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Abstract: Purpose: The aim of this study is to investigate efficacy and toxicity of Capecitabine metronomic therapy preceded by prior treatment with at least one drug regimen for metastatic disease. Methods: Between June 2013 and February 2015, 38 women with pathologically proven metastatic breast cancer (MBC) with at least one significant lesion, who had received prior chemotherapy for metastatic disease, were enrolled. Patients received oral Capecitabine (Xeloda) metronomic therapy (750 mg/m2, twice every day). The primary endpoints of this study were progression-free survival (PFS) rates and safety profile. Secondary end points were tumor response and overall survival (OS). Results: Objective response was observed in 23.7% of patients (9/38), and tumor control rate was 84.2% (32/38). Complete response was observed in 2 patients (5.3%) following treatment. The estimated median PFS and OS were 9 and 18 months, respectively. The 1-year OS and PFS rates were 73.6% and 42.1%, respectively. Treatment-related adverse events were manageable with only 2 patients (5.3%) suffered from Grade 3/4 hand-foot syndrome and another 2 patients (5.3%) suffered from Grade 3 diarrhea. No Grade 3/4 hematologic toxicity was recorded. All patients received full doses of Capecitabine and dose reduction was not required in any of our patients throughout the study. Conclusions: Capecitabine metronomic therapy in MBC patients after prior chemotherapy in metastatic setting offered a promising clinical benefit and simple way to be administered in outpatients, to the degree that makes it not only feasible, but also may be surpassed by the patients.
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1. Introduction
Metastatic breast cancer (MBC) represent about 6–10 % of newly diagnosed breast cancer patients. Quite a few of patients with early or localized breast cancer will metastasize during the course of the disease [1]. Despite recent advances in our recognition of the biology of MBC and in the evolution of new types of therapy, the disease is generally considered incurable [2, 3, 4, 5]. The prognosis for these patients remains poor, with a 5-year overall survival of around 20 % [6]. So, the aims of treatment are palliative survival prolongation, control of symptoms, improvement of quality of life, all of which require a balance between treatment efficacy and toxicity [7].
Catania et al [8] in their published research that studied patients with advanced breast cancer, oral chemotherapy was viewed positively by most patients, perceiving it as advantageous (58 %), able to help them feel less ill (77 %) and to reduce the effort in coping with the disease (67 %) [8]. Thus, there has always been an increased interest in developing oral anticancer agents which are adequate to the patient and easy to administer, particularly in the palliative setting as home-based therapy [9, 10].
Many oral anticancer agents have been developed and are now available [11, 12, 13]. Capecitabine mimics continuous infusion of 5-FU [14], and the oral formulation meets with a high degree of acceptance by both patients and physicians [15]. In MBC, as regard the registered monotherapy, the data from retrospective analyses indicate that dose reduction does not weaken efficacy [16], and that lower doses have a more favorable therapeutic index than the standard dosage [17, 18].
Metronomic regimens involve the frequent (daily, or several times a week, or weekly) or continuous administration of chemotherapy agents at low doses, without lengthy drug-free breaks. This approach is proven to enhance the antiangiogenic activity of these drugs [19, 20]. Protracted exposure to low doses of conventional cytotoxic drugs also offers important advantages in reduced toxicity [21]. Its pharmacokinetic characteristics and low toxicity profile make Capecitabine a perfect drug for metronomic administration [22]. In two small randomised trials, continuous use of low-dose Capecitabine (650 or 800 mg/m2 b.i.d. with no drug-free breaks) proved to be as effective in MBC patients as intermittent use of higher doses (1000 or 1250 mg/m2 b.i.d. days 1–14 every 21 days) [23, 24]. 
On the basis of this data, we initiated this study to investigate the tolerability, and survival in patients with MBC who treated by single-agent oral metronomic Capecitabine (750mg/m2, twice every day) preceded by prior systemic therapy for metastatic disease. 

