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Abstract 
 

Remarkable progress has been made in chronic lymphocytic leukemia (CLL) 

research and treatment in the last 15 years. These achievements were summarized in the 

revised guidelines published by the International Workshop on CLL (IWCLL) – 

sponsored working group in 2008. The guidelines established standards for diagnostic 

procedures and treatment in CLL and emphasized several aspects such as specification of 

diagnostic criteria, role of cytogenetics in prognosis of CLL patients, indication for 

computed tomography (CT) imaging and definition of remission status including the 

place of the minimal residual disease (MRD) assessment. Introduction of new 

immunochemotherapy regimens significantly improved the rate of hematological and 

molecular remissions and promoted prolongation of disease-free and probably overall 

survival of CLL patients. However, many clinical problems still remain unresolved. A 

plethora of parameters predicting prognosis in CLL patients have been recently emerged 

and includes serum, molecular and cytogenetic markers that reflect pathogenesis of the 

disease. The most important of them concern the different pathways in the development 

of CLL. A group of patients showing somatic hypermutation of the immunoglobulin 

heavy-chain variable (IgHV) genes are expected to have long overall survival, whereas 

patients without somatic hypermutations or with usage of IgVH3-21 gene have a poorer 

prognosis. Since sequencing and analysis of IgVH rearrangements is an expensive 

research tool not feasible in routine management, expression of ZAP70 and CD38 

antigens is used as a surrogate marker for mutational status. However, no standardized 
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and validated protocols for assessment of these markers were created. Fluorescence in 

situ hybridization (FISH) using a commercial panel of probes to screen for 11q del, 13q 

del, +12 and 17p del reveals chromosomal aberration in 80% of CLL cases with different 

prognosis. Nevertheless, the use of most molecular parameters in the management of 

CLL patients remains a research matter and has little value in guiding treatment 

decisions. The only exception is the finding of 17p del, since this may influence treatment 

choice. Actually only several points remain useful criteria to start treatment in CLL and 

for choosing the treatment regimen: clinical stage, patient's physical fitness, 17p del and 

prior treatment and response. Although the clinical stage by Rai and Binet serves as main 

basis of assessing prognosis in CLL, the outcome of patients who were diagnosed in the 

same stage, either early or advanced, is very heterogeneous. Moreover, currently a 

majority of patients at the time of diagnosis are found in early stages, and clinical staging 

systems in these cases have a particularly weak power of prediction for further course, 

progression or response to treatment. These classifications also do not take into 

consideration tumor burden and mechanism of cytopenia that may be infiltrative causing 

bone marrow failure or autoimmune destructive. The prognostic significance of 

autoimmune hemolytic anemia (AIHA) and immune thrombocytopenia (ITP) is 

controversial. Utilizing the database of the Israeli CLL Study Group (ICLLSG) 

containing over 1500 patients with CLL, we retrospectively evaluated the prognostic 

impact of anemia and thrombocytopenia due to different mechanisms. Our findings 

indicate that patients with CLL-related anemia have a worse outcome regardless of the 

pathogenesis of anemia. AIHA in our series was associated with progression of CLL and 

conferred a worse prognosis. In contrast, a diagnosis of ITP did not have a negative 

impact on the survival probability.  

CLL follows an extremely variable course with survival ranging from months to long 

years. Many patients who are diagnosed in early stages have a smoldering clinical course 

and die from unrelated disease. However, when the life expectancy of patients recorded 

in the ICLLSG database and diagnosed at Binet stage A was compared with the sex and 

age-matched Israeli general population, we found that young CLL patients had 

significantly lower survival expectancy than the general population. In contrast, in the 

older ages, the survival rates were comparable.  

In view of the fact that no survival advantage was proven for early versus deferred 

therapy, it is currently accepted to administer treatment with development of the disease 

symptoms only. However, this recommendation was based on retrospective trials that 

used old therapeutic approaches with alkylating agents. Following recent publication of 

the results of the German CLL Study Group randomized trial CLL8 demonstrating 

significant improvement in response rate and duration of response as well benefit in the 

overall survival with fludarabine, cyclophosphamide and rituximab (FCR regimen) 

compared with FC alone, FCR has been chosen as standard of care treatment for young 

patients with CLL. However, the best treatments for patients with 17p del or normal 

cytogenetics that didn't show advantage of FCR regimen as well for elderly patients 

representing the majority of CLL population seen in practice but generally not included 

in clinical trials, are still not known. The efficacy of new biological agents (new 

monoclonal antibodies, immunomodulatory drugs, kinases inhibitors and others) should 

be evaluated in clinical trials. Finally, even after many debates, the endpoint of therapy in 

CLL is not fully defined. In the light of the fact that CLL is accepted to be an incurable 

disease, the traditional goal of treatment is palliation of symptoms. Recent results 

highlight the importance of achieving complete clinical remission and eradication of 

MRD for the reason that patients with no detectable disease have a longer duration of 

response and probably longer overall survival. The IWCLL recommended to change the 

response criteria and to incorporate CT imaging and MRD assessment as a part of 

confirmation of complete remission. However, these recommendations are in force for 

clinical trials only and not for the general practice.  
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Introduction 
 

Remarkable progress has been made in the CLL research and treatments during the last 

15 years. These achievements were summarized in the revised guidelines published by the 

International Workshop on CLL–sponsored Working Group (IWCLLG) in 2008 [1]. The 

guidelines established principles for diagnostic procedures and treatment in CLL and 

emphasized several aspects such as a better specification of diagnostic criteria, the role of 

cytogenetics in prognosis of CLL patients, indication for computed tomography (CT) imaging 

and definition of remission status including the place of minimal residual disease (MRD) 

assessment. Introduction of new immunochemotherapy regimens during this period of time 

significantly improved the rate of hematological and molecular remissions and promoted 

prolongation of disease-free and probably overall survival of CLL patients. However, the 

required standardization in the management of patients with this clinically heterogeneous 

disease is still not established. Herein we discuss questions that remain open and need 

clarification in order to improve the approach to CLL patients in the near future. 

