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ABSTRACT 

Background: Hepatocellular carcinoma (HCC) is a hypervascular tumor. Metronomic chemotherapy; the continuous 
administration of low-dose chemotherapy; has both cytotoxic and antiangiogenic effects with low toxicity profile. We 
evaluated the efficacy and toxicity of metronomic capecitabine (MC) in patients with advanced HCC. Patients and 
Methods: From May 2010, we enrolled pts with either metastatic or locally advanced diseases not candidate for abla-
tive or locoregional treatment and have acceptable liver function. Patients received oral MC in dose of 1000 mg/m2 

daily in a 21 days cycle without interruption till disease progression or toxicity. Results: The study cohort consisted of 
22 patients with a median age of 63 years. The median number of cycles received was 3 cycles (range 1 - 9). From 19 
patients were evaluable for response we had 3 partial responders, 10 stable diseases and disease progression in 6 pa-
tients. Median time to progression (TTP) was 2.2 months (95% CI 1.4 - 6.24) and median survival time (OS) was 4.8 
months (95% CI 1.8 - 7.9). For 20 patients evaluable for safety: no grade III/IV hematological toxic effects were ob- 
served. Non-hematological toxic effects included grade III vomiting and diarrhea in one patient and grade III hand-foot 
syndrome in one patient. There was no treatment-related mortality. Conclusions: Based on the observed response rate, 
TTP and OS; MC has a modest antitumor efficacy in pts with advanced HCC. However, due to its low toxicity profile it 
deserves further attention as a convenient, outpatient-based chemotherapy regimen. 
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1. Introduction 

Hepatocellular carcinoma (HCC) is the fifth most com-
mon cancer worldwide and the third most common cause 
of cancer-related death [1]. 

The epidemiology of HCC is characterized by marked 
demographic and geographic variations. In Egypt, HCC 
is not uncommon. In the year 2002-2003 cancer registry, 
liver malignancies accounts for 7.5% of all cancer cases. 
[2] Also in a single center evaluation in Egypt, HCC was 
reported to account for about 4.7% of chronic liver dis-
ease patients [3]. 

Unfortunately, only a few patients are eligible for radi- 
cal treatments with curative intent (i.e., surgical resection, 
liver transplantation, percutaneous ablation). The major-
ity of HCC patients (>80%) presents with advanced or 
unresectable disease. Even for those with resected dis-
ease, the recurrence rate can be as high as 50% at 2 years 
[4]. Transhepatic Arterial Chemoembolization (TACE) is 
not feasible in some situation like portal vein thrombosis 
and illogical in case of extrahepatic spread. Therefore, a 
substantial proportion of patients with advanced HCC are 

in need for systemic therapy. 
Sorafenib (a multikinase inhibitor which suppresses 

tumor cell proliferation and angiogenesis) is proven to 
demonstrate a large survival benefit in advanced HCC 
for selected patients with Child-Pugh class A, B liver fu- 
nction [5-7]. However, a subgroup analysis showed a re- 
latively low survival benefit for sorafenib over placebo in 
patients with extrahepatic spread [5]. 

Although most of the chemotherapeutic agents failed 
to show encouraging results [4], some studies has dem- 
onstrated promising efficacy for combination chemo- 
therapy in advanced HCC [8-10]. 

The pyrimidine antimetabolite 5-fluorouracil (5-FU) 
was the first reported chemotherapeutic agent tested in 
the treatment of HCC [11,12]. Capecitabine is a rational- 
ly designed, orally administered, tumor-selective fluoro- 
pyrimidine that mimics continuous infusion of 5-FU. 
Capecitabine is converted to 5-FU preferentially in tumor 
tissue by the enzyme thymidine phosphorylase [13,14]. 
Treatment with capecitabine showed 11% of overall re- 
sponse rate including one complete remission and 22% 
of disease control rate with tolerable toxicity in 37 HCC 
patients with underlying liver cirrhosis [15]. A study in- *The author declares that he has no conflict of interest. 
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dicated that mild-to-moderate liver dysfunction in pa- 
tients with colorectal carcinoma liver metastases did not 
significantly affect capecitabine pharmacokinetics [16]. 
This finding suggests that capecitabine may be useful for 
patients with hepatobiliary carcinoma, including patients 
with mildly-to-moderately impaired hepatic function. 

