously achieved the above criteria (5.1-5.2) of a CR 
or PR, but after a period of 6 or more months, demonstrate evidence of disease progression (see 
5.3). 

5.8. Refractory disease 
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[0]Refractory disease is defined as treatment failure (as defined in 5.5) or disease progression 
within 6 months to the last anti-leukemic therapy. For the definition of “high risk CLL” 
justifying the use of allogeneic stem cell transplantation,58 the disease should be refractory to a 
purine-analogue based therapy or to autologous hematopoietic stem cell transplantation.  

5.9. Minimal residual disease 
The complete eradication of the leukemia is an obvious desired endpoint. New detection 
technologies such as multicolor flow cytometry and real-time quantitative PCR have determined 
that many patients who achieved a complete response by the 1996 NCI-WG guidelines have 
detectable minimal residual disease (MRD). While eradication of MRD may improve prognosis, 
prospective clinical trials are needed to define whether additional treatment intended solely to 
eradicate MRD provides a significant benefit to clinical outcome. The techniques for assessing 
MRD have undergone a critical evaluation and have become fairly standard.59 Either four-color 
flow cytometry (MRD Flow) or allele-specific oligonucleotide PCR are reliably sensitive down 
to a level of approximately one CLL cell in 10.000 leukocytes. As such, patients will be defined 
as having a clinical remission in the absence of MRD when they have blood or marrow with less 
than one CLL cell per 10.000 leucocytes. The blood generally can be used for making this 
assessment except during the period within 3 months of completing therapy, particularly for 
patients treated with alemtuzumab, rituximab and other antibodies targeting CLL. In such cases 
it is essential to assess the marrow for MRD. Therefore, future clinical trials that aim toward 
achieving long-lasting complete remissions should include at least one test to assess MRD, 
because the lack of leukemia persistence using these sensitive tests seems to have a strong, 
positive prognostic impact 60-62.  

 

6. Factors Requiring Stratification at Inclusion in a Clinical Phase III Trial 
6.1. Patients ideally should be stratified with regard to previous treatment versus no previous 

treatment, and as purine analogue-sensitive versus purine-analogue refractory in studies for 
which prior therapy is allowed. 

6.2. If more than one clinical stage is allowed, patients ideally should be stratified for stage. 
6.3. Patients ideally should be stratified based upon whether or not they have leukemia cells with 

del(17p) or del(11q). 
 

7. Assessment of Toxicity 
Evaluation of treatment-related toxicity requires careful consideration of both the manifestations 
of the underlying disease and the anticipated adverse reactions to the agents used in therapy. For 
this reason, some of the conventional criteria used for assessing toxicity are not applicable to 
clinical studies involving patients with hematological malignancies in general, or CLL in 
particular. An example is hematological toxicity; patients with advanced CLL generally have 
cytopenias that may be caused by the underlying CLL and/or prior therapy. A few guidelines are 
presented to help evaluate for treatment-induced toxicity in CLL. 
 

7.1. Hematological Toxicity 
Evaluation of hematological toxicity in patients with CLL must take into consideration that many 
patients have low blood cell counts at the initiation of therapy. Therefore, the standard criteria 
used for solid tumors cannot be applied, as many CLL patients then would be considered to have 
grade II to IV hematological toxicity at the initiation of treatment. Furthermore, the absolute 
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blood neutrophil counts rarely are used at the initiation of therapy to modify the treatment dose, 
since these values typically are unreliable in CLL patients with lymphocytosis. However, the 
increasing use of more effective therapeutic agents, particularly those with neutropenia as a dose-
limiting toxicity (e.g. nucleoside analogs), can result in clinically significant myelosuppression. 
Therefore, the 1996 guidelines proposed a new dose-modification scheme for quantifying 
hematological deterioration in patients with CLL, which included alterations in the dose of 
myelosuppressive agents based on the absolute neutrophil count. This dose modification scheme 
has proven very helpful in the context of several large prospective trials in CLL and should be 
retained (Table 5).  