2. Materials and Methods
Patient Eligibility Criteria 
Between June 2013 and February 2015, 38 women with pathologically proven metastatic breast cancer (MBC) with at least one significant lesion, in Clinical Oncology Department, Tanta University Hospital were enrolled. Patients were eligible for this study if they had metastases to distant sites and received prior treatment with at least one drug regimen for metastatic disease (neoadjuvant and/or adjuvant chemotherapy or endocrine therapy were not considered in the counting of therapy lines for metastatic disease). Patients were followed up until April 2016.
Patients fulfilled the following criteria:- age between 18-70 years, Eastern Cooperative Oncology Group (ECOG) performance status (PS) of ≤ 2, adequate bone marrow reserve (WBC count [image: >=]3.5 x 109/L, ANC count [image: >=]1.5 x109/L, platelets [image: >=]100 x 109/L, and hemoglobin [image: >=]10 g/dL), adequate renal function (measured creatinine clearance [image: >=]60 mL/min) and adequate liver function (transaminases less than 2 x upper normal limit, and serum bilirubin concentrations below 1.5 mg/dL).
Patients were ineligible for this study if they were pregnant or lactating mothers or had symptoms of central nervous system, leptomeningeal metastasis, dementia, altered mental status, or any psychiatric condition that would prevent the harmony or rendering of informed consent were excluded from this study. Also, patients with prior exposure to Capecitabine, patients suffering from malabsorption disease, lack of physical integrity of the upper GI tract, or other gastrointestinal disease affecting absorption of oral medications were excluded. In addition, patients with secondary malignancy or concurrent serious, uncontrolled medical illness (e.g. persistent immune-compromised states, uncontrolled infection, and clinically significant cardiac disease) were not eligible. All radiotherapy, chemotherapy, hormonal therapy, and/or targeted therapy had to be discontinued at least 8 weeks before initiation of protocol treatment. Concomitant bisphosphonates were allowed.
Design of the Study
This study is a prospective single-arm phase II single-institution study. The Ethics Committee in Faculty of Medicine, Tanta University, approved the protocol and all patients signed an informed consent before the initiation of any treatment.
Treatment Plan and Dose Medication
Eligible patients received oral Capecitabine (Xeloda) metronomic therapy (750mg/m2, twice daily) on an outpatient basis. 
Oral Capecitabine (Xeloda) metronomic therapy is discontinued in case of disease progression or high grade toxicities. 
To facilitate comparison of results, 28 days of treatment were considered to represent one treatment cycle. Adequate hematological and within normal range organ functions were insured every treatment cycle. Adverse events were monitored throughout the study. Complete resolutions of all toxicities were required except for alopecia and fatigue. If toxicities did not resolve, then a 1- 2 weeks delay were allowed. 
Patient assessment 
Assessment of clinical benefit 
A tumor response assessment was evaluated after every three cycles of treatment. Pre- and on-treatment monitoring consisted of medical history, assessment of body weight and vital signs, performance status, physical and neurological examination, laboratory analyses and radiological imaging. Criteria of complete response (CR), partial response (PR), stable disease (SD) and progressive disease (PD) were based on the standard definitions according to RECIST 1.0 criteria [25], with the overall response rate, including complete response and partial response.
Assessment of toxicity
Patients were assessed for adverse events at each site with clinical and laboratory evaluations every 3 weeks and cardiac monitoring, by ECHO, every 3 months. Toxicity grading was based on the terminology criteria for adverse events according to NCI-CTC criteria, version 3.0 [26].
The primary endpoints of this study were progression-free survival (PFS) rates and safety profile. Secondary end points were tumor response and overall survival.
Statistical Analysis:
Overall-survival (OS) rates were calculated from the start of treatment to the time of the last follow-up visit or death. Progression-free survival (PFS) was the length of time during and after the treatment to the date of first evidence of disease progression or death in the absence of disease progression. The Kaplan-Meier method [27] with SPSS [Statistical package] (version 21) is used for estimating survival. The 95% confidence intervals (95% CIs) were calculated with the exact method. All P values of ≤ 0.05 were considered significant.

3. Results
Patient characteristics: 
Thirty eight patients with pathologically proven MBC were enrolled in this study. The patients’ demographic and clinical characteristics were recorded in table 1.

Table (1): Patients' and tumor characteristics as well as initial treatment modality (N=38).
	Characteristic
	No. patients (%)

	Age (years)
Median
Range
	
50.9 years
29-70

	Family history
+ve
-ve
	
4 (10.5%)
34 (89.5%)

	Initial tumor status
T2
T3
T4
	
8 (21.1%)
22 (57.8%)
8 (21.1%)

	Menopausal status
Premenopausal
Postmenopausal
	
14 (36.8%)
24 (63.2%)

	Tumor grade
G1
G2
G3
	
4 (10.5%)
8 (21.1%)
26 (68.4%)

	Histology
Invasive duct carcinoma (IDC)
Others
	
34 (89.5%)
4 (10.5%)

	Lymphovascular invasion
Positive
Negative
	
12 (31.6%)
26 (68.4%)

	Nodal status
N1
N2
N3
	
8 (21.1%)
12 (31.5%)
18 (47.4%)

	Adjuvant radiation therapy (Rth)
Yes
No
	

30 (78.9)
8 (21.1%)

