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Abstract 

B-chronic lymphocytic leukemia (B-CLL)/Small lymphocytic lymphoma (SLL) is a 

neoplastic, lymphoproliferative disease, characterized by accumulation of small, mature 

lymphocytes of the B- cell line in the blood, bone marrow and lymphoid tissues. CLL and 

SLL are different manifestations of the same disease. The major difference is that in CLL a 

significant number of the abnormal lymphocytes are also found in the bone marrow and 

blood, while in SLL the abnormal lymphocytes are predominantly found in the lymph nodes 

and bone marrow. B-CLL is the commonest leukaemia in adults in the Western countries. The 

mean age of occurrence is in the range of 64-70 years. Adequate immunophenotyping of 

peripheral blood is essential for establishing the diagnosis of CLL/SLL. The typical 

immunophenotype for CLL/SLL is CD5+, CD10-, CD19+, and CD20 dim, surface 

immunoglobulin dim, CD23+, CD43 +/-, and cyclin D1-. The clinical course of the disease is 

highly variable. Approximately 2-10% of patients with CLL/SLL will develop histologic 

transformation to diffuse large B-cell lymphoma or Hodgkin lymphoma. This transformation 

is called Richter's syndrome and involves a much more aggressive disease and a fatal 

outcome. During the past decade, numerous prognostic factors were identified and include 

serum markers such as thymidine kinase and beta-2 microglobulin, genetic markers including 

IGHV mutational status and cytogenetic abnormalities detected by FISH (e.g., del(13q), 

del(11q), del(17p), CD38 expression, CD49d and ZAP-70 expression/methylation). During 

the last few years, recurrent mutations in NOTCH1, SF3B1 and BIRC3 genes with prognostic 

implications in CLL were also identified. Minimal residual disease (MRD) negativity 

determined in the peripheral blood after the end of treatment is emerging as an important 

predictor of treatment efficacy. Ongoing preclinical and clinical studies will unravel newer 

therapeutic targets and keep on improving patient outcomes and the quality of life. 
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1. Introduction 

B-chronic lymphocytic leukemia (B-

CLL)/Small lymphocytic lymphoma 

(SLL) is a neoplastic, lymphoproliferative 

disease, characterized by accumulation of 

small, mature lymphocytes of the B-cell 

line in the blood, bone marrow and 

lymphoid tissues. CLL and SLL are 

different manifestations of the same 

disease, and are managed in much the 

same way. 

(1). The major difference is that in 

CLL a significant number of the abnormal 

lymphocytes are also found in the bone 

marrow and blood, while in SLL the 

abnormal lymphocytes are predominantly 

found in the lymph nodes and bone 

marrow. In the case of bone marrow cells 

affected by SLL, the pattern of infiltration 

is usually nodular rather than diffuse or 

interstitial. 

(2). According to the World Health 

Organization, CLL and SLL represent one 

disease at different stages, not two separate 

entities (3). In less than 2% of cases, 

neoplastic lymphocytes are the origin of    

T-cell line when they are considered T-cell 

prolymphocytic leukemia. Diagnosis of     

B-CLL requires monoclonal                          

B-lymphocytosis greater than 5 000/µl 

(5x10
9
/l) which is established by flow 

cytometry quantification (4). The diagnosis 

of SLL requires the presence of 

lymphadenopathy and/or splenomegaly with 

less than 5000 B-lymphocytes/µl (5x10
9
/L) 

in the peripheral blood (4). The presence of 

fewer B-cells in the absence of palpable 

lymphadenopathy, or other clinical features 

characteristic of a lymphoproliferative 

disorder, is defined as monoclonal B-

lymphocytosis (MBL). The diagnosis of 

MBL includes absolute B-lymphocyte count 

of less than 5000/mm
3
, lymph nodes less 

than 1.5 cm, no thrombocytopenia or 

anemia. MBL is a relatively recent 

diagnostic category describing individuals 

with an abnormal B-cell population of 

immunophenotype of CLL, but do not meet 

diagnostic criteria for CLL (5). 

