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B Abstract: The majority of clinical trials of neo-adjuvant therapy for breast cancer have been conducted in resource-rich
countries. We chose Nigeria, a resource-poor country, as the major site for a phase Il feasibility open-label multicenter clinical
trial designed to evaluate the efficacy, safety, and tolerability of neo-adjuvant capecitabine in locally advanced breast cancer
(LABC). Planned treatment consisted of 24 weeks of capecitabine at a dose of 1,000 mg/m? twice daily (2,000 mg/m? total per
day). The primary endpoints were overall, partial, complete clinical response rate (OCR, PCR, CCR) and complete pathologic
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response (CPR). A total of 16 patients were recruited from August 2007 to April 2010. The study was terminated early as a
result of slow accrual. After the first three cycles of therapy, PCR were seen in five of 16 patients (31%; 95% CI 11-59%). Of
the remaining 11 patients, eight had no response (NR) or stable disease (SD), and three had progressive disease (PD). Seven
patients proceeded with further therapy of which had SD. OCR at the end of eight cycles was 44% (95% CI 20-70%). Clinical
response and radiologic response by ultrasonomammography were highly concordant (spearman correlation 0.70). The most
common adverse effect was Grade 1 hand-foot syndrome, which was seen in 75% of patients. Despite several limitations,
we successfully carried out this phase |l feasibility study of neo-adjuvant capecitabine for LABC in Nigeria. Capecitabine
monotherapy showed good overall response rates with minimal toxicity and further studies are warranted. m
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reast cancer is a major global health problem. It is
Bnot only the most common cancer, but has the
highest mortality rate among women in African
countries including Nigeria (1-3). Among women born
and raised in the USA, black women have a lower risk
of breast cancer than white women, but the survival
rate of the former group is poorer probably due to
advanced stage at diagnosis and histologically more
aggressive disease (4,5). African-American patients
have a greater incidence of breast cancer between 30
and 44 years (which is less likely to be screen-detected)
and their tumors are more likely to be poorly differen-
tiated and estrogen receptor (ER) negative, with high
nuclear atypia and higher S-phase fraction (4).

In West Africa, the founder population of most
African Americans, breast cancer is considered to be a
rare, virulent disease of young women (6,7). Breast
cancer in these young women is almost uniformly
fatal, in part, due to ignorance about the disease and
poor access to modern medical care. In Nigerian
women, the mean age at presentation is 43 years,
74% of affected individuals are premenopausal, and
12% are under the age of 30 (1,7,8).

Guidelines for the treatment of locally advanced
breast cancer (LABC), with particular reference to
resource-poor countries, have been published (9). The
Breast Health Global Initiative (BHGI) summit in 2007
focused on the management and implementation of pri-
mary systemic therapy in the form of neo-adjuvant che-
motherapy in LABC and two important points were
highlighted (10). Firstly, all trials demonstrating the
efficacy of neo-adjuvant chemotherapy in breast cancer
have been conducted in developed countries. Secondly,
there is a paucity of literature on the impact of neo-
adjuvant chemotherapy for LABC in developing coun-
tries such as Nigeria and although scientific advances
drive management guidelines, the implementation is
limited by local resources and expertise (10-12).

Although newer agents are being studied in resource-
rich nations (13,14), neo-adjuvant chemotherapy for

LABC remains predominantly anthracycline-based, par-
ticularly in resource-poor nations (12). In spite of high
response rates to anthracycline-based regimes, only a
small fraction of patients achieve a complete pathologic
response (cPR); more than 60% of patients with LABC
continue to die of metastatic breast cancer; and disease-
free survival (DFS) rates remain modest at only about
30% at 5 years (2,9). Clearly, further refinement of
treatment strategies and introduction of more effective
and less toxic chemotherapeutic agents are warranted.
It is conceivable that a less toxic regimen given for
longer duration might lead to more cPRs and improved
quality of life as has been demonstrated in patients with
hormone receptor-positive tumors treated with pro-
longed duration of hormonal therapy. The identifica-
tion of effective agents that can be used alone or in
combination with other agents is uniformly accepted as
an appropriate drug development strategy in breast can-
cer. Capecitabine is preferentially taken up by cancer
cells and represents an important new class of drugs
that deserves testing in chemotherapy naive patients
with LABC (15).