7.2. Infectious Complications 
Patients with CLL are at increased risk for infection because of compromised immune function, 
which might be related to the disease itself and/or to the consequences of therapy. Nevertheless, 
the rate(s) of infection following treatment can be used in assessing the relative immune-
suppressive effects of a given therapy. The etiology of the infection should be reported and 
categorized as bacterial, viral, or fungal, and as proven or probable. The severity of infections 
should be quantified as minor (requiring either oral antimicrobial therapy or symptomatic care 
alone), major (requiring hospitalization and systemic antimicrobial therapy), or fatal (death as a 
result of the infection).  

Particular attention should be given to monitoring for symptoms or laboratory evidence of 
infection with CMV in patients treated with agents like alemtuzumab (alone or in combination) 
or with allogeneic stem cell transplantation.  In contrast, the infection rate seems low in patients 
younger than 65 years treated with fludarabine-based first line therapy, where no monitoring or 
routine anti-infective prophylaxis is required.63  

 
7.3. Tumor lysis syndrome 
CLL patients rarely experience tumor lysis syndrome after therapy with a purine analogue 

based regimen.64 However, this might not be the case following treatment with newer agents or 
novel treatment modalities. For this reason, patients in early phase clinical trials should be 
monitored for possible tumor lysis syndrome, which should be treated appropriately. If observed, 
the occurrence and severity of tumor lysis syndrome should be recorded in clinical trials. 

7.4. Non-hematological Toxicities 
Other non-hematological toxicities should be graded according to the latest version of the NCI 

Common Toxicity Criteria (CTC). 

 

8. Reporting of Clinical Response Data 

Clear and careful reporting of data is an essential part of any clinical trial. In clinical studies 
involving previously treated patients, patients who are relapsed or refractory should be clearly 
distinguished. Relapse and refractory disease are defined above (5.7 and 5.8). For those patients 
who have relapsed, it is also useful to describe the quality and duration of their prior response. 

  

9. Treatment endpoints 
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 Given the recent increase of treatment options for CLL patients, the choice of treatment and the 
endpoints of clinical trials may depend on the fitness of the patients (see 3.1). For example, the 
number of MRD negative complete remissions or the overall survival might be appropriate 
endpoints in physically fit patients. In contrast, trials on patients with reduced physical fitness 
might choose the time to progression or health-related quality of life as trial endpoints. Moreover, 
recent data suggest that the quality of life in CLL patients is reduced as compared to the normal 
population and only moderately increased by some of the current treatment options.65-68 
Therefore, further studies assessing the health-related quality of life in CLL are strongly 
encouraged. 

  

10. Supportive care and management of complications  

10.1. Indications for growth factors in CLL 

While under myelosuppressive (chemo-)therapy, growth factors such as granulocyte-colony-
stimulating factor (G-CSF) should be given according to the guidelines of the American Society 
of Clinical Onclogy.69 The use of G-CSF also might benefit patients who experience prolonged 
cytopenias following treatment with alemtuzumab. Similarly, some CLL patients with anemia 
may benefit from erythropoiesis stimulating factors, if used according to recently published 
guidelines.70,71 However, it should be pointed out that CLL-related cytopenias are often 
efficiently corrected by an appropriate anti-leukemic therapy. 

10.2. Autoimmune hemolytic anemia (AIHA) or autoimmune thrombocytopenia (ITP) 

ITP and AIHA as a single abnormality caused by CLL initially should be treated with 
glucocorticoids and not chemotherapy. Second line treatment options for AIHA include 
splenectomy, intravenous immunoglobulins, and/or immunosuppressive therapy with agents such 
as cyclosporine A, azathioprin, or low-dose cyclophosphamide. Good responses also have been 
obtained with antibody therapy using agents as rituximab or alemtuzumab.72-74 Treatment 
refractory autoimmune cytopenias can be an indication for chemotherapy or 
chemoimmunotherapy directed at the underlying CLL.75 In this regard, the Binet or Rai staging 
systems do not distinguish between ITP/AIHA or marrow infiltration as the cause for anemia or 
thrombocytopenia that results in classifying a patient as having stage C or high-risk disease. 
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TABLES 
Table 1. Pretreatment Evaluation of Patients with CLL 

 