Morphologically, the leukemic cells 

generally appear similar to normal resting 

lymphocytes. Typically, these cells have 

scanty, bluish cytoplasm upon Wright-

Giemsa staining, moderately condensed and 

mature-appearing nuclei (Figure 1). A few 

cells can have prominent nucleoli. During 

the preparation of the blood film, many CLL 

lymphocytes are noticeably disrupted and 

appear as smudge cells. Leukemic 

leucocytosis in excess of 800,000/µl 

(800x10
9
/l) may produce blood 

hyperviscosity.
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Figure 1. Peripheral smear from a patient with chronic lymphocytic leukemia, small 

lymphocytic variety. 

2. Etiology and pathogenesis 

Physiological maturation of B-cells 

include numerous processes of 

modification such as editing of B-cell 

receptors, the inclusion of an isotype or 

class, somatic hypermutation, the gene 

rearrangement of light, and heavy chains 

of immunoglobulins. All these processes 

include DNA damage and repair. Within 

the framework of proliferation of B-cells, 

possible errors that might occur during 

DNA repair are associated with the 

genesis of B-lymphoid neoplasms (6,7). 

Unlike other leukemia, CLL is not 

associated with exposure to ionizing 

radiation, sunlight, pesticides or known 

carcinogens (8,9). Although most cases of 

CLL occur sporadically, many cases of 

this disease can be found within a family. 

What is more, some authors consider 

hereditary factors important when it 

comes to the development of this disease 

(10). The first degree relatives of patients 

with CLL have a three times greater risk 

of developing the disease compared to the 

general population (11). Patients within 

these families are younger than patients 

with sporadic CLL, suggesting that 

genetic factors in familial CLL affect early 

leukemogenesis (10). 

3. Incidence 

B-chronic lymphocytic leukaemia is 

the most common leukaemia in adults in 

the Western countries, but rare in East 

Asia and Japan. Since the disease is 

relatively indolent, CLL accounts 0.8% of 

all cancers, 30% of leukemias and 

approximately 7% of newly diagnosed 

cases of NHL (12). In Japan, for instance, 

CLL accounts for less than 6% of all 

leukemia (13). However, the incidence of 

CLL in Korea amounted to only 1.5% rate 

in the US (14). The incidence of this 

disease in Israel is significantly higher 

among European immigrants compared to 

immigrants from Africa and Asia (15). 

The incidence in men is twice more 

common than in women (16). The risk of 

developing CLL increases progressively 

with age. The incidence of this disease is 

2.8 times higher for older men than for 
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older women (17). At the time of 

diagnosis, most patients are older than 60 

years, and 90% are older than 50 years. 

The mean age of occurrence is in the 

range of 64-70 years (18), and rarely 

occurs in people under the age of 25 years. 

4. Clinical features 

Approximately 70% of CLL patients 

have no symptoms at the time of 

diagnosis. Symptoms such as reduced 

exercise tolerance, fatigue or malaise, may 

be present even in the absence of anemia 

and hepatosplenomegaly. In advanced 

stages of the disease, unexplained weight 

loss, recurring infections, and bleeding 

may be present due to thrombocytopenia 

or symptoms of anemia. Often, night 

sweats or low grade fevers can be present 

as the so-called B-symptoms. 

Approximately half of all CLL patients 

present with mild to moderate 

splenomegaly, which occasionally can 

give a feeling of fullness or pressure in the 

abdomen. Patients with CLL may develop 

anemia secondary to leukemic marrow 

infiltration, the myelosupressive effect of 

chemotherapy and inhibiting cytokines, 

autoimmunity directed against red cell 

antigens, hypersplenism and/or a poor 

nutritional status that leads to deficiency 

of folic acid, vitamin B12, or iron. At any 

stage, patients can develop immune 

thrombocytopaenia because of antiplatelet 

antibodies. Less frequently, patients 

develop hepatomegaly secondary to 

leukemic cell infiltration of the liver. 

