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Abstract: Capecitabine is an orally administered chemotherapeutic agent used in the treatment of numerous cancers 

including colon, colorectal, ovarian, breast and pancreatic. Considering the importance of generic drugs in Health Care 

Systems, it is essential that its quality, safety and efficacy be compared with the corresponding innovator product. The 

objective of the study was to compare the pharmacokinetics and relative bioequivalence between two tablet (500 mg) 

formulations of capecitabine in Mexican patients with cancer of colon. The study was designed as open, prospective, 

randomized, two-way, crossover bioequivalence trial. A single oral dose of 2000 mg capecitabine was administered on two 

separate days to 24 patients. After each administration, serial blood samples were collected for up 8 hr. The washout between 

the two administrations was 3 days. Capecitabine was determined in plasma using LC/MS-MS. No statistically significant 

differences in Cmax, AUC0-t, and AUC0-α were found between the test and innovator formulations. Both products were well 

tolerated by the patients, with no serious adverse events. The generic capecitabine was pharmacokinetic bioequivalent with the 

innovator formulations. 
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1. Introduction 

Capecitabine a fluoropyrimidene carbamate rationally 

designed as orally administered is currently approved by the 

FDA (Food and Drug Administration) EMA (European 

Medicinal Agency) and COFEPRIS (Federal Commission 

against Sanitary Risks, Mexico) as adjuvant in patients with 

colon, colorectal [1-3], breast [4, 5], ovarian [6, 7] and 

pancreatic [8-10] cancer, in combination with other 

antineoplasic drugs. Capecitabine a prodrug is selectively 

activated by tumor cells to its cytotoxic moiety, 

5-fluorouracil (5-FU), by thymidine phosphorylase, which is 

generally expressed at high levels in tumors [11, 12]. 

Following oral administration, capecitabine is rapidly and 

almost completely absorbed as an intact molecule, and 

undergoes a three-step enzymatic conversion to 5-FU [13]. 

Capecitabine and its intermediate metabolites, 

5-Deoxy-5-Fluorouracil (5-DFUR) are not intrinsically 

cytotoxic. In the final step, the intermediate 5-DFUR is 

converted to 5-FU by the enzyme thymidine phosphorylase, 

which has significantly higher activity in tumor than the 

normal tissue [13-16]. 

Capecitabine has almost 100% oral bioavailability and 

exhibits linear increases in maximum plasma concentration 

(Cmax) and area under curve (AUC) with dosage increases [13]. 

After two doses of 1250 mg/m
2
, the drug undergoes rapid 

absorption, with peak plasma levels of 3.9 mg/L in 1.5 to 2.0 

hours. In comparison Cmax for the active metabolite, 5-FU is 

lower at 0.66 mg/L with similar time to reach maximum 

concentration (Tmax) of 2 hours. AUC values for the parent 

drug and active metabolite for the same dosage are 5.96 

mg*h/L and 1.34 mg*h/L, respectively [13]. The elimination 
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half-life (t½) of capecitabine is short, ranging from 0.49 to 0.89 

hours. The t½, for the 5-FU metabolite is slightly longer at 0.67 

to 1.15 hours [14, 17, 18]. Recovery of drug related material in 

urine and feces is nearly 100% [12].  

The recommended single-agent dose of capecitabine is 1250 

mg/m
2
 twice daily (at 12-h interval), days 1 to 14 followed by a 

7-day rest period. In patients with colon cancer, the standard 

single-agent dose of capecitabine is well tolerated, with a low 

incidence of grade 3/4 adverse events and a particularly low 

incidence of myelosuppression [19]. The incidence of adverse 

events observed in breast and colon cancer patients after 2500 

mg/m
2
 per day was as follows: 1-10% taste disturbance, chest 

pain, alopecia, gastrointestinal hemorrhage, thrombocytopenia, 

cough, venous thrombosis, arthralgia/myalgia and headache; 

11-20% dyspnea, paresthesia, eye irritation, edema, 

constipation, and neutropenia [11, 20]. 

