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ABSTRACT 

Vascular endothelial growth factor is involved in lymphoma growth, suggesting a potential role for 

anti-vascular endothelial growth factor therapies in hematological malignancies. In this phase III study, 

patients with CD20-positive diffuse large B-cell lymphoma were randomized to rituximab, 

cyclophosphamide, doxorubicin, vincristine, and prednisone plus either placebo (R-CHOP) or 

bevacizumab (RA-CHOP). Treatment was administered every 21 (8 cycles) or 14 days (6 cycles plus 2 

rituximab cycles) per institutional practice. An early analysis of risk/benefit by the Data and Safety 

Monitoring Board showed that RA-CHOP increased cardiotoxicity without prolonging progression-free 

survival compared with R-CHOP, and the trial was stopped early. The study protocol was amended to 

allow for 12 additional months of follow-up to evaluate safety. With 787 patients enrolled, median 

follow up was 23.7 and 23.6 months for R-CHOP and RA-CHOP, respectively. Median progression-free 

survival for R-CHOP and RA-CHOP was 42.9 and 40.2 months, respectively (hazard ratio=1.09; P=0.49). 

The proportion of deaths was identical for R-CHOP (21%, 83/387) and RA-CHOP (21%, 82/390). Relative 

to R-CHOP, RA-CHOP had a higher rate of left ventricular ejection fraction perturbation (18% versus 8%; 

odds ratio=2.51; 95% confidence interval: 1.60-3.93) and congestive heart failure (16% versus 7%; odds 

ratio=2.79; 95% confidence interval: 1.72-4.54). Bevacizumab added to R-CHOP increased cardiac events, 

without increasing efficacy, arguing against further evaluation of RA-CHOP in patients with diffuse large 

B-cell lymphoma. The MAIN study is registered at clinicaltrials.gov, NCT00486759. 
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Introduction  

Angiogenesis in general and vascular endothelial growth factor (VEGF) in particular are involved 

in the development, growth, and progression of a range of non-Hodgkin lymphoma (NHL) histologic 

subtypes,
1-5

 including diffuse large B-cell lymphoma (DLBCL).
6-8 

High serum levels of VEGF and elevated 

expression of VEGF in tissue biopsies are associated with higher tumor burden,
9
 microvessel density,

3,6
 

and inferior overall survival (OS).
4,7,8,10

 In vitro and in vivo preclinical studies of DLBCL have shown that 

treatments targeting VEGF or its receptors reduce tumor growth by increasing apoptosis and decreasing 

vascularization.
5
  

The potential therapeutic role of anti-VEGF therapies in NHL has also been evaluated in 

preliminary clinical studies of bevacizumab (Avastin®). Bevacizumab is an anti-VEGF monoclonal antibody 

that has been studied extensively in a range of solid tumors. Bevacizumab has been shown to have 

negligible or modest antitumor activity as a single agent,
11

 but when combined with standard 

chemotherapy, it confers substantial improvements in progression-free survival (PFS) and OS in patients 

with non-squamous non-small cell lung cancer
12,13

 and metastatic colorectal cancer.
 11,14

 In a Southwest 

Oncology Group (SWOG) phase II study of 52 patients with relapsed DLBCL or mantle cell lymphoma 

(MCL), bevacizumab monotherapy was well tolerated and associated with a 6-month PFS rate of 16% 

and a median duration of response or stable disease of 5.2 months. Although the objective response rate 

(ORR) was low (2%, one partial response [PR] in a patient with DLBCL), single-agent activity was not 

anticipated given its mechanism of action; combination therapy trials were thus deemed appropriate.
15

  

The anti-CD20 monoclonal antibody rituximab (R; Rituxan®, MabThera®) used in combination 

with cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) chemotherapy is standard 

treatment for DLBCL.
16-22

 However, there is a need to further improve treatment outcomes, as the 2-year 

PFS rate of a large population-based analysis of R-CHOP was only 69%.
23

 In a second SWOG study, the 
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feasibility and safety of adding bevacizumab to R-CHOP (RA-CHOP) was explored in 13 patients with 

newly diagnosed DLBCL. An ORR of 85% and a 12-month PFS rate of 77% were observed. RA-CHOP was 

well tolerated, with no reported episodes of grade 3-4 heart failure or hemorrhage.
24

  

The phase III, randomized, placebo-controlled, MabThera® plus Avastin® In aggressive NHL 

(MAIN) study was undertaken (NCT00486759), to compare PFS with R-CHOP plus placebo (R-CHOP) with 

RA-CHOP in patients with previously untreated CD20-positive DLBCL . However, after the study’s Data 

and Safety Monitoring Board (DSMB) noted an increased risk of cardiac events without improvement in 

efficacy for RA-CHOP over R-CHOP, treatment with bevacizumab was discontinued. The protocol was 

then modified, with the primary endpoint changing from PFS to safety follow-up. Final efficacy and 

safety data from the MAIN study are reported here. 

Methods  

The MAIN study randomized (1:1) patients ≥18 years with newly-diagnosed CD20-positive DLBCL 

to RA-CHOP or R-CHOP in  six 14-day cycles (plus two extra doses of rituximab) or eight 21-day cycles per 

standard practice at individual centers (Figure 1A).  

