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Abstract: Chronic lymphocytic leukemia (CLL) is a lymphoproliferative disorder that originates 

from antigen-experienced B lymphocytes that do not die and hence accumulate due to external 

survival signals or undergo apoptosis and are replenished by proliferating precursors. These 

neoplastic lymphocytes exhibit a characteristic immunophenotype of CD5+/CD19+/CD20+/

HLA-DR+/CD23+/sIgdim. Thus, the CD20 antigen has been an appealing target for therapy. 

The introduction of the monoclonal antibody rituximab (anti-CD20) enabled an outstanding 

advance in CLL treatment. The introduction of this monoclonal antibody into chemotherapy 

regimens has dramatically improved complete response rates and progression-free survival in 

patients with both untreated and relapsed CLL. Although only preliminary data from phase III 

confirmatory trials have been reported, the FCR regimen, which combines fludarabine and 

cyclophosphamide with rituximab, is currently the most effective treatment regimen for CLL 

patients, and has also been demonstrated to significantly improve overall survival . The success 

of rituximab and the identification of other CLL lymphocyte surface antigens have spurred the 

development of a multitude of monoclonal antibodies targeting distinct proteins and epitopes 

in an attempt to target CLL cells more effectively.
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Introduction
Chronic lymphocytic leukemia (CLL) represents the most frequent form of leukemia in 

the Western Hemisphere. The worldwide incidence of CLL ranges between 0 and 5.5 

cases per 100,000 people per year.1 The median age at presentation is approximately 

72 years, but 20% of patients present the disease before the age of 55 years.2,3 Although 

the overall median survival is approximately 10 years, the clinical course and prognosis 

of CLL are extremely heterogeneous: some patients never require treatment and have 

a survival similar to that of healthy age-matched individuals, whereas others have a 

poor prognosis and an early treatment requirement. Until the early 1980s, chloram-

bucil, which enabled only palliative therapy of the disease, represented the primary 

treatment for CLL. Subsequently, fludarabine, a purine analog, was introduced into 

the array of therapies for CLL. This drug showed a better debulking activity and an 

advantage in terms of progression-free survival (PFS) compared with chlorambucil.4–8 

With the aim of increasing its efficacy, fludarabine has been subsequently associ-

ated with other chemotherapeutic agents. Over the past decade the therapy for CLL 

has changed significantly with the introduction of monoclonal antibodies as well as 

rituximab (a chimeric anti-CD20 antibody) and alemtuzumab (a humanized anti-CD52 

antibody). Rituximab, initially administered as a single agent in relapsed/refractory 
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CLL patients, showed a limited activity.9–12 Although 

phase II studies demonstrated that the addition of rituximab 

to fludarabine-based chemotherapy improved complete 

response (CR) rates and PFS in both previously untreated 

and relapsed patients.13–27 This review focuses specifically 

on the development and current applications of rituximab 

in the treatment of CLL.

Mechanism of action
CD20 antigen is a calcium channel that interacts with the B-cell 