Diagnostic test Section of 
guidelines 

General 
practice 

Clinical 
trial 

Tests to establish the diagnosis  1.   
Complete blood count and differential count 1.1 Always Always 

Immunophenotyping of lymphocytes 1.2. Always Always 

Assessment prior to treatment 3.5.1   
History and physical, performance status 3.5.1.1, 

3.5.1.2 
Always Always 

Complete blood count and differential 3.5.1.3 Always Always 
Marrow aspirate and biopsy 3.5.1.4 Desirable Desirable 
Serum chemistry,  
serum immunoglobulin,  
direct antiglobulin test 

3.5.1.5, 
3.5.1.6, 
3.5.1.7 

Always Always 

Chest radiograph 3.5.1.8 Always Always 

Infectious disease status 3.3 Always Always 

Additional tests prior to treatment 3.5.2   
Cytogenetics (FISH) for del(13q), del(11q), del(17p), 
add(12), del(6q) in the peripheral blood lymphocytes 

3.5.2.1 Desirable Always 

IgVH mutational status, ZAP-70, and CD38 1.2 No Always 

CT scan of chest, abdomen, and pelvis 3.5.2.2 No Desirable; 
always if 
CR is the 
desired 
endpoint. 

MRI, Lymphangiogram, gallium scan, PET scans 3.5.2.3 No No 

Abdominal ultrasound 3.5.2.4 Possible No 

 
General practice is defined as the use of accepted treatment options for a CLL patient not 
enrolled on a clinical trial. 

Abbreviations: No, not generally indicated; RQ, indicated if a research question; PBS, 
peripheral blood smear; MRI, magnetic resonance imaging; PET, positron emission tomography; 
FISH, fluorescence in situ hybridization. 
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Table 2. Recommendations Regarding Indications for Treatment in CLL 

 

 
General 
practice 

Clinical 
trial 

Treat with Rai stage 0 No* RQ 

Treat with Binet stage A No* RQ 
Treat with Binet stage B or Rai stage I or 
Rai stage II 

Possible* Possible* 

Treat with Binet stage C or Rai stage III 
or Rai stage IV 

Yes Yes 

   

Treatment of active/progressive disease  Yes Yes 

Treat without active/progressive disease No RQ 

General practice is defined as the use of accepted treatment options for a CLL patient not 
enrolled on a clinical trial. 

Abbreviations: No, not generally indicated; RQ, indicated if a research question. 

*Treatment is indicated, if the disease is active as defined in section 4. 
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Table 3. Recommendations regarding the response assessment in CLL patients 

 

Diagnostic test Section of 
guidelines 

General 
practice 

Clinical trial 

History, physical examination 5.1.2, 5.1.3, 
5.1.4, 5.2.2, 
5.2.3, 5.3.1, 
5.3.2 

Always Always 

Immunophenotyping of peripheral blood 
lymphocytes 

5.1.1 If clinical and 
hematological 
response 
indicates CR 

If clinical 
response and 
hematological 
response 
indicates CR 

CBC and differential count 5.1.5, 5.2.4, 
5.3.3, 5.3.5 

Always Always 

Marrow aspirate and biopsy 5.1.6 At cytopenia 
of uncertain 
cause 

At CR or 
cytopenia of 
uncertain 
cause 

Assessment for minimal residual disease 5.9 No If a long-
lasting CR is 
the desired 
endpoint 

Ultrasound of the abdomen 5.1.2, 5.1.3, 
5.2.2, 5.2.3, 
5.3.1, 5.3.2 

Possible, if 
previously 
abnormal 

 
No 

CT scans of chest, pelvis, and abdomen 5.1.2, 5.1.3, 
5.2.2, 5.2.3, 
5.3.1, 5.3.2 

No Indicated 
if previously 
abnormal and 
otherwise in 
CR 

General practice is defined as the use of accepted treatment options for a CLL patient not 
enrolled on a clinical trial. 
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Table 4 - Response definition after treatment for CLL patients, using the parameters of 
Tables 1 and 3 

 

