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Abstract: 

Purpose: To test the hypothesis that anti-angiogenic treatment with sunitinib 

consolidation can prolong remissions induced by taxane-based chemotherapy in 

women with metastatic breast cancer. 

Patients and methods: This was a two-arm open-label (2:1 randomization)  

multicenter, randomized phase II trial evaluating the efficacy of sunitinib (arm A) 

versus no therapy (arm B) in patients with HER-2-negative metastatic breast cancer 

who achieved an objective response to taxane-based chemotherapy.  

Results: The primary endpoint of progression-free survival (PFS) ≥ 5 months was 

achieved in 10 of 36 patients (28%) in arm A and 4 of 19 patients (21%) in arm B. 

The median PFS was 2.8 and 3.1 months, respectively. A protocol amendment to the 

sunitinib dosing schedule was made because 53% (17/32) of patients treated at a 

starting dose of 50 mg (4 weeks on/2 weeks off) required dose reduction. Changing 

the starting dose to sunitinib 37.5 mg continuously resulted in dose reductions in 44% 

(7/16) of patients. Grade III-IV toxicity occurred in 69% of patients in arm A (fatigue 

31%, musculoskeletal pain 11%, neutropenia and thrombopenia 8%) and 11% in arm 

B. 

Conclusion: This proof of principle study does not confirm the hypothesis that 

sunitinib consolidation therapy can lead to a predefined clinically relevant proportion 

of patients with PFS of ≥ 5 months after an objective response to taxanes. 

Furthermore, toxicity was significant. 
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Running head:  

SUCON trial: SUnitinib CONsolidation therapy in metastatic breast cancer 

 

Other information: 

Performed under the auspices of the Belgian Society of Medical Oncology (BSMO).  

 

This study has been presented as a poster presentation at the San Antonio Breast 

Cancer Symposium in December 2009 and at the European Breast Cancer 

Conference in Berlin in March 2010. 
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Introduction 

 

Although early breast can often be cured, there remains a significant risk of 

developing metastases, a clinical situation that is generally incurable. Several 

antitumor therapies, such as hormone therapy for hormone-sensitive disease, or 

chemotherapy, are capable of providing significant benefit, including increased 

survival and quality of life. An interesting category of drugs has emerged in cancer 

treatment, targeting the blood supply. This strategy, called antiangiogenic therapy, is 

rapidly evolving, and the anti-vascular endothelial growth factor (VEGF) antibody 

bevacizumab has recently been approved by the FDA and EMEA for use in 

combination with chemotherapy in patients with metastatic breast cancer. 

 

New drugs are generally tested in patients with metastatic disease, at a stage 

associated with a bulky tumor mass. However, antiangiogenic compounds may be 

more beneficial in the prevention of malignant progression when the tumor load has 

been reduced. Metastatic breast tumors  are relatively chemosensitive and a 

significant proportion of patients achieve an objective clinical response. Taxanes are 

considered the most active chemotherapeutic drugs in breast cancer. Tumor 

shrinkage following induction chemotherapy provides an excellent model to test the 

hypothesis that antiangiogenic drugs can prevent revascularization and malignant 

regrowth.  

 

Sunitinib is an orally administered small molecule inhibitor of multiple tyrosine kinase 

receptors including VEGF, platelet-derived growth factor (PDGF), c-KIT, and RET. 
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Sunitinib is established as a first-line therapy in metastatic renal cancer, in which the 

angiogenic pathway is constitutively activated, and as second-line therapy after 

imatinib for inoperable gastrointestinal stromal tumors (GIST), by targeting the mutant 

c-KIT receptor. In other cancers including breast cancer, modest single-agent 

antitumor activity has been observed [1]. This study was designed to test the 

hypothesis that sunitinib, a compound with a clinically proven antiangiogenic effect, 

can delay tumor progression after a taxane-induced objective partial or complete 

response (PR or CR). 

