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ABSTRACT
Bevacizumab is a monoclonal antibody targeting vascular endothelial growth 

factor (VEGF) with in vitro pro-apoptotic and antiangiogenic effects on chronic 
lymphocytic leukemia (CLL) cells. As monotherapy in patients with CLL, it has no 
clinical activity. Here we report the results of an open-label, randomized phase II trial 
comparing the combination of pentostatin, cyclophosphamide and rituximab (PCR) 
either without or with bevacizumab (PCR-B) in previously untreated CLL patients. A 
total of 65 evaluable patients were enrolled, 32 receiving PCR and 33 PCR-B. A higher 
rate of grade 3-4 cardiovascular toxicity was observed with PCR-B (33% vs. 3%, p < 
0.003). Patients treated with PCR-B had a trend for a higher complete remission (CR) 
rate (54.5% vs 31.3%; p = 0.08), longer progression-free survival (PFS)(p = 0.06) 
and treatment-free survival (TFS)(p = 0.09). No differences in PFS and TFS by IGHV 
mutational status were observed with the addition of bevacizumab. A significant post-
treatment increase in VEGF levels was observed in the PCR-B arm (29.77 to 57.05 
pg/mL); in the PCR-B arm, lower baseline CCL-3 levels were significantly associated 
with achievement of CR (p = 0.01). In conclusion, the addition of bevacizumab to 
chemoimmunotherapy in CLL is generally well-tolerated and appears to prolong PFS 
and TFS.

INTRODUCTION

Although chemoimmunotherapy (CIT) has 
substantially improved response rates, treatment free 
survival, and overall survival in patients with chronic 
lymphocytic leukemia (CLL)[1, 2], only 40-50% of 
patients achieve a complete remission (CR) and the 
majority have residual disease when evaluated using 
sensitive assays.[3]  Approaches to both improve CR 
rates and reduce residual disease post CIT may reside 
on treatment strategies that modify the well-known 
positive influence on CLL B cell survival exerted by the 
microenvironment.

Interactions with various nurturing environments 
can enhance CLL B-cell resistance to apoptosis.[4] These 
interactions include cytokine mediated pro-survival signals 

by angiogenic molecules, such as vascular endothelial 
growth factor (VEGF) and basic fibroblast growth factor 
(b-FGF) , which nurture CLL B-cells and promote the 
survival of CLL B-cells in part through up regulation of 
anti-apoptotic proteins.[5-7] In fact, both CLL B-cells 
and marrow stroma produce pro-angiogenic molecules, 
including VEGF and b-FGF, which can act in an autocrine 
or paracrine fashion to enhance leukemic B-cell resistance 
to apoptotic cell death.[8-11]

Bevacizumab is a monoclonal antibody targeting 
VEGF and has been shown to play a pro-apoptotic and 
anti-angiogenic effect on CLL cells in vitro.[12, 13] 
As a monotherapy, no significant clinical activity was 
observed with bevacizumab in patients with relapsed 
refractory CLL.[14] Multiple studies in solid tumors, 
however, suggest that bevacizumab has its greatest 
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effect in combination with chemotherapy. [15-17] 
Higher VEGF levels have also been shown to predict 
less favorable outcomes among CLL patients receiving 
CIT, providing further rationale for testing the effect of 
anti-VEGF therapy in combination with CIT for patients 
with CLL.[18] Here we conducted a randomized phase 2 
CIT trial where we used pentostatin, cyclophosphamide, 
and rituximab with (PCR) with an anti-VEGF agent, 
bevacizumab (PCR-B), or without bevacizumab (PCR) for 
patients with progressive but previously untreated CLL.

RESULTS

Baseline characteristics

The study opened in January 2009 and completed 
accrual of 68 patients in January 2013. Thirty-five patients 
were treated with PCR-B and 33 patients were treated with 
PCR. Of the 68 patients accrued, 3 were not evaluable 
(PCR-B: 2, PCR: 1) due to incorrect diagnosis, treatment 
on the wrong study arm, and withdrawal prior to receiving 
treatment, and were excluded from all analyses. Baseline 
characteristics of the 65 patients evaluable for the primary 
endpoint (PCR-B: 33, PCR: 32) did not differ significantly 
between the 2 arms (Table 1). 