The rationale of this study was to test the clinical
efficacy of capecitabine given as neo-adjuvant therapy
in patients with LABC. The hypothesis to be tested
was that single-agent capecitabine chemotherapy given
at 1,000 mg/m? twice daily (2,000 mg/m* per day)
will result in acceptable overall response rates (ORR)
and minimal toxicity in chemotherapy naive LABC. In
addition, the study was designed to demonstrate feasi-
bility of a phase II trial involving an oral chemothera-
peutic agent such as capecitabine in a resource-poor
nation like Nigeria.

PATIENTS AND METHODS

Patient Eligibility

The study was opened in Chicago and in two sites
in Nigeria, under the auspices of the University of Chi-
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cago Center for Global Health (CGH). Patients
with newly diagnosed LABC were seen at the three
institutions involved in the study, namely: The Univer-
sity of Chicago Comprehensive Cancer Center, Chi-
cago; Obafemi Awolowo University Teaching Hospitals
Complex (OAUTHC), Ile-Ife, Nigeria; and the Univer-
sity College Hospital (UCH), Ibadan, Nigeria. Patients
were enrolled after meeting eligibility criteria. Eligible
patients were women with newly diagnosed and histo-
logically confirmed, locally advanced adenocarcinoma
of the breast (T3-4b, NO-3, MO disease). Patients with
asymptomatic bone metastases and patients with large
T2 tumors, whose surgeons believed that results with
breast-conserving surgery would be improved by neo-
adjuvant therapy, were also eligible. Patients were
18 years or older, had a negative serum or urine preg-
nancy test within 7 days prior to starting therapy if con-
sidered to be of child-bearing potential, and had an
Eastern Cooperative Oncology Group (ECOG) perfor-
mance status of 0-1. Other eligibility criteria included
lack of prior therapy for the index malignancy and ade-
quate organ function as shown by an absolute neutro-
phil count >1,500/uL, platelet count >100,000/pL,
creatinine <1.5 mg/dL, calculated creatinine clearance
>50 mL/min, total bilirubin <1.4 mmol/L, aspartate
aminotransferase/alanine aminotransferase <1.5x upper
limit of normal, and alkaline phosphatase <2.5x upper
limit of normal.

All patients completed a written consent, with those
recruited in Nigeria having their data transmitted to a
data-monitoring site at the University of Chicago. The
study protocol was approved by the Institutional
Review Board at each participating institution.

Study Design and Patients Selection

The study was a multicenter, single-arm, phase II
feasibility trial of neo-adjuvant chemotherapy with
capecitabine in women with newly diagnosed LABC.
Initial assessment of patients included a medical his-
tory, physical examination, complete blood count with
differential, a metabolic panel, chest x-ray, electrocar-
diogram, bilateral breast mammogram, pregnancy test,
and pathologic review of tissue. Immunohistochemis-
try was used to assess the following tumor markers:
ER, progesterone receptor (PR), and the HER2-neu
receptor. ER and PR status were considered positive if
>10% of any sample stained positive. Tumor grade
was also assessed. Additional studies were performed
as clinically indicated. Women without menstrual

bleeding over the preceding 12 months were consid-
ered to be postmenopausal.