Adverse events (AEs) were monitored by an independent DSMB. The DSMB noted a trend for 

increased cardiotoxicity among patients randomized to RA-CHOP versus R-CHOP at its December 2009 

meeting, when 609 patients had been enrolled. Patients and investigators were informed of the 

potentially increased risk of cardiac events associated with RA-CHOP. In May 2010, with 770 randomized 

patients and efficacy data from 720 available, the DSMB concluded that adding bevacizumab to R-CHOP 

would be unlikely to improve efficacy; the increased risk of cardiotoxicity persisted. On May 31, 2010, 

the sponsor terminated enrollment and discontinued treatment with bevacizumab/placebo. Patients 

continued treatment with R-CHOP. Safety became the revised primary endpoint. Patients were followed 

for ≤12 months after the last patient received last chemotherapy dose.  



 

6 

 

Interim response was assessed after 3 cycles of R(A)-CHOP-14 or 4 cycles of R(A)-CHOP-21 per 

Revised Criteria for Malignant Lymphoma (Cheson criteria).
25

 PET scans were not mandated for response 

assessment as they were not standard when the study was designed, and consequently not available at 

all study centers. Patients with progressive disease or stable disease discontinued study medication and 

immediately entered a follow-up phase examining disease progression and survival. Patients with 

complete response (CR) or PR received 3 additional cycles of R(A)-CHOP-14 or 4 cycles of R(A)-CHOP-21, 

with another assessment performed at induction end. It was not anticipated that the difference in time 

of re-staging between 14- and 21-day groups would affect the results of the study. Although a more 

straightforward interpretation of data may have been possible with the choice of either a 14- or 21-day 

cycle for this study, the current design allowed centers to participate using their usual therapy 

arrangements. 

AEs (NCI-CTCAE, version 3.0) were recorded at each scheduled visit until 3 months post-

treatment. AEs of special interest were documented until 6 months post-treatment. Left ventricular 

ejection fraction (LVEF) and congestive heart failure (CHF) events and related serious AEs (SAEs) were 

monitored indefinitely. Strict cardiac monitoring was protocol-specified, with LVEF measured at baseline 

via 2D-echocardiogram or multigated acquisition scan, after cycles 4 and 8, and at month 12 (using the 

same assessment method as the baseline assessment). Patients with an LVEF or CHF event continued 

follow-up at 3-monthly intervals until resolution. The severity of CHF events were defined per NCI-CTAE 

version 3.0, and LVEF events were defined as a decline from baseline of ≥20% in LVEF or a decline from 

baseline of ≥10% to an LVEF value of <50% baseline. 

Efficacy analyses were performed on the intent-to-treat population, which was composed of all 

randomized patients regardless of treatment administration. The safety population was composed of 

patients who received ≥1 dose of study medication and had ≥1 safety follow-up visit. The distributions of 

PFS and OS over time were compared between RA-CHOP and R-CHOP using the two-sided log rank test 
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(alpha=0.05). An estimate of the hazard ratio (HR) was obtained from Cox regression analyses. Kaplan-

Meier estimates of the median were calculated. The risk of an LVEF or CHF event was compared between 

treatments using logistic regression, with an estimate of odds ratio. Logistic regression for CHF events 

was performed in various subgroups, with multivariate logistic regression used to further assess the 

impact of treatment and baseline characteristics on CHF event risk. Time to first CHF event and 

cumulative dose of bevacizumab/doxorubicin at first CHF event were analyzed using Kaplan-Meier 

methodology. 

The study was conducted in accordance with the principles of the Declaration of Helsinki and 

Good Clinical Practice (GCP). The protocol and all accompanying material provided to patients were 

reviewed and approved by IECs or IRBs prior to the start of the study. Protocol amendments were also 

approved by the IECs/IRBs. 

Results 

Efficacy 

From July 26, 2007, to May 31, 2010, 787 patients had been randomized (R-CHOP, n=397; 

RA-CHOP, n=390) (Figure 1B). Demographics, baseline disease characteristics, and treatment scheduling 

were well balanced between treatment arms (Table 1). The median durations of follow-up for R-CHOP 

and RA-CHOP arms were 23.7 and 23.6 months, respectively. A total of 31% and 32% of patients 

experienced a PFS event in the R-CHOP and RA-CHOP arms, respectively. Median PFS for R-CHOP was 

42.9 versus 40.2 months for RA-CHOP (HR=1.09; 95% confidence interval [CI]: 0.85-1.40; P =0.49) (Figure 

2A). Median OS had not been reached in either treatment arm by the end of follow-up, when 165 

patients had died (R-CHOP, 21%; RA-CHOP, 21%). No significant difference in the HR for death was found 

between treatments (HR=1.03; 95% CI: 0.76-1.40; P =0.84) (Figure 2B).  
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The proportion of responders at final staging was higher for R-CHOP than RA-CHOP (71% versus 

63%), with 54% and 47% of patients achieving CR/unconfirmed complete response in the R-CHOP and 

RA-CHOP arms, respectively. The absolute difference in overall response rate between treatments was 

−7.5% (95% CI: −14.2% to −0.8%).  