Parameter CR PR PD SD 

Lymphadenopathy 1) None above 1,5 
cm  

Decrease ≥ 50% Increase ≥ 50% Change of -49% 
to +49% 

Liver and/or spleen 
size 

Normal size Decrease ≥ 50% Increase ≥ 50% Change of -49% 
to +49% 

Constitutional 
symptoms 

None Any Any Any 

Polymorphonuclear 
leukocytes 

> 1500/µl > 1500/µl or > 
50% 
improvement 
over baseline 

Any Any 

Circulating clonal 
B-lymphocytes 

Nil Decrease ≥ 50% 
from baseline 

Increase ≥ 50% 
over baseline 

Change of -49% 
to +49% 

Platelet count > 100.000/µl > 100.000/µl or 
increase ≥ 50% 
over baseline 

Decrease of ≥ 
50% from 
baseline 
secondary to 
CLL 

Change of -49 to 
+49% 

Hemoglobin  > 11,0 g/dl 
(untransfused 
and without 
erythropoietin) 

> 11 g/dl or 
increase ≥ 50% 
over baseline 

Decrease of > 2 
g/dl from 
baseline 
secondary to 
CLL 

Increase < 11,0 
g/dl or < 50% 
over baseline, or 
decrease < 2 g/dl 

Marrow Normocellular, < 
30% 
lymphocytes, no 
B-lymphoid 
nodules. 
Hypocellular 
marrow defines 
CRi (5.1.6.). 

≥ 30% 
lymphocytes, or 
B-lymphoid 
nodules, or not 
done 

Increase of 
lymphocytes to 
more than 30% 
from normal  

No change in 
marrow infiltrate 

     

1) sum of the products of multiple lymph nodes (as evaluated by CT scans in clinical trials, or by physical 
exam or ultrasound in general practice). 

CR: complete remission, all of the criteria have to be met; PR: partial remission, at least one of the criteria has to be 
met; PD: progressive disease: at least one of the above criteria has to be met; SD; all of the above criteria have to be 
met. 
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Table 5. Grading Scale for Hematological Toxicity in CLL Studies 

Grade# Decrease in Platelets* or Hb° (nadir) 
From Pretreatment value (%) 

absolute neutrophil 
count/µL§ (nadir) 

0 No change to 10% ≥ 2,000 

1 11%-24% ≥ 1,500 and < 2,000 

2 25%-49% ≥ 1,000 and < 1,500 

3 50%-74% ≥ 500 and < 1,000 

4 ≥ 75% < 500 

 
 
* Platelet counts must be below normal levels for grades 1-4. If, at any level of decrease the 
platelet count is <20.000/µL, this will be considered grade 4 toxicity, unless a severe or life-
threatening decrease in the initial platelet count (e.g., 20.000/µL) was present pretreatment, in 
which case the patient is not evaluable for toxicity referable to platelet counts. 

° Hb levels must be below normal levels for grades 1-4. Baseline and subsequent Hb 
determinations must be performed before any given transfusions. The use of erythropoietin is 
irrelevant for the grading of toxicity, but should be documented. 

# Grades: 1, mild; 2, moderate; 3, severe; 4, life-threatening; 5, fatal. Death occurring as a 
result of toxicity at any level of decrease from pretreatment will be recorded as grade 5. 

§ If the absolute neutrophil count (ANC) reaches less than 1,000/µL, it should be judged to be 
grade 3 toxicity. Other decreases in the white blood cell count, or in circulating granulocytes, 
are not to be considered, since a decrease in the white blood cell count is a desired therapeutic end 
point. A gradual decrease in granulocytes is not a reliable index in CLL for stepwise grading of 
toxicity. If the ANC was less than 1,000/µL prior to therapy, the patient is not evaluable for 
toxicity referable to the ANC. The use of G-CSF is irrelevant for the grading of toxicity, but 
should be documented.  