Treatment Regimen

Enrolled patients were treated for a maximum of
eight cycles with capecitabine at a dose of 1,000 mg/
m?” twice daily (2,000 mg/m? total per day) for 2 weeks
followed by a 1-week pause. Each cycle lasted for
21 days. Final evaluation was performed by week 26
and no later than week 28. Imaging studies were
performed no more than 28 days before initiation of
therapy, and all laboratory work was completed no
more than 16 days before registration. As the study
was conducted in resource-poor settings, ultrasono-
mammography was a cost-effective method for assess-
ing tumor response and was used in the study.
Definitive surgery with modified radical mastectomy
(simple mastectomy and axillary lymph node dissection
(ALND) was completed between weeks 28 and 30, but
not later than week 32). Following completion of che-
motherapy, patients with ER+ or PR+ tumors received
tamoxifen at a dose of 20 mg orally once daily, or an
aromatase inhibitor if postmenopausal. Anti-estrogen
therapy was started within 12 weeks of completion of
chemotherapy and continued for 5 years. Patients who
received radiation therapy to the chest wall and/or
nodal areas started treatment 6-8 weeks after comple-
tion of definitive surgery.

Patient Assessment and Outcome Measurement

History with toxicity assessment using Common
Toxicity Criteria version 2.0 (16), and a physical
examination with tumor measurement were done at
the start of each cycle. A mammogram and breast
ultrasound were done prior to initiation of therapy
and after the 3rd and 8th cycles, or earlier if clinically
indicated. Partial response was defined as reduction by
at least 50% of the sum of the products of the longest
perpendicular diameters of all measurable lesions.
Complete clinical response (CCR) was defined as com-
plete disappearance of all measurable malignant dis-
ease, and no new malignant lesion, disease-related
symptoms, or evidence of evaluable disease. No
response (NR) was defined as reduction less than 25%
of the sum of the products of the longest perpendicu-
lar diameters of all measurable lesions as determined
by two observers at least 3 weeks apart, whereas sta-
ble disease (SD) was defined as decrease between 25
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and 50% the sum of the products of the longest per-
pendicular diameters of all lesions.
The same percentage changes in size were used to
determine response on ultrasonomammography. pCR
was defined as the absence of invasive breast cancer in
the breast (mastectomy or lumpectomy) specimen at
the time of definitive surgery.

measurable

Statistical Analysis

The trial was originally designed in two stages that
would allow early stopping for lack of efficacy. In the
first trial stage, 21 patients would be accrued, treated,
and assessed. If fewer than eight patients had a
response, then the trial would be discontinued for lack
of efficacy. If there were eight or more responses
observed, then an additional 27 patients would be
enrolled. Thus, the maximum sample size was 48
patients. If there had been 20 or more responses
among the 48 patients, then the trial results would
have been considered supportive of a response propor-
tion of 50%. Under this trial design, power to detect
a response difference of the magnitude specified is
0.85, and the probability of falsely concluding in
favor of the alternative (e.g., the alpha level) is 0.05.
The probability of early stopping if indeed the
response rate was 30% is 0.72. As the trial was termi-
nated due to slow accrual, we report frequency of
responses with 95% exact confidence intervals assum-
ing binomial distribution of events.

RESULTS

Between August 2007 and April 2010, a total of 18
patients were enrolled in the study, including one
patient treated at the University of Chicago. Two
patients were withdrawn before commencement of the
study as a result of inconclusive histopathology results
and voluntary default, respectively. Patients’ demo-
graphic and tumor characteristics are summarized in
Tables 1 and 2.

All 16 patients completed the first three cycles of
capecitabine chemotherapy, at the end of which five
patients (31%) had a partial clinical response (95%
CI 11-59). Seven patients continued in the trial and
were scheduled to receive a total of eight cycles of
capecitabine; however, clinical evaluation after four
cycles revealed progressive disease in one patient. One
patient was later removed for protocol violation and
six patients ultimately completed the planned eight