immunoglobulin receptor complex.28 CD20 is expressed on 

90% of B-cell non-Hodgkin’s lymphomas (NHL),29,30 but 

occurs at lower density on CLL lymphocytes.31,32 Rituximab, 

a genetically engineered mouse/human chimeric IgG1-κ 

monoclonal antibody,33 is able to kill both neoplastic and 

normal B-cells expressing CD20 through indirect and direct 

cytotoxic mechanisms.34,35 Indirect mechanisms are comple-

ment-dependent cytotoxicity (CDC) and antibody-dependent 

cell-mediated cytotoxicity (ADCC). Direct mechanisms, 

although less defined, have also been reported and include 

growth inhibition, induction of apoptosis and chemosensi-

tization.34,35 CDC determines tumor cell lysis and increases 

phagocytosis deriving from activation of the complement 

cascade by the Fc portion of antibody bound to the neoplas-

tic lymphocytes.34,35 The engagement of effector cells with 

active Fc receptors determines antibody-coated tumor cell 

death resulting in ADCC.34,35 The relative importance of the 

ADDC has been demonstrated by Cartron et al, who showed 

an association between polymorphism of the IgG Fc receptor 

Fcgamma RIIIa gene and response to rituximab.36 Nonethe-

less, this association seems to be lost when rituximab is used in 

 combination with or after chemotherapy.37 Moreover it seems 

that the mechanisms of action of the rituximab depend on the 

tumor site.35 For example, ADCC and CDC are implicated in 

the killing of neoplastic cells circulating in the blood, while 

these mechanisms are probably less important for lymph node 

or extranodal sites.35 Furthermore CD55, CD59, CD20 and 

the complement seem to play important roles in rituximab-

induced cytotoxicity by a caspase-independent process pro-

ducing reactive oxygen species.34,35 Finally, rituximab induces 

apoptosis through activation of caspase-3 and sensitizes cells 

to proapoptotic stimuli.34,35

In vitro data show that rituximab sensitises neoplastic 

cells to the effects of chemotherapeutic drugs, thus support-

ing the use of combination chemotherapy with rituximab.34 

For example it seems that in vitro rituximab downregulates 

interleukin (IL)-10 and bcl-2 expression, making neoplastic 

B cells potentially more susceptible to fludarabine-induced 

apoptosis.38 Although there is a large variability of responses, 

rituximab resistance is a rare event. Experimental and clinical 

data support the role of tumor burden and rituximab exposure 

in the variability of the responses observed, McLaughlin et al 

showed that serum rituximab levels were sustained longer 

in patients with lower tumor burden and after the fourth 

infusion rather than after the first.39 These data have been 

confirmed by Daydé et al who reported that in mice rituximab 

concentrations were inversely correlated with tumor burden, 

and using a pharmacokinetic–pharmacodynamic model, they 

demonstrated that tumor burden significantly influenced 

rituximab efficacy.40 Moreover, O’Brien et al showed that 

rituximab was more efficacious at higher doses in CLL 

patients. Finally, other authors have demonstrated that it is 

possible to enhance rituximab efficacy through upregula-

tion of CD20 antigen expression on tumor cells from CLL 

patients by cytokines such as IL-4, granulocyte-macrophage 

colony-stimulating factor (GM-CSF) and tumour necrosis 

factor-α (TNF-α)34 More recently, resistance to rituximab 

was dramatically overcome enhancing complement activity, 

which has been demonstrated to be depressed in roughly 

half CLL patients41 by concurrent administration of fresh 

frozen plasma.42

Single-agent rituximab therapy
In phase I studies rituximab was administered at vari-

ous doses (single dose ranging from 10 to 500 mg/m2 or 

4 doses ranging from 125 to 375 mg/m2 weekly) in relapsed 

indolent NHL patients.43,44 Although both optimal dose 

and dose-limiting toxicity of rituximab have not been 

identified, the dose of 375 mg/m2 weekly for 4 weeks has 

been empirically chosen for subsequent studies.39,45,46 This 

schedule has been approved by the United States Food and 

Drug Administration (FDA) for the treatment of low grade 

NHL. In a pivotal phase II study, 50% of patients affected 

by follicular lymphoma achieved at least a partial remission 

(PR), while poor results were observed in relapsed/refractory 

small lymphocytic lymphoma (SLL) or CLL cases: overall 

response rate (ORR) 13% (4/30 patients).47 Similar modest 

results have been reported in other small trials in which ritux-

imab was administered as single-drug to treat relapsed CLL 

patients.9,47–51 Although a high discrepancy in terms of ORR 

(range 0%–90%) has been observed in these trials (Table 1), 

possibly due to the small number of enrolled cases and the 

higher number of rituximab doses administered in the study 

reported by Thomas et al (ORR: 90%), a short PFS has been 

noted in all studies.9,47–51 Since it has been assumed that the 

poor results achieved with single-agent rituximab were due 
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to low CD20 expression on the surface of neoplastic CLL 

lymphocytes, in subsequent studies the efficacy of both higher 

number of cycles and higher dose of rituximab have been 

verified. Forty-four untreated CLL/SLL patients with at least 

one indication for therapy received 375 mg/m2 of rituximab 

weekly for 4 weeks and additional 4-week courses every 

6 months for up to 4 cycles only for patients with objective 

response or stable disease.10 The ORR after the first course of 

rituximab was 51% (4% CR). Twenty-eight patients received 

one or more additional courses of rituximab. The ORR was 

58% (CR 9%) and the 2-year PFS was 49%.10 Subsequently 

Thomas et al tested the activity of 8 courses of rituximab 

at standard dosage of 375 mg/m2 weekly in 31 early stage 

(Rai 0–II) CLL patients with high beta 2-microglobulin 

and without indication for therapy. Approximately 90% of 

patients achieved at least a PR and 19% a CR.52 In an attempt 

to improve ORR, two dose-escalation studies have been con-

ducted. The M.D. Anderson Cancer Center (MDACC) group 

escalated the rituximab dose from 350 mg/m2 to 2250 mg/m2 

in 40 previously treated CLL cases and in 10 other B-cell 

leukemias (n = 10).11 The ORR was 40% (in CLL 36%, all 

PR) and response was correlated with dose: 22% for patients 

treated from 500 to 825 mg/m2 vs 75% for those treated at 

the highest dose of 2250 mg/m2 (P = 0.007).54 Instead Byrd 

et al reported data relative to the efficacy of a schedule of 

rituximab given at 375 mg/m2 3 times per week for 4 weeks.12 

In 33 patients enrolled with previously treated SLL/CLL the 

ORR was 45%. Nevertheless, patients with del(17p) failed 

to achieve a single response.53 In all these studies rituximab 

showed a good activity in reducing peripheral blood disease, 

while in bulky nodal disease it was less effective.9–12,50–52 

Moreover, when given at high doses rituximab is more effi-

cacious, because as a single-agent it does not seem to affect 

the prognosis of CLL patients.