The high antitumor activity and favorable safety profile, 

particularly the low rate of myelosuppression of capecitabine, 

make it an attractive agent alone or for incorporation into 

regimens. 

In Latin America, the limited access for high-quality drugs, 

specifically anti-neoplasic drugs, and due to cost of treatment 

constitutes an unmet medical need in these countries. The use 

of generic drugs has already decreased the cost of treatment in 

many regions of the world. The approval of generics by 

regulatory agencies is critical to facilitate patient access to this 

kind of drugs and will allow governments to afford the cost of 

these pathologies.  

The key to generics development is the demonstration of 

similarity since the pharmacokinetic, pharmacodynamics 

safety and efficacy point of view to achieve commercial 

viability, represented by a broad product label. The aim of this 

study was to evaluate the pharmacokinetic of 

two-capecitabine tablets formulation, innovator versus 

generic in patients with colon cancer. 

2. Subjects and Methods 

2.1. Study Design and Study Population 

The trial was a comparative, prospective, crossover, 

open-label pharmacokinetic study performed in 24 Mexican 

patients with colon cancer diagnostic. The trial was conducted 

in full agreement with Helsinki declaration and by the 

COFEPRIS (Mexican Regulatory Agency). The Ethical 

Committee in Research of Investigación, Ciencia y 

Tecnología Internacional (ICT), approved the trial protocol. In 

addition, each patient, following evaluation of the oncologist, 

provided written informed consent. Screening included 

physical examination, medical history, vital signs, laboratory 

tests (hematology, blood chemistry, and urinalysis) tumor 

assessment, electrocardiogram (ECG) and for females 

pregnancy test. In addition, safety parameters (adverse events, 

laboratory tests, and vital signs) were assessed on treatment 

days and at follow up. 

 

2.2. Inclusion/Exclusion Criteria 

The eligibility criteria and clinical assessments were: man 

or women, age 18-70 years old, histologically/cytologically 

confirmed colon cancer, Karnofsky between 70 and 100%, a 

life expectancy of at least 12 weeks, adequate hematopoietic 

function; adequate hepatic function including total bilirubin 

levels less than 1.5 times the upper limit of normal (UNL), and 

aspartate transaminase (AST), alanine transaminase (ALT) 

and alkaline phosphatase < 2.5 times UNL; and adequate renal 

function including serum creatinine < 1.5 times UNL. The 

exclusion criteria were cardiac, hepatic, renal, pulmonary, 

neurological, and hematological diseases, pregnancy, 

alcoholism, drug abuse, hypersensitivity to capecitabine, had 

participated in any other clinical study in the last 3 months and 

any other acute or chronic condition that can alter the results 

interpretation.  

2.3. Clinical Procedure 

The patients were randomly assigned to the treatment 

sequences A/B or B/A. The patients had a standard breakfast 

30 min before the capecitabine administration. The day of the 

study received a single dose of 2000 mg capecitabine as four 

tablets formulation A (reference treatment; Xeloda, Roche) or 

a single dose of 2000 mg capecitabine as four tablets of 

formulation B (test treatment; Laboratorios PiSA). The 

washout period between the two treatments was 3 days. 

2.4. Sampling Technique 

For pharmacokinetic assessment, 5 mL blood samples from 

a suitable antecubital vein were collected in vacutainers 

containing EDTA as anticoagulant at the following 

time-points: predose 0.0, 0.167, 0.333, 0.500, 0.667, 0.833, 

1.000, 1.167, 1.333, 1.500, 1.667, 1.833, 2.000, 2.500, 3.000, 

6.000 and 8.000 hours after capecitabine intake. Blood 

samples were immediately centrifuged (10 min at 3,000 g, 

room temperature). The supernatant plasma was removed and 

stored in plastic tubes at -70°C until analysis. Plasma 

concentrations of capecitabine were determined by a validated 

liquid chromatography with mass-spectrometry detection 

(LC/MS-MS) [13]. 