 

 For personal use only. at Queen Mary, University of London on February 12, 2008. www.bloodjournal.orgFrom 

http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


References 
 
 
1. Cheson BD, Bennett JM, Rai KR, et al. Guidelines for clinical protocols for chronic 
lymphocytic leukemia (CLL). Recommendations of the NCI-sponsored working group. Am J 
Hematol. 1988;29:153-163. 
2. Cheson BD, Bennett JM, Grever M, et al. National Cancer Institute-Sponsored Working 
Group guidelines for chronic lymphocytic leukemia: revised guidelines for diagnosis and treatment. 
Blood. 1996;87:4990-4997. 
3. Müller-Hermelink HK, Montserrat E, Catovsky D, Harris NL. Chronic lymphocytic 
leukemia/small lymphocytic lymphoma. In: Jaffe ES, Harris NL, Stein H, Vardiman JW, eds. 
World Health Organization Classification of Tumours Pathology and Genetics of Tumours of 
Haematopoietic and Lymphoid Tissues. Lyon: IARCPress; 2001:127-130. 
4. Catovsky D, Ralfkiaer E, Müller-Hermelink HK. T-cell prolymphocytic leukaemia. In: Jaffe 
ES, Harris NL, Stein H, Vardiman JW, eds. World Health Organization Classification of Tumours 
Pathology and Genetics of Tumours of Haematopoietic and Lymphoid Tissues. Lyon: IARCPress; 
2001:195--196. 
5. 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. 
6. Marti GE, Rawstron AC, Ghia P, et al. Diagnostic criteria for monoclonal B-cell 
lymphocytosis. Br J Haematol. 2005;130:325-332. 
7. Rawstron AC, Bennett FL, M. O’Connor SJM, et al. Monoclonal B-cell Lymphocytosis 
(MBL): a precursor state for Chronic Lymphocytic Leukemia (CLL). 2007:submitted. 
8. 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. 
9. Ginaldi L, De Martinis M, Matutes E, Farahat N, Morilla R, Catovsky D. Levels of 
expression of CD19 and CD20 in chronic B cell leukaemias. J Clin Pathol. 1998;51:364-369. 
10. Catovsky D, Müller-Hermelink HK, Montserrat E, Harris NL. B-cell prolymphocytic 
leukaemia. In: Jaffe ES, Harris NL, Stein H, Vardiman JW, eds. World Health Organization 
Classification of Tumours Pathology and Genetics of Tumours of Haematopoietic and Lymphoid 
Tissues. Lyon: IARCPress; 2001:131-132. 
11. Döhner H, Stilgenbauer S, Benner A, et al. Genomic Aberrations and Survival in Chronic 
Lymphocytic Leukemia. N Engl J Med. 2000;343:1910-1916. 
12. Mayr C, Speicher MR, Kofler DM, et al. Chromosomal translocations are associated with 
poor prognosis in chronic lymphocytic leukemia. Blood. 2006;107:742-751. 
13. Döhner H, Fischer K, Bentz M, et al. p53 gene deletion predicts for poor survival and non-
response to therapy with purine analogs in chronic B-cell leukemias. Blood. 1995;85:1580-1589. 
14. Grever MR, Lucas DM, Dewald GW, et al. Comprehensive assessment of genetic and 
molecular features predicting outcome in patients with chronic lymphocytic leukemia: results from 
the US Intergroup Phase III Trial E2997. J Clin Oncol. 2007;25:799-804. 
15. 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. 
16. 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. 

 For personal use only. at Queen Mary, University of London on February 12, 2008. www.bloodjournal.orgFrom 

