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Background: E2104 was designed to evaluate the safety of two different strategies incorporating bevacizumab into

anthracycline-containing adjuvant therapy as a precursor to a definitive randomized phase III trial.

Patients and methods: Patients were sequentially assigned to one of two treatment arms. In addition to dose-

dense doxorubicin and cyclophosphamide followed by paclitaxel (Taxol) (ddAC/T), all patients received
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bevacizumab (10 mg/kg every 2 weeks · 26) initiated either concurrently with AC (Arm A: ddBAC/BT/B) or with

paclitaxel (Arm B: ddAC/BT/B). The primary end point was incidence of clinically apparent cardiac dysfunction

(CHF).

Results: Patients enrolled were 226 in number (Arm A 104, Arm B 122). Grade 3 hypertension, thrombosis,

proteinuria and hemorrhage were reported for 12, 2, 2 and <1% of patients, respectively. Two patients developed

grade 3 or more cerebrovascular ischemia. Three patients in each arm developed CHF. There was no significant

difference between arms in the proportion of patients with an absolute decrease in left ventricular ejection fraction of

>15% or >10% to below the lower limit of normal post AC or post bevacizumab.

Conclusions: Incorporation of bevacizumab into anthracycline-containing adjuvant therapy does not result in

prohibitive cardiac toxicity. The definitive phase III trial (E5103) was activated with systematic and extensive cardiac

monitoring to define the true impact of bevacizumab on cardiac function.
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introduction

Breast cancer remains a devastating disease affecting the lives of
194 000 women and resulting in nearly 40 600 deaths in the
Unites States each year [1]. Improved early detection and
advances in systemic therapy for early-stage disease have led to
a small decline in overall breast cancer mortality since 1989 [2].
Further advances will require new therapeutic strategies that are
firmly rooted in an understanding of breast cancer biology.
Inhibition of the vascular endothelial growth factor (VEGF)
provides one such potentially fruitful therapeutic target [3].
Bevacizumab, a monoclonal antibody that recognizes all
isoforms of VEGF-A, improves response rate and progression-
free survival though not overall survival when combined with
initial chemotherapy in patients with metastatic breast cancer-
lacking overexpression of the human epidermal growth factor 2
(HER2) [4–7].

Experience gained in patients with advanced disease is
meaningful, but even large trials of patients with metastatic
disease provide long-term safety data in only a limited number
of patients. Feasibility studies in the adjuvant setting are
a necessary prerequisite to identify toxic effects that might not
be acceptable in an otherwise healthy patient population,
thereby limiting exposure and avoiding premature closure of
a large adjuvant trial [8–10]. In this case, small trials suggested
a potential increase in cardiac toxicity when bevacizumab was
combined with chemotherapy regimens that included
anthracyclines. Wedam [11] treated 20 patients with
inflammatory breast cancer with neoadjuvant docetaxel,
doxorubicin, cyclophosphamide, and bevacizumab. Though no
patient developed clinically apparent cardiac dysfunction
(CHF), two patients had asymptomatic decreases in left
ventricular ejection fraction (LVEF) to <40% [11]. Of the 17
sarcoma patients treated with bevacizumab and high-dose
doxorubicin (75 mg/m2), 2 developed clinical CHF; an
additional four patients had asymptomatic decreases in LVEF
[12]. Of the 48 patients with refractory acute myelogenous
leukemia, 5 developed either clinical CHF or a decline in
LVEF to <40% [13]. In contrast, clinical CHF has not been
reported in patients without prior or concurrent
anthracycline exposure [14, 15]. E2104 was therefore
designed to ensure that the addition of bevacizumab to
anthracycline-based adjuvant therapy would not result in
prohibitive cardiac toxicity.

patients and methods

patient eligibility
Patients must have had histologically confirmed adenocarcinoma of the

breast with involvement of at least one axillary or internal mammary lymph

node on routine histological examination with hematoxylin and eosin

staining. Patients must have completed definitive breast surgery >28 days

and £84 days from the start of protocol therapy. Patients with synchronous

bilateral breast cancer were eligible if the higher TNM (tumor–node–

metastasis) stage tumor met the eligibility criteria for the trial. All patients

had to have adequate renal, hepatic, and hematologic function. LVEF above

the institutional lower limit of normal was required.