Rituximab in combination  
with chemotherapy
In the light of the results of several randomized studies in 

B-cell NHL patients in which rituximab in combination with 

different chemotherapy drugs achieved an improvement in 

terms of ORR and overall survival (OS), this monoclonal 

antibody was also used in combination with chemotherapy 

Table 1 Phase II trials of single-agent rituximab in chronic lymphocytic leukemia patients

Authors No of evaluable  
patients

Prior therapy Rituximab  
dose (mg/m2)

No of doses Overall response 
rate (%)

McLaughlin et al47 30 Yes 375 q 4 weeks 4 13

Nguyen et al48 10 Yes 375 q 4 weeks 4 10

Winkler et al49 9 Yes 375 q 4 weeks 4 11

Ladetto et al50 7 Yes 375 q 4 weeks 4 0

Huhn et al9 28 Yes 375 q 4 weeks 4 25

Thomas et al52 21 No 375 q 4 weeks 8 90

Itala et al51 24 Yes 375 q 4 weeks 4 35

Hainsworth et al10 44 No 375 q 4 weeks 4 51

Table 2 Phase II rituximab-based chemoimmunotherapy regimens in chronic lymphocytic leukemia patients

Authors No of  
evaluable 
patients

Prior therapy Chemotherapy 
agents

Rituximab  
dose (mg/m2)

No of  
cycles

Overall  
response  
rate (%)

CR rate (%)

Byrd et al13 51 No Flu 375 q 4 weeks 6 90 47

Schulz et al18 31 No Flu 375 q 4 weeks 4 87 32

Wierda et al16 177 Yes Flu+Cy 500 q 4 weeks 6 73 25

Keating et al15 300 No Flu+Cy 500 q 4 weeks 6 94 72

Kay et al26 64 No Pent+Cy 375 q 4 weeks 6 91 41

Bosch et al23 68 No Flu+Cy+Mito 500 q 4 weeks 6 93 82

Faderl et al24 30 No Flu+Cy+Mito 500 q 4 weeks 6 96 83

Abbreviations: CR, complete response; Flu, fludarabine; Cy, cyclophosphamide; Pent, pentostatin; Mito, mitoxantrone.
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agents in CLL cases (Table 2). In the 9712 study the 

 Cancer and Leukemia Group B (CALGB) randomized 104 

 previously untreated CLL patients to receive fludarabine at 

a standard dose (25 mg/m2 days 1–5 monthly for 6 cycles) 

with (fludarabine arm) or without concurrent rituximab 

375  mg/ m2 on day 1 (also on day 4 of the first cycle), followed 

by rituximab 375 mg/m2 weekly for 4 weeks starting 8 weeks 

after completion of fludarabine.13 The patients enrolled in the 

fludarabine arm achieved both higher ORR (90% vs 77%) 

and CR rates (47% vs 28%) than those enrolled in the sequen-

tial arm. The median response duration and survival was not 

achieved for either regimen. Although patients with high-risk 

CLL characterized by unmutated IgVH, del(17p) or del(11q) 