 

Materials and methods 

 

Patients with metastatic breast cancer achieving an objective response with taxane 

chemotherapy were included in this two-arm, open-label, randomized (randomization 

2:1), multicenter, phase II clinical trial.  The purpose of the study was to evaluate the 

ability of sunitinib consolidation therapy (arm A) to delay tumor progression in the 

setting of reduced tumor burden following induction chemotherapy. Arm B (no 

therapy) was used as control. 

 

Patient population 

Eligible patients had histologically proven, HER2-negative, measurable metastatic 

breast cancer at the start of taxane therapy. Patients achieving a PR or CR according 

to RECIST criteria after completing taxane-based therapy were included. No more 

than two lines of chemotherapy in the metastatic setting (with taxanes included as 

last line) were allowed. Patients received four to six cycles of taxane therapy on a 3-

weekly schedule or 8 to 18 doses on a weekly schedule. The recommended taxane 
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schedules were six cycles every 3 weeks (six doses over 18 weeks) or 12 to 16 

weekly doses. Hormonal therapy (tamoxifen, aromatase inhibitors, or other hormone 

suppressing therapies) was not allowed during the study period. 

All patients gave written informed consent and the study was approved by the ethics 

committees of the participating institutions. 

 

Randomization 

Eligible patients were randomly allocated to arm A (sunitinib) or arm B (control) 

between 3 and 5 weeks after the last 3-weekly taxane administration or between 2 

and 4 weeks after completing weekly taxane therapy. Patients were stratified 

according to the institution, disease-free interval (0 = primary metastatic disease; 0–2 

years; 2–5 years; > 5 years), dominant site of disease (non-visceral, single or 

multiple visceral sites), and response to taxanes (CR or PR). Chemotherapy and 

hormone therapy were not allowed in arm B during the study period. At the time of 

disease progression, patients in arm B were allowed to cross over to sunitinib. 

 

 

Dosing  

In arm A, sunitinib was initially administered orally at a daily dose of 50 mg for 4 

weeks followed by a drug-free interval of 2 weeks (1 cycle = 6 weeks). However, the 

protocol was amended on 25 January 2008 in light of new data showing tumor 

regrowth during the 2-week interval in sunitinib dosing [1] and the occurrence of 

toxicity in the first cohort of 32 patients treated with 50 mg sunitinib in arm A or after 

progression in arm B. Following the protocol amendment, sunitinib was given orally at 

a dose of 37.5 mg/d continuously in 6-week cycles. Continuous once-daily 
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administration of sunitinib 37.5 mg has demonstrated very similar activity to sunitinib 

50 mg/d on the 4/2 week intermittent schedule [2]. In addition, the manageable safety 

profile of continuous dosing provides additional flexibility in dose scheduling. The 

reduced, continuous-dose regimen has been adopted as the regimen of choice in 

subsequent phase III studies. 

  

Sunitinib was continued until disease progression or for as long as either the patient 

or the treating oncologist considered continuation of therapy to be in the patient's 

best interest. The dosing schedule in arm A was also used for patients from arm B 

starting sunitinib after progression. 

Sunitinib was interrupted temporarily in patients experiencing severe treatment-

related toxicity and restarted at a reduced dose (no lower than 25 mg) if appropriate. 

 

Study procedures 

Radiological assessments of tumors were performed at baseline and in the week 

before starting new cycles of sunitinib. After four cycles, imaging studies were 

repeated every two cycles unti l disease progression or withdrawal from the study. 

Imaging studies were also performed to confirm suspected disease progression. 

Endpoints 

The primary endpoint was the proportion of patients alive and progression-free 5 

months after starting sunitinib. The trial was not powered to allow formal comparison 

between the investigational arm and the control arm (which was intended for 

descriptive purposes only). Secondary endpoints included other measures of 

antitumor efficacy (overall survival) in both treatment arms and the safety and 

tolerability of sunitinib. 
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PFS was defined as the time from randomization to first documentation of objective 

tumor progression, or to death from any cause. PFS data were censored on the day 

following the date of the last tumor assessment documenting absence of progressive 

disease. Toxicity and tolerability were graded according to the National Cancer 

Institute (NCI) Common Terminology Criteria for Adverse Events (CTCAE, Version 

3.0). All patients who received at least one dose of study treatment were evaluated 

for efficacy, toxicity and safety.  