Safety 

Of the 787 patients randomized, 781 (99%) received ≥1 cycle of study medication (R-CHOP, n=386; 

RA-CHOP, n=395). In the RA-CHOP arm, the median total cumulative dose of bevacizumab was 

113.3 mg/kg (range: 10.0-313.4 mg/kg). Similar proportions of patients experienced ≥1 AE in the 2 

treatment arms (94%, R-CHOP; 98%, RA-CHOP), with the most common events being neutropenia, 

nausea, and diarrhea (Table 2). Respiratory, thoracic, and mediastinal disorders (31% versus 40%); 

vascular disorders (17% versus 25%); and cardiac disorders (12% versus 19%) were observed less 

frequently in patients randomized to R-CHOP than RA-CHOP. The majority of patients experienced AEs of 

grade 2 intensity (R-CHOP, 80%; RA-CHOP, 84%), but numerically more RA-CHOP-treated patients 

experienced grade 3/4 (58% versus 55%) or grade 5 AEs (8% versus 5%). The percentage of patients 

discontinuing bevacizumab/placebo due to an AE was greater for RA-CHOP than for R-CHOP (23% versus 

11%), and constituted the majority of AE-related discontinuations overall (Table 2). A total of 695 SAEs 

were reported in 397 patients (R-CHOP, 45%; RA-CHOP, 57%). The only SAEs with ≥2% higher incidence 

in the RA-CHOP than R-CHOP arm were febrile neutropenia (R-CHOP, 12%; RA-CHOP, 16%) and left 

ventricular dysfunction (R-CHOP, 1%; RA-CHOP, 4%). Among the 165 patients who died, the most 

common cause was disease progression (R-CHOP, n=49; RA-CHOP, n=38). Fatal AEs affected 18 and 32 

patients in the R-CHOP and RA-CHOP arms, respectively. Fifteen deaths in the R-CHOP arm and 16 deaths 

in the RA-CHOP arm were considered by investigators as related to study treatment. The most common 

treatment-related AEs leading to death were septic shock (n=6) and pneumonia/bronchopneumonia 

(n=5).  
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As expected, AEs of ‘special interest’ to the known safety profile of bevacizumab were 

approximately twice as common in patients randomized to RA-CHOP than to R-CHOP, mainly due to the 

four-fold higher incidence of hypertension and approximately two-fold higher incidence of bleeding, CHF, 

and gastrointestinal perforation (Table 2). The majority of bleeding events in both arms were grade 1/2, 

with grade ≥3 events reported in 0.3% and 2.0% of patients in the R-CHOP and RA-CHOP arms, 

respectively. Intracranial bleeding events occurred in 3 patients treated with R-CHOP and 1 patient 

treated with RA-CHOP. Relative to patients in the R-CHOP arm, individuals in the RA-CHOP arm were at 

higher risk of LVEF AEs (18% versus 8%; OR=2.51; 95% CI: 1.60-3.93). This risk increased over time, 

particularly after 6 months of treatment with bevacizumab (data not shown). Overall, RA-CHOP-treated 

patients were more likely to experience CHF events (16% versus 6%; OR=2.79; 95% CI: 1.72-4.54). 

Although the rate of CHF events was similar for R-CHOP and RA-CHOP over the first 4-5 months of 

treatment, it plateaued for R-CHOP after month 5, but continued to increase until month 12 for RA-CHOP 

(Figure 3A). The divergence in CHF event rate between the treatment arms emerged at a cumulative 

bevacizumab dose of 110-150 mg/kg (Figure 3B). CHF risk was also affected by doxorubicin dose; CHF 

events began to increase at a cumulative doxorubicin dose of ≥200 mg/m
2
 in both treatment arms, with 

a further increase in risk at a cumulative doxorubicin dose ≥300 mg/m
2 

among RA-CHOP-treated patients 

(Figure 3C). An exploratory analysis revealed differences related to treatment schedule. For patients on a 

14-day cycle, the rate of CHF incidence relative to cumulative doxorubicin dose overlapped (Figure 3D), 

while there was separation of the curves by treatment group at cumulative doxorubicin doses higher 

than 300 mg/m
2
 for patients on a 21-day cycle (Figure 3E). The frequency of CHF events differed for 

R-CHOP and RA-CHOP across the patient subgroups investigated. In particular, patients <65 years 

receiving RA-CHOP were three-fold more likely to experience a CHF event than those receiving R-CHOP 

(Table 4). Multivariate logistic regression showed that other than treatment (RA-CHOP versus R-CHOP: 

OR=2.9; 95% CI: 1.8-4.7), the only other covariate that appeared to influence the occurrence of a CHF 

event was age (≥65 years versus <65 years: OR=1.6; 95% CI: 1.0-2.5). 
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Although CHF events were less likely to resolve without sequelae for RA-CHOP than R-CHOP 

(37% versus 22%), the rate of CHF events resulting in death was similar (3% versus 4% of patients with a 

CHF event). However, the median time until resolution of the CHF event was twice as long for patients 

treated with RA-CHOP versus R-CHOP (7.8 versus 3.5 months) (Table 3). 

Discussion 

The MAIN study demonstrated that the addition of bevacizumab to R-CHOP in patients with 

DLBCL increases the risk of LVEF and CHF events relative to standard R-CHOP treatment. The observed 

increase in cardiac risk occurred without improvement in PFS. In accordance with the recommendation 

of the DSMB, patient recruitment was stopped and treatment with bevacizumab discontinued. Our 

findings are supported by the recently published single-arm phase II SWOG 0515 trial involving 64 

patients with newly diagnosed DLBCL (NCT00121199). In SWOG 0515, RA-CHOP was also found to lead to 

an increased incidence of serious toxicities, including cardiac events and gastrointestinal perforations, 

with actuarial PFS rates comparable to those expected with R-CHOP treatment.
28

 Data from the SWOG 

0515 trial did not become available until after the discontinuation of bevacizumab treatment in the 

MAIN study. 

