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Abstract We aimed to study the efficacy and safety of

metronomic capecitabine in pretreated elderly patients with

advanced gastric cancer. Eligible patients with advanced

gastric cancer were treated with capecitabine at a fixed

dose 1,000 mg daily (days 1–28 continuously, every

5 weeks) until disease progression or significant toxicity.

Tumor response was assessed every 10 weeks by computed

tomography scan using Response Evaluation Criteria in

solid tumors. In total, 45 patients were enrolled, of whom

43 were evaluated for efficacy and 45 for safety. A median

of 3 cycles (range 1–12) were administered. Metronomic

chemotherapy had a disease control rate (DCR) at 8 weeks

of 51.1% (95% CI 25.7–67.8), and the objective response

rate was 20.9% (95% CI 13.1–38.5, 9 of 43 assessable

patients). The median time-to-progression and median

overall survival were 3.6 months (95% CI: 3.2–4.0 months)

and 7.6 months (95% CI 7.0–8.2 months), respectively.

Grade II neutropenia and thrombocytopenia were observed

in 13.3 and 2.2% of patients, respectively. Grade II/III

nonhematological toxicities included diarrhea (4.4%), sto-

matitis (13.4%), and hand–foot syndrome (15.5%). No

grade IV toxicity, neutropenic fever or treatment-related

deaths occurred. Metronomic capecitabine was effective

and well tolerated as palliative treatment in elderly patients

with advanced gastric cancer after fluoropyrimidine-based

chemotherapy.
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Introduction

Gastric cancer is one of the most common causes for

cancer mortality and leads to approximately 160,000 deaths

annually in China, the majority of cases occur in the elderly

population [1]. Surgery remains the only established

curative treatment for this disease in resectable stages [2].

Of all patients with gastric cancer, 80–90% are either

diagnosed at an advanced stage when the tumor is inop-

erable or develop a recurrence within 5 years after surgery

[3]. Chemotherapy for advanced gastric cancer (AGC) can

improve either time-to-progression (TTP) or overall sur-

vival (OS) and is well tolerated [3]; although many Phases

II and III chemotherapy trials for AGC were undertaken,

only a minority of elderly patients ([65 years of age) were

enrolled in those trials [4]. Many factors, such as patient

compliance, performance status, toxicity of previous

treatments, nutritional status, and treatment costs, play a

role in choosing a drug for elderly patients or patients both

after failure of previous lines of chemotherapy or in front-

line when standard chemotherapy is contraindicated [5, 6].
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Consequently, the type and the extent of systemic palliative

chemotherapy that should be offered to elderly patients

remain to be determined.

Despite the lack of evidence for benefit associated with

administering salvage chemotherapy, it is a common

practice to offer further chemotherapy for AGC patients

after first-line failure, because patients and physicians have

difficulty in accepting only supportive care without the

possibility of systemic anticancer effects. For patients with

recurrent, metastatic, or AGC, chemotherapy can improve

survival and possibly provide significant palliation of

symptoms [7, 8]. Given that no standard salvage treatment

is available in those patients, limited investigation into

palliative chemotherapy after first-line or second-line fail-

ure has been performed. Availability of an effective, less-

toxic therapy might help extend potentially beneficial

treatment to a great proportion of elderly patients.

Capecitabine is an oral fluoropyrimidine carbamate,

which is enzymatically converted to 5-fluorouracil (5-FU)

in several steps when absorbed from the gastrointestinal

tract. The final step involves the enzyme thymidine phos-

phorylase, which is found at much higher levels in gastric

cancers than in normal tissue, enabling the active drug

5-FU to be generated preferentially at the tumor site [9].

Capecitabine has been shown to be active as a single agent

for the treatment of gastrointestinal tract tumors such as

advanced gastric cancer [10], with response rates for AGC

ranging from 19.4 to 34%; moreover, median survival

duration in these studies was comparable with other double

or triple combination chemotherapies [11]. In addition, in

preclinical xenograft models, capecitabine was highly

active against both 5-FU-sensitive and 5-FU-resistant

tumors [12].

Metronomic chemotherapy is defined as daily low-dose

administration of a cytotoxic agent at close, regular inter-

vals, with no extent breaks, characterized by a good tol-

erability profile [13]. Metronomic capecitabine has been

investigated as a single agent for treatment of several types

of advanced tumors, showing to be active in advanced

gastrointestinal tract cancers and breast cancer after prior

treatment failure [14, 15]. On this basis, we investigated

the safety and efficacy of metronomic capecitabine in

elderly patients with AGC after fluoropyrimidine-based

chemotherapy.