The total duration of taxane chemotherapy allowed was approximately 10 to 20 

weeks (four to six cycles of 3-weekly therapy or 8 to 18 doses of weekly therapy). A 

longer duration of taxane therapy was not allowed because of inadequate data to 

support an improvement in outcome with prolonged chemotherapy in a palliative 

setting in patients with metastatic breast cancer [3]. Moreover prolongation of 

chemotherapy is associated with increased toxicity. Based on data from historic 

studies, the duration of taxane response was estimated to be about 7 months, 

depending on the type of taxane (paclitaxel or docetaxel) and the clinical setting (first- 

or second-line treatment of metastatic disease) [4-12]. In practice, taxanes are 

generally continued for a few months after an objective response is achieved, and 

therefore, we estimated the median PFS after discontinuation of taxane therapy 

would be 5 months in these patients. 

 

Statistics 

Evaluable patients were classified as having met the primary endpoint if they were 

alive and free of tumor progression 5 months after starting study therapy. The study 

was designed as a one-stage, three-outcome phase II trial [13]. The cut-off values for 

ineffectiveness and effectiveness were 45% and 65%, respectively. The type I ( ) 
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and type II ( ) error rates were set at 0.05. Therefore 36 patients treated with 

sunitinib were required for the study. If 18 patients or fewer were progression-free 

and alive at 5 months, sunitinib would be declared insufficiently active, whereas, if at 

least 22 patients were progression-free and alive at 5 months, sunitinib would be 

declared active and continuation of the trial using a phase III design would be 

recommended. If, however, between 19 and 21 patients were progression-free and 

alive at 5 months, no formal statistical conclusion would be possible. The control 

group of 18 patients receiving no treatment was intended for descriptive purposes (no 

formal comparison was planned).  

 

 

 

Results 

 

Patient population 

Fifty-six patients were enrolled between February 7, 2006 and March 17, 2009. 

Patient and treatment characteristics are shown in table 1. One patient randomized to 

receive sunitinib progressed before starting treatment and died a few weeks later. 

The remaining 55 patients were evaluated for efficacy and toxicity. In four patients in 

arm A (11%) and two in arm B (11%) the taxane regimen leading to objective 

response was administered for longer than the protocol-specified 20 weeks (range 

22–27 weeks); however, the analysis was intent to treat, the differences were 

balanced, and median number of taxane administrations was identical in both arms. 

Two patients in arm A who had received two lines of chemotherapy before taxane-

induced objective response  were also included in the analysis. 
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Efficacy 

The primary endpoint (progression-free at 5 months) was achieved by 10/36 patients 

(28%) in arm A and 4/19 (21%) in arm B. Median PFS was 2.8 months in arm A and 

3.1 months in arm B. Kaplan–Meier curves for PFS and OS are shown in Figure 1. 

In arm B, 12/19 patients received crossover treatment with sunitinib after 

progression. The response rate was 25% in this group. 

 

Toxicity 

The main side effects in both arms of the study are described in table 2. 

During the study, new data emerged about a dosing schedule of sunitinib 37.5 mg 

continuously instead of sunitinib 50 mg 4 weeks on, 2 weeks off. Since we observed 

significant grade III toxicity and dose reductions in the first 32 patients treated with 

the intermittent 50 mg dosing schedule, a protocol amendment was made in January 

2008 to change the starting dose of sunitinib to 37.5 mg continuously. Sunitinib dose 

reductions were required in 53% (17/32) of patients treated at a starting dose of 50 

mg and in 44% (7/16) treated with the continuous dosing schedule.  