Patients with HER2 positive disease, defined as 3+ by

immunohistochemistry or gene amplification by fluorescence in situ

hybridization, were excluded. Patients must not have received prior cytotoxic

chemotherapy, hormonal therapy, or radiation for this breast cancer. Prior

treatment with an anthracycline, anthracenedione, or taxane for any

condition was not allowed. Prior use of tamoxifen or raloxifene for

chemoprevention was allowed but must have been discontinued at study

entry. Additionally, patients were excluded if they had major surgery within 4

weeks, nonhealing wound or fracture, infection requiring parenteral

antibiotics, or clinically significant cardiovascular disease. Therapeutic

anticoagulation, regular nonsteroidal anti-inflammatory medication, and

aspirin (>325 mg/day) were prohibited, but prophylactic low-dose

anticoagulants were permitted.

The study was coordinated by Eastern Cooperative Oncology Group

(ECOG) with collaboration by the NCCTG (North Central Cancer

Treatment Group) and CALGB (Cancer and Leukemia Group B). Local

institutional review boards approved the protocol and patients provided

written informed consent before screening.

treatment plan
All patients received dose-dense doxorubicin and cyclophosphamide

followed by paclitaxel (ddAC/T) as in the CALGB9741 [16] trial in

combination with bevacizumab (10 mg/kg every 2 weeks · 26) initiated

either concurrently with AC (Arm A: ddBAC/BT/B) or paclitaxel (Arm

B: ddAC/BT/B). Bevacizumab was administered after chemotherapy,

initially over 90 min; subsequent infusions were reduced to 60 min, and

then 30 min as tolerated. Radiation therapy (RT) was required for all

patients treated with breast-conserving surgery; postmastectomy RT was

administered at the discretion of the treating physician according to

institutional guidelines. Hormonal therapy was recommended for all

patients with tumors expressing estrogen and/or progesterone receptors.

When indicated, RT and hormonal therapy were to commence within 6

weeks of the completion of chemotherapy and were administered

concurrently with bevacizumab.
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Chemotherapy dose modifications were mandated for hematologic and

nonhematologic toxicity as in C9741 [16]. Bevacizumab therapy was

interrupted for proteinuria ‡3500 mg/24 h. Antihypertensive therapy was at

the investigator’s discretion. Bevacizumab was permanently discontinued

for symptomatic hypertension, nephrotic syndrome, venous thrombosis

requiring anticoagulation, arterial thrombosis, serious bleeding, bowel

perforation, or wound dehiscence. Chemotherapy dose reduction did not

impact bevacizumab dose. However, if a chemotherapy cycle was delayed,

bevacizumab therapy was delayed to maintain concurrent administration. If

chemotherapy was permanently discontinued due to toxicity, patients could

complete therapy with bevacizumab alone.

Bevacizumab was held and cardiac evaluation repeated in 4 weeks in

patients for an absolute decrease in LVEF ‡16% or a decrease of 10%–15% to

a value less than lower limit of normal (LLN). Bevacizumab was continued

but cardiac evaluation repeated in 4 weeks in patients with an LVEF decrease

<10% to <LLN. Bevacizumab was permanently discontinued in all patients

with symptomatic CHF and those with cardiac assessments requiring

bevacizumab to be held at two consecutive or three intermittent time points.

safety assessments
Complete blood counts were assessed before each chemotherapy infusion.

Serum chemistry and physical examination were required every other

treatment cycle; urine protein : creatinine ratio was assessed approximately

every 4 cycles. Adverse events were assessed during and for 3 years post

treatment, unless patients initiated non-protocol therapy or had progression

of disease. All toxic effects were graded according to the National Cancer

Institute—Common Toxicity Criteria (NCI-CTCAE) version 3.0.

primary end point—definition and assessment of clinical CHF
The primary end point was clinical CHF defined as symptomatic decline in

LVEF to <LLN or symptomatic diastolic dysfunction. Symptoms considered

indicative of CHF included grade 2 or higher dyspnea, grade 1 dyspnea

associated with an LVEF <40%, and edema. Auscultation of an S3 gallop,

bibasilar rales, or documented cardiomegaly also constituted signs of clinical

CHF.