undergoing chemoimmunotherapy achieved CR as well as 

patients with good risk CLL, they showed a shorter PFS and 

OS.17 To assess the effect of the addition of rituximab to 

fludarabine therapy Byrd et al retrospectively compared the 

outcome of CLL patients enrolled in two multicenter clinical 

trials in which fludarabine and rituximab (CALGB 9712, 

n = 104) or fludarabine alone (CALGB 9011, n = 178) were 

administered.14 This study showed that patients receiving 

fludarabine and rituximab had a significantly better ORR 

(84% vs 63%), CR (38% vs 20%), as well as a 2-year PFS 

(67% vs 45%) and 2-year OS (93% vs 81%) than patients 

receiving fludarabine alone.14

Similar data have been reported by Schulz et al, who 

treated 31 CLL patients with a combination of fludarabine 

(25 mg/m2 days 1–5 monthly for 6 cycles) and rituximab 

(375 mg/m2 on day 1 of cycles 3–6).18 Similar ORR and CR 

have been observed in previously treated (ORR 91%, CR 

45%) and untreated patients (ORR 85%, CR 25%). Thirty-

two infections have been registered, and 1 patient died of 

cerebral hemorrhage due to thrombocytopenia.18

On the basis of the efficacy of chemoimmunotherapy and 

of the combination of fludarabine and cyclophosphamide54 the 

MDACC group assessed the effectiveness of the FCR sched-

ule (fludarabine 25 mg/m2, cyclophosphamide 250 mg/m2 

days 1–3, and rituximab 375 mg/m2 on day 1 of cycle 1 and 

500 mg/m2 on day 1 of cycles 2–6, monthly for 6 cycles). In 

177 relapsed or refractory CLL patients an ORR of 73% with 

25% of CR was achieved.16 Thirty-two percent of patients 

in CR also showed a complete molecular response.16 In 300 

untreated CLL patients an ORR of 95% with a remarkable 

CR rate of 72% has been reported.15 Six-year OS and fail-

ure-free survival were 77% and 51%, respectively, with a 

median time to progression of 80 months.19 In a multivariate 

analysis of patients receiving fludarabine-based therapy at 

MDACC, the FCR schedule was the strongest independent 

determinant of survival.19 In the trial conducted by the German 

CLL Group in which FCR was compared with FC, patients 

enrolled on the FCR arm showed higher response rates and 

PFS compared to those of the FC arm.20 Although FCR 

caused more neutropenia/leukopenia the incidence of severe 

 infections was not statistically different.20 Recently, statisti-

cally significant differences were observed in OS between the 

two treatment arms. The OS rate at 37.7 months was 84.1% 

in the FCR arm vs 79.0 % in the FC arm (P = 0.01). Notably, 

only patients in Binet stages A and B showed a superior OS 

after FCR treatment (Binet A: HR 0.19, CI 95%, 0.023–1.613, 

P = 0.09; Binet B: HR 0.45, CI 95%, 0.296–0.689, P  0.001; 

Binet C HR1.4, CI 95%, 0.843–2.620, P = 0.168). Notably, 

FCR is the unique first-line combination chemotherapy able 

to improve OS in CLL, corroborating the recommendation 

to use FCR as standard therapy in physically fit patients with 

CLL requiring therapy. Age, sex, FCR-treatment, response, 

number of cycles (0–3), 17p-deletion, increased serum 

levels of thymidine kinase and beta 2-microglobulin and 

unmutated IGVH genes were independent prognostic factors 

predicting OS or PFS.20 The MDACC group also evaluated 

the prognostic relevance of biological markers in patients 

treated with chemoimmunotherapy regimens. Although this 

approach appears to overcome the adverse prognostic impact 

of del(11q),55 it does not seem to modify the poor prognosis 

of cases with unmutated IgVH status.56

Based on the high responses as well as the associated 

toxicities observed in patients treated with FCR, Foon et al 

tested a dose-reduced version of FCR.21 With the intent of 

maintaining efficacy they reduced fludarabine to 20 mg/m2, 

and cyclophosphamide to 150 mg/m2, while rituximab was 

increased to 500 mg/m2 on days 1 and 14 of a 28-day cycle. 

This schedule was followed by rituximab maintenance after 

completion of 6 cycles. In the 48 assessable patients the ORR 

was 100% with a CR rate of 79% (38 patients); 37/38 patients 

in CR achieved a flow-cytometric CR. Median duration of 

CR was 22.3 months and none of the complete responders 

had relapsed at the time of report. Grade 3–4 neutropenia was 

noted in 13% of the cycles of therapy. The authors concluded 

that their regimen (FCR-Lite) maintained the high response 

rate of the FCR regimen, with a lower toxicity.21 With the aim 

of reducing the myelosuppression and immunosuppression 

due to the FCR regimen, La Manna et al recently explored 

the efficacy and safety of a sequential treatment strategy 

with fludarabine 25 mg/m2 on days 1–5 every 4 weeks for 

6 cycles, followed by consolidation with cyclophosphamide 

3000 mg/m2 administered every 3 weeks for 3 cycles, fol-

lowed by consolidation with weekly rituximab 375 mg/m2 
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for 4 cycles (F  C  R ).23 In the 36 previously untreated 