Table 1: Baseline characteristics

PCR, pentostatin, cyclophosphamide, and rituximab; B, bevacizumab; ALC, absolute lymphocyte count; IGHV, 
immunoglobulin heavy chain variable region gene; FISH, fluorescence in situ hybridization
1 By CT scan
2 IGHV could not be determined in 6 patients from PCR-B and 5 patients from PCR. These patients were excluded in the 
calculation of the percentage for IGHV mutational status.
3 Two patients on Arm A are reported under ‘other’ FISH category.  One patient reported a 13q14 = 89%, Ig 1 = 40%, and one patient 
reported a partial deletion of the 51 lgH region.  One patient from Arm B had 8q24.1 (MYCx3).
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Toxicity

Patients received a median of 6 cycles (range, 
1-6 cycles) in each arm. Twenty-seven (81.8%) patients 
completed the intended 6 cycles of PCR-B on Arm A, 
and 27 (84.4%) 6 cycles of PCR on Arm B. Reasons for 

treatment discontinuation before completion of 6 cycles 
of PCR-B were patient choice, infectious complication 
(pneumonia) and cardiovascular complications 
(hypertension, myocardial ischemia, congestive heart 
failure, and aortic dissection); reasons for treatment 
discontinuation of PCR were pneumonia, nausea, 

Table 2: Grade 3+ toxicity at least possibly related to treatment.

CTCAE Classification
PCR

Arm B
(N = 32)

PCR-B
Arm A

(N = 33)
Grade 3+ Grade 3+

Heme toxicity (grade 3+) 10 (31.3%) 12 (36.4%)
Non-heme toxicity (grade 3+) 9 (28.1%) 18 (54.5%)
Neutropenia 7 (21.9%) 9 (27.3%)
Thrombocytopenia1 1 (3.1%) 5 (15.1%)
Hemoglobin decrease1 2 (6.3%) 1 (3.0%)
Dyspnea 0 3 (9.1%)
Left ventricular failure 0 2 (6.1%)
Left ventricular dysfunction 0 1 (3.0%)
Sepsis 1 (3.1%) 1 (3.0%)
Fatigue 0 1 (3.0%)
Hypertension 1 (3.1%) 7 (21.2%)
Headache 0 1 (3.0%)
Confusion 1 (3.1%) 0
Depressed consciousness 1 (3.1%) 0
Neurological decline4 1 (3.1%) 0
Protein Urine Positive 0 2 (6.1%)
Creatinine increase 1 (3.1%) 2 (6.1%)
Nausea 1 (3.1%) 1 (3.0%)
Cystitis 0 1 (3.0%)
Ascites 0 1 (3.0%)
Bladder hemorrhage 0 1 (3.0%)
Bladder pain 0 1 (3.0%)
Blood disorder 0 1 (3.0%)
Cough 0 1 (3.0%)
Myocarditis 0 1 (3.0%)
Dehydration 0 1 (3.0%)
Renal Failure 1 (3.1%) 1 (3.0%)
Serum sodium increase 0 1 (3.0%)
Serum sodium decrease 1 (3.1%) 0
Vomiting 1 (3.1%) 2 (6.1%)
Torsade de pointes 0 1 (3.0%)
Vascular disorder 0 1 (3.0%)
Fever 1 (3.1%) 0
Blood glucose increase 1 (3.1%) 0
Diarrhea 1 (3.1%) 0
Hypersensitivity 1 (3.1%) 0
Intracranial Hemorrhage 0 1 (3.0%)
Febrile Neutropenia 0 1 (3.0%)
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neurological symptoms, and treating physician choice. 
During treatment, 7 patients experienced a dose delay 
(1 on PCR-B [Arm A] and 6 on PCR [Arm B]), and 1 
patient (Arm B) required a dose reduction in pentostatin 
and cyclophosphamide. Three patients on PCR-B required 
temporary omission of Bevacizumab due to hypertension, 
need for polypectomy, and proteinuria (in the latter case, 
it was discontinued at cycle 5, and not resumed later). 
Five patients did not receive Bevacizumab on day 43 of 
cycle 6: 2 due to patient decision, one missed in error, 
one febrile neutropenia, and one central nervous system 
hemorrhage. One patient in Arm B required temporary 
omission of rituximab due to cytokine release syndrome.