Cardiac assessment with either multiple-gated acquisition scan (MUGA)

or echocardiography and a physician-directed cardiac symptoms

assessment were carried out within 8 weeks before registration, then day 1

of cycles 5, 9, 17, and within 2 weeks of completing bevacizumab for both

arms as well as day 1 of cycle 24 for Arm A and cycle 25 for Arm B. Once off

protocol treatment, cardiac assessment continued every 3 months for two

additional assessments (Figure 1).

statistical design and analysis
E2104 was a two-arm nonrandomized phase II trial; accrual to Arm B was to

begin immediately upon completion of accrual to Arm A. The sequential

design allowed for more rapid completion of Arm A, the treatment strategy

proposed for the subsequent definitive phase III trial. Arm B was included to

assess the safety of the alternate sequential approach in the event that cardiac

toxicity in Arm A was prohibitive. A clinical CHF rate of 3.5% was considered

acceptable and a clinical CHF rate of 10% was considered unacceptably high.

The design required enrolling 101 patients on each arm. Allowing up to 5% of

the patients to not start treatment or to not have adequate cardiac function at

baseline, a total of 106 patients were to be entered per arm. Early stopping was

planned if at any time, ‡4 cases of clinical CHF were observed in the first 42

assessable patients in either arm; accrual was not interrupted for this interim

safety analysis. If >6 cases of clinical CHF were observed among 101 assessable

patients in either arm, then the null hypothesis rate of 3.5% was to be rejected.

Allowing for the early stopping rule, each arm had 9.8% chance of rejecting the

null hypothesis when the true clinical CHF rate was 3.5% and a 90.3% chance

of rejecting the null hypothesis when the true clinical CHF rate was 10%. The

study was also to be stopped early for excessive rates of grade 3 or higher

bleeding (‡1.5%) or grade 3 or higher thrombosis (‡5%) among the first 42

assessable patients in either arm.

Change in LVEF regardless of clinical symptoms was a secondary end

point. The proportion of patients with an absolute decrease from baseline

Figure 1. (A) Study schema and treatment regimen. (B) Timing of cardiac assessments. End of treatment (End Rx) cardiac evaluation carried out within 2

weeks of completion of treatment irrespective of the reason treatment was discontinued. Each cardiac evaluation included measurement of left ventricular

ejection fraction and physician-directed cardiac symptom assessment.
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of >15% or >10% to below the LLN was calculated within each arm at all

time points that LVEF was assessed. If the early stopping criteria was not

met on both arms, that same proportion was compared between arms post

AC and post bevacizumab using Fisher’s exact test to begin to explore if the

addition of bevacizumab to AC increased those rates.

Consistent with the objectives of this study and in recognition of the

limitations of the sample size, disease-free and overall survival data were not

analyzed.

results

Between October 2005 and November 2006, 226 patients were
enrolled. All treated patients (n = 223) were evaluated for toxicity
(Figure 2); overall, three patients (1.3%) did not start treatment
and were excluded from the toxicity analyses. Baseline
demographic and tumor characteristics are summarized in Table
1. Just over 50% of patients completed treatment per protocol;
32% of patients in Arm A and 30% of patients in Arm B
discontinued treatment due to adverse events. Other recurring
reasons for discontinuation of protocol therapy included patient
withdrawal (Arm A = 12%, Arm B = 9%), disease progression
(Arm A = 0, Arm B = 2.5%), and unrelated illness (Arm A = 0,
Arm B = 1.7%). The majority of early discontinuations, regardless
of reason, occurred during maintenance bevacizumab.

Overall, three patients in each arm [Arm A-2.9%, 95%
confidence interval (CI): 0.6% to 8.3%; Arm B-2.5%, 95% CI:
0.5% to 7.13%] developed clinical CHF (Table 2). Clinical CHF
occurred throughout the planned treatment course and was not
clearly related to RT; no obvious risk factors were identified.
CHF appeared largely reversible with four of six patients
reporting recovery of LVEF to within the normal range at
a subsequent time point. Sequential assessment of cardiac
function is summarized in Table 3. There was no significant
difference between arms in the proportion of patients with an
absolute decrease in LVEF of >15% or >10% to below the LLN
post AC (7% versus 4%, P = 0.23; Fisher’s exact test) or post
bevacizumab (15% versus 12%, P = 0.64; Fisher’s exact test) in
Arms A and B, respectively.

Grade 3 hypertension was reported for 12% of patients and
was generally managed with medical therapy; no patient

experienced grade 4 hypertension (Table 4). Proteinuria was
common but rarely clinically significant. Bevacizumab clearly
increased minor mucosal bleeding, principally grade 1/2
epistaxis; grade 3 bleeding was reported by only one patient.
Grade 4 hemorrhage was not reported. The overall incidence of
thromboembolic events was infrequent; however, two patients
experienced cerebrovascular ischemia and one patient
developed cardiac ischemia. The 1.3% rate of arteriothrombotic
events is similar to that reported with chemotherapy and
bevacizumab regimens in the metastatic setting.