CLL patients enrolled in the study the ORR was 89% (CR 

61%). Moreover 20 patients (56%) achieved flow cytometric 

CRs, and 12 patients (33%) achieved a molecular CR; 5-year 

survival rate was 71% and 90% patients in molecular CRs 

remain in clinical CR at 5 years. Grade 3 or 4 neutropenia 

occurred in 32 patients (89%), major infectious complications 

occurred in only 5 patients (14%). Although this regimen 

seems to be safe and efficacious, only a randomized study 

could establish whether this schedule is superior in terms of 

response and toxicity to FCR.22

On the light of the good results obtained with the 

 chemotherapy-only regimen of fludarabine, cyclophospha-

mide, and mitoxantrone (FCM), the Spanish group tested 

a new chemoimmunotherapy combination in 72 untreated 

CLL cases: rituximab plus FCM (R-FCM) followed by 

maintenance with rituximab 375 mg/m2 every 3 months for 

2 years for patients who achieved a response.23 The ORR was 

93%, with molecular negative CR and molecular positive CR 

of 46% and 36%, respectively. Thirteen percent of patients 

developed a severe neutropenia and a major infection was 

reported in 8% of cycles. Advanced clinical stage, del(17p), 

or increased serum beta 2-microglobulin levels correlated 

with a lower response rate.23 A similar schedule has been 

tested by the MDACC group in 30 previously untreated 

patients aged 70 years.24 Although similarly good results 

have been reported, they showed that, compared to a histori-

cal group of FCR-treated patients, there were no significant 

differences in term of response and toxicities between the 

two schedules.24

Moreover, rituximab has been combined with other 

purine analogues. La Manna et al have evaluated the 

 efficacy and safety of combination of pentostatin 4 mg/m2, 

cyclophosphamide 600 mg/m2, and rituximab 375 mg/m2 

administered on the same day every 21 days for 6 cycles 

in 46 relapsed/refractory patients (32 CLL and 14 other 

low-grade B-cell neoplasms).25 Supportive measures 

included filgrastim, sulfamethoxazole/trimethoprim, and 

acyclovir. Patients with CLL achieved an ORR of 75% (CR 

rate 25%);  median survival was 44 months. Toxicity was 

acceptable, with grade 3–4 infections in 28%.25 Based on 

these results, 65 previously untreated CLL patients were 

treated with a schedule combining rituximab 375 mg/m2, 

pentostatin 2 mg/m2, and cyclophosphamide 600 mg/m2 

given on day 1, then every 21 days for 6 cycles. Filgrastim 

was administered beginning on day 3.26 Seventy-one per-

cent of patients were IgVH unmutated, 34% CD38 positive 

and 34% ZAP-70 positive. Only 16% of treatment cycles 

had reported a grade 3–4 neutropenia, and 2% a grade 

3–4 infection. ORR was 91% (CR 41%); median PFS was 

33 months.26 Patients with del(17p) showed poor response 

to this schedule. Moreover, although 28% of patients were 

70 years of age, the efficacy and safety of this schedule 

was not significantly affected by age or renal function.27

Knauf et al showed bendamustine superiority over 

 chlorambucil both in terms of OR and PFS in untreated 

CLL patients.57 More recently, bendamustine has been com-

bined with rituximab (BR) in 117 patients with untreated 

CLL.58 Patients received 90 mg/m2 of bendamustine on 

day 1 and 2, combined with 375 mg/m2 and 375 mg/m2 of 

rituximab on day 1 of the first cycle and 500 mg/m2 on day 

1 of subsequent cycles administered every 28 days for up 

to 6 cycles. Grade 3–4 neutropenia and thrombocytopenia 

occurred in 6.5% and 6.1% of all given courses, respec-

tively. Twenty-nine episodes of CTC grade 3 infections 

were documented. The ORR was 90.9% with 32.7% of 

CR.58 Based on these encouraging data the German CLL 

Study Group decided to compare BR to FCR in a phase III 

trial (CLL10 protocol).

Promising results have been reported by Castro et al 

who evaluated rituximab in combination with high-dose 

 methylprednisolone (HDMP) in 28 CLL patients.59 All 

patients received HDMP 1 g/m2 iv days 1–3 of each cycle, 

16/28 patients received 12 doses of rituximab at 375 mg/m2 

weekly over three 4-week cycles, while 12/28 patients 

9 doses of rituximab at 750 mg/m2. The treatment was 

well tolerated and only 4 major infections were registered. 

The ORR was 96% and 9 patients (32%) achieved a CR, 2 

of which were without minimal residual disease (MRD). 

Furthermore no significant difference in CR rates for 

patients 70 years, or those with adverse cytogenetics, 

unmutated IGHV genes or high expression of ZAP-70 or 

CD38 was observed.59

Considering that 1) TNF-α determined infusion toxicity 

when thrice weekly rituximab was administered; 2) TNF- α 

inhibits CLL cell death by upregulating bcl-2 and other anti-

apoptotic proteins; and 3) TNF-α upregulates CD55 and CD59 

antigens,60–64 a combination schedule that combines etaner-

cept, a TNF-α blocking agent, and rituximab was tested in 

relapsed CLL.65 The 36 enrolled patients received etanercept 

25 mg subcutaneously twice weekly (weeks 1–5) and ritux-

imab 375 mg/m2 intravenously thrice weekly (weeks 2–5). Of 

the 34 evaluable patients, 10 (29%) responded, including 9 

PR and 1 CR. No patients with del(17p) achieved a response. 