Metronomic chemotherapy is defined as continuous 
administration of low-dose cytotoxic drugs. It was found 
to be as effective as chemotherapeutic drugs given at the 
maximum tolerated dose (MTD) but with reduced toxic- 
ity [17,18]. Metronomic chemotherapy provides a way to 
inhibit tumor angiogenesis by targeting proliferating en- 
dothelial cells in tumor blood vessels and circulating en- 
dothelial cell precursors that are later integrated in tumor 
vasculature [19-21].  

Metronomic chemotherapy can be considered as a 
variant of “dense-dose” treatment with the difference that 
its cumulative dose can be significantly lower than 
MTD-based chemotherapy [19]. It reduces the level of 
toxicity and decreases or abolishes the need of support 
treatments with growth factors to accelerate recovery of 
bone marrow. In spite of having lower cumulative dose 
of drug, metronomic chemotherapy exhibits a superior 
therapeutic effect in terms of increase survival than con- 
ventional schemes of MTD [19]. 

HCC is a hypervascular tumor. So, capecitabine if 
given in a metronomic schedule; its cytotoxic effect on 
HCC cells can be potentiated by an additional effect on 
tumor angiogenesis.  

Also, in preliminary results of a study done by Brandi 
et al., metronomic capecitabine (MC) showed promising 
effect on advanced HCC patients with a good tolerability 
profile [22]. 

In this study we investigate the efficacy and toxicity of 
MC in patients with metastatic or locally advanced HCC 
not candidate for ablative or locoregional treatment mo-
dalities.  

2. Patients and Methods 

2.1. Eligibility Criteria 

Patients with either histologically proven HCC or com- 
bination of liver cirrhosis, radiologically documented hy- 
pervascular liver tumor and alphafetoprotein (AFP) level 
>200 ng/ml [23]. Patients had to have distant metastases 
(stage IV) or locally advanced disease not suitable for 
surgical resection, liver transplantation, local ablation or 
chemoembolization techniques. 

Other eligibility criteria were bidimensionally meas- 
urable disease, age > 18 years; World Health Organiza- 
tion (WHO) performance status (PS) 0 - 2; Child-Pugh 
score of A or B; adequate hepatic, renal and bone mar- 
row function. Specifically, their bilirubin level had to be 
2.0 mg/dL or lower, their aspartate transaminase level 

had to be five times or lower the institutional upper limit 
of normal, and their serum creatinine level had to be 2.0 
mg/dL or lower. Minimum hematologic parameters in-
cluded an absolute neutrophil count (ANC) greater than 
or equal to 1.0 × 109/L and a platelet count of greater 
than or equal to 100 × 109/L. Main exclusion criteria 
were Child-Pugh score of C, severe cardiac and/or respi- 
ratory failure, concurrent malignancy. Patients provided 
written informed consent. 

2.2. Treatment 

The therapy consisted of MC orally in a dose of 1000 
mg/m2/day without interruption. The cycle is repeated 
every 21 days. 

Before study entry, all patients provided a complete 
medical history and underwent a physical examination, 
including an assessment of performance status, recent 
weight loss, and comorbidities. Laboratory studies in- 
cluded a complete blood count, differential count, plate-
let count, biochemical liver and renal function tests, AFP, 
chest radiograph, and an abdomen-pelvic computed to- 
mographic scan.  

During treatment, patients were evaluated for a brief 
history, physical examination, and toxicity assessment. A 
complete blood count, renal and liver functions were 
measured every 3 weeks, before each cycle. ΑFP levels 
were examined every 6 weeks. Measurable disease was 
assessed radiographically every 6 weeks.  

Treatment was continued until one of the following 
criteria was met: disease progression, unacceptable tox- 
icity, patient refusal. Patients stopped treatment for any 
reason were allowed to receive 2nd line therapy on a case 
by case evaluation. 