Grade 3+ adverse events observed during treatment 
in both arms are reported in Table 2. Twenty-three of 
33 patients (69.7%) on PCR-B and 14 of 32 patients 
(44%) on PCR experienced at least one grade 3+ event 
at least possibly related to treatment (p=0.05). Nine of 33 
patients (27.3%) on PCR-B and 5 of 32 patients (15.6%) 
on PCR experienced a grade 4+ event at least possibly 
related to treatment (p=0.37). Grade 3-4 cardiovascular 
toxicity was present in 11 patients from PCR-B (7 cases 
of hypertension, one myocarditis, one left ventricular 

dysfunction, one left ventricular failure, and one with 
Torsade de Pointes with left ventricular failure) and one 
patient from PCR (hypertension) (33% vs. 3%, p<0.003). 

Treatment response

All 65 eligible patients were evaluable for response 
after therapy. On the PCR-B arm, all 33 patients had a 
response (100% overall response rate), with 18 patients 
(54.5%) having a CR or CR with incomplete marrow 
recovery (CR-i). On the PCR arm, 31 patients had a 
response (96.9% overall response rate), with 10 patients 
(31.3%) evaluated as a CR or CR-i (p=0.08). The > 
4 patient difference in CR/CR-i between arms met 
the protocol specified criteria to select PCR-B as the 
recommended arm for further study. 

A MRD-negative remission was achieved at the 
end of treatment in 7/21 (33.3%) patients on PCR-B, and 
5/22 (22.7%) on PCR (Table 3). There was no statistically 
significant relationship between any baseline prognostic 
characteristic and achievement of CR/CR-i or MRD 
eradication in the PCR-B arm. 

Table 3: Response to therapy
PCR-B

(Arm A)
(N = 33)

PCR
(Arm B)
(N = 32)

p-value

ORR 33 (100%) 31 (96.9%) 0.49
           CR/CR-i 18 (54.5%) 10 (31.3%) 0.08
           CCR 3 (9.1%) 3 (9.4%) 1.00
           n-PR 5 (15.2%) 13 (40.6%) 0.028
           PR 7 (21.2%) 5 (15.6%) 0.75
           SD 0 (0.0%) 0 (0.0%) NA
           NE 0 (0.0%) 1(3.0%) 0.49
CR/n-PR with MRD negative 7/21 (33.3%) 5/22 (22.7%) 0.51

ORR, overall response rate; CR, complete remission; CR-i, CR with incomplete bone marrow recovery; CCR, clinical CR; 
PR, partial remission; n-PR, nodular PR; SD, stable disease; MRD, minimal residual disease; NE, not evaluated
1. MRD assays were preferentially performed on bone marrow aspirate with use of peripheral blood if bone marrow aspirate 
was not available.

Figure 1: A. Progression-free survival. B. Treatment-free survival. C. Overall survival
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Survival

After a median follow-up among living patients of 
46 months (range, 2-66), 12 patients (36.4%) on PCR-B 
and 17 (53.1%) on PCR have progressed. The median PFS 
has not yet been reached for PCR-B (Arm A) and was 34 
months (95% confidence interval [CI], 23-52) for PCR 
alone (Arm B, p=0.06; Figure 1A). Twenty-four patients 
have required salvage therapy, 10 (30%) on PCR-B and 
14 (44%) on PCR. Median TFS has not yet been reached 
for PCR-B (Arm A, 95% CI, 28 - not reached) and was 39 
months (95% CI, 23 - 53) for PCR alone (Arm B, p=0.09; 
Figure 1B). As of last follow-up, 13 patients have died; 5 
on PCR-B (2 from progressive disease, 1 from hemolytic 
anemia, 1 from sepsis, and one from unknown causes) 
and 8 on PCR (2 from disease progression, 2 from second 
cancers, 1 from congestive heart failure, 1 from sepsis, 1 
in a car accident, and one from unknown cause). Median 
OS has not been reached in either arm (p=0.35; Figure 
1C). 