Both bevacizumab
26

 and doxorubicin
27

 can be cardiotoxic. However, we found the addition of 

bevacizumab to R-CHOP to exacerbate the cardiac risk seen with doxorubicin alone—a risk that was also 

observed in a phase II trial that was published after the design and conduct of the current study.
28 

In 

both the RA-CHOP and R-CHOP arms, the incidence of CHF events increased beginning at a cumulative 

doxorubicin dose of 200 mg/m
2
. However, while the event rate plateaued in the R-CHOP group despite 

increasing cumulative doxorubicin doses up to 400 mg/m
2
, it continued to increase in the RA-CHOP arm, 

particularly beyond a cumulative dose of doxorubicin of 300 mg/m
2
. This was coincident with a 

cumulative exposure to bevacizumab of 110-150 mg/kg. A significantly increased risk of CHF with 
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doxorubicin has previously been associated with increased cumulative doses of doxorubicin.
29 

Recruitment to an additional single-arm phase II trial examining treatment of DLBCL with RA-CHOP 

(NCT00788606) was closed after our interim findings became publically available. However, prior to 

study termination, patients had received median cumulative doses of bevacizumab and doxorubicin 

equivalent to 120 mg/kg and 300 mg/m
2
, respectively. Although there were no instances of symptomatic 

cardiac failure, 3 of the 6 study participants experienced asymptomatic decreases in LVEF.
30

 A similar 

onset threshold for doxorubicin dose (200 mg/m
2
) was observed in a multivariate analysis of the 

relationship between CHOP and cardiotoxicity in patients with aggressive NHL.
31

 

The exact mechanisms underlying doxorubicin- and bevacizumab-induced cardiotoxicity are not 

known. However, the cardiotoxic effects of doxorubicin have been linked to the generation of reactive 

oxygen species and oxidative stress and resulting cardiomyocyte death in preclinical studies.
32

 

Doxorubicin exposure has been shown to stimulate the expression of VEGF in endothelial cells.
33

 VEGF, in 

turn, has a cardioprotective role. It is up-regulated in both animal and human hearts exposed to hypoxic 

conditions
34-36

 and can prevent oxidative stress-induced apoptosis of endothelial cells in vitro.
29

 Thus, it 

may be that bevacizumab is not directly toxic to the heart, but rather its inhibition of endothelial VEGF 

expression prevents the ability of VEGF to counter the negative effects of doxorubicin.  

An exploratory analysis of the MAIN study indicated that the rate of CHF events differed by 

treatment schedule. CHF incidence was identical (14%) for patients administered chemotherapy every 14 

days for 6 cycles, irrespective of concomitant treatment with bevacizumab, which resulted in a maximum 

cumulative doxorubicin dose of 300 mg/m
2
. Among patients administered chemotherapy every 21 days 

for 8 cycles, which resulted in a maximum cumulative doxorubicin dose of 400 mg/m
2
, the rate of 

observed CHF events was 3.4-fold higher in the RA-CHOP (17%) versus R-CHOP (5%) arm, with increased 

incidence of CHF markedly apparent at cumulative doxorubicin doses of >300 mg/m
2
. However, direct 

comparison of the 14- and 21-day cycles with respect to CHF is confounded by differences in sample size 
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(n=80 for each R(A)-CHOP-14 group and n>300 for each R(A)-CHOP-21 group), and age of the patients 

(45% of patients were ≥65 years old in the R(A)-CHOP-14 group compared with 35% in the R(A)-CHOP-21 

group), as allocation to these groups was not randomized; length of cycle was not found to be a 

significant factor for occurrence of CHF events during multivariate analysis (p=0.4).  

The median time to resolution of a CHF event was twice as long for those that developed after 

treatment with RA-CHOP than those that occurred after treatment with R-CHOP. Although doxorubicin is 

generally believed to induce irreversible cardiotoxicity, 63% of RA-CHOP-treated patients in our study 

experienced only short-term transient impairment of LVEF that normalized spontaneously. This 

phenomenon has also been observed in a single-arm phase II study of patients with DLBCL treated with 

RA-CHOP.
30

 While it is unknown whether LVEF normalization is predictive of truly normalized cardiac 

function, together these data suggest that at least some instances of bevacizumab-associated 

cardiotoxicity may be potentially reversible.  

Our findings coupled with those of others
29-37

 do not support further evaluation of combination 

treatment with bevacizumab plus R-CHOP in patients with DLBCL. Indeed, it has been suggested that the 

tumor microenvironment may be predictive of a response to bevacizumab in DLBCL, and that 

bevacizumab may only be beneficial in DLBCL with high relative expression of a suite of endothelial 

markers and angiogenic regulators (the ‘stromal-2’ signature), that is associated with increased tumor 

blood vessel density.
38

  

However, investigations into alternate antiangiogenic therapies in DLBCL may still be warranted 

provided that their mechanism of action and potential interactions with anthracyclines are thoroughly 

explored and understood prior to the initiation of large scale clinical studies. In the interim, translational 

studies will explore pathologic correlates of angiogenesis and will seek to distinguish subgroups of 

patients with differential outcomes following bevacizumab treatment. Biomarker studies are also 
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underway and are attempting to identify biological correlates that can adequately predict which patients 

are likely to experience treatment-related cardiotoxicity.  