2.3. Response and Toxicity Assessments 

All eligible patients who received two cycle of treatment 
(6 weeks) were considered evaluable for response. Com- 
plete response (CR) was defined as the disappearance of 
all radiological and clinical evidence of tumor for a 
minimum of 4 weeks. Partial response (PR) was defined 
as a ≥50% reduction in the sum of the products of the 
longest perpendicular diameters of all measurable lesions, 
with no new lesions appearing and none progressing for 
at least 4 consecutive weeks. If the reduction was be- 
tween 25% and 49%, the response was classified as a 
minor partial response. A patient was considered to have 
progressive disease (PD) if any new lesion appeared, if 
the tumor size increased by ≥25% over pretreatment 
measurements or if the patient experienced deterioration 
in the clinical status consistent with disease progression. 
A patient who failed to meet the definition of CR, PR or 
PD but remained on treatment for at least 2 cycles was 
classified as having stable disease (SD). 
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All patients who received at least one cycle of treat- 
ment were considered evaluable for safety. Toxicity was 
assessed before every cycle in accordance with the Na- 
tional Cancer Institute-Common Toxicity Criteria (NCI- 
CTC) criteria. 

2.4. Statistical Analysis 

The primary end-point was the response rate and toxicity 
and the secondary measures were overall survival (OS), 
Progression free survival (PFS), Time to progression 
(TTP). TTP was calculated from the first cycle of chem- 
otherapy. OS and PFS were calculated from the starting 
date of chemotherapy to the date of death, progression or 
the last follow-up. Survival rates and time to progression 
were assessed by the Kaplan-Meier method. 

3. Results 

3.1. Patient Characteristics 

A total number of 22 consecutive patients with advanced 
HCC were accrued. The clinical characteristics of the 
enrolled patients are shown in Table 1. The median age 
of the patients was 63 years, ranging from 53 to 72 years. 
WHO performance status scores were 1 in 10 patients 
(45%), 2 in 12 patients (55%), all patients were males. 
Twelve patients (55%) had Child-Pugh class A and 10 
patients (45%) had class B. Most patients (86.3%) had 
abnormal serum AFP level (>5 ng/ml), with a median 
value of 877 ng/ml (range 1.0 - >100,000 ng/ml). Re- 
garding tumor status 14 patients (64%) had extrahepatic 
disease at presentation, 8 (36%) bone metastases and 6 
(27%) nodal diseases. Seven patients (32%) had main 
portal vein thromboses. Six (27%) had minimal ascites. 
Before receiving our protocol, 6 patients had previous 
active treatment for HCC, 5 patients (27%) received 
chemotherapy and one patient underwent TACE with di- 
sease progression after it. 

All 22 patients received at least one cycle of MC. 
Three patients lost follow up early. Two of them didn’t 
attend for 2nd cycle so they were not assessed for either 
toxicity or response, and the 3rd patient lost follow up 
after starting the 2nd cycle and was not assessed for re-
sponse. Finally, treatment toxicity was assessed in 20 
patients, and 19 patients were evaluable for response 
evaluation. 

3.2. Tumor Response and Survival 

A total of 74 cycles of MC were given for our patients 
with a median of 3 cycles (range from 1 to 9 cycles). 
Antitumor response could be radiologically assessed in 
19 of 22 patients. Three patients were lost to follow-up, 
and the treatment response could not be determined. The 
objective response rate was 16% with 3 partial response 
and no complete responses. Ten patients (53%) had stable 

Table 1. Patient characteristics. 

Characteristics Values 

Total no. of patients  22 

Age: Median (Range) 63 (53 - 72) 

Sex: Male/females 22/0 

Performance status 0/1/2 0/11/11 

Diagnosis  

 Biopsy or cytology 14 (64%) 

 α-Fetoprotein and Radiology 8 (36%) 

α-Fetoprotein   

 <200 ng/ml  7 (32%) 

 200 - 10,000 9 (41%) 

 >10,000 6 (27%) 

Pretreatment laboratory data  

 Bilirubin (mg/dl)  1.1 (0.3 - 1.79) 

 Albumin (g/dl)  3.1 (2.1 - 3.7) 

 SGOT (U/l)  57 (26 - 163) 

 SGPT (U/l)  25 (12 - 103) 

