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Abstract
Purpose—Several cytotoxic chemotherapy regimens are active against metastatic breast cancer;
however, benefits are modest and overall prognosis remains limited. For anthracycline and taxane-
pretreated metastatic breast cancer, there remains a relative paucity of therapies with significant
activity. This Phase II study evaluated the combination of capecitabine and oxaliplatin (XELOX)
among patients with metastatic breast cancer being treated in the first or second-line setting.

Methods—Patients received oxaliplatin 85 mg/m2 on days 1 and 15, and capecitabine 1500 mg/
m2 twice daily on days 1-7 and 15-21 of a 28 day cycle. Patients were treated until progression or
intolerable toxicity. The primary objective was to estimate the objective response rate by the
Response Evaluation Criteria in Solid Tumors (RECIST) criteria with tumor assessments every 8
weeks.

Results—10 patients were treated of which 3 had received prior neurotoxic therapy in the
metastatic setting. There were no confirmed complete responses, 5 patients had partial response, 4
patients had stable disease for at least 24 weeks, and one patient was unevaluable. Median time to
progression (TTP) was 10.4 months (95% lower confidence bound [LCB]: 5.75 months), median
progression free survival (PFS) was 14.2 months (95% LCB: 6.14 months), and median overall
survival (OS) was 19 months (95% LCB: 12.8 months). Multiple patients experienced pain
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syndromes and unusual neuropathies. Other common toxicities included fatigue, diarrhea, and
nausea.

Conclusions—XELOX is a promising regimen for anthracycline-pretreated metastatic breast
cancer although careful patient selection is indicated and alternate dosing schedules should be
explored to minimize neurologic morbidity.
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Introduction
Breast cancer remains the most common cancer diagnosis in women and the second leading
cause of cancer death in women, with an estimate of 39,520 deaths among women in the
United States in 2011 [1]. The overall prognosis with metastatic disease is poor, despite the
existence of multiple cytotoxic chemotherapy agents with activity in breast cancer.
Doxorubicin, capecitabine, docetaxel, paclitaxel, gemcitabine, and vinorelbine have
response rates (RR) in metastatic breast cancer (MBC) ranging from 20-42% and time to
progression of 4.2-8.1 months [2-6]. Given the overall poor prognosis associated with MBC,
there is need for development of new therapies with improved response rates and tolerable
side effects.

Platinum agents work by inducing DNA damage and among this family, cisplatin and
carboplatin have demonstrated high activity as first-line treatment of breast cancer, yet have
very little activity in anthracycline-pretreated breast cancer patients [7]. Oxaliplatin is a
diaminocyclohexane platinum that could potentially overcome this difficulty. DNA damage
induced by oxaliplatin is more cytotoxic than damage caused by other platinum analogues,
partly due to its activity in mismatch repair-deficient cells [8,9]. Oxaliplatin demonstrates
activity in cisplatin–resistant cell lines and a different preclinical spectrum of activity
compared with other platinum compounds [8,9]. Additionally, small studies have
demonstrated activity for oxaliplatin in heavily pretreated MBC, including those resistant to
anthracyclines and taxanes. In a phase 1 study reported by Caussanel et al, an objective
response was observed in two of 12 patients with pretreated breast cancer [10]. Additionally,
Delpeuch et al evaluated off-label use of oxaliplatin in patients with metastatic breast
cancer. Among 15 evaluable patients, one patient achieved a complete response while
another had a partial response [11].

Capecitabine is a fluoropyrimidine carbamate that is preferentially converted to 5-FU by the
enzyme thymidine phosphorylase (TP), present in higher levels in tumor cells compared to
normal cells [8]. Capecitabine has single agent activity against metastatic breast cancer,
including anthracycline and taxane-resistant disease, with response rates ranging from 20%
to 40% [12,3,13]. Activity of the combination of capecitabine and oxaliplatin (XELOX) in
breast cancer has already been evaluated in a single institution study. Polyzos et al reported
a phase 2 trial involving 28 evaluable patients. 50% had received 2 lines of therapy for
metastatic disease while the remaining patients had received more than 2 regimens. There
were partial responses in 9 patients. Median response duration was 5 months, median time to
progression was 4.5 months, and median overall survival was 10 months. Major
complications included thrombocytopenia and hand-foot syndrome [14].