Patients and methods

Eligibility

Patients, who are older than 70 years, with histologically or

cytologically confirmed AGC, after prior fluoropyrimidine-

based chemotherapy, were eligible. All patients had at least

one measurable lesion. Other eligibility criteria were

Eastern Cooperative Oncology Group (ECOG) perfor-

mance status B2, adequate organ function, and an expected

survival of at least 3 months. Any prior antiangiogenic

therapy must have been discontinued at least for 6 months

before study entry. The exclusion criteria included unre-

solved bowel obstruction or malabsorption syndrome, brain

metastasis, and an active infection with concurrent treat-

ment that interfered with the study’s evaluation. All

enrolled patients provided written informed consent.

Treatment schedule and dose modifications

Before treatment, each patient had a complete history and

physical examination, a complete blood count, liver and

renal function tests and electrolytes, ECG, chest radio-

graph, computed tomography (CT) scanning of the abdo-

men and pelvis, and if indicated, CT scans of the chest and

a bone scan. Metronomic capecitabine was administered

orally at a dose of 500 mg twice a day according to the

intermittent schedule (28 days of treatment followed by a

7-day rest period, every 5 weeks) [16]. Treatment inter-

ruption or dose reduction was not indicated for the first

occurrence of grade I or II toxicity. For hematological

toxicity, treatment was interrupted in patients with grade

III or IV event, and G-CSF was administered when the

absolute neutrophil count decreased to 500 cells/lL.

Metronomic capecitabine was permanently discontinued

with grade IV nonhematological toxicity. The study was

continued until disease progression, unacceptable toxicity,

severe and unstable medical comorbidities, or if the patient

chose to discontinue treatment.

Response evaluation and toxicity

Physical examination was carried out and chest X-rays

were taken before each chemotherapy cycle, and complete

blood counts were made and biochemical tests were per-

formed before and on day 15 of each cycle. Response

evaluation was made by CT scan every 2 cycles until

the tumor progressed. Tumor response was classified on

the basis of the response evaluation criteria defined by

RECIST criteria, and responses were required to last longer

than 4 weeks. The duration of response was defined as the

interval from the onset of complete response [CR: the

disappearance of all target lesions (those representative, by

size and suitability of measurements, of all involved

organs), confirmed at 4 weeks], partial response [PR: at

least a 30% decrease in the sum of the longest diameters

(LD) of the target lesions taking as reference the baseline

LD sum, confirmed at 4 weeks], and stable disease (SD:

neither sufficient shrinkage to qualify for PR, nor sufficient

increase in qualify for progression, taking as reference the
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smallest LD sum since the treatment started, confirmed at

4 weeks) until disease progression [PD: at least a 30%

increase in the sum of LD of the target lesions or new

lesion(s)]. Objective response rate (ORR) was defined as

CR ? PR; disease control rate (DCR) was defined as

CR ? PR ? SD. If death occurred before progression was

documented, the date of death was assumed to be the date

of progression. TTP was calculated from the date of entry

into the study until the date of progression, and overall

survival was the duration from the initiation of treatment to

death or last known follow-up. Compliance with metro-

nomic capecitabine treatment was monitored by question-

ing patients and counting their remaining pills at each

outpatient visit. Safety was evaluated in all patients who

received at least one cycle. Adverse events were graded

according to National Cancer Institute Common Toxicity

Criteria (NCI-CTC) version 3.0.

Statistical analysis

The expected number of patients for this study was cal-

culated according to a Simon optimal two-stage design

[17], assuming a response rate of 20%. With a power of

90%, this resulted in a sample size of 15 patients for first

stage. The size of second stage was determined by the

observed number of response and by the prespecified pre-

cision of 10%. There were three responders during the first

stage of the study. Therefore, according to the study design,

the sample size of the whole study was extended to at least

42 patients. TTP and OS were calculated using the Kaplan–

Meier method. Log-rank test was used for multivariate and

univariate analyses of response rate and to examine the

effects of baseline factors on clinical outcome. Statistical

analyses were performed using SPSS for Windows version

12.0 (SPSS Inc, Chicago, IL, USA).