	Type of surgery
Breast conserving surgery (BCS)
Modified radical mastectomy (MRM)
	
4 (10.5%)
34 (89.5%)

	Type of adjuvant chemotherapy
FAC
FEC
Sequential FEC with taxenes
	
8 (21.1%)
10 (26.3%)
20 (52.6%)

	ECOG
0
1
2
	
2 (5.3)
6 (15.8)
30 (78.9)

	Metastatic sites
Liver
Lymph node
Lung
Bone
	
12 (31.5%)
26 (68.4%)
10 (26.3%)
24 (63.2%)

	Type of metastasis
Single metastasis
Multiple metastases
	
24 (63.2%)
14 (36.8%)



The median age at diagnosis was 50.9 years (range 29–70 years), with 24 (63.2%) patients were postmenopausal and 14 (36.8%) patients were premenopausal. The majority of patients had invasive ductal carcinoma (89.5%) and grade III disease (68.4%). T 3 disease constituted 57.8% of all patients at initial presentation prior to any treatment. Most of the patients (94.7%) had ECOG performance status score of ≥1. Thirty four patients (89.5%) underwent mastectomy for their primary tumor, and 4 patients (10.5%) underwent a segmental resection. All patients received combination chemotherapy in the adjuvant and metastatic setting and 30 (78.9%) patients received adjuvant radiation therapy. All patients had metastatic breast cancer (MBC) at the start of the study.
Treatment Administration
All patients received oral capecitabine (Xeloda) metronomic therapy (750 mg/m2, twice every day). No dose reduction was recorded and only 2 patients had dose delay for 1 week because of Grade 3 diarrhea (1 patient) and Grade 3/4 hand-foot syndrome (1 patient). 
Response to Treatment 
In the first 14 patients enrolled in the study, 8 responses were observed that encouraging to proceeding with 38 patients. Overall response rate (complete response and partial response) was 23.7% (9/38), and tumor control rate (overall response and stable disease) was 84.2% (32/38) according to the RECIST criteria (Table 2). 	Complete response was observed in 2 patients (5.3%). All objective responses were confirmed at least 4 weeks after first observation. 
ECOG performance status did not significantly affect response rates (P = 0.16). Response rate was significantly higher in patients with non-visceral metastases (P = 0.03), patients with solitary metastases (P = 0.05), and in patients with tumor grade I/II tumors (P = < 0.0001). No differences were observed regarding previous radiation therapy (P = 0.18).

Table (2): Tumor Response to Treatment (N=38)
	Tumor Response
	No.
	%

	Complete response
	2
	5.3

	Partial response
	7
	18.4

	Stable disease
	23
	60.5

	Progressive disease
	6
	15.8


[bookmark: T3][bookmark: F4] 
Toxicity 
The main forms of adverse reactions to this regimen observed in the 38 assessable patients are listed in table 2. Most of the hematologic and non-hematological toxicities were mild and controllable. No Grade 3/4 hematologic toxicity was recorded.
Hand-foot syndrome, a common side effect of capecitabine (Xeloda), was the most common treatment-related adverse effect, occurring in 15.8% (6/38) of patients. Four (10.5%) of them were of Grade 1/2 hand-foot syndrome. While, only 2 cases (5.3%) had Grade 3/4 hand-foot syndrome, which was resolved to grade 0/1 with rest and symptomatic treatment (pyridoxine and topical urea/lactic acid-based cream). Diarrhea was observed in 4 patients (10.6%) with 2 of them (5.3%) had a grade 3 toxicity. Another grade 1/2 non-hematologic toxicities observed were nausea/vomiting in 4 patients (10.5%) and fatigue in 2 patients (5.3%).
Only 2 patients required hospitalization, because of grade 3 diarrhea. All patients received full doses of Capecitabine and dose reduction was not required in any of our patients. However, only 2 patients had dose delay for 1 week because of Grade 3 diarrhea (1 patient) and Grade 3/4 hand-foot syndrome (1 patient). 

Table (3): Hematologic and non-hematologic toxicity of Capecitabine metronomic therapy (N=38).
	Toxicity
	Grade 1/2 
No. (%)
	Grade 3/4 
No. (%)

	Non-hematologic Toxicity
Hand-foot syndrome
Diarrhea 
Nausea/vomiting
fatigue
	
4 (10.5%)
2 (5.3%)
4 (10.5%)
2 (5.3%)
	
2 (5.3%)
2 (5.3%)
0.0
0.0

	Hematologic Toxicity
Anemia
	
12 (31.6) 
	
0.0



Survival
All patients were followed up regularly as mentioned previously in patients and methods, with no one had lost follow-up in this study. The median follow-up period was 18 months. 
Median progression free survival (PFS) was 9 months, with its 95% CI; 6.99 - 11.01 months (Fig.1). The 1-year and 2 years PFS rates were 42.1% and 25.8%, respectively (Fig.1). 