While unmutated IGHV status determined a shorter 
PFS (p=0.02) and TFS (p=0.03) in the arm B, it did not 
affect survival when bevacizumab was added to PCR 
(Figure 2).

Kinetics of plasma angiogenic and chemokine 
cytokine levels 

Plasma sample for evaluation of angiogenic 
cytokines were available for 50 patients (25 on Arm A 
and 25 on Arm B). Median levels of VEGF, b-FGF, TSP-
1, CCL-3 and CCL-4 at baseline and at time of response 
assessment for each arm are shown in Table 4. 

Compared to baseline, a significant increase in 
VEGF levels was observed at the time of response 
assessment for patients treated with PCR-B (Arm A, 
p<0.001). No such change was observed for patients 
treated with PCR only (comparison arm A to arm B 
p<0.001)(Figure 3A). Although statistically significant 
changes in CCL-3, CCL-4, TSP-1 and/or b-FGF were 
observed in one arm or the other, no statistically significant 
difference was observed between arms (Table 4). 

In the PCR-B arm, there was a significant difference 
in baseline values of CCL-3 between patients that achieved 
a CR/CR-i vs. those that did not (median 82.3 vs. median 
94.6, respectively; p=0.01) and a trend for association was 
observed for baseline CCL-4 levels (p=0.09). However, no 
differences in post-treatment values were observed (Figure 
3B). No significant correlations were found between 
cytokine plasma levels and responses for patients treated 
in the PCR only arm. 

Table 4: Plasma cytokine kinetics in the 2 arms

Arm Cytokine
Number 
of 
Samples

Baseline 
Median
(Min, Max)

Response 
Median
(Min, Max)

Change from 
Baseline Median
(Min, Max)

p-value 
Baseline vs. 
Response1

p-value Change 
from Baseline  
Arm A vs. 
Arm B2

A VEGF 25 29.77 57.05 18.24 0.00002

0.00001(9.58, 83.92) (12.60, 99.85) (-56.31, 66.56)

B VEGF 25 28.82 27.72 -2.65 0.23795(12.35, 15.08) (7.21, 57.96) (-84.61, 33.89)

A TSP1 25 9272 8296 -112 0.804
0.12061(2928, 23552) (3783, 22478) (-7023, 7261)

B TSP1 25 7679 8841 1018 0.01163(449, 1211) (5375, 21159) (-3441, 15185)

A CCL3 25 85.55 79.14 -8.89 0.00002
0.85368(21.65,561.7) (21.65, 162.66) (-399.08, 12.57)

B CCL3 25 93.21 76.17 -10.68 0.00006(21.65,7265.4) (21.65, 344.54) (-7185.11, 96.93)

A CCL4 25 151.3 81.21 -39.66 0.00009
0.37211(50.2,3975.8) (41.45, 230.00) (-3811.16, 52.05)

B CCL4 25 121.4 65.77 -51.93 <0.00001(39.7, 5620.7) (28.45, 657.97) (-5486.09, 19.00)

A FGFb 25 27.18 27.02 3.59 0.65835
0.27677(2.74, 464.28) (2.74 66.38) (-397.90, 37.50)

B FGFb 25 28.11 27.18 -4.01 0.0333(2.74, 384.40) (2.74, 184.41) (-349.65, 138.84)
1  Signed Rank p-value;  2  Rank-sum p-value
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DISCUSSION

We report here the first randomized trial combining 
anti-VEGF therapy with CIT for patients with previously 
untreated CLL. 