 

Dose reductions and delays 

Before the dosing amendment, 26 patients in arm A and six from arm B after 

crossover received sunitinib at 50 mg.  Of the patients treated with the 50 mg dosing 

schedule, 47% (15/32) received one cycle of sunitinib, 25% two cycles, 13% three 

cycles, and 15% four or more. In addition, 53% (17/32) required at least one dose 

reduction and 63% required at least one dose interruption. 
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After the protocol amendment,  10 patients in arm A and 6 from arm B after crossover 

received sunitinib 37.5 mg continuously. Of patients treated with the continuous 

schedule, 44% (7/16) received 1 cycle of sunitinib, 25% two cycles, 0% three cycles, 

and 31% four or more. At least one dose reduction was required in 47% (7/16)  and 

at least one dose interruption in 56%. 

 

 

Discussion 

In this study we tested the hypothesis that an antiangiogenic agent such as sunitinib 

can significantly prolong PFS following a meaningful reduction in tumor mass (PR or 

CR) induced by chemotherapy (taxanes). It was hypothesized that antiangiogenic 

agents are most effective in the setting where the tumor has been reduced and 

regrowth occurs after stopping chemotherapy. It is thought that neoangiogenesis is 

required for tumor regrowth after cytoreduction and, therefore, blocking angiogenesis 

could lead to prolonged tumor control. Unfortunately, the results of this proof-of-

principle study do not support this hypothesis. This was not a phase III trial 

comparing sunitinib consolidation therapy with placebo and no formal comparison 

can be made between study arms. However, the median PFS with sunitinib in a 

consolidation setting was only 2.8 months, and only 28% of patients achieved the 5-

month PFS endpoint, which was far below the initially defined and presumed clinically 

relevant cutoff of at least 45% and preferably more than 65%. It should be 

acknowledged that median PFS in the control arm (3.1 months) was also lower than 

hypothesized based on previous studies (5 months). The Kaplan-Meier curve for PFS 

seems to indicate that the curves slightly diverge after 4 months, but there were too 

few patients with prolonged disease control in the sunitinib arm to allow any definitive 
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conclusions to be made. One of the major challenges with angiogenesis inhibitors is 

the lack of reliable predictive biomarkers to select patients most likely to benefit. 

Another important consideration is the significant toxicity of sunitinib, which resulted 

in dose reduction in more than 50% of patients. Following the protocol-specified dose 

amendment, 47% of patients still required dose reduction. This degree of dose 

reduction appears to be relatively higher than rates reported for single-agent sunitinib 

in other settings, such as renal cancer  [14]. It can be hypothesized that cumulative 

toxicity associated with 3 to 4 months of taxane therapy only partially resolved and 

that side effects were exacerbated when sunitinib was started. Fatigue is a known 

side effect of taxanes and the main toxicity associated with sunitinib. It is possible, 

therefore, that sequential administration of taxanes and sunitinib leads to 

exacerbation or accumulation of fatigue. 

 

Although no patient discontinued sunitinib permanently before progression, a large 

proportion of patients required dose interruptions, sometimes prolonged, before a 

lower dose could be restarted. In non-clinical models, dose interruption of 

antiangiogenic agents can lead to reactivation [15] and even acceleration of 

angiogenesis. It is conceivable that such a scenario may have happened in this study 

population. On the other hand, a recent preliminary analysis of the AVADO trial did 

not show any accelerated growth after bevacizumab was discontinued, suggesting 

that metastatic spread does not accelerate in breast cancer after stopping 

antiangiogenic agents [16]. The hypothesis that continuous and sustained inhibition 

of angiogenesis inhibition can prolong PFS without causing excessive toxicity could 

be tested with sunitinib administered at a lower starting dose (e.g. 25 mg daily 

continuously) or with other angiogenesis inhibitors. It is important to answer this 
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question definitively because continuous inhibition of angiogenesis after induction 

chemotherapy combined with antiangiogenic therapy is considered to be standard 

practice in all previous and ongoing studies. While it has not been shown that this 

approach is effective, it is evident that toxicity is clinically relevant with some classes 

of agent,  and the cost of therapy is high. Furthermore, the present study does not 

support the concept of consolidation antiangiogenic therapy in patients with 

metastatic breast cancer responding to taxanes. 