Results

Patient characteristics

Forty-five patients were enrolled from March 2005 to

August 2009; Table 1 lists the baseline characteristics. The

median age was 74.5 years (range 71–81); 33 patients were

men, and 12 were women. Thirty-six patients (80%) had a

relatively good performance status of 0 or 1. Twenty-one

patients had previously undergone surgery and recurrence

(13 patients had received 2–6 cycles of adjuvant chemo-

therapy). All patients with AGC had received 5-FU-based

first-line palliative chemotherapy. First-line chemotherapy

was oxaliplatin plus 5-FU in 17 patients (37.8%), Epiru-

bicin, cisplatin plus 5-FU in 15 patients (33.3%), capecit-

abine, epirubicin plus oxaliplatin in 6 patients (13.3%),

docetexel, 5-FU plus oxaliplatin in 4 (8.9%), and 5-FU

monotherapy in 3 patients (6.7%). Sixteen of 45 patients

who had disease progression after first-line palliative che-

motherapy turned to second-line chemotherapy. Second-

line palliative chemotherapy included 5-FU plus cisplatin

as intraperitoneal administration in 4 patients; standard

capecitabine monotherapy in 3 patients; capecitabine plus

recombinant human endostatin (endostar�) in 3 patients,

oxaliplatin plus 5-FU in 3 patients; S-1 monotherapy in 2

patients; uracil-tegafur enterogranules (UFT-E) in 1

patient. Seventeen patients (37.8%) had liver metastasis, 13

(28.9%) had peritoneal metastasis, 11 (24.4%) had lymph

node metastasis, and 4 (8.9%) had bone metastasis.

Efficacy

Two patients did not complete first cycle due to disease

progression. Among the forty-three patients treated for at

least 1 cycle, 9 patients achieved PR (response rate,

20.9%). Thirteen patients (30.2%) achieved SD, whereas

21 patients (48.8%) had progressive disease. The DCR

(CR ? PR ? SD) was 51.1%. Response rate was not sig-

nificantly influenced by age, gender, weight loss, PS, liver,

peritoneal, lymph node or bone metastasis, gastrectomy,

Table 1 Patient characteristics at baseline (ITT population)

No. of patients (%)

Total patients 45

Age (years)

Median 74.5

Range 71–81

Gender

Male 33 (73.3)

Female 12 (26.7)

ECOG performance status

0 14 (31.1)

1 22 (48.9)

2 9 (20.0)

Prior chemotherapy for AGC

First line 29 (64.4)

First line ? second line 16 (35.6)

Metastatic sites

Liver involvement 17 (37.8)

Peritoneum involvement 13 (28.9)

Lymph node involvement 11 (24.4)

Bone involvement 4 (8.9)

Previous therapy

Surgery 21 (46.7)

Adjuvant chemotherapy after surgery 13 (28.9)

First-line chemotherapy for AGC 45 (100)

Second-line chemotherapy for AGC 16 (35.6)
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and response to prior first-line or second-line chemotherapy

(Table 2).

TTP and survival

All 43 treated patients were assessable for TTP and sur-

vival, with median follow-up duration of 15 months (range

1–25 months). At the time of analysis, there were 37

deaths, 6 patients confirmed alive, and no patient lost to

follow-up. Of the surviving patients, 3 remain progression

free on therapy with metronomic capecitabine. The median

TTP was 3.6 months (95% CI 3.2–4.0 months; Fig. 1). The

median OS was 7.6 months (95% CI 7.0–8.2 months;

Fig. 2). One-year survival rate was 28.5%. In a multivari-

ate analysis of the 43 patients, OS was not affected by PS,

metastatic sites, gastrectomy, or response to prior lines

chemotherapy (Table 2).

Safety

The frequencies of treatment-related hematological and

nonhematological adverse events were shown in Table 3.

The most common treatment-related hematological adverse

event was neutropenia, which occurred at grade III inten-

sity in 4 patients (8.9%). No patient experienced grade IV

neutropenia or febrile neutropenia. Grades II and III hand–

foot syndrome and stomatitis were also relatively common,

occurring in 7 patients (15.5%) and 6 patients (13.4),

respectively. There were no treatment-related deaths.

Treatment delays were observed in 9 patients (20%) as a

result of hematological adverse events (4 patients; 8.9%),

hand–foot syndrome (1 patient; 2.2%), anorexia (1 patient;

2.2%), and stomatitis (3 patients; 6.7%). There was no dose

reduction with metronomic capecitabine.