Authorship and Disclosures 

JFS designed and performed research, analyzed/interpreted data, and wrote/reviewed and 

approved the manuscript. MP designed and performed research, collected and analyzed/interpreted 

data, and wrote/reviewed and approved the manuscript. MT, LHS, and JC wrote/reviewed and approved 

the manuscript. EC and BC analyzed/interpreted data and wrote/reviewed and approved the manuscript. 

NM analyzed/interpreted data, performed statistical analyses, and wrote/reviewed and approved the 

manuscript. 

JFS has served as a compensated consultant for Roche and has received honoraria and lecture 

fees. MP has served as a compensated consultant for Boehringer Ingelheim, Celgene, Onyx, Pfizer, and 

Roche and has received research funding and lecture fees from Amgen and Roche. MT has served as an 

uncompensated consultant for Roche and has received research funding and lecture fees. LHS has served 

as a compensated consultant for Roche/Genentech within the past two years and has received research 

funding (Roche) and honoraria (Roche/Genentech). JC has served as a member of advisory committees 

for Roche and Celgene and has received lecture fees from Celgene. EC is a salaried employee of Roche. 

NM is a salaried employee of and has ownership interest in Roche. BC has served as a compensated 

consultant for Roche, Celgene, Millennium, AstraZeneca, Spectrum, Novartis, CTI, Astellas, and Celltrion. 

Funding 

The MAIN study was sponsored by F. Hoffman-La Roche Ltd. Support for third-party writing 

assistance for this manuscript was provided by F. Hoffmann-La Roche Ltd.  

Acknowledgements 



 

14 

 

The authors would like to thank the DSMB, as well as the study investigators who participated in 

the MAIN study. Special thanks to Alexey Kuzmin, Dzhelil Osmanov, Noppadol Siritanaratkul, Mario 

Petrini, Paula Marlton, Werner Linkesch, Rena Buckstein, Xiaonan Hong, Sergy Kravchenko, Oliver 

Manzke, Nathalie Cambon, and Javier Munoz. 



 

15 

 

References 

1. Foss HD, Araujo I, Demel G, Klotzbach H, Hummel M, Stein H. Expression of vascular endothelial 

growth factor in lymphomas and Castleman's disease. J Pathol. 1997;183(1):44-50. 

2. Krejsgaard T, Vetter-Kauczok CS, Woetmann A, Lovato P, Labuda T, Eriksen KW, et al. Jak3- and JNK-

dependent vascular endothelial growth factor expression in cutaneous T-cell lymphoma. Leukemia. 

2006;20(10):1759-66. 

3. Gratzinger D, Zhao S, Marinelli RJ, Kapp AV, Tibshirani RJ, Hammer AS, et al. Microvessel density and 

expression of vascular endothelial growth factor and its receptors in diffuse large B-cell lymphoma 

subtypes. Am J Pathol. 2007;170(4):1362-9. 

4. Potti A, Ganti AK, Kargas S, Koch M. Immunohistochemical detection of C-kit (CD117) and vascular 

endothelial growth factor (VEGF) overexpression in mantle cell lymphoma. Anticancer Res. 

2002;22(5):2899-901. 

5. Wang ES, Teruya-Feldstein J, Wu Y, Zhu Z, Hicklin DJ, Moore MA. Targeting autocrine and paracrine 

VEGF receptor pathways inhibits human lymphoma xenografts in vivo. Blood. 2004;104(9):2893-902. 

6. Cardesa-Salzmann TM, Colomo L, Gutierrez G, Chan WC, Weisenburger D, Climent F, et al. High 

microvessel density determines a poor outcome in patients with diffuse large B-cell lymphoma 

treated with rituximab plus chemotherapy. Haematologica. 2011;96(7):996-1001. 

7. Ganjoo KN, Moore AM, Orazi A, Sen JA, Johnson CS, An CS. The importance of angiogenesis markers in 

the outcome of patients with diffuse large B cell lymphoma: a retrospective study of 97 patients. 

J Cancer Res Clin Oncol. 2008;134(3):381-7. 



 

16 

 

8. Gratzinger D, Zhao S, Tibshirani RJ, Hsi ED, Hans CP, Pohlman B, et al. Prognostic significance of VEGF, 

VEGF receptors, and microvessel density in diffuse large B cell lymphoma treated with anthracycline-

based chemotherapy. Lab Invest. 2008;88(1):38-47. 

9. Roorda BD, Ter Elst A, Scherpen FJ, Meeuwsen-de Boer TG, Kamps WA, de Bont ES. VEGF-A promotes 

lymphoma tumour growth by activation of STAT proteins and inhibition of p27(KIP1) via paracrine 

mechanisms. Eur J Cancer. 2010;46(5):974-82. 

10. Paydas S, Seydaoglu G, Ergin M, Erdogan S, Yavuz S. The prognostic significance of VEGF-C and VEGF-

A in non-Hodgkin lymphomas. Leuk Lymphoma. 2009;50(3):366-73. 

11. Giantonio BJ, Catalano PJ, Meropol NJ, O'Dwyer PJ, Mitchell EP, Alberts SR, et al. Bevacizumab in 

combination with oxaliplatin, fluorouracil, and leucovorin (FOLFOX4) for previously treated metastatic 

colorectal cancer: results from the Eastern Cooperative Oncology Group Study E3200. J Clin Oncol. 

2007;25(12):1539-44. 

12. Sandler A, Gray R, Perry MC, Brahmer J, Schiller JH, Dowlati A, et al. Paclitaxel-carboplatin alone or 

with bevacizumab for non-small-cell lung cancer. N Engl J Med. 2006;355(24):2542-50. 