In addition to insufficient dose intensity and possible regrowth of tumor during 

interruption of sunitinib treatment, there are several other reasons for the lack of 

efficacy observed. For instance, alternative angiogenic pathways can be activated, or 

tumors can obtain oxygen and nutrients through co-option of blood vessels. Liver 

metastases were present in the large majority of patients in this study and it has been 

clearly described that such tumors can grow in a liver replacement pattern by 

exploiting the existing liver blood supply [17].  

Another plausible explanation for the lack of important single-agent activity of 

sunitinib in breast cancer, in contrast to renal cell cancer, is that there is no 

documented constitutive activation of the VEGF pathway. Moreover, there is no proof 

that other sunitinib targets (PDGF, c-KIT) are activated in breast cancer. It seems 

that in breast cancer (in contrast to renal cancer and GIST), antiangiogenic drugs 

work essentially in combination with chemotherapy, as shown by the E2100 [18], 

AVADO and RIBBON trials. One of the possible mechanisms for this phenomenon is 

normalization of the tumor vasculature, thereby increasing chemotherapy delivery to 

the tumor site [19]. Response rates with bevacizumab [20] and sunitinib [1] 

monotherapy have been around 10% in pretreated patients. A recent randomized 

phase III study [20] showed that the PFS for sunitinib (2.8 months) was lower than for 
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capecitabine (4.2 months) in patients with metastatic breast cancer failing 

anthracyclines and taxanes. The latter study suggests that antiangiogenic drugs 

should be used and further developed in combination with chemotherapy. 

Furthermore, such findings bring into question the use of single-agent antiangiogenic 

drugs in the adjuvant setting, which is being assessed in ongoing phase III studies.  

Two further phase III trials of sunitinib in patients with metastatic breast cancer were 

presented at ASCO 2010. In a first-line study, the addition of sunitinib to docetaxel 

significantly improved response rate (51% compared with 39%), but did not improve 

PFS, the primary endpoint of the study (hazard ratio 0.92; median 8.6 versus 8.3 

months) [21]. In the setting of second-line therapy or beyond, the addition of sunitinib 

to capecitabine did not improve PFS or response rate [22]. It is remarkable to 

observe in our study that 3/12 patients had an objective response to sunitinib after 

progression in the control arm (crossover). Although numbers are very small, this 

finding is consistent with the study of Burstein and colleagues [1] that showed an 

objective response rate of 11% for single-agent sunitinib. It appears that sunitinib has 

antitumor activity in a minority of patients, but this does not lead to improved PFS for 

the majority of patients. There is a great need to find biomarkers to predict the 

efficacy of antiangiogenic therapy. It is possible that antiangiogenic drugs like 

sunitinib are active within a small, specific subgroup of patients. Nevertheless, 

accumulated data from the present study and other recent clinical trials do not 

support the use of sunitinib in the treatment of breast cancer. 
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Table 1: Patient, tumor, and previous treatment characteristics 

        Arm A (Sunitinib) 

                 N=36 

  Arm B (No therapy) 

              N=19 

Age – years 

    Median 

    Range   

 

58 

36-72 

 

59 

38-72 

ECOG performance status, n (%) 

    0 

    1 

    Missing 

 

8(22) 

22(61) 

6(17)  

 

9(47) 

9(47) 

1(5) 

Tumor type, n (%) 

    Ductal carcinoma 

    Lobular carcinoma 

    Other 

 

30 (83%) 

3 (8%) 

3 (8%) 

 

12 (63%) 

4 (21%) 

3 (16%) 

Hormone receptor positive, n (%) 28 (78%) 16 (84%) 

Disease-free interval (primary tumor 

          to metastatic disease) 

     0 = primary metastatic disease 

     0–2 years 

     3–5 years 

     > 5 years 

 

 

3 (8%) 