 Platelet count (×103/ml) 219 (160 - 354) 

 Hemoglobin (g/dl) 11.5 (9.8 - 15.6) 

 Prothrombine concentration % 86.5 (55 - 100) 

Presence of ascites  6 (27%) 

Main portal vein thrombosis  7 (32%) 

Child classification A/B/C 12/10/0 

TNM stage III/IV 8/14  

Extrahepatic disease  

 Lymph node  6 (27%) 

 Bone  8(42%) 

Previous treatment  

 Chemotherapy  5 (23%) 

 TACE  1 (4.5%) 

SGOT = serum glutamic oxaloacetic transaminase; SGPT = serum glutamic 
pyruvic transaminase; TACE = transarterial chemoembolization. 

 
disease; so disease control (CR+PR+SD) was 69%. The 
remaining 6 patients (31%) had disease progression. One 
patient from the partial responders later experienced dis-
ease progression; and shifted to 2nd line treatment. He 
received a total of 6 cycles with a TTP of 4.5 months. 
The median TTP for all evaluable patients was 2.2 months 
(95% CI 1.4 - 6.24) and median survival time was 4.8 
months (95% CI 1.8 - 7.9). At 6 moths OS was 70% and 
PFS was 44% (Figure 1). 

A univariate analysis was done to evaluate the effects 
of different prognostic factors on disease outcome in 
term of OS and PFS. The analysis examined the effect of 
age, performance status, and tumor stage, site of extra- he-
patic disease, Child score, and presence of ascities, AFP, 
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Figure 1. Survival results of the 19 patients evaluable for 
response. Solid line is for overall survival (OS) and dashed 
line is for progression free survival (PFS). 
 
serum albumin, serum bilirubin, portal vein thrombosis, 
and hemoglobin and platelets counts. However none of 
the examined factors has a prognostic impact on the sur-
vival outcome. 

3.3. Toxicity 

No grade III/IV hematological toxic effects were ob- 
served; only grade I & II thrombocytopenia (20%) and 
grade I anemia (10%). Non-hematological toxic effects 
included grade III vomiting and diarrhea in one patient 
(5%) and grade III hand-foot syndrome in one patient 
(5%) and grade I elevated hepatic enzymes (20%). There 
was no treatment-related mortality. 

4. Discussion 

Advanced HCC is a challenging disease. Although the 
results of sorafenib are encouraging [5-7], it still has its 
limitations. The subgroup analysis demonstrated that pa- 
tients with macroscopic vascular invasion and/or extra- 
hepatic spread showed a smaller absolute survival benefit. 
However, these patients represent a major part of patients 
with advanced HCC. Cost and availability are additional 
limitation to the routine use of sorafenib especially in 
poor countries. Its high cost will prohibit treatment of 
many patients in need [24]. 

This warrants confirming the role of sorafenib for ad- 
vanced HCC in various clinical settings. Additional 
studies of potential systemic chemotherapy regimens for 
the treatment of advanced HCC are also needed, espe- 
cially after the promising results of some chemothera- 
peutic regimens [8-10]. 

In our study we evaluated oral capecitabine adminis-
trated in a metronomic schedule in patients with adv- 

anced HCC in a daily dose of 1000 mg/m2. The optimal 
metronomic dose is known for only few drugs and dis- 
eases but doses of MC closely similar to dose used in our 
study were found to be safe and effective in HCC and 
other malignancies. Brandi et al. studied MC in advanced 
HCC, Child A disease in a slightly different schedule 
where the first cycle was carried out with standard cape- 
citabine (2000 mg/m2/day; 14 over 21 days), followed by 
MC (1300 mg) without interruption. MC had a better 
tolerability than standard schedule and promises good 
efficacy [22]. A daily dose of 1300 mg/m2 of MC showed 
both good tolerability and efficacy in patients with ad- 
vanced breast cancer [25]. A dose of capecitabine of 500 
mg twice daily was shown to have activity and antian- 
giogenic effectiveness in colorectal cancer [26]. Also, a 
fixed daily dose of 1000 mg of MC was found to be safe 
and valid treatment option in advanced colorectal and 
gastric cancer patients [27]. 