Table 1. Baseline Patient Characteristics

Characteristic N Percentage (%)
Age
Mean 50.1
SD 1
Range 32-70
Race
Black African 15 93.7
Black american 1 6.3
Weight
Mean 69.2
SD 144
Median 70.5
Range 47-94
Performance status
0 14 87.5
1 2 125
Measurable disease
Yes 16 100
No 0 0
Patients occupation
Civil servant 3 18.6
House wife 1 6.3
Petty trader 10 63.5
Teacher 2 12.5
Primary cancer site
Left breast 11 68.7
Right breast 5 31.3
Clinical stage of cancer
T3 12 75
T4c 1 6.3
T4a 2 125
T2 1 6.3
NO 2 12.5
N1 9 56
N2a 4 25
N3a 1 6.3
Table 2. Baseline Tumor Characteristics
Characteristic N Percentage
Tumor diameter
Mean 8.9
SD 2.4
Median 9.0
Range 4-15
Histology
Invasive ductal carcinoma 14 87
Comedocarcinoma 1 6.3
Mucinous adenocarcinoma 1 6.3
Mitotic index grade
Grade 1 2 12,5
Grade 2 8 50
Grade 3 6 37.5
Hormone receptor status
ER+/PR+ 1 6.3
ER+/PR— 2 12,5
ER-/PR+ 1 6.3
ER—-/PR— 12 75
HER2+ 0 0
HER2- 16 100
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Table 3. Clinical and Radiological Response at
the End of the 3rd and 8th Cycles

Clinical Response Uss Response
N=16 N=16
3rd cycle Number Percentage
Complete 0 0 0 0
response
Partial response 5 31.3 4 25.0
No response 5 31.3 4 25.0
Stable disease 3 18.8 3 18.8
Progressive 3 18.8 5 31.2
disease
Overall response 5 31.3 4 25.0
(CR + PR)
Mean tumor area 50.7 17.3
(em?)
Median tumor 48.8 8.9
size (cm?)
Range 6 — 143 1.1 -103.5
SD 40.8 26.1
N=6 N=6
8th cycle
Complete 2 13 0 0
response
Partial response 5 31 5 31.3
No response 0 0 0 0
Stable disease 0 0 0 0
Progressive 0 0 0 0
disease
Overall response 7 43.8 5 31.3
(CR + PR)
Mean tumor 7.7 2.3
area (cm?)
Median tumor 9.2 1.7
area (cm?)
Range 0-16 0.6-6.8
SD 6.7 2.34

cycles of therapy. Of the six patients who completed
eight cycles, two patients had a CCR and four
patients had a partial clinical response. Radiological
response was also assessed using breast ultrasono-
mammography. By ultrasound, four patients had
partial response of 25% (95% CI 7-52) among 16
patients after three cycles. The median clinical and so-
nographic tumor size decreased from 63.5 cm? (range
16-180 cm?) and 9.2 cm? (range 1.1-103.5 cm?) at
the beginning of therapy to 9.2 cm? (range 0-16 cm?)
and 1.7 cm? (range 0.6-6.8 cm?) at the end of eight
cycles, respectively. Median reduction in bi-dimen-
sional size measured by clinical examination was
34% (100% maximum reduction and 42% maximum
increase). Median reduction in bi-dimensional size
measured with ultrasound was 34% (92% maximum
reduction and 27% maximum increase). Details are
shown in Table 3 and Fig. 1. All six patients had
modified radical mastectomies at the completion of

(<]
[=]

Change from baseline (%)
g

-100

Figure 1. Waterfall plot illustrating patient response to single-
agent neo-adjuvant capecitabine. Bars represent the sum of the
products of the longest perpendicular diameter of all measurable
lesions. Gold bars represent patients with confirmed partial
responses, whereas black bars represent patients with stable
disease, no response, or progressive disease.

Table 4. Toxicities

No of patients

Adverse event (N=16) %
Diarrhea 3 18.8
Skin rash 1 6.3
Hand and foot syndrome 12 75
Fatigue 3 18.8
Dizziness 1 6.3
Anorexia 1 6.3
Nausea 1 6.3
Sore throat 1 6.3
Vomiting 0 0
Alopecia 0 0
Neutropenia 0 0
Thrombocytopenia 0 0

the 8th cycle of chemotherapy and no c¢PR was
observed.

Neo-adjuvant capecitabine at a dose of 1,000 mg/m>
was found to be safe and well tolerated in this cohort of
patients. None of the patients had grade 2 or 3 toxici-
ties requiring either dosage reduction or cessation of
therapy. The most common adverse effect was hand
and foot syndrome, which was observed in 75% of
patients. Other adverse events recorded during this
study included diarrhea, skin rash, fatigue, dizziness,
anorexia, and nausea, most of which occurred in less
than 10% of patients (Table 4). Commonly reported
capecitabine-associated toxicities like neutropenia,
alopecia, thrombocytopenia, and vomiting were not
observed.