 

 

Pitfalls in Diagnostics of CLL 
 

Case 1 Report 

 

A 72-year old woman diagnosed with CLL in August 2011 was referred to our clinic 

several months later for progressive weakness, night sweating, anemia and leukocytosis that 

rose from 30 to 150x10
9
/L. Physical examination revealed no lymphadenopathy but mild 

splenomegaly. A peripheral blood (PB) smear showed numerous small lymphocytes, many 

with convoluted nuclei. Flow cytometry detected B cells positive for CD5, CD19, CD20 

antigens; expression of CD23 was 30%. Bone marrow (BM) biopsy featured diffuse infiltrate 

by small B-cells negative for cyclin D1. Atypical CLL was diagnosed and she started 

chemotherapy according to FCR regimen (fludarabine, cyclophosphamide and rituximab). 

Two cycles led to good response but then multiple skin lesions appeared. The first skin 

biopsy was non-diagnostic and showed only necrotic tissue, however a repeated biopsy 

revealed lymphocytic infiltrate positive for CD5, CD20 and cyclin D1. Fluorescence in situ 

hybridization (FISH) test detected t(11;14) translocation. A diagnosis of mantle cell 

lymphoma was established. 

Diagnosis of CLL requires presence in the PB of at least 5.0x10
9
/L B cells and detection 

of a clonal population of small B lymphocytes expressing CD19, CD5 and CD23 antigens. 

The revised guidelines by IWCLL shifted the diagnostic criteria from an absolute lymphocyte 

count (ALC) >5.0× 10
9
/L to a B cell count of >5.0x10

9
/L in order to specify criteria for CLL 

diagnosis recognizing cases of a new category termed monoclonal B-lymphocytosis (MBL). 

MBL is a benign condition characterized by detection using flow cytometry of low levels of 

circulating monoclonal B-cell subpopulations in apparently healthy individuals. MBL has 

been found in around 5% of adults older than 60 and is more common in relatives of CLL 

patients [2]. 

According to Shanafelt et al, due to this change up to 40% of Rai stage 0 patients should 

be reclassified from CLL to MBL [3]. However, the flow cytometric assay is not a 
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quantitative test and standardized approach for determining B-cell counts by this method has 

not been established; calculation of the cell counts varies according to the methodology of the 

immunophenotyping and the gating strategy used. Finally, the published data suggest that a 

cut-off of 5.0×10
9
/L B cells does not have prognostic value, as there is no difference in time 

to first treatment when current Rai stage 0 patients were reclassified [3].  

The initial step in diagnosing CLL includes investigation of PB smear that typically 

reveals an expansion of small lymphocytes with round nuclei and condensed chromatin. If 

more than 10% of medium to large-sized prolymphocytes with abundant cytoplasm, 

prominent round nucleoli and more dispersed chromatin are detected diagnosis of CLL-

prolymphocytic leukemia (CLL/PL) should be established. The finding of more than 55% 

prolymphocytes is a diagnostic criterion for B-cell prolymphocytic leukemia (PLL). 

Morphologic examination is an important tool for excluding lymphomas or hairy cell 

leukemia with its own distinct biological, clinical, laboratory and prognostic features. 

Moreover, in about 15% of CLL cases the leukemic cells have atypical morphology and these 

patients also may have a discrepant prognosis and particular biologic features including 

association with trisomy 12 [4]. With development of a wide network of outpatient 

hematology clinics, many diagnoses of CLL rely on instrumental laboratory tests only. It is 

necessary to keep in mind that microscopic examination of leukemia cells carries essential 

information not less important than modern assays results. 

In purpose for a better distinction between CLL and other B-cell lymphoproliferative 

diseases, a modified scoring system has been proposed basing on the immunophenotypic 

analysis of a panel of five membrane markers [5]. A score of 4 or 5 points (accounting 

positive CD5, weak CD79b, positive CD23, negative FMC7 and weak SmIg) is helpful in 

making the definitive diagnosis of CLL in more than 90% cases. A low score misfits CLL 

diagnosis. However, the expression of cell markers may vary in individual cases reflecting 

various stages of the differentiation and activation of tumor cells. For example, McCarron et 

al. investigated expression of CD79b antigen, a member of the B-cell receptor complex, and 

found high expression in 6 of 63 tested CLL cases [6]. In other studies, CD79b expression 

was more pronounced in advanced clinical stages of CLL [7] and associated with trisomy 12 

[8]. Alternatively, cells of more mature malignancies such as PLL and hairy cell leukemia 

usually strongly express CD79b antigen; nevertheless, either absent or weak expression was 

described [6].  

One of the most important diagnostic challenges is differential diagnosis between CLL 

and another CD5 positive B-cell malignancy, mantle cell lymphoma. It is accepted that 

expression of CD23 antigen is determinative for diagnosis of CLL. A report of Gong et al. 

showed that about 50% of cases with MCL have a dimly positive expression; therefore the 

interpretation of this test should be cautious. It seems that by flow cytometry MCL can be 

reliably differentiated from CLL if no CD23 expression is observed [9]. 

FMC7 is expressed in the late stages of B-cell differentiation and is typically absent on 

CLL cells. Nevertheless, the original team that proposed this scoring system found the FMC7 

expression in 90 out of 630 cases (11.8% in typical CLL and 34% in atypical CLL) [10]. All 

these data show that although the cytometric analysis is a useful tool for distinguishing CLL 

from other B-cell malignancies, a significant proportion of the markers expression may 

overlap, and the final conclusion must be based on the morphologic examination of tumor 

cells and antigens panel. 
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Prognostic Factors in CLL –  

Too Much and Still not Enough 
 

Case 2 Report 

 

A 62 year old patient with uneventful follow-up for 3 years of stage Binet A CLL with 

ZAP-70 expression and deletion 13q developed anemia (hemoglobin 9.0 g/dL). At that stage 

lymphadenopathy and splenomegaly were diagnosed. A positive direct antiglobulin test 

(DAT) for IgG and complement C3, increased reticulocytes count, serum indirect bilirubin 

and LDH confirmed the diagnosis of autoimmune hemolytic anemia (AIHA). WBC count 

was 50x10
9
/L and platelet count was normal. Corticosteroids were administered and 

prognosis and management were discussed with the patient.  