Median PFS for responsive patients. Grade 3 infections were 

registered in 14% of the patients.65
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Combination immunotherapy 
with rituximab and alemtuzumab
Since rituximab and alemtuzumab target different antigens 

on the surface of B-cells and the former is effective on nodal 

 disease while alemtuzumab has proven better activity in deplet-

ing CLL cells in the peripheral blood and in the bone marrow,66 

these two monoclonal antibodies have been combined for the 

treatment of CLL patients. In 2003 Faderl et al reported data 

on the safety and efficacy of the combination of rituximab with 

alemtuzumab in 48 patients affected by relapsed/refractory 

lymphoproliferative disorders (32 with CLL, 9 with CLL/pro-

lymphocytic leukemia [PLL], 1 with PLL, 4 with mantle cell 

leukemia/lymphoma, and 2 with Richter transformation).67 

The schedule consisted of rituximab at a dose of 375 mg/m2 

weekly for 4 weeks and alemtuzumab given at the loading-

dose schedule of 3 mg, 10 mg and 30 mg on 3 consecutive 

days during the first week of treatment, followed by a dose of 

30 mg on days 3 and 5 of weeks 2–4. Although patients could 

receive a second cycle depending on response and toxicities, 

only 7 (15%) did so. All patients received prophylaxis for 

Pneumocystis carini (Pneumocystis jiroveci) and CMV. ORR 

was 52% among the 32 patients with CLL 63% (2 CLL patients 

achieved a CR); median time to progression was 6 months 

and median OS was 11 months. Most toxicities were grade 

1–2 and infusion-related, and infections occurred in 52% of 

the patients. Only 15% of patients showed a symptomatic 

CMV reactivation and required therapy.67 Zent et al have 

evaluated the combination of rituximab and alemtuzumab as 

early treatment in high-risk CLL patients.68 Thirty untreated 

CLL patients, who had no NCI criteria for treatment and with 

at least 1 marker of high-risk disease [del(17p), del(11q), or a 

 combination of unmutated IgVH and CD38+/ZAP70+] received 

 subcutaneous alemtuzumab with dose escalation (3 mg, 10 mg, 

30 mg) over 3 consecutive days, and then received 30 mg daily 

3 days per week and rituximab at 375 mg/m2 on day 8 and then 

repeated weekly for 4 weeks. All patients received P. carini 

and herpes virus prophylaxis and were monitored for CMV. 

Only 1 patient showed a major infection. CMV reactivation 

occurred in 3 patients (10%) and 1 patient required hospital-

ization for symptomatic CMV infection. ORR was 90% with 

37% of CR. Six patients (29%) achieved a flow cytometric 

remission. Median response duration was 14.4 months. Finally, 

study patients had a significantly longer time from diagnosis to 

first treatment for CLL, according to conventional indications, 

than a comparison cohort with similar biologic risk profiles. 

Nonetheless, although this schedule showed a high efficacy 

in early stage CLL patients with poor prognosis it was not 

curative and most patients progressed.68

Rituximab in combination with 
chemotherapy and immunotherapy
With the aim of improving CR rates and eliminating MRD 

in order to prolong PFS and OS the MDACC group tested 

the activity and safety of the combination of alemtuzumab 

with the FCR regimen.69 Seventy-nine heavily pretreated 

CLL patients received cyclophosphamide 250 mg/m2 on 

days 3–5; fludarabine 25 mg/m2 on days 3–5; alemtuzumab 

30 mg iv on days 1, 3 and 5, and rituximab 375–500 mg/m2 

on day 2 (CFAR), each 28 days for 6 courses. Antibiotic 

 prophylaxis was trimethoprim/sulfamethazole and vala-

cyclovir or valgancyclovir during treatment for 2 months 

after completion. ORR was 65% (CR 24%); median time 

to progression for all responders was 26 months (32 months 

for CR and 18 months for PR pts). Patients with unfavorable 

cytogenetics [del(17p) (16), del(11q) (15), complex (5), and 

del(6q) (1)] achieved 14% CR and 50% PR. Prophylactic 

valgancyclovir was significantly more effective in preventing 

CMV reactivation (3/30 patients, 10%) than prophylactic 

valacyclovir (25/48 patients, 52%). CMV reactivation 

requiring treatment occurred in 12 patients. The incidence 

of major infections (11%) was similar to that observed 

with FCR in the relapsed setting.69 Given these promising 

results, the MDACC group is conducting an ongoing phase 

II study of CFAR as frontline treatment for patients with 

high-risk CLL.70 Since patients 70 years old and with beta 

2-microglobulin 4 when treated with FCR showed a CR rate 

and estimated median PFS significantly lower then similar-

aged patients with beta 2-microglobulin 4, for this subgroup 

of poor prognosis patients the CFAR has been proposed as 

frontline approach.70 In this study of 21 patients evaluable for 

response, ORR was 95% (CR 71%). All responder patients 

but one were free of disease in the bone marrow by flow 

cytometry. There was no significant correlation between 

response rate and quality of response and biological markers 

(IgVH mutation status, FISH status, or ZAP70 or CD38 

expression). Major infections were seen in 2% of courses. 