The addition of bevacizumab to 
chemoimmunotherapy was found to be safe, with 
no significant differences in severe adverse events 
between the 2 arms, other than an increase in non-fatal 
cardiovascular complications (33% vs 3%, p<0.003); none 
of the 7 cases of hypertension presented as an hypertensive 
emergency, and they all resolved with non-urgent medical 
management; the 2 cases of CHF and the 1 case of 

myocarditis all occurred in patients with pre-existing heart 
dysfunction who had discontinued their home medications, 
and resolved with non-urgent medical management; the 
only grade 4 cardiovascular complication was a torsade de 
pointe, which occurred as a peri-surgical complication in 
a patient with pre-existing aortic aneurysm, developing an 
aortic dissection requiring surgical intervention. 

Patients treated with PCR in combination with 
anti-VEGF therapy had a trend toward higher complete 
remission rate (54.5%) than patients receiving PCR 
alone (31.3%). This difference met the protocol specified 
criteria to select PCR-B as the arm recommended for 
further evaluation. A higher (though not significant) 

Figure 2: Progression Free Survival (PFS) and Treatment-free survival (TFS) and by IGHV mutational status



Oncotarget78275www.impactjournals.com/oncotarget

MRD eradication rate was observed with the addition 
of bevacizumab, translating into longer PFS and TFS. 
In addition, when bevacizumab was added to CIT, the 
difference in median PFS and TFS by IGHV mutational 
status observed with CIT only was not observed; CIT can 
achieve long-term disease-free survival in patients with 
mutated IGHV, while only newer biological agents have 
so far achieved similar results in patient with unmutated 
IGHV.[27-30]

How do our findings relate to previous trials of 

anti-VEGF therapy in CLL? We have conducted separate 
phase II trials for three separate anti-VEGF therapies for 
patients with relapsed/refractory CLL.[14] In total 46 
patients were accrued to trials of single-agent anti-VEGF 
antibody and there was no sign of efficacy and no CRs 
or PRs were noted. Wierda et al reported a phase 2 study 
of bevacizumab in combination with FCR in patients 
with relapsed refractory CLL.[31] This approach did not 
clearly show an advantage relative to historical trials of 
FCR alone. Patients with relapsed, refractory disease are 

Figure 3: Plasma cytokine kinetics. A. VEGF kinetics in arm A and arm B. B. CCL-3 and CCL-4 kinetics in the PCR-B arm, 
comparing responders to non-responders.
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a distinct clinical population and recent genetic studies 
have pointed out that leukemic cells that have survived or 
expanded after the selective pressure of prior therapy are 
likely more fit to survive in the host microenvironment 
based on clonal evolution and changes in clonal 
architecture when compared to treatment naïve patients.
[32-34]

The most prominent toxicity noted with PCR-B 
was cardiovascular toxicity. Cardiovascular toxicity is 
a well-recognized complication of bevacizumab due 
to its endothelial effects. Indeed, the most common 
complications described with its use, both as single 
agent or in combination with chemotherapy, are 
hypertension, congestive heart failure, and arterial and 
venous thromboembolic disease. The incidence of such 
complications in our study was not increased, when 
compared to other published experiences employing 
this agent.[35] In addition despite the occurrence of 
cardiovascular toxicities on the PCR-B arm an equivalent 
number of CLL patients (~80%) were able to complete the 
prescribed 6 cycles for both arms. 

Although we found no association between 
baseline traditional prognostic factors and achievement 
of CR among patients treated with PCR-B, there were 
both expected and unexpected findings derived from 
the analysis of the microenvironment cytokine kinetics. 
As anticipated we found that lower baseline CCL-
3 plasma levels were significantly associated with 
higher response rate when bevacizumab was added to 
chemoimmunotherapy. CCL-3 and CCL-4, previously 
called macrophage inflammatory protein-1a (MIP-1a) and 
MIP-1b, are chemokines of the CC sub-family, inducible 
in many hematopoietic cells, such as macrophages and 
dendritic cells, but also B and T lymphocytes. [36] Indeed 
CLL cells secrete these 2 chemokines in response to BCR 
stimulation, to attract accessory cells and enhance their 
microenvironment and this activity can be a candidate for 
a distinct disease progression event.[37, 38] Other studies 
have convincingly demonstrated that baseline CCL-3 
levels associate with survival in CLL and other B-cell 
malignancy, in concordance with our results.[39, 40] 