Table 5 details outcomes following surgery on the
six patients who had surgery after completing eight
cycles of capecitabine and two additional patients
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Table 5. Surgery and Outcome of Surgery

Length of

Patient ID  Age (years) No of cycles Response Surgery done follow-up (months) Local recurrence Systemic recurrence Present status

011 52 8 PR MRM 39 Nil Nil Alive and Well

008 52 3 PD MRM 48 Nil Nil Alive and well

003 59 8 CR MRM 7 Nil Nil Defaulted from follow-up
018 64 8 PR MRM 18 Nil Nil Alive and well

009 40 8 PR MRM 21 Nil Nil Alive and well

002 48 3 PD MRM 12 Nil Hepatic Died 12 months post op
016 57 8 PR MRM 36 Nil Nil Alive and well

006 47 8 CR MRM 24 Nil Nil Alive and well

PR, partial response; PD, progressive disease; CR, complete response; MRM, modified radical mastectomy.

who progressed after three cycles, but went on to
receive additional chemotherapy and surgery. At last
follow-up, five of six patients who completed eight
cycles of capecitabine are alive and one was lost to
follow-up; one of the two patients with progressive
disease died of hepatic metastasis 12 months after sur-
gery, whereas the other remained alive and well.
Figure 1 is Waterfall plot illustrating patient
response to single-agent neo-adjuvant capecitabine.

DISCUSSION

To our knowledge, this is the first report of a phase
IT feasibility study of oral chemotherapeutic agent in
the treatment of LABC in Nigeria. The study pre-
sented challenges that will need to be addressed and
overcome, so as to facilitate more of these clinical tri-
als in the future as such studies will contribute toward
improving cancer care in resource-poor nations. To
ensure a reasonable sample size for an adequately
powered study, we planned to accrue 48 patients over
a 2-year period at a rate of two patients per month.
The goal seemed reasonable, given the prevalence and
increasing incidence of breast cancer in Nigeria, the
most populous country in sub-Saharan Africa (1,3).
Instead, only 18 patients were accrued and of those,
only 16 patients completed the first three cycles of
capecitabine chemotherapy. We observed that a large
majority of patients presented with advanced disease
and were not eligible. Most ineligible patients had fea-
tures such as exuberant peau d’orange, extensive fun-
gating exophytic breast masses, large tumor size with
edematous upper limb, and erythematous skin involve-
ment. Sadly, such patients still make up about
70-80% of breast cancer patients in Nigeria, a pattern
which has not changed from the previous decade
(1,3). Another prominent factor responsible for our
low accrual rate were the health care worker strikes

in Nigeria, which disrupted our recruiting and treat-
ment efforts for six of the 32 months of our study.

Capecitabine monotherapy has been extensively
studied and found to be effective and safe in the treat-
ment of metastatic breast cancer (17-19). Whether
used alone in a monotherapy setting, or used in com-
bination with other chemotherapeutic agents, numer-
ous studies have shown efficacy in metastatic breast
cancer with overall clinical benefit rates of 30-70%,
ORRs of 15-40%, median time to progression of
greater than 3 months, and overall survival in excess
of 12 months (20-22). Despite the good response rate
seen in the metastatic setting, single-agent efficacy has
not been reported in the neo-adjuvant setting for
LABC.

Even with low accrual and consequent detrimental
effects on study power, we detected certain patterns
and trends. The best ORR in this study was 44%
(95% CI 20-70%). This study showed that single-agent
capecitabine has comparable activity and efficacy with
that of single-agent docetaxel in the treatment of
patients with LABC. In single-arm phase II clinical
trials involving the use of single-agent docetaxel at
100 mg/m?, ORRs ranged from 54 to 69%. When
used as second-line single-agent therapy, ORRs of
23-65% were observed (23-25). These response rates
are similar to the response rates observed in capecita-
bine monotherapy in this study.