The clinical course of CLL is extremely heterogeneous showing a wide variability in 

survival times. A plethora of prognostic parameters in CLL patients have recently emerged 

such as serum, molecular and cytogenetic markers, many of them reflecting pathogenesis of 

the disease. Prognosis assessment in CLL is a complex approach and includes patient-

associated parameters (age, performance status, comorbidities, autoimmune disorders), tumor 

mass (clinical stage, lymphocytosis, pattern of BM infiltrate) and markers representing 

biological features of the disease (IgVH gene mutation status, bcl-2 polymorphism, beta 2-

microglobulin, soluble CD23, atypical morphology, CD38, genomic aberrations (deletion 17p 

and 11q, trisomy 12), micro-RNA, ZAP-70, lipoprotein lipase, thymidine kinase and others).  

 

 

Clinical Staging  

 

The widely used clinical staging systems Rai and Binet separates CLL into low, 

intermediate, and high-risk categories according to routine clinical and laboratory 

characteristics [11, 12]. These classifications, recognizing patients with organomegaly and 

anemia or/ and thrombocytopenia as bearing increased risk for worse outcome, have many 

advantages, are simple to use, inexpensive, are capable to guide treatment policy and help to 

estimate the prognosis. However these systems have major limitations.  

Currently more than 80% patients are diagnosed in early clinical stages (Binet stage A 

and Rai stage 0-1) [13]. In these cases these staging systems are unable to predict further 

course. For many years, it was considered that patients with early clinical stages of CLL have 

a benign course, their life expectancy being almost similar to the general population, and most 

of them eventually die of unrelated to CLL causes [14]. The new data show that about a third 

of them progresses to a more advanced stage within 5 years and finally die of CLL [15]. 

Using a database of the Israeli CLL Study group (ICLLSG) that includes information on 

about 1500 patients we investigated survival patterns in different subgroups [16]. Our data 

show that younger patients at early stages of CLL have a considerably shorter life expectancy 

compared to the age- and sex-matched general population. The average patient diagnosed at 

age 50 years with Binet stage A may lose 6–7 years of his life while patients aged 70 or older 

have a life expectancy comparable to the general population. 

In order to segregate patients into subsets with different projected outcome Wierda and 

colleagues from the MD Anderson Cancer Center proposed a new prognostic model [17]. The 
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investigators employed easy available clinical and laboratory parameters (age, Rai stage, sex, 

absolute lymphocyte count, beta 2-microglobulin level and the number of involved lymph 

node regions) known as independently associated with survival in CLL, for a prognostic 

nomogram and a simplified prognostic index calculation. These scores were capable to 

stratify patients better than Rai system alone. Further the predictive value of this model was 

validated in other series and proved its utility in early clinical stages [18, 19]. Using the 

prognostic index in 310 patients in Binet stage A, the GIMEMA investigators succeeded to 

identify two subgroups of patients with respect to time to treatment [19].  

The role of imaging for enhancement of predictive power in the clinical classifications 

remains to be determined. Although CT scans provide a more accurate assessment of intra-

abdominal disease, current staging systems are based on physical examination of patients and 

do not incorporate results of imaging. The Barcelona group found that CT scans could help 

stratify patients with Rai stage 0 into two groups that had different risks for progression [20]. 

Abnormal abdominal CT was found in 38 of 140 patients (27%) at the time of CLL diagnosis. 

These patients progressed more frequently, had a shorter median time to progression (3.5 

years versus not reached; p< .001) and required earlier treatment than those with normal CT. 

In this series only high ZAP-70 expression and abnormal abdominal CT correlated with 

disease progression, suggesting that imaging provides important prognostic information in 

early stages of CLL. In contrast, no benefit was found in using post-therapy CT scans to 

predict progression free survival (PFS) [21, 22]. 

Critically important is variability in outcomes of patients diagnosed at advanced stages of 

CLL. Utilizing pooled data on 1223 patients recruited by GCLLSG into phase 3 trials, Bahlo 

et al. proposed a new prognostic score for previously untreated patients [23]. A weighted 

grading algorithm was created for independent negative factors for survival (male gender, age 

over 60 years, high ECOG score, deletion 17p, deletion 11q, IgVH unmutated status, high 

serum beta 2-microglobulin and thymidine kinase) according to hazard ratios, whereas 17p 

deletion was the strongest of them. Neither clinical staging systems nor the treatment 

modality were found as independent prognostic factor in this series. By using this approach 

four groups could be identified with significantly different survival rates: low, intermediate, 

high and very high risk. The 5-year survival rates for patients diagnosed in Binet C stage and 

classified in different risk groups were critically distinguished (100%, 85.7%, 65.1% and 0%, 

respectively).  

In addition, clinical staging systems identifying anemia and thrombocytopenia as criteria 

of advanced stage do not take into consideration the pathogenesis of cytopenia. Anemia and 

thrombocytopenia in CLL are most frequently related to leukemic infiltration resulting in the 

marrow failure and truly reflecting advanced disease. Patients with CLL have also an 

increased risk of autoimmune hemolytic anemia (AIHA) and immune thrombocytopenia 

(ITP) due to antibody-dependent enhanced cell destruction [24]. Several reports have shown 

that immune-mediated cytopenias appear to have a lesser impact on survival than 

"infiltrative" cytopenia [25-27] and infection complications due to immunosuppressive 

treatments for autoimmune cytopenias may result in even greater morbidity and mortality 

than the basic disease itself [25]. However, the large UK CLL4 trial which prospectively 

assessed the prognostic significance of a positive direct antiglobulin test (DAT) and AIHA in 

CLL revealed their independent negative impact on overall survival [28], while Visco et al. 

reported a worse outcome in patients with CLL-related ITP [29]. The fact that AIHA occurs 

more commonly in patients with progressive CLL [25, 27, 28] may confound this issue by 
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“masking” the independent prognostic role of the autoimmune component in these cases. 

Therefore, the prognostic significance of autoimmune cytopenias still remains a controversial 

issue.  

We retrospectively evaluated the prevalence and prognostic impact of anemia and 

thrombocytopenia due to different mechanisms in patients recorded in the ICLLSG database. 

Of 1477 patients, 113 had anemia and thrombocytopenia associated with "infiltrative" 

marrow failure having a median survival of 41 and 86 months, respectively. Autoimmune 

cytopenias were diagnosed in 100 patients; AIHA in 80 and ITP in 31, while 11 had both co-

existent. Median survival of patients with AIHA and ITP from CLL diagnosis was 96 and 137 

months respectively, but 29 and 75 months from onset of cytopenia. Patients with AIHA 

concomitantly diagnosed with CLL had a significantly worse survival than those without 

cytopenia (median survival 149 months) (p<.0001). Survival was similar for patients with 

AIHA or anemia due to "infiltrative" bone marrow failure (p=.44), patients with positive 

DAT without hemolysis had a worse outcome than those with negative DAT. Our data 

confirmed that laboratory or clinical evidence of AIHA has a significant negative impact on 

the survival of patients with CLL. Overall survival of patients with ITP and those without 

cytopenias (p=.94) was similar. 