CCL-3 and CCL-4 reduction in plasma levels is 
typically observed in response to BCR inhibitors, such 
as Ibrutinib or Idelalisib,[41, 42] but there are no in-vitro 
or in-vivo data to suggest a direct interaction between 
bevacizumab and the BCR. It is important to notice that 
in our study, despite the specific prognostic role played 
by CCL-3 and CCL-4 levels in the PCR-B arm, there was 
no significant difference in their post-treatment decrease 
between the 2 arms. This may suggest that the reduction of 
CCL-3 and CCL-4, mediated by chemoimmunotherapy, is 
not directly responsible for the observed positive clinical 
results observed with the PCR-B arm, but rather suggest 
the influence of bevacizumab is an important regulator of 
the CLL disease process. 

The major clinical question is does any anti-VEGF 

approach in CLL also require the use of an additional 
powerful component like CIT? The paradoxical post-
treatment increase in VEGF levels observed in our study 
may have been temporary and preceding a following 
steady decrease, as already observed in other studies where 
therapeutic agents modulating the microenvironment are 
employed.[43-45] Unfortunately, we were not able to 
discern if this occurred as in this study VEGF levels were 
only done at baseline and at the time of response and not 
re-measured beyond the end-of-treatment assessment.

In conclusion, the addition of bevacizumab to 
chemoimmunotherapy is safe and effective. Although 
cardiovascular toxicity affected approximately 30% of 
PCR-B patients, it was manageable and did not impact 
patients’ ability to complete therapy. Even with the advent 
of very effective novel single agent signal inhibitor 
therapy, CIT remains the standard of care for patients with 
previously untreated CLL particularly those with mutated 
IGVH status.[1, 46] The addition of anti-VEGF therapy 
to CIT did produce higher complete response rates and 
resulted in longer progression-free and treatment-free 
survival, when compared to chemoimmunotherapy alone, 
independently from IGHV mutational status. Given the 
recent dramatic clinical impact of signal inhibitors such 
as ibrutinib or Idelalisib to induce high ORRs of very long 
duration in relapsed/refractory CLL[47] and our findings 
that anti-VEGF addition to CIT look promising in terms 
of clinical outcome for upfront CLL, it is tempting to 
speculate that combinations of signal inhibitors and anti-
VEGF agents should be tested.

MATERIALS AND METHODS

Patient eligibility

Eligible patients were previously untreated and 
had CLL in need of treatment according to the NCI-
WG criteria.[19] Patients were required to have an 
ECOG performance status of 0 to 2, and have adequate 
renal and hepatic function. Individuals with recent 
(<1 month) myocardial infarction, class III or IV heart 
failure, uncontrolled infection, infection with human 
immunodeficiency virus (HIV), active hepatitis B or C 
infection, or active hemolytic anemia were excluded. 
Patients with other malignancies were allowed to 
participate, provided they were not receiving treatment 
and had a life expectancy >2 years. There was no upper 
age limit on eligibility. The protocol was reviewed 
and approved by the Mayo Clinic institutional review 
boards and conducted in accordance to the Declaration 
of Helsinki. It was registered with clinicaltrials.gov 
(identifier NCT00816595).
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Treatment plan and toxicity evaluation

After providing written informed consent, all 
patients were offered 6 cycles of pentostatin (2 mg/m² 
on day 1), cyclophosphamide (600 mg/m² on day 1), and 
rituximab (cycle 1: 100 mg on day 1, 375 mg/m² on day 
2; cycles 2-6: 375 mg/m² on day 1) given intravenously 
every 21 days. This combination has been shown to be an 
effective regimen for both previously treated[20, 21] and 
therapy-naïve[22-25] CLL patients.[26]

Patients were randomized to receive either PCR in 
combination with bevacizumab (PCR-B; Arm A) or PCR 
alone (Arm B) using a dynamic allocation procedure 
incorporating stratification based on Rai stage (0-II vs III-
IV) and their FISH prognosis group [favorable (normal, 
+12, 13q-, other) vs. unfavorable (17p- or 11q-)]. Patients 
randomized to arm A received PCR in combination 
with bevacizumab (15 mg/Kg on day 1 of each cycle, 
and then on day 22 and 43 of cycle 6) administered 
intravenously every 21 days. Patients on arm B received 
PCR alone. Prophylaxis against Pneumocystis jiroveci 
(sulfamethoxazole-trimethoprim or alternative) and 
herpes zoster (valacyclovir or alternative) were given to 
all patients for 1 year from the start of cycle 1. All patients 
were given allopurinol (300 mg orally once daily) on days 
1 through 14 of cycle 1. Pegfilgrastim was administered on 
day 2 of each cycle.