We report results of a multicenter single arm phase 2 study of the same combination in
metastatic breast cancer, to assess the response rate in the first or second-line setting. Our
study was conducted within the Wisconsin Oncology Network (WON).
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Patients and Methods
Inclusion/exclusion criteria

Eligible women had histologically confirmed metastatic breast cancer, treated with ≤ 1 prior
cytotoxic regimens for metastatic disease. Additional criteria included measurable or
evaluable disease, performance status (PS) ≤ 2 and adequate organ reserve (absolute
neutrophil count (ANC) > 1,500/mL, hemoglobin ≥ 10 g/dL, platelet count > 100,000/mL,
estimated creatinine clearance > 50 mL/min, total bilirubin < 1.5 times the upper limit of
normal (ULN), aminotransaminases < 2.5 times the ULN or < 5 times the ULN in the case
of liver metastasis). Patients were also required to have a life expectancy ≥ 3 months and be
at least four weeks from prior cytotoxic treatment (six weeks in the case of prior mitomycin
C or nitrosoureas) or 24 hours from prior endocrine treatment.

Previous 5-FU in the adjuvant setting was permitted (≥ 6 months prior), but not prior
capecitabine or oxaliplatin. Exclusion criteria included current pregnancy or breastfeeding
status, symptomatic or progressing brain metastatic disease, other malignancy within the
preceding five years, severe allergic reaction to 5-fluorouracil, intestinal malabsorption,
surgery within four weeks, preexisting uncontrolled coagulopathy, or peripheral neuropathy
≥ grade 1. The Institutional Review Board of the University of Wisconsin approved the
study protocol prior to its implementation. All patients provided written informed consent
prior to enrollment.

Assessments
Baseline laboratory and imaging studies were performed within two and four weeks prior to
enrollment, respectively. Subsequent laboratory studies, history and physical examinations
were performed on day 1 of each cycle. A complete blood count was drawn prior to each
oxaliplatin infusion. Measurable disease was imagedand graded using Response Evaluation
Criteria in Solid Tumors (RECIST) version 1.0 [15] every two cycles (8 weeks). Patients
were followed every 6 months for up to 3 years following study registration.

Therapy
Each 28-day cycle of therapy consisted of oxaliplatin 85 mg/m2 on days 1 and 15, and
capecitabine 1500 mg/m2 twice daily on days 1 to 7 and 15 to 21. Oxaliplatin was
administered as an intravenous infusion over 2 hours. Capecitabine was administered as an
oral dose beginning on the evening of day 1 and 15. This schedule was chosen to maximize
the doses of oxaliplatin and capecitabine. Scheitauer et al [16] showed that a dose intensive
regimen of oxaliplatin 85 mg/m2 on day 1 and capecitabine 3500 mg/m2/d on days 1
through 7 every 14 days had equivalent toxicities compared with dosing of both agents on a
21-day cycle. However, while 3500 mg/m2/day of capecitabine resulted in an improved time
to progression, it was associated with a higher incidence of grade three diarrhea and
myelotoxicity. This resulted in dose delays and dose reductions in 26% of patients. We
opted to use a 21-day cycle and employed a slightly lower dose of capecitabine (3000 mg/
m2/day) in an attempt to avoid dose delays and reductions.

Dose Modifications/Delays
Treatment was discontinued in cases of disease progression, significant toxicity and/or
withdrawal of consent. Therapy could only be resumed when the requirements for starting
both oxaliplatin and capecitabine were met. If toxicity required a delay or interruption in
therapy for more than 3 weeks, the patient was withdrawn from the study. Dose
modifications were made for oxaliplatin in cases for peripheral neuropathy, skin toxicity,
and laryngopharyngeal dysesthesia; for capecitabine in cases of cardiac toxicity and palmar-
plantar erythrodysesthesia; and for both drugs in cases of stomatitis, nausea, vomiting,
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diarrhea, and hematologic toxicity. Toxicity could be graded as due solely to one of the
drugs. In such cases, the dose of the other drug was not modified. If oxaliplatin was
discontinued, patients were withdrawn from the study and treated with single-agent
capecitabine off-study. Doses were reduced by 25% for the first occurrence, 50% for the
second occurrence, and treatment was discontinued at the third occurrence. Persistent grade
2 symptoms interfering with quality of life (e.g. nausea) could lead to dose reduction at the
discretion of the treating physician.

Recombinant hematopoietic growth factor administration was allowed for prophylaxis
against neutropenia, and treatment of anemia was also allowed if deemed medically
appropriate. Prophylactic use of hematopoietic growth factors was not allowed in cycle 1.
Appropriate antiemetics were administered per standard practice.

Statistical Plan
This phase 2 study was designed using an admissible design [5], testing the null hypothesis
that the true objective RR is at most 30% at a one-sided level 0.1 against the alternative
hypothesis that it is at least 50% with 0.85 power. We planned an initial enrollment of 17
patients, and subsequent accrual of 17 more patients if six or more responses were observed
in the initial cohort. The regimen would be considered worthy of further study if 13 or more
confirmed responses were observed, with acceptable toxicity. The primary objective was to
estimate the objective response rate (RR). Disease response was monitored every second
cycle in accordance with RECIST. Standard criteria were used for assessments of efficacy
and toxicity, and all treated patients were included in the calculations. Secondary objectives
included safety, tolerability and time to progression. Safety and tolerability were evaluated
according to the National Cancer Institute's Common Terminology Criteria for Adverse
Events V3.0 (NCI CTCAE v.3.0) [17]. Objective response was summarized with proportion
and a 95% confidence interval, while time to progression, progression-free and overall
survival were analyzed using the Kaplan-Meier method.