[image: ]
Figure 1: Kaplan–Meier curve of progression-free survival for patients with MBC.
Median overall survival (OS) was 18 months, with its 95% CI; 13.29- 22.71 months (Fig.2). The 1-year and 2 years OS rates were 73.6% and 40.7%, respectively (Fig.2).
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Figure 2: Kaplan–Meier curve of overall survival for patients with MBC.

4. Discussion
Female breast cancer is the most common malignancy worldwide that comprises about 23 % of all cases of cancer in women [28]. Metastatic breast cancer represents 6–10 % of newly diagnosed breast cancer patients. A substantial number of patients with early breast cancer will metastasize during the course of their disease [1]. Metastatic breast cancer is generally considered not curable by currently available therapy and there is no preferred standard form of chemotherapy [4, 5]. The prognosis for these patients remains poor, with an estimated 5-year overall survival of around 20 % [6]. The goals of therapy in the metastatic setting include symptomatic palliation, delay of disease progression, and prolonging overall survival time [1].
Other strategies have been adopted to improve the clinical outcome of patients with MBC. Antiangiogenic therapy has been studied in several clinical trials as first-line [29, 30, 31] and second-line [32] treatment of metastatic breast cancer. Epidermal growth factor receptor (EGFR)-targeted agents also studied in MBC assumed the high-level EGFR of expression in some of these cancers [33]. EGFR inhibitors have demonstrated low efficacy as single agents in MBC, but in combination may improve the efficacy of other agents, such as taxanes or platinum. However, these agents have a limited role and could not be used widely for MBC patients in our country because of limited resources.
There are several studies which explore the role of Capecitabine in MBC [7, 34, 11, 12, 35, 36, 37]. Capecitabine is an oral Fluoropyrimidine carbamate that acts as a 5-fluorouracil (5-FU) prodrug and mimics continuous infusion of 5-FU [14]. Patients often prefer the convenience of an oral treatment versus intravenous chemotherapy [38, 15].
In the past few years, several studies have emphasized the role of metronomic chemotherapy to be used in MBC [34, 12, 35, 36]. Some metronomic regimens can have surprisingly potent antitumor effects in preclinical models compared with respective maximum tolerated dose (MTD) regimens, despite being less toxic [39].
Because of the high variability of the metronomic Capecitabine treatment dose ranging from a tenth to a third of the maximum tolerated dose [40]. We designed this phase II trial to investigate the efficacy and tolerability of Capecitabine (Xeloda) metronomic therapy at a dose of 750mg/m2, twice every day in MBC previously, received systemic intravenous chemotherapy in the metastatic setting. The primary endpoints of this study were PFS and safety profile. Secondary end points were OS and response to treatment.
We sought to document the use of metronomic Capecitabine and its efficacy and tolerance in MBC patients treated at Clinical Oncology Department, Faculty of Medicine, Tanta University Hospital, as to our knowledge, this is the first prospective study to assess metronomic capecitabine in patients with MBC in our institution. 	Despite low rates of adverse events and use of dose modifications, Capecitabine was found to be clinically effective in both MBC and non-metastatic patients. Regimen toxicity did not reduce overall response and survival [7, 34, 11, 12, 35, 36, 37].
In our study, responses were observed in 23.7% (9/38) of patients which were similar to the results of Fedele et al trial [7] on metronomic Capecitabine, in patients with MBC published in 2012, (RR was 24%).
In our study, the disease control rate (CR+PR+SD) of 84.2% (32/38) was comparable to the results of the Fedele et al trial [7] (disease control rate of 86%).
The estimated median OS in our study was 18 months, similar to the 17 months reported in Fedele et al [7] study.
The median progression-free survival in our study was 9 months, higher than that published in 2012, by Fedele et al [7], (median progression-free survival was 7 months).
Our study confirms the overall acceptable tolerability of metronomic Capecitabine. The metronomic Capecitabine treatment did not appreciably increase the incidence of hematologic and non- hematologic toxicity compared with previous reports administering metronomic Capecitabine to MBC patients [7, 36].