13. Reck M, von Pawel J, Zatloukal P, Ramlau R, Gorbounova V, Hirsh V, et al. Phase III trial of cisplatin 

plus gemcitabine with either placebo or bevacizumab as first-line therapy for nonsquamous non-

small-cell lung cancer: AVAil. J Clin Oncol. 2009;27(8):1227-34. 

14. Hurwitz H, Fehrenbacher L, Novotny W, Cartwright T, Hainsworth J, Heim W, et al. Bevacizumab plus 

irinotecan, fluorouracil, and leucovorin for metastatic colorectal cancer. N Engl J Med. 

2004;350(23):2335-42. 



 

17 

 

15. Stopeck AT, Unger JM, Rimsza LM, Bellamy WT, Iannone M, Persky DO, et al. A phase II trial of single 

agent bevacizumab in patients with relapsed, aggressive non-Hodgkin lymphoma: Southwest 

oncology group study S0108. Leuk Lymphoma. 2009;50(5):728-35. 

16. Pfreundschuh M, Schubert J, Ziepert M, Schmits R, Mohren M, Lengfelder E, et al. German High-

Grade Non-Hodgkin Lymphoma Study Group (DSHNHL). Six versus eight cycles of bi-weekly CHOP-14 

with or without rituximab in elderly patients with aggressive CD20+ B-cell lymphomas: a randomised 

controlled trial (RICOVER-60). Lancet Oncol. 2008;9(2):105-16. 

17. Pfreundschuh M, Trümper L, Osterborg A, Pettengell R, Trneny M, Imrie K, et al. MabThera 

International Trial Group. CHOP-like chemotherapy plus rituximab versus CHOP-like chemotherapy 

alone in young patients with good-prognosis diffuse large-B-cell lymphoma: a randomised controlled 

trial by the MabThera International Trial (MInT) Group. Lancet Oncol. 2006;7(5):379-91. 

18. Feugier P, Van Hoof A, Sebban C, Solal-Celigny P, Bouabdallah R, Fermé C, et al. Long-term results of 

the R-CHOP study in the treatment of elderly patients with diffuse large B-cell lymphoma: a study by 

the Groupe d'Etude des Lymphomes de l'Adulte. J Clin Oncol. 2005;23(18):4117-26. 

19. Coiffier B, Lepage E, Briere J, Herbrecht R, Tilly H, Bouabdallah R, et al. CHOP chemotherapy plus 

Rituximab compared with CHOP alone in elderly patients with diffuse large-B-cell lymphoma. N Engl J 

Med. 2002;346:235-42. 

20. National Comprehensive Cancer Network. Clinical Practice Guidelines in Oncology: Non-Hodgkin 

Lymphomas. http://www.nccn.org/professionals/physician_gls/PDF/nhl.pdf. 2011. 

21. Habermann TM, Weller EA, Morrison VA, Gascoyne RD, Cassileth PA, Cohn JB, et al. Rituximab-CHOP 

versus CHOP alone or with maintenance rituximab in older patients with diffuse large B-cell 

lymphoma. J Clin Oncol. 2006;24(19):3121-7. 



 

18 

 

22. Schmitz N, Nickelsen M, Ziepert M, Haenel M, Borchmann P, Schmidt C, et al. German High-Grade 

Lymphoma Study Group (DSHNHL). Conventional chemotherapy (CHOEP-14) with rituximab or high-

dose chemotherapy (MegaCHOEP) with rituximab for young, high-risk patients with aggressive B-cell 

lymphoma: an open-label, randomised, phase 3 trial (DSHNHL 2002-1). Lancet Oncol. 

2012;13(12):1250-9. 

23. Sehn LH, Donaldson J, Chhanabhai M, Fitzgerald C, Gill K, Klasa R, et al. Introduction of combined 

CHOP plus rituximab therapy dramatically improved outcome of diffuse large B-cell lymphoma in 

British Columbia. J Clin Oncol. 2005;23(22):5027-33. 

24. Ganjoo KN, An CS, Robertson MJ, Gordon LI, Sen JA, Weisenbach J, et al. Rituximab, bevacizumab and 

CHOP (RA-CHOP) in untreated diffuse large B-cell lymphoma: safety, biomarker and pharmacokinetic 

analysis. Leuk Lymphoma. 2006;47(6):998-1005. 

25. Cheson BD, Pfistner B, Juweid ME, Gascoyne RD, Specht L, Horning SJ, et al. Revised response criteria 

for malignant lymphoma. J Clin Oncol. 2007;25(5):579-86. 

26. Choueiri TK, Mayer EL, Je Y, Rosenberg JE, Nguyen PL, Azzi GR, et al. Congestive heart failure risk in 

patients with breast cancer treated with bevacizumab. J Clin Oncol. 2011;29(6):632-8. 

27. Lefrak EA, Pitha J, Rosenheim S, Gottlieb JA. A clinicopathologic analysis of adriamycin cardiotoxicity. 

Cancer. 1973;32(2):302-14. 

28. Stopeck AT, Unger JM, Rimsza LM, LeBlanc M, Farnsworth B, Iannone M, et al. A phase 2 trial of 

standard-dose cyclophosphamide, doxorubicin, vincristine, prednisone (CHOP) and rituximab plus 

bevacizumab for patients with newly diagnosed diffuse large B-cell non-Hodgkin lymphoma: SWOG 

0515. Blood. 2012;120(6):1210-7. 



 

19 

 

29. Von Hoff DD, Layard MW, Basa P, Davis HL Jr, Von Hoff AL, Rozencweig M, et al. Risk factors for 

doxorubicin-induced congestive heart failure. Ann Intern Med. 1979;91(5):710-7. 