9 (25%) 

12 (33%) 

12 (33%) 

 

 

3 (16%) 

4 (21%) 

5 (26%) 

7 (37%) 

Time between primary tumor and 

    time of randomization,  months  

    Median 

 

 

30  

 

 

31  
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    Range 5-371 4-201 

Dominant site of disease, n (%) 

Non visceral 

One visceral site 

Multiple visceral sites (multiple 

sites in one organ or one  

     site in several organs) 

 

5 (14%) 

18 (50%) 

13 (36%) 

 

5 (26%) 

9 (47%) 

5 (26%) 

Previous hormone therapy for 

    metastatic disease, n (%) 

 

20 (56%) 

 

11 (53%) 

Previous chemotherapy, n (%) 

    (Neo-)adjuvant 

          Anthracycline containing 

          CMF 

          Anthracycline–taxane 

    Metastatic: chemo before taxanes 

          Chemo naive 

          Chemo pretreated 

    Metastatic: type of chemotherapy 

                         before taxanes 

          Anthracyclines 

          Other 

 

23 (64%) 

     15 (42%) 

     6 (17%) 

23 (6%) 

 

23 (64%) 

13 (36%) 

 

 

11 (31%) 

2 (6%) 

 

11 (57%) 

      9 (47%) 

      2 (11%) 

 0 (0%) 

 

11 (58%) 

8 (42%) 

 

 

7 (37%) 

1 (5%) 

Taxane regimen leading to objective  

               Response, n (%) 

    Docetaxel 3-weekly 

    Docetaxel weekly 

 

 

17 (47%) 

8 (22%) 

 

 

6 (32%) 

5 (26%) 
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    Paclitaxel weekly 

    Paclitaxel 3 weekly 

    Paclitaxel–gemcitabine 

    Docetaxel–capecitabine  

7 (19%) 

1 (3%) 

3 (8%) 

0 (0%) 

6 (32%) 

0 (0%) 

1 (5%) 

1 (5%) 

Duration of taxane therapy, weeks 

    Median 

    Range 

 

16 

11-27 

 

16 

13-25 

Response on taxane, n (%) 

    Partial response 

    Complete response 

 

34 (94%) 

2 (6%) 

 

19 (100%) 

0 (0%) 
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Table 2: Side effects  

 

 All grades Grade III*  

 Arm A 

(sunitinib) 

N=36 

Arm B**  

(no therapy) 

N=19 

Arm A 

(sunitinib) 

N=36 

Arm B**  

(no therapy) 

N=19 

All 100% 68% 69% 11% 

Fatigue 78% 16% 31% 5% 

Neutropenia 14% 0% 8% 0% 

Thrombopenia 25% 0% 11% 0% 

Musculoskeletal pain 69% 32% 11% 5% 

Anorexia 53% 11% 3% 0% 

Diarrhea 44% 0% 3% 0% 

Dyspnea 25% 5% 3% 0% 

Facial edema  14% 0% 0% 0% 

Limb edema 25% 0% 0% 0% 

Hemorrhage 19% 0% 0% 0% 

Hypertension 17% 0% 0% 0% 

Conjunctivitis 14% 0% 0% 0% 

Mucositis 47% 0% 0% 0% 

Nausea 22% 5% 3% 0% 

Vomiting 17% 0% 0% 0% 

Rash 19% 0% 0% 0% 
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Hand-foot syndrome 8% 0% 0% 0% 

Hyperthyroidism 19% 0% 0% 0% 

 

 

* Anemia, dizziness and somnolence were the only grade IV toxicities, all in 1 patient 

in arm A. 1 death occurred during the study period within 2 weeks after stopping 

sunitinib (autopsy revealed massive progression in the liver which likely caused 

hepatic failure, encephalopathy, and death). 

** Toxicity in arm B is before crossover 
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Figure 1: a/ Progression-free survival (PFS) and b/ Overall survival (OS) in arm A 

(sunitinib) and arm B (no therapy). 
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