The expected noncardiac chemotherapy-related toxic effects were
comparable to those reported in C9741 [16]. Myelosuppression was
common but neutropenic fever or serious infectious complications
were infrequently reported. Sensory neuropathy, myalgia, and
arthralgia were reported by nearly three out of four patients but
reached grade 3 severity in £10% of patients. There were no
treatment-related deaths [17].

discussion

This pilot trial was conducted to ensure that the addition of
bevacizumab to sequential anthracycline- and taxane-containing
adjuvant therapy did not expose patients with potentially curable
disease to unacceptable cardiac toxicity. Previous adjuvant trials,
including C9741, have reported cardiac toxicity based on
a modified version of the NCI–CTC criteria alone. However, as
the true impact of an asymptomatic decline in LVEF remains
unclear and there is variability in assessment of LVEF by both
echocardiography [18] and MUGA [19, 20], we chose ‘clinical’
CHF as the most relevant safety end point. In practice, risk must
always be viewed in the context of benefit. Designing clinical
trials when benefit is necessarily unknown requires arbitrary
decisions regarding the level of risk that would be acceptable. We
based our assumptions on the prior experience with trastuzumab
[21]. As such, we agreed a priori that a rate of clinical CHF of
3.5% would allow the definitive randomized trial to proceed.
Using that definition, the results of E2104 support the conduct of
the ongoing E5103 adjuvant trial, including the extensive cardiac
monitoring requirements.

Heightened awareness of the potential for cardiac toxicity and
serial monitoring may have increased reports of clinical CHF,
a form of ascertainment bias. However, similar results have been
reported in other pilot trials conducted independently [22].
McArthur et al. [23] treated 80 patients with ddAC followed by
nanoparticle paclitaxel; bevacizumab was initiated concurrently
with chemotherapy and continued for 1 year. One patient
developed clinical CHF and six had asymptomatic declines in
LVEF requiring treatment to be held [23]. Serial assessment of
serum troponin did not predict either CHF or change in LVEF
[24]. Yardley et al. [25] reported preliminary results of a pilot
study adding bevacizumab to one of three different adjuvant
chemotherapy regimens: (i) doxorubicin + cyclophosphamide
followed by docetaxel (AC/D), (ii) docetaxel + doxorubicin +
cyclophosphamide (TAC), or (iii) docetaxel + carboplatin +
trastuzumab (TCH—HER2+ patients only). All chemotherapy
regimens were administered every 3 weeks with granulocyte
growth factor prophylaxis; bevacizumab was initiated with
chemotherapy and continued for 1 year. Of patients who had
completed four cycles of therapy, 1/53 in Arm A and 2/52 in

Figure 2. Consort diagram. All treated patients are included in the

toxicity analyses. Consistent with the objectives of this study and in

recognition of the small sample size, no efficacy analyses were carried out

*Metastatic breast cancer.
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Arm B developed CHF [25]. Mayer et al. [26] treated four
sequential 40-patient cohorts with residual disease after standard
neoadjuvant chemotherapy; 95% had received prior
anthracycline therapy. All patients received with bevacizumab for
1 year as monotherapy, with metronomic chemotherapy for 6
months or with capecitabine for 18 weeks (two cohorts with
differing capecitabine schedules). Two patients developed clinical
CHF at 4 and 11 months; one patient with a history of mantle
RT for lymphoma died of progressive CHF. At 6 months, 11
patients experienced a drop in LVEF of 10%–14%; LVEF
declined ‡15% in two patients [26].

Our study has important limitations. E2104 was not designed
to provide a discrete point estimate of the impact of
bevacizumab on cardiac function. Rather, we sought to exclude
an unacceptable risk and to inform the monitoring strategy for
the planned definitive trial. Larger studies with a chemotherapy

alone arm will further define the true impact of bevacizumab.
In addition, we necessarily focused on acute events. Limited
data are available on long-term cardiac safety of adjuvant
anthracycline chemotherapy in breast cancer patients.
However, recent analysis of the Surveillance, Epidemiology, and
End Results Medicare database found an adjusted hazard ratio
for CHF of 1.26 (95% CI = 1.12–1.42) for women aged 66–70
treated with anthracycline-based compared with non-
anthracycline-based chemotherapy [27]. The difference in rates
of CHF continued to increase through >10 years of follow-up.
Though E5103 was recently amended to collect 2-year post-
registration cardiac events, the true impact may not be known
for decades. Finally, declining compliance with LVEF
assessments throughout the study period (Table 3) may result
in an underestimate of the rate of asymptomatic LVEF decline.
However, with the attention to cardiac toxicity and extensive