Nearly 80% of patients have painless 

enlargement of lymph glands, 

predominantly cervical, supraclavicular or 

axillary region. Lymphadenopathy rarely 

leads to obstruction of vascular or 

lymphatic channels, but represent a viable 

reason to take into consideration the 

possibility of a secondary pulmonary 

neoplasm in the case of superior vena cava 

syndrome. Massive mesenteric or 

abdominal lymphadenopathy can rarely 

cause lower extremity edema, secondary 

to compression of the inferior vena cava 

or ureteral obstruction and 

hydronephrosis. Obstruction of the biliary 

tract caused by periportal 

lymphadenopathy is rare. Organ 

infiltration with leukemic cells is 

frequently detected at autopsy. Impaired 

function of these organs occurs only if 

leukemic cells infiltrate special places, 

such as the retro-orbit, scalp, 

subconjunctivae, prostate, gonads, 

pharynx, pericardium, lung tissue, pleura 

or the lining of the gastrointestinal system 

(19). Leukemic cell infiltration of the 

central nervous system (CNS) is unusual, 

but may produce headache, meningitis, 

cranial nerve palsie, or coma (20). Less 

common symptom includes chronic 

rhinitis when leukemic cells compromise 

the nasal cavity (18,21). Some patients 

present recurrent infections or 

autoimmune hemolytic anemia a few 

months before the diagnosis of CLL. The 

most commonly found pathogens are 

Streptococcus pneumoniae, 

Staphylococcus, Haemophilus influenzae 
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and Herpes virus. Patients with CLL are 

prone to viral or bacterial infections as a 

result of impaired T-cell immunity or 

hypogammaglobulinemia. The clinical 

course of the disease is completely 

heterogeneous. Approximately 2-8% of 

patients with CLL/SLL will develop 

histologic transformation to diffuse large 

B-cell lymphoma during the course of 

their disease and treatment (22). This 

transformation is called Richter's 

syndrome and the mean time of its 

occurrence from the time of diagnosis of 

CLL is two years (23). Richter's syndrome 

involves a much more aggressive disease 

and a fatal outcome. Large B-cell 

lymphoma that arises from the context of 

the disease may be preceded by CLL (24). 

In some cases, the Epstein-Barr virus 

infection and immunosuppressive 

treatment of CLL promote this 

transformation (24). Less than 1% of 

patients develop classical Hodgkin 

lymphoma (22), which usually occurs in 

patients with the mutation of IgVH gene 

and unrelated to CLL clone. Patients with 

CLL have an increased risk for the 

development of secondary malignancies 

such as sarcoma, melanoma, carcinoma of 

the larynx, lung, urinary bladder and 

stomach, without any causal relationship 

between pretreatment and secondary 

neoplasms (25). 

5. Diagnosis and prognosis 

Adequate immunophenotyping of 

peripheral blood is essential for 

establishing the diagnosis of CLL/SLL. 

The typical immunophenotype for 

CLL/SLL is CD5+, CD10-, CD19+, and 

CD20 dim, surface immunoglobulin dim, 

CD23+, CD43 +/-, and cyclin D1-. Bone 

marrow biopsy is generally not required 

for the diagnosis. Absence of cyclin D1 

expression is critical in differentiation of 

CLL/SLL from Mantle Cell Lymphoma 

(MCL), as they are both CD5+ B-cell 

tumors. FISH analysis for t(11;14) can 

also help to distinguish MCL from CLL. 

FISH for the detection of del(11q), 

del(13q), trisomy 12, del(17p), stimulated 

metaphase karyotype and molecular 

genetic analysis (by PCR or sequencing) 

to detect IGHV mutation status and TP53 

mutations can provide useful prognostic 

information and may guide selection of 

therapy. Conventional metaphase 

cytogenetics is difficult in CLL as a result 

of the very low in vitro proliferative 

activity of the leukemic cells. Therefore, 

interphase cytogenetic analysis with FISH 

is the standard method to detect 

chromosomal abnormalities that may have 

prognostic significance. However, FISH 

can only detect abnormalities specific to 

the probes utilized. Cytokine or CpG 

oligonucleotide stimulation was utilized to 

enhance metaphase analysis (26). Recent 

reports suggest that complex karyotype    

( 3 unrelated chromosomal abnormalities 

in more than one cell on conventional 

karyotyping of stimulated CLL cells) is 

associated with an unfavorable prognosis 

(27-29). In one report, complex karyotype 

was significantly associated with 
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unmutated IGHV and aberrations of 