None of our study patients attained a pCR and this
may be related to the definition of pCR used. In our
study, pCR was defined as no microscopic evidence of
residual viable tumor cells, invasive or non-invasive, in
all resected specimens of the breast. However, NSABP
B-27 and the Aberdeen Trial adopted a loose definition
of pCR, which includes the presence of ductal carci-
noma in situ (DCIS) in the breast, regardless of the
axillary node status (24,25). The ORR of 44% after
eight cycles of therapy in this study is comparable with
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the response rates for metastatic breast cancer treated
with capecitabine (20,26). However, the aforemen-
tioned rates are lower than ORRs of 40-70% seen
with the use of capecitabine in combination with other
agents such as docetaxel and bevacizumab (27,28). It is
well recognized that combination chemotherapy often
results in higher response rates, but with greater toxic-
ity, and higher response rates do not always translate
to improved outcomes.

Ultrasonomammography of the breast was used to
determine the size of the breast tumor at diagnosis
and also to monitor response of the tumor to chemo-
therapy. There was modest concordance between clini-
cal response and radiological response by breast
ultrasound (spearman correlation of 0.70). This high
correlation between clinical and ultrasound response
rate has also been observed in other studies (29,30).
Of note, although CCRs were recorded in two
patients with no clinically measurable disease at the
end of eight cycles, the breast ultrasound of these two
patients still showed residual tumor. This is not
surprising as predicting residual tumor size after
neo-adjuvant chemotherapy can be challenging
(31,32) and physical examination of breast tumors
measuring less than 2 cm is often difficult depending
on the density of the breast (33). Furthermore, physi-
cal examination may be inaccurate when the tumor is
irregular or has poorly defined margins or when neo-
adjuvant chemotherapy results in residual fibrosis and/
or necrosis (34,35).

Capecitabine treatment was well tolerated in this
study. Less that 10% of the patients had adverse events
except for mild hand—foot syndrome, which was seen
in over 70% of the patients studied. The safety profile
found in this study was consistent with that seen in pre-
vious studies of capecitabine monotherapy in breast
cancer (20,21,26,36,37) and colorectal cancer (38,39).
The majority of treatment-related adverse events were
mild or moderate in intensity and the most frequent
adverse event was hand-foot syndrome. This cutaneous
condition is characteristic of chronic cytostatic adminis-
tration, and has been described with other agents such
as protracted 5-FU, 96-h vinorelbine, or liposomal
doxorubicin. In our patients, hand—foot syndrome was
rapidly reversible, such that no patients required treat-
ment interruption. There were no cases of grade 3/4
toxicity in this study and in particular, alopecia and
myelosuppression were not observed. The convenient
oral administration of capecitabine in combination
with its acceptable efficacy and manageable side effect

profile makes it an attractive agent for use in an outpa-
tient setting. Oral capecitabine avoids the risk of com-
plications  associated  with drug
administration and allows patients to control their own
therapy and achieve a degree of independence. Based
on side effects reported by the participants, it is possible
that a higher capecitabine dose could have been
tolerated without significant worsening of toxicities.
Importantly, for responding patients who went on to
surgery, there appears to have been some clinical bene-
fit in improving their outcomes that deserves further
evaluation in future studies.

intravenous

CONCLUSIONS

Neo-adjuvant single-agent capecitabine chemother-
apy for LABC in a predominantly Nigerian population
is effective and safe with expected toxicities, but no
myelosuppression.
countries are challenging, but these obstacles can be
overcome through continued building of resources that
offer and support alternative treatments while educat-
ing local investigators and participants on the benefits
of clinical trials. Increased survival rates from clinical
investigation and increased clinical trial participation
may translate into improved quality of care for
patients with malignant diseases in resource-poor
nations. Our study demonstrates that the conduct of
clinical trials in a resource-poor nation like Nigeria is
feasible, and should be encouraged.

Clinical trials in low-resource
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