 

 

Age  

 

In US from 2005-2009, the age-adjusted incidence rate of CLL was 4.2 per 100,000 

person- year with median age of 72 years [30]. Only 31.7% of patients with newly diagnosed 

disease were younger than 65 years, 26.5% were between 65 and 74, 27.8% between 75 and 

84, and 14% 85 years of age and over. The relative prevalence of elderly patients is more 

dominant because of the gradual increase in life expectancy of the general population. 

Although older persons have higher incidence of interacting diseases and unrelated to CLL 

deaths than seen in younger population, age has major impact on survival of elderly patients 

with active disease. In contrast to their predominant proportion, elderly patients are 

underrepresent in clinical trials and the optimal treatment is not well studied. Many elderly 

persons are vulnerable because of their comorbid conditions and are not able to tolerate 

intensive chemotherapy. Fludarabine, the most active agent in CLL treatment, is cleared by 

the kidneys; therefore renal dysfunction directly contraindicates its use. Keating et al. found 

that age over 70 was adverse prognostic feature when patients were treated with fludarabine, 

with a median survival of 32 months compared with 67 months in patients aged 60 to 69 

years [31]. Therefore this group does not benefit from the treatment advances as young 

patients.  

 

 

Molecular Profiling and Prognosis 
 

A lot of serum, molecular and cytogenetic markers predicting outcome in CLL patients 

have recently emerged. A breakthrough represents a discovery of the association of prognosis 

and different pathways in the development of CLL. Patients were found to be divided into 

two groups on the basis of the mutational status of the immunoglobulin heavy-chain variable-
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region IgVH gene in leukemic cells. Those showing somatic hypermutation of the IgVH 

genes had indolent clinical course and a long overall survival, whereas patients with 

unmutated status or with usage of IgVH3-21 gene generally had progressive CLL and poor 

prognosis [32, 33]. Sequencing and analysis of IgVH rearrangements is an expensive research 

tool and is not available in routine management. For this reason, expression of zeta-chain 

associated protein (ZAP-70) and CD38 antigen showing correlation with IgVH mutational 

profiles were selected as substitute markers [34-36].  

ZAP-70 is a cytoplasmic tyrosine kinase that ordinarily is expressed in T-cells and 

aberrantly in CLL cells; mutated cases are usually ZAP-70-negative and unmutated cases 

ZAP-70-positive. Some studies have suggested that ZAP-70 status has even better predictive 

accuracy than the mutation status in respect to time to CLL progression
 
[37]. Others have not 

found ZAP-70 to be an independent risk factor for aggressive disease
 
[38, 39]. Nevertheless, 

no standardized and validated protocols for assessment of this marker were created and the 

results are commonly inconsistent across different laboratories. The levels of ZAP-70 

expression in CLL cells are lower than in T-cells and it is critical to ensure effective gating 

detection in different cell populations and exclude contamination.  

Although CD38 can be easily identified using standard immunophenotyping, the 

establishment of a positive test is complicated by a variety of cutoffs proposed in different 

series and ranging from 5% to 30%. Moreover, CD38 expression changes over time in up to a 

quarter of CLL cases
 
[40]. In combined analysis of CD38, ZAP-70 and IgVH, CD38 was the 

weakest marker to predict time to treatment compared to others
 
[41]. 

Confusingly, high-risk and low-risk molecular features could show discrepancy in some 

cases. Rassenti et al. reported that up to a quarter of cases may have discordant mutation 

status and ZAP-70 expression
 
[37]. In a group of 148 patients Krober et al. found wide 

variation of the rate of discordant results
 
[42]. ZAP-70 expression and mutation status were 

concordant in 84% cases without additional genetic high-risk features as defined by the 

absence of 11q or 17p deletion and IgVH3-21 genes usage. In contrast, the proportion of 

discordant results was high (39%), if such genetic high-risk features were present.  

 

 

Fluorescence In Situ Hybridization (FISH) 

and Prognosis 
 

FISH using a commercial panel of probes to screen for deletion 11q, deletion 13q, 

trisomy 12 and deletion 17p reveals chromosomal aberrations in 80% of CLL cases
 
[43]. The 

most common abnormality is deletion 13q, which occurs in more than 50% of cases. With 

this aberration two microRNA miR-15a and miR16-1 involved in the process of apoptosis are 

reduced or absent
 

[44] allowing accumulation of tumor cells. Deletion 13q has been 

associated with mutated type and indolent course of CLL.  

The next most common cytogenetic abnormality is deletion 11q that involves DNA 

damage-repair ATM gene. Found in 20% of cases, deletion 11q is associated with a distinct 

clinical presentation, including younger age, male gender and bulky lymphadenopathy and 

confers poor prognosis [45]. Trisomy 12 occurs in 15-20% of CLL cases and is linked to 

atypical morphology and immunophenotype of leukemic cells. The genetic defect related to 

this aberration is unknown; it has intermediate prognostic indication. Results from the CLL8 
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study revealed that patients with deletion 11q and trisomy 12 had improved overall survival 

when treated with FCR regimen [46] which seems had changed the natural history of CLL in 

these subgroups. As a result, these findings do not alter disease management in young 

patients beyond accepted standard of care. 

The worst news comes with a result of 17p deletion that in 57%-70% is found 

concomitantly with unmutated IgHV
 
[47]. This aberration causes dysfunction of tumor 

suppressor gene TP53 inactivating the DNA damage response pathway. 17p deletion is 

detected in 7% of CLL patients, however in 25% fludarabine-resistant cases and is generally 

associated with rapid progression of disease and short median survival of 2 to 3 years. 