Table 2 Exploratory analysis

of effects of prognostic factors

on clinical outcome

Hazard ratio (95% confidence interval)

Overall response Overall survival

Factor Univariate Multivariate Univariate Multivariate

Gender

Male vs female 1.4 (0.6–1.9) 1.3 (0.6–2.9) 1.3 (0.8–2.3) 1.4 (0.7–2.9)

Age

B75 vs. [75 1.6 (0.8–2.6) 1.0 (0.7–2.2) 1.3 (1.1–3.4) 2.6 (0.8–4.5)

ECOG PS

0 vs. C1 1.4 (0.8–2.3) 0.6 (0.3–11) 0.6 (0.3–1.0) 3.5 (1.8–6.8)

Weight loss

Yes vs. no 1.5 (0.7–3.5) 0.9 (0.7–2.3) 1.5 (0.6–5.3) 1.8 (0.7–5.8)

Liver involvement

Yes vs. no 0.7 (0.4–1.2) 0.5 (0.1–2.5) 1.5 (0.8–2.3) 1.5 (0.3–7.8)

Peritoneal involvement

Yes vs. no 1.7 (1.0–2.8) 0.8 (0.2–4.4) 1.5 (0.9–2.5) 1.2 (0.3–6.5)

Lymph node involvement

Yes vs. no 1.5 (0.7–2.6) 1.3 (0.3–6.4) 1.3 (1.0–2.2) 1.6 (0.3–9.4)

Bone involvement

Yes vs. no 1.3 (0.7–3.0) 0.5 (0.1–3.3) 1.6 (0.9–2.5) 3.9 (0.6–7.6)

Gastrectomy

Yes vs. no 1.2 (0.6–2.7) 1.0 (0.5–1.9) 1.5 (1.4–1.7) 1.4 (0.7–2.9)

Treatment (Chemotherapy)

Second line vs. no 0.9 (0.5–1.4) 1.0 (0.4–2.4) 1.4 (1.2–1.5) 1.3 (0.6–3.1)

Fig. 1 Time to disease progression for all patients
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Discussion

Palliative chemotherapy for advanced gastric cancer

improves survival, when compared with the best supportive

care [18]. The choice of the optimal chemotherapy regimen

for the treatment of AGC needs to be based on a careful

consideration of the value of the generally small benefit

that we can give to patients. In particular, treatment deci-

sions should take into account the high toxicity that is

typical of most chemotherapy regimens commonly used in

this setting. Elderly patients have a higher incidence of

comorbidity, end-organ dysfunction, nutritional deficien-

cies, and gradual deterioration of PS. These factors prohibit

elderly patients from receiving standard schedule treat-

ments and clinical trails [19]. Metronomic chemotherapy as

simplified administration may minimize the acute toxicity

of cancer drugs and maintain the treatment for a long time

in these patients suffering with advanced cancer who

cannot benefit from the standard chemotherapy [20].

Several studies on this treatment approach with different

drugs for other tumor types have been reported [21, 22].

Moreover, the administration in small doses is well toler-

ated and provides stable disease in cancer patients with

such vulnerable and poor prognosis [23].

Capecitabine has demonstrated safety and efficacy as a

single agent or combined with other active drugs against

AGC [5]. Capecitabine at different daily doses has also

been documented as an efficacious treatment in gastroin-

testinal tract cancers and advanced breast cancer [24, 25].

Oral capecitabine appears to be more convenient to

administer than infused fluorouracil because it may obviate

the need for central venous access and its associated risk of

complications [26]. Besides the beneficial toxicity profile,

metronomic capecitabine produced long median TTP and

median survival for AGC and advanced colorectal cancer

patients after failure of previous lines of chemotherapy or

in frontline when standard chemotherapy is contraindi-

cated, especially when the aims of medical treatment are to

achieve disease control and to arrest tumor growth without

affecting the patient’s quality of life [27]. Although stan-

dardized schedule of metronomic capecitabine time–dose

does not yet exist, the reported daily doses of the agent

ranging from 1,000 mg to 2,000 mg/day were well toler-

ated and allowed to achieve a prolonged stable disease

[28, 29]. In a Phase II study that evaluated the safety and

efficacy of the combination of continuous capecitabine

1,000 mg/day and celecoxib in the treatment of advanced

cancer patients, nearly 30% of all patients, especially those

with renal cell cancer and gastrointestinal tract tumors, had

stable disease after 3 months of therapy [16]. Besides the

good toxicity profile, metronomic capecitabine produced a

response rate of 22.2%, median TTP 4.4 months and a

median survival 9.5 months in the subgroup of metastatic

colorectal cancer [14]. In this study, we chose to administer

1,000 mg daily because it has been shown that this very

low dose, which is nearly 1/4 of the normal dose, does not

compromise the antitumor effect of the drug.