30. Limat S, Demesmay K, Voillat L, Bernard Y, Deconinck E, Brion A, et al. Early cardiotoxicity of the 

CHOP regimen in aggressive non-Hodgkin's lymphoma. Ann Oncol. 2003;14(2):277-81. 

31. Zhang YW, Shi J, Li YJ, Wei L. Cardiomyocyte death in doxorubicin-induced cardiotoxicity. Arch 

Immunol Ther Exp (Warsz). 2009;57(6):435-45. 

32. Chiusa M, Hool SL, Truetsch P, Djafarzadeh S, Jakob SM, Seifriz F, et al. Cancer therapy modulates 

VEGF signaling and viability in adult rat cardiac microvascular endothelial cells and cardiomyocytes. J 

Mol Cell Cardiol. 2012;52(5):1164-75. 

33. Lee SH, Wolf PL, Escudero R, Deutsch R, Jamieson SW, Thistlethwaite PA. Early expression of 

angiogenesis factors in acute myocardial ischemia and infarction. N Engl J Med. 2000;342(9):626-33. 

34. Wu G, Mannam AP, Wu J, Kirbis S, Shie JL, Chen C, et al. Hypoxia induces myocyte-dependent COX-2 

regulation in endothelial cells: role of VEGF. Am J Physiol Heart Circ Physiol. 2003;285(6):H2420-9. 

35. Ning XH, Chen SH, Buroker NE, Xu CS, Li FR, Li SP, et al. Short-cycle hypoxia in the intact heart: 

hypoxia-inducible factor 1alpha signaling and the relationship to injury threshold. Am J Physiol Heart 

Circ Physiol. 2007;292(1):H333-41. 

36. Nako H, Kataoka K, Koibuchi N, Dong YF, Toyama K, Yamamoto E, et al. Novel mechanism of 

angiotensin II-induced cardiac injury in hypertensive rats: the critical role of ASK1 and VEGF. 

Hypertens Res. 2012;35(2):194-200. 

37. The International Non-Hodgkin's Lymphoma Prognostic Factors Project. A predictive model for 

aggressive non-Hodgkin's lymphoma. N Engl J Med. 1993;329(14):987-94. 



 

20 

 

38. Lenz G, Wright G, Dave SS, Xiao W, Powell J, Zhao H, et al. Stromal gene signatures in large-B-cell 

lymphomas. N Engl J Med. 2008;359(22):2313-23. 

 



 

21 

 

Table 1. Demographics and baseline disease characteristics of the ITT population. 

 R-CHOP 

(n=397) 

RA-CHOP 

(n=390) 

Female sex, n (%) 193 (49) 207 (53) 

Median age, years (range) 

<65 years, n (%) 

≥65 years, n (%) 

61 (18-82) 

241 (61) 

156 (39) 

61 (19-89) 

247 (63) 

143 (37) 

Geographic region, n (%) 

Eastern and Western Europe 

South, Central, and North America 

Other 

 

212 (53) 

87 (22) 

98 (25) 

 

209 (54) 

85 (22) 

96 (25) 

ECOG PS, n/N (%) 

0–1 

2–3 

 

 

321/395 (81) 

74/395 (19) 

 

 

308/389 (79) 

81/389 (21) 

 

IPI risk factors, n/N (%) 

0-1 

2 

3–5 

 

 

65/397 (16) 

162/397 (41) 

170/397 (43) 

 

 

48/389 (12) 

177/389 (46) 

164/389 (42) 

 

Bulky disease (≥7.5 cm), n (%) 198 (50) 195 (50) 

Median LVEF (range) 65 (47-90) 65 (48-88)  

Elevated LDH (>ULN), n (%) 259 (65) 252 (65) 
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Treatment schedule, n (%)  

R-CHOP-14 

R-CHOP-21  

 

81 (20) 

316 (80) 

 

80 (21) 

310 (80) 

ECOG PS: Eastern Cooperative Oncology Group performance status; IPI: international prognostic index; 

ITT: intent to treat; LDH: lactate dehydrogenase; LVEF: left ventricular ejection fraction; R-CHOP: 

rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone; RA-CHOP: bevacizumab plus 

rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone; ULN: upper limit of normal. 
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Table 2. Summary of the most common AEs. 

 

R-CHOP 

(n=386) 

RA-CHOP 

(n=395) 

Patients with any AE, n (%)* 

Nausea 

Neutropenia 

Diarrhea 

362 (94)  

106 (28) 

125 (32) 

84 (22)  

387 (98) 

108 (27) 

93 (24) 

99 (25) 

   

Patients who discontinued any treatment due to 

an AE, n (%) 

Left ventricular dysfunction 

Ejection fraction decrease 

Febrile neutropenia 

 

47 (12) 

5 

5 

2 

 

100 (25) 

19 (5) 

8 

6 

Patients with AE of special interest to 

bevacizumab (any grade), n (%) 

Bleeding 

CHF† 

Hypertension 

Venous thrombosis 

Cardiac disorders (excluding CHF and ATEs) 

Gastrointestinal perforation 

 

96 (25) 

31 (8) 

22 (6) 

14 (4) 

19 (5) 

11 (3) 

3 

 

187 (47) 

77 (19) 

64 (16) 

64 (16) 

17 (4) 

13 (3) 

11 (3) 

Patients with SAE, n (%) 173 (45) 224 (57) 
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Febrile neutropenia 

Pneumonia 

Pyrexia 

48 (12) 

16 (4) 

15 (4) 

63 (16) 

22 (6) 

14 (4) 

*Percentages have not been calculated for patient values <10.  