Nevertheless, a wide clinical heterogeneity with a subgroup experiencing an indolent course 

obligates additional stratification taking into account other risk factors. Tam et al. 

retrospectively studied 99 treatment-naïve patients with deletion 17p from the MD Anderson 

Center and Mayo Clinic
 
[47]. The overall survival rate was 65% at 3 years. Rai stage 1 or 

higher, unmutated IgVH status and 17p- in 25% or more nuclei were adverse factors for 

survival. The 3-year survival rate of patients with 0-1, 2 and 3 of these factors were 95%, 

74% and 22%, respectively (p<.001). Clinical heterogeneity is probably related to different 

genetic mechanisms; patients with mutation in the remaining TP53 allele have worse 

prognosis. Rossi et al. showed that in 10 out of 31 cases TP53 mutations occurred with no 

documented deletion 17p displaying similar poor prognosis [48]. TP53 mutations were found 

as an independent predictor of chemorefractoriness (HR=3.97; p<.001) and overall survival 

(HR=3.2; p=.002) after adjustment for deletion 17p. In contrast, the German group did not 

find TP53 mutation as a marker for shorter survival [49]. In any case, the TP53 mutations are 

not recognized by conventional diagnostic strategies and clinical conclusions in a case with 

deletion 17p must be cautious. Worst when deletion 17 is developed as a second cytogenetic 

event. The cytogenetic changes in CLL evolve over time leading to disease progression and 

drug resistance. Stilgenbauer et al. investigated the incidence and significance of new 

genomic aberrations
 
[50]. Following a median observation time of 42 months after first study, 

11 of 64 (17%) patients showed clonal evolution with newly acquired aberrations: deletion 

17p (n=4), deletion 6q (n=3), deletion 11q (n=2), trisomy 8 (n=1), and evolution from 

monoallelic to biallelic deletion 13q (n=3), whereas all changes occurred among cases with 

unmutated CLL. These patients showed a higher rate of stage progression (82% versus 28%), 

more treatments (91% versus 62% in first therapy) and a higher risk of death (HR=2.97, 

p=.004). The estimated median survival time after the occurrence of the clonal evolution was 

21 months. Expansion of the clone with deletion 17p was observed in all patients during 

treatment, indicating in vivo resistance to therapy. These data uniformly indicate need for re-

test of FISH analysis before start of treatment. 
 

 

Indication for Treatment 
 

A meta-analysis of large studies including thousands of CLL patients revealed no benefit 

in survival times if early treatment given before the progressive disease developed [51-53]. 

As a result, a concept of watchful waiting to patients in early clinical stages has been 

accepted. However these studies have obvious weaknesses. The treatment was not stratified 

according to prognostic markers and part of patients never progressed and would never 

receive chemotherapy; old treatment strategies such as alkylating agents were used. Results of 
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newer therapies have emphasized the importance of a quality remission for the improvement 

in the patient outcome. At present the German and French CLL Study Groups are 

participating in a randomized trial comparing early treatment with FCR against "watch and 

wait" strategy in biologically poor-risk early stage patients who would not conventionally 

receive therapy.  

The decision to start early treatment raises concern for complications that might 

compromise quality of life and survival. Immunochemotherapy is accompanied by a risk for 

aggravating immunodeficiency due to damage of T- and normal B-cells, decrease in 

sensitivity to next therapies and mutagenic effect leading to myelodysplasia and secondary 

leukemia. Cumulative incidence of treatment-related myeloid neoplasms after combination of 

fludarabine and cyclophosphamide may reach 8%
 
[54].  

 

 

Considerations before Starting Treatment 
 

For many years hematologists have recognized that CLL patients could be separated into 

two groups, those who have a long history disease and survive, and those either present with 

symptomatic disease or progress rapidly. A lot of reliable and reproducible laboratory tests 

able to predict outcome in CLL have been recognized. Nevertheless, discussing when and 

how these prognostic markers impact on making clinical decisions, we can identify only four 

clinical and laboratory features that can be applied in the routine clinical setting: clinical stage 

and constitutional symptoms, physical fitness, deletion 17p and prior treatment and response. 

Other new biologic variables (ZAP-70, IgVH, beta 2-microglobulin, CD38 and others) 

although giving information on the projected course of individual patient actually have a little 

value in guiding the treatment. Detection and discussion of poor-risk laboratory markers often 

lead to increased anxiety in patient, his family and a physician. Moreover, not uncommonly a 

patient with high risk features of his CLL cells has an indolent course, whereas, alternatively, 

another one with low-risk characteristics has unexpectedly rapid progression. The only 

clinically important exception is probably an early detection of deletion 17p, since it may 

change treatment plan and obliges early referral of suitable patients for stem cell 

transplantation. 

 

 

Treatment 
 

Case 2 Report, Continued 

 

Patient was treated with high dose corticosteroids for AIHA with no response, his Hb 

dropped to 6 g/dL. Therefore chemotherapy COP (cyclophosphamide, vincristine, 

prednisone) in combination with rituximab was started and led to Hb level normalization; 

however lymphadenopathy and splenomegaly progressed and WBC count increased to 

120.0x10
9
/L. Complete remission of CLL was achieved following four cycles of bendamustin 

and rituximab.  
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Case 3 Report 

 

A 53 year old patient with CLL was treated with fludarabine and cyclophosphamide four 

years ago. At the time of diagnosis he had prominent lymphadenopathy and splenomegaly 

(stage Binet B). Deletion 13q was found by FISH. After chemotherapy the patient was 

followed-up in complete hematologic remission. During the last year he developed several 

infectious events: pneumonia, skin abscess and herpes zoster virus (HZV) infection and was 

appropriately treated with antibacterial and antiviral drugs and high dose immunoglobulin for 

hypogammaglobulinemia. Currently he shows progressive stage Binet C CLL with anemia 

Hb 10.2 g/dL, organomegaly, excessive leukocytosis 250x10
9
/L

 
and thrombocytopenia 

70x10
9
/L. The repeated FISH analysis revealed 13q deletion and a new deletion 17p. Further 

management is discussed. 

 

 

FCR Regimen 
 

Encouraging results that were achieved with combination of the purine nucleoside analog 

fludarabine with cyclophosphamide and anti-CD20 monoclonal antibody rituximab (FCR) in 

previously treated CLL patients motivated the investigators at the MD Anderson Cancer 

Center to use this regimen upfront. Complete response was achieved in 70% and overall 

response in 95% of 224 patients whereas two-thirds of patients evaluated with flow cytometry 

after treatment had less than 1% CD5/CD19 positive cells in the BM
 
[55]. Further, the 

randomized multicenter clinical trial CLL8 provided by the GCLLSG and involving over 800 

patients have confirmed these results and indicated that in untreated patients with CLL, FCR 

doubled the complete response rate compared with FC (52% versus 27%) with prolongation 

of the median PFS by 10 months
 
[46]. Moreover, for the first time ever FCR therapy showed 

improvement in the median overall survival of CLL patients. The benefit in overall survival 

was of approximately 5% at 3 years (87.2% versus 82.5%, respectively; p=.01). After 

publication of these results FCR has became the first-line choice for younger patients.  