Results
Patient characteristics

Between May 2005 and November 2006, a total of 11 patients were enrolled into this study
from two sites (8 from UW Hospitals and Clinics and 3 from Oconomowoc Memorial
Hospital) in the Wisconsin Oncology Network (WON). Of those 11 patients, 1 patient had
worsened performance status soon after enrollment and was not treated on the protocol and
thus not included in the analysis, while another withdrew before day 15 of cycle 1. A total of
9 patients were evaluable for response. Trial enrollment was terminated prematurely due to
concerns regarding the degree and cumulative nature of toxicities, particularly painful
neuropathies. Data analysis is current as of August 2008. Baseline characteristics are
summarized in Table 1. Due to concerns over neurotoxicity, we also retrospectively tracked
the number of prior neuropathy-inducing regimens. A total of 10 patients, including one
patient unevaluable for response, were included in the analysis with follow-up until March
2010.

Clinical response
A median of 4 cycles per patient was delivered (range <1 to 16). Eight patients received
more than one cycle. All evaluable patients (n=9) received at least one dose of oxaliplatin
and capecitabine. One patient (patient 11) withdrew before day 15 because of multiple side
effects, none of which met the criteria for dose reduction. Of the 9 evaluable patients, 8 were
evaluated for response using the Response Evaluation Criteria in Solid Tumors (RECIST).
However, patient 11 had advanced cutaneous disease and a sustained disease response was
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documented on clinic progress notes. As a result, the patient was included in calculation of
response rates.

There were no confirmed complete responses; patient 11 is described as having complete
resolution of all skin lesions. However, no imaging or photography is available to confirm
this. Despite having received only 1 cycle, patient 11 did not have any evidence of disease
progression for several months, and later received further doses of capecitabine at a reduced
dose with further disease control. Four other patients had partial responses (PR) through 6,
12, 15 and 16 cycles. Four patients had stable disease (SD) through 2, 4, 4, and 6 cycles. The
overall RR was 50% with a 95% confidence interval (CI) of (18.7%, 81.3%). Clinical
benefit rate (CR, PR, and stable disease lasting six months or more) was 60% with a 95% CI
of (26%, 88%). Response data is summarized in Table 2. With follow-up until March 2010,
median time to progression was 10.4 months with a 95% lower confidence bound (LCB) of
5.75 months; median progression free survival (PFS) 14.2 months with a 95% LCB of 6.14
months; and median overall survival was 19.0 months with a 95% LCB of 12.8 months.

Overall toxicities
The most common toxicities were neuropathy, fatigue, diarrhea, and nausea. Six patients
experienced grade 3 or 4 toxicities (see Table 2). Five patients (50%) required dose
reductions for both capecitabine and oxaliplatin by cycle 3. Multiple patients experienced
pain syndromes and unusual neuropathies and in total, 8 out of 9 evaluable patients
developed some degree of peripheral neuropathy. Out of all 10 patients started on protocol
treatment, 2 (1 evaluable) were unwilling to continue on study past cycle 1 as a result. For
the single evaluable patient who withdrew after cycle 1, toxicities were of grade 1 and 2, and
did not meet pre-specified criteria for drug discontinuation or dose modification. Toxicities
are summarized in Table 3.

Discussion
There has been growing interest in the use of platinum agents for the treatment of breast
cancer particularly triple negative and BRCA 1 and 2-associated breast cancer. Consistent
with the report by Polyzos et al[14], we have demonstrated promising clinical activity of the
combination of capecitabine and oxaliplatin in heavily-treated metastatic breast cancer.
Since single agent capecitabine has response rates (RR) of 21- 37% [3,4], the addition of
oxaliplatin appears to enhance activity although comparison across different studies has
inherent limitations. In our study, all 9 evaluable patients demonstrated some clinical benefit
and 5 patients had partial responses (56%). Although our study is limited by a small sample
size, response rates do compare favorably with rates for other active combination regimens
in this population such as 43% for ixabepilone and capecitabine [18].