CMV reactivation occurred in 2/21 patients, both of whom 

received valacyclovir prophylaxis during treatment. In con-

clusion, CFAR is an active and promising frontline regimen 

in higher-risk CLL patients.70 Instead, Byrd et al have 

recently reported data about the efficacy and safety of the 

addition of lumiliximab, an anti-CD23 monoclonal antibody, 

to FCR therapy for the treatment of refractory or relapsed 

CLL patients. Thirty-one patients received either 375 mg/m2 

(n = 3) or 500 mg/m2 (n = 28) of lumiliximab in combination 

with FCR for 6 cycles. ORR was 65% with 52% of CR; 

estimated median PFS for all responders was 28.7 months. 
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The toxicity profile was similar to that previously reported 

in relapsed CLL patients treated with FCR.71 The addition 

of lumiliximab to FCR therapy was safe and efficacious and 

did not seem to enhance toxicity in previously treated CLL 

patients. A randomized trial comparing lumiliximab plus 

FCR with FCR alone is underway to define the benefit of 

this combination in relapsed patients.

Newer applications
Taking into account that the average age at first diagnosis 

of CLL is about 72 years and patients treated with FCR 

regimen have a high risk of experiencing serious infectious 

complications, this regimen is an appropriate option only 

in a minority of CLL cases. Thus, considering that in the 

elderly population chlorambucil as a single drug is not 

inferior to fludarabine in terms of PFS and OS72,73 and that 

chlorambucil shows low toxicity, low cost and convenience 

as an oral drug, three ongoing trials (one Italian, one German 

and one English) have been testing the safety and efficacy 

of combination of rituximab with chlorambucil as first-line 

therapy for unfit CLL patients.

Since rituximab maintenance therapy provides a 

 significant PFS benefit in patients with indolent B-cell 

NHL74,75 and considering that patients with SLL and CLL 

who had shown at least a stable disease after rituximab 

induction therapy could be successfully retreated at 6-month 

intervals,10 Del Poeta et al tested the efficacy of anti-CD20 

consolidation/maintenance therapy in CLL patients.76 For 

induction treatment, all patients received daily fludarabine 

(25 mg/m2) on days 1–5 at 28-day intervals for a total of 

6 cycles and those with at least a stable disease underwent 

 consolidation/maintenance with 4-monthly cycles of ritux-

imab at a dose of 375 mg/m2 followed by 12-monthly doses 

of rituximab at a dose of 150 mg/m2. All patients experienced 

a long PFS from the end of induction treatment (73% at 

5 years); moreover consolidation and maintenance therapy 

with rituximab prolonged response duration significantly 

in CR or PR cases positive for MRD.76 The efficacy of 

rituximab as post-remissional therapy in CLL patients has 

been also tested by Mauro et al77 In this trial 19 older CLL 

patients ( 60 years) in PR after first-line treatment with 

6 monthly courses of chlorambucil (10 mg/m2/day, days 

1–5) and prednisone (25 mg/m2/day, days 1–5) received  

4-weekly doses of rituximab (375 mg/m2). In 13/19 cases 

(68%) rituximab produced an upgrade of the previous 

response from PR to CR and 2 of the 13 (15%) patients who 

achieved a CR showed a cytometric CR. This study indicates 

that rituximab, given as post-remissional therapy in older 

CLL patients treated with chlorambucil and prednisone 

produced a clinical benefit in the majority of cases.77 Several 

trials designed to evaluate the efficacy of consolidation 

and maintenance of rituximab therapy in CLL patients are 

ongoing.

Furthemore, recently the efficacy of rituximab as pre-

parative regimen for non-myeloablative allogeneic bone 

marrow transplantation (allo-BMT) and as immunomanipu-

lation in combination with donor lymphocyte infusion in 

patients with persistent or progressive CLL after allo-BMT 

has been evaluated.78 This study suggests that this type 

of immunomanipulation after transplant determines an 

increase of PFS. This is probably due to the improvement 

of the graft vs leukemia effect through ADCC and CDC 

stimulated by rituximab,79,80 or to the generation of specific 

cytotoxic T cells induced by anti-CD20 antibody, which 

may promote uptake and cross-presentation of cell-derived 

peptides by antigen-presenting dendritic cells.81

Finally a myriad of monoclonal antibodies with different 

specificities is in preclinical or early clinical investigation. 

Some of these have been designed to target the CD20 

antigen, like rituximab. Ofatumumab, a fully humanized, 

high-affinity monoclonal antibody directed to an epitope on 

CD20 different from the rituximab binding epitope, is most 

advanced in clinical development. Ofatumumab has higher 

affinity for CD20 and activates CDC more effectively than 

rituximab.82,83 A registration study of this monoclonal anti-

body in refractory CLL patients and a phase II study in which 

ofatumumab is administered in combination with fludarabine 

and cyclophosphamide as frontline therapy are ongoing.