The question remains open if FCR is the optimal regimen for all patients that fit such an 

intensive immunochemotherapy. The analysis of patient subgroups in the CLL8 trial showed 

that there are at least two populations, namely patients with deletion 17p and patients with 

normal cytogenetics that have no benefit in survival times. 

It is well-known that patients with deletion 17p generally have worse outcomes than 

other CLL types. No effective treatment is known for this category of patients, complete 

response rate is low and responses are brief. It is accepted that these patients should be 

considered for allogeneic stem cell transplant already when they attain first remission
 
[56]. 

The therapeutic challenge is how to achieve such a response.  

Gribben in his excellent review "How I treat CLL up front"
 
[57] suggests starting 

treatment of patients in this group with alemtuzumab. The recommendation is based on 

observations that alemtuzumab has potent antileukemic activity and equal efficacy in 

different cytogenetic aberrations. Several studies retrospectively examined the efficacy of 

alemtuzumab in patients with deletion 17p disease refractory to fludarabine. Each series were 

small but the overall cumulative response rate of about 50% was impressive for such 

refractory to therapy population
 
[58,59]. Unfortunately, this agent has low activity in bulky 
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lymphadenopathy that it is not an uncommon finding in patients with active CLL. In such 

cases a combination of alemtuzumab with high-dose metylprednisolone (CamPred) showed 

promising results
 
[60]. In this study all 17 previously untreated patients with TP53 deletion 

responded and 65% achieved complete response with alemtuzumab 30 mg given three times a 

week and methylprednisolone 1.0 g/m
2
 for five consecutive days every 4 weeks. 

The major problem related to alemtuzumab treatment is remarkable risk for infectious 

complications like fungal infections and viral reactivations (cytomegalovirus CMV, HZV and 

herpes simplex virus HSV). Prophylactic administration of antifungal and antiviral agents and 

close laboratory monitoring of CMV reactivation is mandatory. 

Combinations of alemtuzumab with chemotherapy are too toxic, have been associated 

with deep T-cell suppression and prolonged increased risk for bacterial and opportunistic 

infections; therefore definite recommendation for these regimens in frontline therapy is 

doubtful. A randomized trial conducted in France and Belgium showed that 

chemoimmunotherapy consisting of fludarabine, cyclophosphamide and alemtuzumab (FCA) 

causes an excessive mortality and is less efficient compared with FCR regimen
 
[61]. The data 

from the MD Anderson Cancer Center show that although a complete response rate of 57% 

with addition of alemtuzumab to standard FCR regimen (CFAR) was the highest reported in a 

frontline CLL treatment in this subset of patients, the median PFS of 15 months with this 

therapy was not superior to historic patients with deletion 17p treated by FCR
 
[62] alone. 

There are no known factors to predict response in patients with deletion 17p before 

therapy, nevertheless a part of them achieve a remission with FCR. In the cooperative 

retrospective analysis of MD Anderson Cancer Center and Mayo Clinic, the response rates of 

combination of fludarabine or another purine nucleoside analog pentostatine with rituximab 

were quite reasonable. Of 25 patients treated, the overall response was 72% and complete 

response rate was 28%, whereas achievement of complete response was associated with 

elimination of MRD and normalization of FISH
 
[47]. 

Finally, alemtuzumab is effective for stem cell transplantation conditioning but it is 

unclear how the prior use of this drug will impact the outcome of the transplanted patient. 

All these arguments were taken into consideration in discussion on further management 

of patient 3. The choices of treatment proposed were FCR regimen (preferred) or 

alemtuzumab followed by allogeneic stem cell transplantation (SCT). High risk of infectious 

complications is recognized in each of these approaches. Prophylactic treatments with 

granulocyte growth factors, high dose immunoglobulin, antibacterial, antiviral and most 

probably antifungal drugs ought to be added to the cytotoxic program. 

The second subset that did not show benefit in survival with FCR according to results of 

the CLL8 trial represented patients with normal FISH. The best treatment modality for this 

group is unknown.  

The next question remains open if cyclophosphamide is an essential component of the 

FCR regimen and should be given to all patients. The addition of cyclophosphamide to 

treatment program clearly improved the outcome of patients with deletion 11q. In the 

Leukemia Research Foundation (LRF) CLL4 and the GCLLSG trials, such patients had 

statistically higher response rates and significantly longer PFS when treated with FC 

compared with their counterparts treated with fludarabine alone [63].  

The long-term results of GALGB Study 9712 showed that combination of fludarabine 

and rituximab (FR) may be as effective as FCR in the lower-risk group
 
[64]. With concurrent 

administration of these two drugs in the entire cohort the overall response rate was 90% and 
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complete response rate was 47%, with the overall median progression free survival of 42 

months and overall survival of 85 months. The median overall survival in patients without 

deletion of 11q or 17p was 105 months and in mutated CLL still not reached. The omission of 

cyclophosphamide may spare excessive risk of therapy-related myeloid neoplasm, well-

known potentially fatal complication after use of alkylating agents.  

 

 

Bendamustine Instead of FC? 
 

Bendamustine is an alkylating agent with cytotoxic activity similar to those of the purine 

nucleoside analogs. The efficacy of bendamustine with rituximab (BR) combination was 

proven in 117 treatment-naïve patients in phase 2 GCLLSG trial showing results comparable 

with FCR
 
[65]. The overall response rate was 88% and complete response rate was 23.1%; at 

a median follow-up of 27 months median event-free survival was 33.9 months and 90.5% of 

patients were alive. Patients with deletion 17p responded worse than other patients similar to 

FCR results. The treatment was safe, infectious complications were rare (in 7.7% of patients) 

and even less in comparison with FCR regimen. These promising findings prompted the 

GCLLSG to conduct an ongoing phase 3 trial comparing BR with FCR in previously 

untreated CLL patients. Bendamustine seems to be attractive to treat patients with active CLL 

complicated by AIHA or ITP and was successfully used in our patient. Fludarabine 

monotherapy has increased risk for development of AIHA and ITP; however in combination 

with cyclophosphamide and rituximab is safe in respect to these complications [66]. Despite 

that pre-existing AIHA does not absolutely preclude FCR therapy bendamustin may replace 

fludarabine in these disputable cases.  