Platelet and hemoglobin adverse events were graded 
according to the IWCLL CLL Working Group grading 
scale for hematologic toxicity.[19] All other adverse 
events were graded according to the NCI Common 
Toxicity Criteria (version 4). Toxicity was defined as 
an adverse event that is possibly, probably, or definitely 
related to treatment. 

Response assessment

Patients completing 6 cycles of therapy underwent 
complete restaging including evaluation for minimal 
residual disease (MRD) using flow cytometry (assay 
sensitivity <0.01%; 500,000 events collected). MRD 
assessment was limited to patients with a complete 
response (CR)(34) or a nodular partial remission (NPR)
(18). Restaging occurred 12 weeks after day 1 of cycle 
6. MRD assays were preferentially performed on bone 
marrow aspirate with use of peripheral blood if bone 
marrow aspirate was not available (n=2). Responses 
were graded according to the NCI/IWCLL Working 
Group criteria.[19] Bone marrow biopsies were 
performed at registration and at response evaluation to 
document complete response. Although primary response 
categorization was performed by physical exam in accord 
with the iwCLL criteria,[19] computed tomography 
(CT) scans of the chest, abdomen, and pelvis were 
also performed in all patients at registration and at the 

response evaluation. A patient was considered evaluable 
for response if they were eligible and initiated treatment. 

Correlative studies

To evaluate the association between angiogenic and 
chemokine factors and depth of response, we examined 
serum levels of VEGF, b-FGF, anti-[thrombospondin 
(TSP)-1], chemokine ligand (CCL)-3 and CCL-4 for 
each patient immediately prior to treatment and at time 
of response assessment. VEGF (isoform 165), b-FGF, 
CCL-3 and CCL-4 were measured using Quantikine kits 
(R&D Systems, Minneapolis, MN, USA) and TSP using 
the Accucyte assay (CytImmuneSciences Inc, Rockville, 
MD, USA) according to the manufacturer’s instructions. 
Other molecular and biological prognostic parameters, 
including CD38, ZAP-70, IGHV mutation status, and 
recurrent cytogenetic abnormalities as assessed by FISH, 
were performed on baseline study samples from the 
patient cohort as previously reported.[25]

Statistical methods

This study utilized a randomized phase II flexible 
screening design which required a total of 62 evaluable 
patients (31 patients per arm). The primary endpoint of 
the trial was the rate of complete response. One regimen 
would have been identified as the more promising of the 
two if the difference in the number of patients with a CR 
was at least 4 of 31 patients. This study design has at least 
80% power to select the correct regimen to bring forward 
into larger and confirmatory studies. 

Protocol specified secondary endpoints included 
the rate of MRD negative remissions for each arm and 
assessment of whether molecular prognostic parameters 
(e.g. IGHV, FISH, ZAP-70, and CD38) predicted response. 
Progression-free survival (PFS) was defined as the time 
from registration to disease progression or death due to 
any cause. Treatment-free survival (TFS) was defined as 
time from registration to initiation of subsequent treatment 
for CLL or death due to any cause. Overall survival (OS) 
was defined as the time from registration to death due to 
any cause. The distributions of time to event measures 
were estimated using the Kaplan-Meier method, and 
differences between groups were evaluated by log-rank 
statistics. Clinical characteristics and prognostic factors 
were compared between groups using Fisher’s exact 
test and Wilcoxon’s rank-sum test for categorical and 
continuous factors, respectively. Wilcoxon’s signed rank 
test was used to compare cytokine values across time.
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