To date, most of the adverse reactions to this regimen observed in our 38 assessable patients were mild and manageable. Grade 3–4 hematologic toxicity was not recorded.	Hand-foot syndrome, a frequent side effect of Capecitabine (Xeloda), was the most common adverse event, occurring in 15.8% (6/38) of patients. Four (10.5%) of them were of Grade 1/2 hand-foot syndrome. While, only 2 cases (5.3%) had grade 3/4 hand-foot syndrome, which was rapidly resolved to grade 0/1 with complete rest and symptomatic treatment. Diarrhea was experienced by 4 patients (10.6%) with 2 of them (5.3%) suffered from grade 3 toxicity. Another grade 1/2 non-hematologic toxicities observed were nausea/vomiting in 4 patients (10.5%) and fatigue in 2 patients (5.3%).
Only 2 patients required hospitalization, because of grade 3 diarrhea. All patients received full doses of Capecitabine throughout the study and dose reduction was not required in any of our patients. However, only 2 patients had dose delay for 1 week because of Grade 3 diarrhea (1 patient) and Grade 3/4 hand-foot syndrome (1 patient). 
Most of the hematologic and non-hematological toxicities during the metronomic Capecitabine treatment were better than that of other previous reports [36, 7]. Two phase II trials had studied the toxicity profile of metronomic Capecitabine in MBC patients. El-Arab et al [36] had studied the clinical efficacy and tolerability of low dose, Capecitabine (500 mg twice daily) combined with oral cyclophosphamide (at a dose of 50 mg once daily) in 60 patients with MBC. The overall regimen was well tolerated. Myelosuppression, a well-documented side effect of therapy in particular leucopenia (Grades 1/2) was observed in (17%) patients. Hand-foot syndrome, the most frequently reported non-hematologic adverse reactions, were also mild to moderate (Grades 1 and 2 in 36.7% of cases), and could be readily controlled with rest and the administration of standard medications. Also in our study hand-foot syndrome, was the most common treatment-related adverse event, occurring in 15.8% (6/38) of patients, with only 2 cases (5.3%) of Grade 3/4. While in El-Arab et al [36] study no grade 3 or 4 toxicity was recorded. The use of lower doses of metronomic Capecitabine in El-Arab et al [36] study to that we used in our study could explain the absence of grade 3 or 4 toxicities in their study. Vomiting in El-Arab et al [36] study was much higher (28.3%) in comparison to that (10.5%) in our study; this may be due to the effect of oral Cyclophosphamide in their study. Diarrhea in our study was lower (10.5%) in comparison to that (20%) in the study by El-Arab et al [36]. However, in our study 2 patients (5.3%) suffered from grade 3 diarrhea, while in El-Arab et al [36] study no grade 3 or 4 toxicity was recorded. Again this could be explained by the use of lower doses of metronomic Capecitabine in El-Arab et al [36] study to that we used in our study. In El-Arab et al [36] study grade 3 serum transaminases elevation was reported in 8% of patients [36]. In our study, no hepatic toxicity occurred. This difference could be explained by the addition of oral Cyclophosphamide to Xeloda in El-Arab et al [36] study.
In another report published by Fedele et al [7] evaluating efficacy and safety of low-dose metronomic Capecitabine in heavily pretreated patients with metastatic breast cancer, 60 patients received continuous metronomic Capecitabine monotherapy (1500 mg/ day). Hematologic toxicity was infrequent and mild. Hand-foot syndrome (10%) and diarrhea (7%) were the most common adverse events, vomiting occurred in (2%). There were only three cases of grade 3 toxicity, all involving hand–foot syndrome [7]. These results were comparable to our results with no hepatic toxicity was recorded.	 

Conclusion
In conclusion, the current results suggest continuous metronomic Capecitabine is an effective and safe chemotherapy regimen for patients with MBC. The preliminary results of our study demonstrated that, continuous metronomic Capecitabine treatment, for patients with MBC has gained increased acceptance due to the improving tolerability, response rates, time to progression, and overall survival with acceptable toxicity profile, in addition, the metronomic Capecitabine is easy to administer in outpatients. Considering the efficacy and lower toxicity, continuous metronomic Capecitabine could be a viable option in heavily pretreated patients with MBC in terms of the impact on improving the level of treatment-related quality of life. The regimen was so well tolerated that its widespread use at this point in time is recommended by several authorities in the field.
Further prospective investigation of metronomic Capecitabine to optimize doses and scheduling is necessary. In addition, the combination with targeted agent in future clinical trials may be considered to increase the response with acceptable toxicities. Evaluation of molecular markers may further help to stratify patients to a risk-adapted approach and may help us to refine further the answers to the two most valuable questions: Who to treat? And, what to treat with? 
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