 

 

Ofatumumab Instead of R? 
 

Ofatumumab is a humanized monoclonal antibody targeting CD20 protein that binds to 

an epitope different from rituximab. Showing greater complement-mediated cytotoxicity than 

rituximab, ofatumumab has enhanced activity against CLL cells expressing low levels of 

CD20 [67]. There are no studies directly comparing ofatumumab and rituximab. Ofatumumab 

provided 58% response rate in fludarabine-alemtuzumab refractory patients and 47% 

response rate in fludarabine-refractory patients with bulky lymphadenopathy, subsets who are 

not suitable for alemtuzumab
 
[68]. These results had raised hope that its combination with FC 

(FC-O) will provide more efficacy than current immunochemotherapy. Unfortunately, a phase 

2 study utilizing FC-O regimen as frontline showed inferior overall response (75%) and 

complete response (41%) rates compared with FCR [69]. 

 

 

Treatment of Elderly 
 

In contrast with the advances in the treatment of younger patients, less progress has been 

made in elderly CLL population. Most of the elderly patients are not fit to tolerate intensive 
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immunochemotherapy. Unfortunately, no superior treatment has been defined for this cohort 

at present. 

The GCLLSG CLL5 trial compared first-line therapy with chlorambucil or fludarabine in 

193 patients older than 65 years. Although fludarabine resulted in a significantly higher 

overall response (72% versus 51%; p=.003) and complete response (7% versus 0%; p=.011) 

rates, this benefit did not translate in better PFS (19 months with fludarabine, 18 months with 

chlorambucil; p=.7) or overall survival (46 months versus 64 months, respectively; p=.15) 

[70]. 

Due to myelotoxicity elderly patients are less like to complete planned fludarabine 

dosage
 

[71]. These results demonstrate no clinical benefit for intensive chemotherapy 

compared with chlorambucil as front line regimen for elderly CLL patients. As there is yet no 

evidence of any approach being better, chlorambucil is still the acceptable standard option for 

elderly patients. The convenient oral route and easy handling with doses and schedule of 

administration is attractive for the elderly population. Ongoing clinical trials are assessing the 

addition of monoclonal antibodies rituximab or ofatumumab to chlorambucil compared with 

chlorambucil alone. Hillmen et al. treated 100 elderly patients with a combination of 

chlorambucil and rituximab
 
[72]. The overall response rate of 84% was 17.3% higher that in a 

historic matched group treated with chlorambucil alone in the LRF CLL4 trial. Nevertheless, 

grade 3 or 4 neutropenia was still observed in 40% of the patients.  

Dose reduced immunochemotherapy such as FCR-Lite has been developed in attempt to 

reduce myelotoxycity and improve the tolerability of chemotherapy. In a phase 2 study by 

Foon et al. 50 treatment-naïve patients were treated with six cycles of FCR-Lite every four 

weeks
 
[73]. The dosage of fludarabine was reduced from original 25 to 20 mg/m

2
/day and of 

cyclophosphamide from 250 to 150 mg/m
2
/day, however the rituximab dosage was 

considerably increased. Rituximab was given in standard and an additional dose in every of 

six cycles during immunochemotherapy and further as maintenance treatment every three 

months until relapse. The treatment showed very high overall response rate of 100%, 

complete response rate of 77%, whereas 37 out of 38 complete responders had molecular 

remission by flow cytometry. The designed reduction in FC doses and use of granulocyte 

colony-stimulating factor contributed to the reduction in grade 3 or 4 neutropenia (13%). The 

impact of this regimen on survival has not been determined because of short follow-up. 

Subsequent questions have risen after this study regarding the minimum effective dose of 

chemotherapy and the role of increased doses of rituximab and its schedule. The ICLLSG 

recently conducted a phase 2 trial using FCR-Lite regimen with standard doses of rituximab 

and reduced doses of chemotherapy.  

Frontline use of rituximab in combination with high-dose methylprednisolone 1 g/m
2
 

three consecutive days for three cycles every four weeks
 
without chemotherapy at all has also 

been studied in an elderly population. The overall response and complete response rates were 

96% and 32%, respectively, in a trial involving 28 patients
 [74]

. Two patients achieved MRD-

negative bone marrows by four-color flow cytometry. Important to note that patients with 

high ZAP-70 or CD38 expression, unmutated IGVH, unfavorable cytogenetics and bulky 

lymphadenopathy achieved similar response rates as those who did not have poor-risk 

features that makes this treatment a potential option for older patients not eligible for more 

aggressive approaches. 

Additional clinical trials assessed in elderly population include bendamustine alone and 

in combination with rituximab and novel therapies (see below). 
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Consolidation and Maintenance Treatment 

and the Role of MRD 
 

Accordingly to the existing dogma that CLL is an incurable disease, the traditional aim of 

treatment is palliation of symptoms. Most recent therapies showed their capability for 

complete eradication of detectable CLL. Results of FCR regimen, both in US and Europe as 

well as other intensive regimens unequivocally showed an advantage in survival among the 

MRD-negative responders
 
[75]. The IWCLL revised version raised the qualification standards 

for complete remission criteria adding the result of the MRD assessment for patients 

participating in clinical trials. With this progressive decision, several important questions 

remained. The first question concerns the technique that should be used for MRD assessment. 

Currently two assays are known. The first and more sensitive is polymerase chain reaction 

(PCR) for specific rearranged immunoglobulin gene. This assay requires individual detection 

of CLL-associated antigens in each patient that makes this method too expensive for routine 

practice. The second approach using multicolor flow cytometry capable to detect several cell 

antigens simultaneously at a time became feasible in clinical practice; however, its optimal 

technique in CLL is still unknown. The simplest of assays uses a probe for detection of two 

antigens (CD5/CD19) and more modern can involve four, six and more antigens. In order to 

analyze and interpret this test, hundreds thousands of immunotyping events needed to be 

collect, and it is important to note that multicolor examination adds specificity, but not 

sensitivity. Currently a cut-off for residual disease carrying prognostic power is unknown. It 

seems doubtful if the benefit of the method overcomes the cost burden generated by probes 

multiplication. 