chromosome 17p, and it was also 

identified as an independent prognostic 

factor for shorter time-to-first-treatment 

(27). In patients with relapsed or 

refractory CLL treated with ibrutinib-

based regimens, complex karyotype was 

associated with disease progression, 

inferior event free survival (EFS) and 

overall survival (OS) (28,29). Cytogenetic 

abnormalities can evolve over time; 

therefore, re-evaluation of FISH and 

karyotype is necessary to direct treatment 

options in patients with indications for 

treatment. Histological analysis can 

objectify four patterns of bone marrow 

infiltration by malignant B-lymphocytes: 

nodular, interstitial, diffuse and mixed 

pattern nodular-interstitial infiltration 

(30). Approximately 1/3 of the patients 

have an interstitial pattern of bone marrow 

infiltration which is associated with better 

prognosis and/or with early stage of the 

disease. Approximately 10% of patients 

have a nodular pattern of bone marrow 

infiltration and approximately 25% of 

patients have a mixed pattern nodular-

interstitial. In ¼ of patients, the bone 

marrow infiltration pattern can be found, 

which is related to the advanced clinical 

stage and/or with more aggressive disease 

(31). Though classically, the pattern of 

bone marrow involvement (diffuse vs. 

nodular) had prognostic significance, this 

is no longer a factor when one uses more 

reliable prognostic markers such as IGHV 

mutational status and cytogenetic 

abnormalities determined by FISH, all of 

which can be obtained by analysis of 

circulating lymphocytes. Thus, bone 

marrow biopsy is no longer considered a 

required part of the diagnostic evaluation 

of patients with suspected CLL, though it 

remains useful to evaluate the etiology of 

cytopenias. 

6. Staging 

The nearly universal involvement of 

the bone marrow and peripheral blood in 

CLL/SLL limits the utility of the Ann 

Arbor staging system. Two staging 

systems, the Rai and Binet systems are 

currently used worldwide in the evaluation 

of patients with CLL (32,33). The 

modified Rai classification stratifies 

patients into 3 risk groups (Figure 2) (32). 

Survival of patients with low-risk disease 

(Rai stage 0; median survival 150 months) 

is essentially the same as the survival rate 

of age-matched controls. Patients with 

intermediate-risk disease (Rai stage I-II; 

median survival 71-101 months) have 

shorter survival, particularly when other 

adverse factors coexist, such as a 

lymphocyte doubling time of less than one 

year. Patients with high-risk features (Rai 

stage III-IV; median survival 19 months) 

have poor prognosis (Figure 2) (32). The 

Binet staging system is based on the 

number of involved areas and the level of 

hemoglobin and platelets and similar to 

the Rai staging system, provides 

meaningful correlation with clinical 

outcome (Figure 3) (33). 
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Stage Description Risk status 
   

0 Lymphocytosis,  lymphocytes  in  blood  >15,000/µl Low 

 and >40% lymphocytes in the bone marrow  
   

I Stage 0 with enlarged node(s) Intermediate 
   

II Stage 0–I with splenomegaly, hepatomegaly, or both Intermediate 
   

III
*

 Stage 0-II with hemoglobin <11,0 g/dl or hematocrit High 

 <33%  
   

IV
*

 Stage 0-III with platelets <100,000/µl High 
    

Figure 2. Rai System. *Immune-mediated cytopenias are not the basis for these stage 

definitions. 

 

Stage Description 
  

A Hemoglobin ≥10 g/dL and 

 Platelets ≥100,000/mm
3
 and 

 <3 enlarged areas 
  

B Hemoglobin ≥10 g/dL and 

 Platelets ≥100,000/mm
3
 and 

 ≥3 enlarged areas 
  

C* Hemoglobin <10 g/dL and/or 

 Platelets <100,000/mm
3
 and 

 any number of enlarged areas 
 

Figure 3. Binet System. 
*
Immune-mediated cytopenias are not the basis for these stage 

definitions. 