Because elderly patients are generally excluded from

cancer chemotherapy clinical trials, data to guide the

treatment in this population AGC in an evidence-based

fashion are lacking [30]. Comparing with single-agent

chemotherapy, 5-FU-based combination chemotherapy

demonstrated a statistically significant benefit in OS for

elderly patients with AGD [31]. However, we should be

cautious with 5-FU-based combination in the elderly

patients due to the following limitations: (1) only a

small, approximately one month, survival advantage was

observed in the meta-analysis based on aggregate date [32];

(2) chemotherapy-related toxicities, such as neutropenia,

Fig. 2 Overall survival for all patients

Table 3 Hematological and nonhematological adverse events

Grade (% of patients)

I II III IV All grades

Neutropenia 20.0 13.3 8.9 0 42.2

Anemia 11.1 8.9 0 0 20

Thrombocytopenia 15.6 2.2 0 0 17.8

Febrile neutropenia 0 0 0 0 0

Anorexia 24.4 11.1 2.2 0 37.7

Nausea 8.9 2.2 0 0 11.1

Vomiting 4.4 0 0 0 4.4

Abdominal pain 6.7 2.2 0 0 8.9

Stomatitis 17.8 6.7 6.7 0 31.2

Diarrhea 11.1 4.4 0 0 15.5

Hand–foot syndrome syndrome 20.0 13.3 2.2 0 35.5

Sensory neuropathy 4.4 0 0 0 4.4

Hyperbilirubinemia 6.7 0 0 0 6.7

Asthenia 13.3 8.9 0 0 22.2
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anemia, stomatitis, diarrhea, and treatment-related deaths,

occurred more frequently in the elderly [4]; (3) the early

drop out rate was significantly higher, and 5-FU dose

intensity was significantly lower in the elderly when treated

with combination chemotherapy [33]; and (4) QOL, which

could be impaired as the intensity of chemotherapy

increases, has not been studied sufficiently. Ideally, elderly

specific trials are needed to define the optimal treatment for

these patients. Considering the ORR, OS, and safety

results, our study provides the evidence that elderly

patients with AGC could benefit from metronomic cape-

citabine monotherapy with minimal adverse events.

Unlike maximum tolerated dose (MTD) chemotherapy

that presumably mainly targets (proliferating) tumor cells,

frequent or continuous low-dose chemotherapy appears to

inhibit preferentially the endothelial cell activity of the

tumors’ growing vasculature [34]. In addition, sub-MTD

capecitabine showed a trend toward the induction of TSP-1

expression in xenograft tumor tissues and plasma, known

to be a mediator of the antiangiogenic effects of metro-

nomic chemotherapy [35]. Moreover, latest evidence of

metronomic chemotherapy in adult and pediatric cancer

patients suggested that the efficacy of such treatment relied

on antiangiogenic activity, restoration of anticancer

immune response, and induction of tumor dormancy [36,

37]. In addition, metronomic chemotherapy in combination

with antiangiogenic drugs provided interesting results in

advanced colorectal cancer and ovarian cancer [38, 39].

Such combination can induce remarkable responses

including sustained tumor regression, even of drug resistant

tumors, as well as marked prolongation of survival with no

serious toxicity in advanced hepatocellular cancinoma [40].

The treatment of metronomic capecitabine 500 mg twice

daily in combination with cyclophosphamide and bev-

acizumab has been shown to be minimally toxic and

effective in advanced breast cancer, achieving partial

response of 46% and stable disease of 41% [41].

Metronomic capecitabine was well tolerated, and no

treatment-related death was reported in this study. The

treatment was minimally myelosuppressive, and the most

frequent hematological toxicity was neutropenia.

Although grade III neutropenia occurred in four patients

treated with metronomic capecitabine, no patient experi-

enced grade IV hematologic toxicities or febrile neutro-

penia. The most frequently observed grade II/III

nonhematological toxicities were anorexia and hand–foot

syndrome. Although toxicities led to treatment delay in 9

patients, no dose adjustment was required for capecitabine

in these patients.

In conclusion, metronomic capecitabine demonstrated

substantial efficacy with low toxicity in elderly patients

with AGC after fluoropyrimidine-based chemotherapy.
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