The next question is how to mange the patients according to the tests results. A negative 

test apparently may be used as an indication for autologous stem cell harvesting. However, 

autologous SCT was omitted from the arsenal of CLL treatment as non effective [76]. In a 

MRD-positive CLL the role of consolidation or maintenance treatment also remains 

undetermined despite a long lasting dispute.  

Alemtuzumab was the first drug that has shown its capability to eradicate MRD in first 

remission. Patients achieving an MRD-negative complete remission had longer median 

treatment-free survival and overall survival than patients who failed
 

[77]. In the first 

randomized trial of GCLLSG addressing this issue, patients responding to initial 

chemotherapy with fludarabine alone or in combination with cyclophosphamide were 

randomized for treatment with alemtuzumab for 12 weeks or observation [78]. In the 

alemtuzumab group five of six patients achieved a molecular remission in PB while all 

patients in the observation arm remained MRD-positive (p=.048). However, the hopes roused 

by this approach have been tempered by the high toxicity rate observed, and the study was 

stopped early due to severe infections in 7 of the first 11 patients treated.  

There are several ongoing studies testing the use of biologic agents such as rituximab, 

ofatumumab, lenalidomide in order to eradicate MRD after conventional 

immunochemotherapy.  

Finally, the eradication of MRD by itself may be a sign of better prognosis in individual 

case and the contrary patients that are unable to achieve MRD-negative remission probably 

remain at higher risk of rapid relapse and require revisions of their management.  
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Allogeneic Transplantation 
 

Currently only allogeneic SCT offers the opportunity to cure patients with CLL. 

Unfortunately this treatment is associated with a high risk of mortality and significant toxicity 

and is not suitable for the majority of CLL patients. The EBMT Group established clear 

guidelines for patients who should be selected for allogeneic SCT: the presence of deletion 

17p or early relapse (relapse within 2 years following FCR or FCR-like therapy or relapse 

within 12 months post fludarabine or similar monotherapy) [79]. However, retrospectively 

evaluating 1500 patients who are recorded in our multicenter database we recognized only 8 

who eventually underwent allografting. The small number of transplanted patients indicates 

that in routine practice the place of this approach still to be determined. 

 

 

Search for New Therapeutic Strategies 
 

Despite the fact that a part of patients successfully achieve clinical and molecular 

remission with current treatments, they eventually relapse. Different agents targeting 

apoptotic pathways, B-cell receptor (BCR) stimulatory signals and immunomodulatory 

mechanisms are currently evaluated in pre-clinical and clinical trials with hope to prove their 

efficacy and tolerability, to show benefit in survival of CLL patients and finally to move in 

upfront treatment program. Several of these agents have already shown promising results.  

By its immunomodulatory effect lenalidomide promotes reconstitution of dysfunction of 

T-cells in CLL awakening their immunologic reaction toward the tumor. Badoux et al. 

administered lenalidomide to 60 previously untreated CLL patients aged 65 or over
 
[80]. The 

overall response rate was 65% with 10% complete remissions; after a median follow-up of 29 

months 88% patients were alive and 53% remained on treatment. Trials on low-dose 

lenalidomide in the maintenance setting, comparison of chlorambucil with lenalidomide for 

previously untreated elderly patients as well studies on combination of lenalidomide with 

rituximab or with fludarabine and rituximab are ongoing to assess the efficacy of this 

immunomodulatory agent. Promising clinical responses have been observed with inhibitors 

targeting various BCR signaling pathways. At least three of them came to advanced stages of 

investigation: fostamatinib, a spleen tyrosine kinase (Syk) inhibitor; PCI-32765, a Bruton's 

tyrosine kinase (BTK) inhibitor and CAL-101, a phosphatidylinositol 3 kinase (PI3K) 

inhibitor. Navitoclax (ABT 263) is a potent inhibitor of anti-apoptotic proteins Bcl2/ Bcl xL 

demonstrating favorable anti-CLL activity and safety profiles in phase 1-2 trials. Combination 

of these agents with chemotherapy and/ or monoclonal antibodies after identification of 

optimal dose and schedule may represent a breakthrough in the treatment strategy of CLL in 

near feature [81]. 

 

 

Relapse Treatment 
 

The MD Anderson Cancer Center initiators of the FCR regimen evaluated the outcome of 

300 patients upfront treated [82]. After a median follow-up of 6 years, 116 patients (39%) had 
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failed therapy (13 primary refractory disease and 103 relapses); 97 patients succeeded to 

complete salvage treatment.  

The median survival after salvage therapy was 32 months. The FCR was given in second-

line to 30 patients and only 5 of them (17%) got another complete remission. Small numbers 

of patients were treated with rituximab, alemtuzumab, combination of both or lymphoma-type 

chemotherapy. An impressive 56% rate of complete remission had been achieved with FCR 

plus alemtuzumab (CFAR) in 9 treated patients, however with no significant benefit in 

median remission duration or overall survival in comparison to other treatments. Of the 14 

patients surviving for more than 4 years, 11 (79%) had undergone allogeneic SCT. This 

experience with the best currently available regimen in CLL teaches that the relapsed patients 

have a low chance to subsequent remission and long survival and need an alternative effective 

treatment. 

 

Table 1. Algorithm for treatment in CLL 

 

 
FCR – fludarabine, cyclophosphamide, rituximab; BR – bendamustine, rituximab. 
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Conclusion 
 

FCR is the first drug combination to have ever altered the natural history of CLL and 

accepted as gold standard for patients who are able to hold out intensive treatment. Although 

the response rate and duration with FCR have improved considerably, a curative therapy in 

CLL is still lacking. Even patients achieving molecular response, eventually relapse. The 

attempts to cure CLL switched from increasing intensity of cytotoxic combinations to search 

of the smart molecules targeting pathogenetic pathways of the disease. As seen in Table 1 

there is an important place for clinical trials evaluating novel strategies in each of CLL patient 

requiring treatment. This approach is most important for elderly who form the majority of 

patients and in whose treatment no significant progress was made. The recent advances in the 

research of CLL biology give hope for finding agents targeting pathophysiology and 

improving outcome of all CLL patients.  
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