Toxicity
The majority of patients (∼80%) treated with rituximab 

have shown at least one adverse event.34 In patients with 

low grade NHL who received rituximab alone the most 

common side effects were infusion-related reactions. These 

adverse effects were usually of mild or moderate severity 

(grade 1–2), of brief duration and observed during the first 

infusion. Grade 1–2 flu-like symptoms such as fever, chills 

and rigors occur in most patients during first infusion, 

although the incidence of infusion-related adverse events 

decreases with subsequent infusions.34 Infusion-related 

adverse effects occur within the first 30 minutes to 2 hours 

of starting the first infusion and usually are reversible with 

interruption or discontinuation of rituximab along with 

supportive care. Approximately 10% of patients showed a 

severe (grade 3–4) infusion-related reaction which may be 

accompanied by bronchospasm, hypotension, angioedema 
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and/or hypoxia.34 Patients who develop cytokine release 

syndrome associated with tumor lysis syndrome may present 

renal, respiratory or multi-organ failure. Infusion-related 

deaths have been rare (0.04%–0.07% of patients). Patients 

at high-risk of developing severe adverse events are those 

with high lymphocyte counts (25,000 mm3) as well as 

patients with a high tumor burden (eg, bulky disease with 

lesions 10 cm). Severe lymphopenia occurs in about 40% 

of patients, although it does not appear to be associated with 

adverse consequences.34

Interestingly, in the dose-escalation study reported by 

O’Brien et al, rituximab doses of 500 to 1500 mg/m2 were 

associated with minimal adverse events.11 At a dosage level 

of 2250 mg/m2, 8/12 patients showed grade 1 or 2 events, 

but no patients developed severe adverse reactions. Moreover 

1/40 patients with CLL developed grade 3 or 4 adverse 

events compared with 5/10 with other diagnoses (2.5% vs 

50%, P  0.001).11 To minimize the infusion-related toxicity 

Byrd et al administered 100 mg on day 1 and subsequently 

375 mg/m2.12 Thirteen patients (39%) developed transient, 

cytokine-associated infusion toxicity that resolved by the 

third infusion.12 Since tumor lysis syndrome and deaths have 

been reported in patients with high circulating tumor load 

due to the high levels of cytokines released, it is suitable 

for patients with lymphocyte counts 25,000 mm3 where 

in the first treatment cycle the dosage of rituximab is split 

and given on two consecutive days or administering 100 mg 

of rituximab on day 1 the remainder of the dose on day 

2. All patients have to be premedicated with 25 mg of iv 

 diphenhydramine and oral acetaminophen.

Conclusion
In the past decade the most important advances in the 

treatment of CLL patients have been the demonstration of 

improvement in outcome with chemoimmunotherapy. Today, 

for CLL cases with good performance status the treatment 

of choice is the FCR schedule. As initially shown by the 

MDACC group and subsequently confirmed by the German 

CLL group, the FCR schedule enabled a high CR rate to be 

achieved, with MRD being eradicated in a high percentage 

of patients.15,16,20 Moreover these studies highlighted the 

importance of achieving CR and eradicating MRD in CLL, 

since these patients had a longer duration of response than 

patients with residual disease. The German CLL group study 

(CLL8 study) led to the approval of rituximab in combination 

with chemotherapy for CLL in both the US and Europe. Since 

FCR is associated with significant hematologic toxicities, a 

dose-reduced version of FCR (FCR-Lite) and a sequential 

schedule (F  C  R ) have been evaluated.25,26 Although 

these schedules seem to be equally efficacious and safe, only 

randomized trials will ascertain whether these regimens are 

better than FCR in terms of response and toxicity. Since 

patients with elevated serum beta-2 microglobulin achieved 

lower CR rate and shorter PFS when treated with frontline 

chemoimmunotherapy (FCR), for this subgroup of high-risk 

patients a trial to evaluate the safety and efficacy of FCR 

combined with alemtuzumab is ongoing at the MDACC. 

Recently, promising results have been reported with the 

addition of another monoclonal antibody, lumiliximab, to the 

FCR schedule.69 This schedule enabled a high CR rate to be 

achieved, and did not seem to enhance toxicity in previously 

treated patients with CLL.69 Furthermore, promising results 

are expected for the subset of unfit patients from two ongoing 

trials which are evaluating the efficacy and safety of a 

 combination treatment of rituximab with chlorambucil.

A variety of monoclonal antibodies with different 

specificities is in several stages of preclinical or early clinical 

investigation. Some of these have been designed, like ritux-

imab, to target the CD20 surface antigen. Among monoclonal 

antibodies, ofatumumab (anti-CD20) is the most advanced 

in clinical development. A phase III registration study of 

ofatumumab in alkylator-, fludarabine-, and alemtuzumab-

resistant CLL is nearing completion. Thus, monoclonal 

antibody therapy represents a field of highly promising future 

investigation in CLL and will, we hope, lead to a greater 

understanding of how best to use existing antibodies and to 

the introduction of new antibodies.
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