The trial closed prematurely as a result of concerns about a greater than expected degree of
sensory neuropathy when compared to clinical experience with the combination in colorectal
cancer. In one phase II trial, the XELOX regimen was associated with a 16% rate of
neuropathy [19] and in another study a randomized phase II design revealed a 12% rate of
neuropathy with a 3-weekly standard XELOX regimen compared to a 16% rate with an
intensified twice-weekly regimen of oxaliplatin 85mg/m2 on day 1 and capecitabine
3500mg/m2/day from day 1 to 7 [16]. In yet another study, an intensification of oxaliplatin
delivery involved administration of oxaliplatin 100mg/m2 on day 1 and capecitabine
2000mg/m2/day from day 1 to 11 in a 2-week cycle. Grade 3 neuropathy was seen in 24%
of patients [20]. All the aforementioned studies involved patients with colorectal cancer who
are therefore less likely to have received prior neuropathy-causing agents. A study in
advanced gastric cancer further illustrates that XELOX may be more tolerable among
patients who have not previously received potentially neurotoxic agents. Xiang et al recently
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reported results of a study among 45 patients who received oxaliplatin 130 mg/m2 on day 1
and capecitabine 850 mg/m2 twice daily on days 1-14 of a 3-week cycle in the first line
setting. The incidence of peripheral neuropathy was 2.2% [21]. Among our study
population, 3 out of 9 received prior taxane or vinorelbine. Several patients experienced pain
syndromes and were unwilling to continue on study suggesting a particularly painful
component in the sensory neuropathies although there were no cases of grade 3 or 4
neuropathy. Our findings were in contrast to the study by Polyzos et al which reported
neuropathy rates of 30% (grade 1) and 10% (grade 2) among taxane-exposed breast cancer
patients but used a different dosing regimen of oxaliplatin 80mg/m2 on day 1 and
capecitabine 1800mg/m2/day from day 1 to 7 every 2 weeks. Neuropathy was common but
mild and there were no cases of premature treatment discontinuation as a result of
neurologic toxicity [14].

In summary, to our knowledge, this is one of only 2 studies of capecitabine in combination
with oxaliplatin for pretreated metastatic breast cancer. Our study provides another piece of
evidence in support of the combination of capecitabine and oxaliplatin for metastatic breast
cancer. Our dosing regimen was poorly tolerated implying that alternate regimens should be
explored such as a 2-week regimen with reduced doses of both drugs. Careful patient
selection is essential and may include exclusion of individuals with prior receipt of
neurotoxic agents in the metastatic setting. Additionally, pharmacogenetic studies using
candidate gene approaches have revealed a possible association between polymorphisms in
the glutathione S-transferase (GST) genes and predisposition to oxaliplatin-induced
neuropathy[22,23]. In the future, such biomarkers hold promise in allowing a priori
identification of patients at heightened risk of oxaliplatin-induced neuropathy thereby
facilitating personalized treatment decision making.
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Table 1
Baseline demographic and clinical characteristics

Characteristic Number

Number of patients enrolled N=11

Number of patients included in the analysis N=10

Age (in years)

Mean±SD* 54.2±11.7

Median and range 56.5 (36-73)

18-49 4

50-64 4

>65 2

Race/ethnicity

White non-hispanic 10

Hispanic 0

African American 0

Asian 0

Menopausal status

Pre-menopausal 4

Post-menopausal 6

Time between initial diagnosis and metastatic disease

> 24 months

≥ 24 months 8

2

Tumor hormone receptor status

ER+ and/or PR+ 9

ER- & PR- 1

HER2/neu status

Amplified 0

Non-amplified

Unknown

Prior receipt of neuropathy-inducing agents

Adjuvant 0

Metastatic 2 (taxanes)

1 (vinorelbine)

Sites of metastatic disease

Visceral 8

Non-visceral 2
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Characteristic Number

Prior cytotoxic chemotherapy for metastatic disease

Yes 2

No 8

Prior endocrine therapy for metastatic disease

Yes 8

No 2

*
SD for standard deviation
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Table 2
Observed responses

Patient Best response Prior nthracycline Number of cycles received Reason for discontinuation

1 PR No 6 PD

2 SD CAF 6 PD

3 Not evaluable1 No 1 AE

4 PR AC 15 PD

6 SD No 2 AE

7 PR AC 12 AE

8 SD AC 4 PD

9 PR AC 16 PD

10 SD No 4 Patient wishes

11 PR AC 1 AE

1
Patient withdrew before day 15 of cycle 1

AC: doxorubicin and cyclophosphamide

CAF: cyclophosphamide, doxorubicin, and 5-fluorouracil

PR: partial response

SD: stable disease

PD: progressive disease

AE: adverse events
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Table 3
Overall adverse events (Number of patients with toxicity)

Toxicity Any toxicity Grade 3 or 4 toxicity

Neuropathy 8 0

Pain 7 0

Nausea/vomiting 6 0

Diarrhea 6 3

Mucositis 5 0

Anorexia 1 1

Constitutional/Fatigue 8 1

Hand-foot syndrome 5 0

Transaminase elevation 4 1

Hypokalemia 3 2

Hypophosphatemia 2 2

Infection 4 1

Neutropenia 3 0

Anemia 4 0

Thrombocytopenia 2 0
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