http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


17. Shanafelt TD, Witzig TE, Fink SR, et al. Prospective evaluation of clonal evolution during 
long-term follow-up of patients with untreated early-stage chronic lymphocytic leukemia. J Clin 
Oncol. 2006;24:4634-4641. 
18. Damle RN, Wasil T, Fais F, et al. Ig V gene mutation status and CD38 expression as novel 
prognostic indicators in chronic lymphocytic leukemia [see comments]. Blood. 1999;94:1840-1847. 
19. Hamblin TJ, Davis Z, Gardiner A, Oscier DG, Stevenson FK. Unmutated Ig V(H) genes are 
associated with a more aggressive form of chronic lymphocytic leukemia [see comments]. Blood. 
1999;94:1848-1854. 
20. Thorselius M, Krober A, Murray F, et al. Strikingly homologous immunoglobulin gene 
rearrangements and poor outcome in VH3-21-using chronic lymphocytic leukemia patients 
independent of geographic origin and mutational status. Blood. 2006;107:2889-2894. 
21. Orchard JA, Ibbotson RE, Davis Z, et al. ZAP-70 expression and prognosis in chronic 
lymphocytic leukaemia. Lancet. 2004;363:105-111. 
22. Crespo M, Bosch F, Villamor N, et al. ZAP-70 expression as a surrogate for 
immunoglobulin-variable-region mutations in chronic lymphocytic leukemia. N Engl J Med. 
2003;348:1764-1775. 
23. Rassenti LZ, Huynh L, Toy TL, et al. ZAP-70 compared with immunoglobulin heavy-chain 
gene mutation status as a predictor of disease progression in chronic lymphocytic leukemia. N Engl 
J Med. 2004;351:893-901. 
24. Ibrahim S, Keating M, Do KA, et al. CD38 expression as an important prognostic factor in 
B-cell chronic lymphocytic leukemia. Blood. 2001;98:181-186. 
25. Lin K, Sherrington PD, Dennis M, Matrai Z, Cawley JC, Pettitt AR. Relationship between 
p53 dysfunction, CD38 expression, and IgV(H) mutation in chronic lymphocytic leukemia. Blood. 
2002;100:1404-1409. 
26. Ghia P, Guida G, Stella S, et al. The pattern of CD38 expression defines a distinct subset of 
chronic lymphocytic leukemia (CLL) patients at risk of disease progression. Blood. 2003;101:1262-
1269. 
27. Boonstra JG, van Lom K, Langerak AW, et al. CD38 as a prognostic factor in B cell chronic 
lymphocytic leukaemia (B-CLL): comparison of three approaches to analyze its expression. 
Cytometry B Clin Cytom. 2006;70:136-141. 
28. Byrd JC, Gribben JG, Peterson BL, et al. Select high-risk genetic features predict earlier 
progression following chemoimmunotherapy with fludarabine and rituximab in chronic 
lymphocytic leukemia: justification for risk-adapted therapy. J Clin Oncol. 2006;24:437-443. 
29. Hallek M, Langenmayer I, Nerl C, et al. Elevated serum thymidine kinase levels identify a 
subgroup at high risk of disease-progression in early, non-smoldering chronic lymphocytic 
leukemia. Blood. 1999;93:1732-1737. 
30. Keating MJ, Lerner S, Kantarjian H, Freireich EJ, O'Brien S. The serum ß2-microglobulin 
(ß2m) level is more powerful than stage in predicting response and survival in chronic lymphocytic 
leukemia (CLL). Blood. 1995;86 (Suppl. I):606a. 
31. Reinisch W, Willheim M, Hilgarth M, et al. Soluble CD23 reliably reflects disease activity 
in B-cell chronic lymphocytic leukemia. J Clin Oncol. 1994;12:2146-2149. 
32. Sarfati M, Chevret S, Chastang C, et al. Prognostic importance of serum soluble CD23 level 
in chronic lymphocytic leukemia. Blood. 1996;88:4259-4264. 
33. Wierda WG, O'Brien S, Wang X, et al. Prognostic nomogram and index for overall survival 
in previously untreated patients with chronic lymphocytic leukemia. Blood. 2007;109:4679-4685. 
34. Magnac C, Porcher R, Davi F, et al. Predictive value of serum thymidine kinase level for Ig-
V mutational status in B-CLL. Leukemia. 2003;17:133-137. 

 For personal use only. at Queen Mary, University of London on February 12, 2008. www.bloodjournal.orgFrom 