7. Prognostic Factors 

During the past decade, numerous 

factors were identified and include serum 

markers such as thymidine kinase and 

beta-2 microglobulin, genetic markers 

including IGHV mutational status and 

cytogenetic abnormalities detected by 

FISH (e.g., del(13q), del(11q), del(17p), 

CD38 expression, CD49d and ZAP-70 

expression/methylation). Unmutated 

IGHV or the use of VH3-21 was shown to 

be independent predictors of shorter 

treatment-free interval and/or survival 

outcomes, even when there are high-risk 

genomic abnormalities (34-37). 

Expression of CD38 (7% of B 

lymphocytes) (35,36,38-41) and/or ZAP-

70 (20% of B lymphocytes) (42-44) were 
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also associated with shorter progression-

free survival (PFS) and OS outcomes. 

Elevated level of serum beta-2 

microglobulin was shown to be a strong 

independent prognostic indicator for 

treatment-free interval, response to 

treatment, and OS, including in patients 

treated with first-line 

chemoimmunotherapy regimens (45-47). 

One of the advantages of beta-2 

microglobulin is that it is readily 

measured by standard laboratory 

evaluation of blood samples. However, it 

is influenced in a CLL disease 

independent manner by renal dysfunction. 

Cytogenetic abnormalities that can 

be detected by FISH are present in over 

80% of patients with previously untreated 

CLL. The most common abnormality is 

del(13q) (55%) as a sole finding, followed 

by del(11q) (18%), trisomy 12 (16%), 

del(17p) (7%), and del(6q) (7%) (48). 

Del(13q) as a sole abnormality is 

associated with favorable prognosis and 

the longest median survival (133 months). 

Del(11q) is often associated with 

extensive lymphadenopathy, disease 

progression and shorter median survival 

(79 months) (48). Among patients with 

del(11q), those with a complete loss of 

ATM function might have impaired 

response to irradiation or cytotoxic drugs, 

resulting in poor clinical outcome (49). 

Recent studies showed that previously 

untreated patients with del(11q) respond 

well to combination therapy with 

fludarabine and cyclophosphamide (FC), 

suggesting that the addition of an 

alkylating agent to fludarabine may help 

to overcome the adverse prognostic 

significance of del(11q) in patients with 

CLL (36,50). Del(17p), which reflects the 

loss of the TP53 gene and is frequently 

associated with mutations in the remaining 

TP53 allele, is associated with worst 

outcomes, with short treatment-free 

interval, short median survival (32 

months), and poor response to 

chemotherapy (48). Abnormalities of 

TP53 can be observed in the absence of 

del(17p) (51,52). Studies with 

fludarabine-based regimens identified 

TP53 mutations as an independent 

predictor of decreased survival and 

resistance to chemotherapy (51-53). 

During the last few years, recurrent 

mutations in NOTCH1, SF3B1 and 

BIRC3 genes with prognostic implications 

in CLL were identified (54-58). Data from 

prospective clinical trials confirmed that 

NOTCH1 and SF3B1 mutations are 

predictors of shorter survival in patients 

with newly diagnosed as well as relapsed 

or refractory CLL (52,59). NOTCH1 

mutation was also independently 

associated with Richter’s transformation 

(60,61). In the general clinical practice 

setting, prognostic factors should not 

determine treatment choices, with the 

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

8. Minimal residual disease (MRD) 

Minimal residual disease (MRD) 

negativity determined in the peripheral 
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blood after the end of treatment is 

emerging as an important predictor of 

treatment efficacy. In the combined 

analysis of two phase III GCLLSG 

studies, among patients who achieved CR, 

there was a statistically significant 

difference in PFS between MRD-negative 

and MRD-positive patients (69.2 months 

vs. 40.4 months; P =.001) (62). The 

persistence of post treatment 

splenomegaly as a sole abnormality in 

MRD-negative patients had no negative 

influence on PFS. These results support 

the use of MRD for response evaluation. 

9. Summary 

Our understanding of chronic 

lymphocytic leukemia has undergone a 

dramatic change and is constantly 

evolving. Defining prognostic parameters 

potentiating division of patients in groups 

with favorable and unfavorable prognosis 

could help the benefit assessment of early 

treatment, improve treatment effects, and 

potentiate treatment modification for each 

patient. Ongoing preclinical and clinical 

studies will unravel newer therapeutic 

targets and keep on improving patient 

outcomes and the quality of life. 
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