Table 2. Patients with clinical CHF

Age Baseline LVEF (%) Time of CHF LVEF at CHF (%) Primary RT CHF before RT Follow-up LVEF (%) HTN

Arm A 76 55 6 monthsa 25 left yes no NA G2 at baseline

40 59 C5 40 left no — 57 at 9 months G1 at C4

57 54 C24 30 left yes no 34 at End Rx G1 at C9

Arm B 49 57 C5 45 left yes yes 57 at 9 —

42 60 9 monthsb 40 right no — 60 at 18 months G2 at C1, C7 and G1 at C5,

C6, C16

48 70 C9 45 left yes yes 55 at 15 months —

CHF, cardiac dysfunction; End Rx, end of treatment; LVEF, Left ventricular ejection fraction; RT, radiation therapy; HTN, hypertension; NA, not available.
aPost registration. Patient completed six cycles of therapy, CHF first documented �3 months after treatment was discontinued.
bPost registration. Patient completed 17 cycles of therapy. CHF first documented �2 months after treatment was discontinued.

Table 1. Patient demographics and disease characteristics

Arm A (N = 103) Arm B (N = 120) Total (N = 223)
n (%) n (%) n (%)

Median age (years) 50 (33–76) 50 (27–76) 50 (27–76)

ECOG PS 0 96 (93) 102 (85) 198 (89)

Median tumor size (cm) 2.4 (0.5–9.0) 2.3 (0.2–12.3) 2.3 (0.2–12.3)

Median number of involved

lymph nodesa

3 (0–23) 4 (1–53) 3 (0–53)

Surgery and radiation

BCSb 1 (1) 1 (1) 2 (1)

BCS + RT 33 (32) 46 (38) 79 (35)

Mastectomy 22 (21) 23 (19) 45 (20)

Mastectomy + RT 47 (46) 50 (42) 97 (43)

Histological gradec

I 8 (8) 12 (10) 20 (9)

II 45 (46) 49 (42) 94 (44)

III 46 (46) 56 (48) 102 (47)

ER and PgR status

ER2/PgR2 24 (23) 33 (28) 57 (26)

ER+ and/or PgR+ 79 (77) 87 (73) 166 (74)

Includes all treated patients. BCS, breast-conserving surgery; ECOG, Eastern Cooperative Oncology Group; ER, estrogen receptor; PgR, progesterone

receptor; RT, radiation therapy.
aOne patient with node negative disease was classified as ineligible. She was treated per protocol and thus is included in the safety analyses.
bReasons for no RT include patient refusal and disease recurrence.
cGrade was unknown in four and three patients on each arm respectively
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monitoring required in this trial, it seems less likely to have
significantly impacted the detection of clinical CHF.

While the rate of CHF was not prohibitive, the overall rate of
discontinuation before completion of planned therapy (nearly
50%) was somewhat surprisingly high. Most patients stopped
due to an adverse event but no single adverse event
predominated and toxicity rarely reached grade 3 severity. In
comparison, �25% to 30% of patients in the adjuvant
trastuzumab trials discontinued trastuzumab before completing
planned therapy [28], while <20% of patients are non-adherent

with anastrazole [29] within the first year of therapy. This may
reflect a difference in willingness of patients and treating
physicians to accept even mild toxic effects in a pilot trial
setting. As many of the bevacizumab-specific toxic effects have
a constant cumulative risk over time [30], further attrition
should be expected in trials using a longer duration of therapy.

While it is tempting to post hoc conclude that the level of
discontinuation means the regimen is ‘not feasible’, such a global
feasibility end point was not defined prospectively. At the
extreme, therapy that cannot be administered cannot be
effective. However, calculation of the impact of early
discontinuation on the ability of a subsequent trial to determine
benefit requires knowledge of both the benefit and the impact of
duration of therapy—factors that remain unknowable.
Subsequent pilot trials should consider including detailed
investigation of patient-reported outcomes to further define the
reasons for treatment discontinuation. Such information could
guide the design of subsequent trials, as well as the development
of strategies to mitigate toxicity and enhance adherence.
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