http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


35. Matthews C, Catherwood MA, Morris TC, et al. Serum TK levels in CLL identify Binet 
stage A patients within biologically defined prognostic subgroups most likely to undergo disease 
progression. Eur J Haematol. 2006;77:309-317. 
36. Rai KR, Sawitsky A, Cronkite EP, Chanana AD, Levy RN, Pasternack BS. Clinical staging 
of chronic lymphocytic leukemia. Blood. 1975;46:219-234. 
37. 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. 
38. Rai KR. A critical analysis of staging in CLL. In: Gale RP, Rai KR, eds. Chronic 
Lymphocytic Leukemia: Recent Progress and Future Directions. New York: Alan R.Liss.; 
1987:253-264. 
39. Extermann M, Overcash J, Lyman GH, Parr J, Balducci L. Comorbidity and functional 
status are independent in older patients. J Clin Oncol. 1998;16:1582-1587. 
40. Balducci L, Extermann M. Management of cancer in the older person: a practical approach. 
Oncologist. 2000;5:224-237. 
41. O'Brien SM, Keating MJ, Mocarski ES. Updated guidelines on the management of 
cytomegalovirus reactivation in patients with chronic lymphocytic leukemia treated with 
alemtuzumab. Clin Lymphoma Myeloma. 2006;7:125-130. 
42. Yagci M, Acar K, Sucak GT, Aki Z, Bozdayi G, Haznedar R. A prospective study on 
chemotherapy-induced hepatitis B virus reactivation in chronic HBs Ag carriers with hematologic 
malignancies and pre-emptive therapy with nucleoside analogues. Leuk Lymphoma. 2006;47:1608-
1612. 
43. Rossi G, Pelizzari A, Motta M, Puoti M. Primary prophylaxis with lamivudine of hepatitis B 
virus reactivation in chronic HbsAg carriers with lymphoid malignancies treated with 
chemotherapy. Br J Haematol. 2001;115:58-62. 
44. Muntanola A, Bosch F, Arguis P, et al. Abdominal computed tomography predicts 
progression in patients with Rai stage 0 chronic lymphocytic leukemia. J Clin Oncol. 
2007;25:1576-1580. 
45. Dighiero G, Maloum K, Desablens B, et al. Chlorambucil in indolent chronic lymphocytic 
leukemia. N Engl J Med. 1998;338:1506-1514. 
46. Shustik C, Mick R, Silver R, Sawitsky A, Rai K, Shapiro L. Treatment of early chronic 
lymphocytic leukemia: intermittent chlorambucil versus observation. Hematol Oncol. 1988;6:7-12. 
47. Montserrat E, Fontanillas M, Estape J, for the Spanish PETHEMA Group. Chronic 
lymphocytic leukemia treatment: an interim report of PETHEMA trials. Leuk Lymphoma. 
1991;5:89-92. 
48. CLL trialists´ collaborative group. Chemotherapeutic options in chronic lymhocytic 
leukemia. J Natl Cancer Inst. 1999;91:861-868. 
49. Chemotherapeutic options in chronic lymphocytic leukemia: a meta-analysis of the 
randomized trials. CLL Trialists' Collaborative Group. J Natl Cancer Inst. 1999;91:861-868. 
50. Moreno C, Villamor N, Colomer D, et al. Allogeneic stem-cell transplantation may 
overcome the adverse prognosis of unmutated VH gene in patients with chronic lymphocytic 
leukemia. J Clin Oncol. 2005;23:3433-3438. 
51. Dreger P, Brand R, Milligan D, et al. Reduced-intensity conditioning lowers treatment-
related mortality of allogeneic stem cell transplantation for chronic lymphocytic leukemia: a 
population-matched analysis. Leukemia. 2005;19:1029-1033. 
52. Gribben JG, Zahrieh D, Stephans K, et al. Autologous and allogeneic stem cell 
transplantations for poor-risk chronic lymphocytic leukemia. Blood. 2005;106:4389-4396. 
53. Schetelig J, Thiede C, Bornhauser M, et al. Evidence of a graft-versus-leukemia effect in 

 For personal use only. at Queen Mary, University of London on February 12, 2008. www.bloodjournal.orgFrom 