†Includes CHF events that were reported up to the standard cutoff for reporting AEs of special interest 

(day 183). 

AE: adverse event; ATE: arterial thrombotic event; CHF: congestive heart failure; R-CHOP: rituximab plus 

cyclophosphamide, doxorubicin, vincristine, and prednisone; RA-CHOP: bevacizumab plus rituximab, 

cyclophosphamide, doxorubicin, vincristine, and prednisone; SAE: serious adverse event. 
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Table 3. CHF event outcomes by treatment arm. 

 

R-CHOP 

(n=386) 

RA-CHOP 

(n=395) 

Patients with any CHF (all grade), n (%)* 25 (6) 64 (16) 

CHF events, n (%) 27 (7) 68 (17) 

Grade ≥3 6 (2) 26 (7) 

Outcome, n (%) (n=27) (n=68) 

Resolved, no sequelae  21 (78) 43 (63) 

Resolved, with sequelae 1 (4) 9 (13) 

Unresolved 4 (15) 14 (21) 

Death 1 (4) 2 (3) 

Median duration of CHF, m (95% CI) 3.5 (1.9 - 9.0) 7.8 (5.2 - 12.8) 

  

*Includes CHF events that were reported up to the final cutoff. 

CHF: congestive heart failure; CI: confidence interval; R-CHOP: rituximab plus cyclophosphamide, 

doxorubicin, vincristine, and prednisone; RA-CHOP: bevacizumab plus rituximab, cyclophosphamide, 

doxorubicin, vincristine, and prednisone.
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Table 4. Subgroup analysis of CHF events by treatment arm.  

  Patients, n R-CHOP, % Patients, n RA-CHOP, % Odds ratio 95% CI for odds ratio 

All  386 6.5 395 16.2 2.79 1.72–4.54 

Chemotherapy 

backbone 

R-CHOP-14 80 13.8 80 13.8 1.00 0.41–2.46 

R-CHOP-21 306 4.6 315 16.8 4.22 2.29–7.78 

Age <65 years 236 4.7 250 14.0 3.33 1.65–6.72 

≥65 years 150 9.3 145 20.0 2.43 1.23–4.81 

Sex Male 201 6.0 185 15.1 2.81 1.38–5.71 

Female 185 7.0 210 17.1 2.74 1.40–5.34 

Thoracic 

radiotherapy 

Yes 76 3.9 67 19.4 5.86 1.59–21.58 

No 310 7.1 328 15.5 2.41 1.42–4.08 

History of 

hypertension 

Yes 126 9.5 133 19.5 2.31 1.11–4.81 

No 260 5.0 262 14.5 3.22 1.67–6.21 

Hypertension 

as AE 

Yes 14 14.3 66 13.6 0.95 0.18–4.95 

No 372 6.2 329 16.7 3.05 1.83–5.08 

Baseline LVEF <60% 68 14.7 71 23.9 1.83 0.77–4.33 

≥60% 317 4.7 321 14.6 3.45 1.89–6.32 

 

CI: confidence interval; AE: adverse event; CHF: congestive heart failure; CI: confidence interval; LVEF: left ventricular ejection fraction; OR: odds 

ratio; R-CHOP: rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone; RA-CHOP: bevacizumab plus rituximab, 

cyclophosphamide, doxorubicin, vincristine, and prednisone. 
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Figure Legends 

Figure 1. (A) Study design and (B) patient disposition.  

*Five patients did not receive study drug and were included in the ITT, but not in the SAP. Seven patients 

randomized to R-CHOP received bevacizumab in error.  

†One patient did not receive study drug and was included in the ITT, but not in the SAP. One patient 

randomized to RA-CHOP did not receive bevacizumab in error. 

BV: bevacizumab; CR: complete response; CRu: unconfirmed complete response; ITT: intent to treat; MR: 

minor response; PFS: progression-free survival; PR: partial remission; OS: overall survival; R-CHOP: 

rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone; RA-CHOP: bevacizumab plus 

rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone; SAP: safety analysis population. 

Figure 2. Kaplan-Meier analysis of (A) PFS and (B) OS by treatment arm.  

CI: confidence interval; HR: hazard ratio; PFS: progression-free survival; OS: overall survival; R-CHOP: 

rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone; RA-CHOP: bevacizumab plus 

rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone. 

Figure 3. Kaplan-Meier analysis of (A) the time to first CHF event by treatment arm, (B) cumulative 

bevacizumab dose to first CHF event, (C) cumulative doxorubicin dose to first CHF event, and 

cumulative doxorubicin dose to first CHF event for (D) R-CHOP-14  and (E) R-CHOP-21 backbone 

treatments. 

CHF: congestive heart failure; CI: confidence interval; HR: hazard ratio; R-CHOP: rituximab plus 

cyclophosphamide, doxorubicin, vincristine, and prednisone; RA-CHOP: bevacizumab plus rituximab, 

cyclophosphamide, doxorubicin, vincristine, and prednisone. 