We had three PR and no CR with an objective re- 
sponse rate of 16% of the total 19 patients evaluable for 
response. Disease control was 69%. These results are 
comparable to the result of MC in a phase II study done 
by Brandi et al where they had an objective response of 
14.1% and disease control of 66.7% [28]. These results 
are slightly better than capecitabine when given in a con- 
ventional schedule of 2 weeks treatment every 21 days 
(2000 mg/m2/d). It resulted in 11% overall response and 
22% disease control. In another phase II study capecit- 
abine combined with oxaliplatin in a 21 days cycle showed 
a 6% response rate and a 72% disease control rate in ad- 
vanced HCC patients [29].  

The response rate in our study is comparable to most 
of chemotherapy regimens. In advanced HCC the overall 
response rate to systemic chemotherapy is generally less 
than 10% [30]. This is probably owing to the strong mul- 
tidrug-resistance gene expression usually observed in 
HCC cells [31]. Doxorubicin is the most widely investi- 
gated chemotherapeutic agent in advanced HCC. When 
given as a single agent, it has been shown to produce a 
response rate of about 10% - 15%, with no proven sur- 
vival benefit [32]. When combined with cisplatin, 5-fluor- 
ouracil, and alpha-interferon (PIAF) it produced an over- 
all response rate of 26%, but considerable hematological 
toxicity and two treatment related deaths occurred [33]. 

Newer chemotherapeutic agents also produced com- 
parable and sometimes lower response rates than our 
study. Several studies were done to evaluate the effects 
of taxanes [34,35], and gemcitabine [36,37] on advanced 
HCC. A combination of gemcitabine and oxaliplatin de- 
monstrated an 18% response rate and 76% of patients 
had the disease under control [38]. However comparison 
between phase II studies is difficult due to different in-
clusion criteria, patients’ characteristics and methods of 
response evaluation. 
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In our study we had median TTP for all evaluable pa-
tients of 2.2 months (95% CI 1.4 - 6.24) and median sur-
vival time was 4.8 months (95% CI 1.8 - 7.9). At 6 moths 
overall survival was 70% and progression free survival 
was 44%. The low survival outcome observed here is 
similar to most chemotherapy agents who failed to show 
a survival benefit [4]. A higher survival outcome in some 
combination regimens (PIAF) was associated with a 
higher toxicity profile [33]. The survival outcome in our 
study is much less than the survival benefit obtained with 
the use of sorafenib [5-7]. The inclusion criteria in 
sorafenib trials were different, for example the SHARP 
trial was conducted on the Child-pugh class A patients 
who have a preserved liver function [5].  

Categorizing our patients into different groups to 
evaluate the effect of different prognostic factors on out- 
come was done. However none of the examined variables 
demonstrated a significant difference on outcome. This 
may be due to the limited number of our patients.  

The toxicity profile of MC was very low with only two 
cases of grade III non hematologic toxicity. This makes 
MC very tolerable especially in patients with impaired 
liver function. 

The low toxicity profile and the convenient oral out- 
patient administration of MC may suggest its use in com- 
bination with other chemotherapeutic agents or a new 
targeted antiangiogenic. The results of a recent preclini- 
cal study highlight the possibility that even if metro- 
nomic chemotherapy per se fails to cause a clinical bene- 
fit, combination with a targeted antiangiogenic drug could 
yield results superior to the antiangiogenic drug used 
alone [39]. MC may be beneficial as a second line treat-
ment. A recent study found that MC is well tolerated and 
can be active in HCC patients after progression under 
sorafenib and the extent of clinical benefit is going to be 
determined in the final analysis [40]. 

5. Conclusion 

Based on the observed response rate, TTP and survival 
results; MC has a modest antitumor efficacy in pts with 
advanced HCC. These results are similar to most che- 
motherapeutic agents. However, due to its low toxicity 
profile it deserves further attention as a convenient, out- 
patient-based chemotherapy regimen. These advantages 
suggest for the future evaluation of MC in combination 
with other chemotherapeutic agents or with antiangio- 
genic target therapy known to have activity in HCC. A 
second line treatment after antiangiogenic therapy could 
be another area of interest for the study of MC. 
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