http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


chronic lymphocytic leukemia after reduced-intensity conditioning and allogeneic stem-cell 
transplantation: the Cooperative German Transplant Study Group. J Clin Oncol. 2003;21:2747-
2753. 
54. Caballero D, Garcia-Marco JA, Martino R, et al. Allogeneic transplant with reduced 
intensity conditioning regimens may overcome the poor prognosis of B-cell chronic lymphocytic 
leukemia with unmutated immunoglobulin variable heavy-chain gene and chromosomal 
abnormalities (11q- and 17p-). Clin Cancer Res. 2005;11:7757-7763. 
55. Oudat R, Keating MJ, Lerner S, O'Brien S, Albitar M. Significance of the levels of bone 
marrow lymphoid infiltrate in chronic lymphocytic leukemia patients with nodular partial 
remission. Leukemia. 2002;16:632-635. 
56. Noy A, Verma R, Glenn M, et al. Clonotypic polymerase chain reaction confirms minimal 
residual disease in CLL nodular PR: results from a sequential treatment CLL protocol. Blood. 
2001;97:1929-1936. 
57. Cheson BD, Pfistner B, Juweid ME, et al. Revised response criteria for malignant 
lymphoma. J Clin Oncol. 2007;25:579-586. 
58. 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. 
59. 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. 
60. 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. 
61. 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. 
62. 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. 
63. Eichhorst BF, Busch R, Schweighofer C, Wendtner CM, Emmerich B, Hallek M. Due to 
low infection rates no routine anti-infective prophylaxis is required in younger patients with chronic 
lymphocytic leukaemia during fludarabine-based first line therapy. Br J Haematol. 2007;136:63-72. 
64. Cheson BD, Frame JN, Vena D, Quashu N, Sorensen JM. Tumor lysis syndrome: an 
uncommon complication of fludarabine therapy of chronic lymphocytic leukemia. J Clin Oncol. 
1998;16:2313-2320. 
65. Eichhorst BF, Busch R, Obwandner T, Kuhn-Hallek I, Herschbach P, Hallek M. Health-
related quality of life in younger patients with chronic lymphocytic leukemia treated with 
fludarabine plus cyclophosphamide or fludarabine alone for first-line therapy: a study by the 
German CLL Study Group. J Clin Oncol. 2007;25:1722-1731. 
66. Molica S. Quality of life in chronic lymphocytic leukemia: a neglected issue. Leuk 
Lymphoma. 2005;46:1709-1714. 
67. Holzner B, Kemmler G, Kopp M, Nguyen-Van-Tam D, Sperner-Unterweger B, Greil R. 
Quality of life of patients with chronic lymphocytic leukemia: results of a longitudinal investigation 
over 1 yr. Eur J Haematol. 2004;72:381-389. 
68. Levy V, Porcher R, Delabarre F, Leporrier M, Cazin B, Chevret S. Evaluating treatment 
strategies in chronic lymphocytic leukemia: use of quality-adjusted survival analysis. J Clin 

 For personal use only. at Queen Mary, University of London on February 12, 2008. www.bloodjournal.orgFrom 

http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


Epidemiol. 2001;54:747-754. 
69. Ozer H, Armitage JO, Bennett CL, et al. 2000 update of recommendations for the use of 
hematopoietic colony-stimulating factors: evidence-based, clinical practice guidelines. American 
Society of Clinical Oncology Growth Factors Expert Panel. J Clin Oncol. 2000;18:3558-3585. 
70. Ludwig H, Rai K, Blade J, et al. Management of disease-related anemia in patients with 
multiple myeloma or chronic lymphocytic leukemia: epoetin treatment recommendations. Hematol 
J. 2002;3:121-130. 
71. Lichtin A. The ASH/ASCO clinical guidelines on the use of erythropoietin. Best Pract Res 
Clin Haematol. 2005;18:433-438. 
72. Rodon P, Breton P, Courouble G. Treatment of pure red cell aplasia and autoimmune 
haemolytic anaemia in chronic lymphocytic leukaemia with Campath-1H. Eur J Haematol. 
2003;70:319-321. 
73. Hamblin TJ. Autoimmune complications of chronic lymphocytic leukemia. Semin Oncol. 
2006;33:230-239. 
74. Zaja F, Vianelli N, Sperotto A, et al. Anti-CD20 therapy for chronic lymphocytic leukemia-
associated autoimmune diseases. Leuk Lymphoma. 2003;44:1951-1955. 
75. Gupta N, Kavuru S, Patel D, et al. Rituximab-based chemotherapy for steroid-refractory 
autoimmune hemolytic anemia of chronic lymphocytic leukemia. Leukemia. 2002;16:2092-2095. 
 
 

 For personal use only. at Queen Mary, University of London on February 12, 2008. www.bloodjournal.orgFrom 

http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