2.5. Pharmacokinetic Parameters Evaluated 

Pharmacokinetic parameters were assessed by standard 

non-compartmental analysis using Win Non Lin version 6.3. 

The pharmacokinetic parameters of capecitabine were 

estimated for each patient from the concentration-time data on 

study days 1 and 4. Maximum plasma concentration (Cmax) 

and the time to reach this value (tmax) were determined from 

the highest observed concentration and the time, which it 

occurred. Apparent t½, was estimated from ln2/λ, where the 

apparent rate constant elimination λ, was estimated by linear 

regression on the logarithm of the plasma concentration versus 

time data.  

The area under the plasma concentration time curve from 

time 0 to infinity (AUC0-α) was estimated from the sum of 
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AUC0-t and Ctlast/ λ, where AUC0-t is the area under the curve 

from time 0 to the last sampling time (tlast) at which a 

concentration above the limit of quantification was measured 

(Cmax). AUC0-t was calculated using the linear trapezoid rule.  

3. Results 

The study included 11 female and 13 male patients with 

colon cancer (age 47.63 ± 11.8 years, weight 63.89 ± 10.94 kg, 

height 1.59 ± 0.093 m, BMI 25.20 ± 2.72 kg/m
2
).  

The drugs were well tolerated by the patients, and the side 

events were diarrhea (one patient), nausea (two patients) for 

generic drug and for reference drug, pain in perianal region 

(one patient), and abdominal pain (one patient). The 

biochemical and hematological parameters presented no 

clinically relevant alterations.  

The results of the pharmacokinetic parameters (Cmax, Tmax, 

t½ and AUC), after single oral administration of 2000 mg 

capecitabine in the form of tablet “A” and tablet “B” are 

shown in the table 1. 

Table 1. Pharmacokinetic parameters (mean ± SD) of capecitabine, after administration of generic and innovator drugs. 

Pharmacokine-tic parameter B Generic Capecitabine A Innovator Capecitabine T/R Relation 

Cmax (ng/mL) 7328.978 ± 6327.023 7391.265 ± 5813.591 1.088 ± 0.743 

AUC 0-t (ng x h/mL) 6921.009 ± 5515.964 7476.169 ± 7056.413 0.957 ± 0.304 

AUC 0-α (ng x h/mL) 8700.075 ± 5703.990 8689.393 ± 5211.088 0.959 ± 0.256 

t1/2 (h) 0.795 ± 0.867 0.789 ± 0.760 1.318 ± 1.127 

Tmax (h) 1.729 ± 0.788 1.687 ± 0.763 1.186 ± 0.713 

 

The mean peak plasma concentrations of the capecitabine 

biogeneric were similar to the peak of formulation A. The time 

to reach these peak concentrations was identical for both 

formulations (Fig. 1). Plasma concentrations then declined 

exponentially with half-lives of 0.789 ± 0.760 h and 0.795 ± 

0.867 h for formulations A and B, respectively.  

The AUC0-α was similar after treatment with both 

formulations and reached 8689.393 ± 5211.088 ng*h/mL for 

formulation A and 8700.075 ± 5703.990 for formulation B. 

The pharmacokinetic parameters Cmax, Tmax, AUC0-α, AUC0-t 

and t½ were comparable following administration of 

formulation A or B (Table 1). There was, however, a trend for 

slightly higher AUC0-t values after treatment with formulation 

B. 

The primary pharmacokinetic parameter AUC0-α of 

capecitabine was similar between the two groups with 90% 

confidence interval of 0.957 ± 0.304. Since the 90%, 

confidence interval was within the predefined limits of 

0.80-1.20, equivalent between the two groups was concluded 

for AUC0-α of capecitabine. 

 

Figure 1. Graphic of the mean plasma concentration of Capecitabine vs time after administration of the two drugs, taking into account all the volunteers (± 

S.D.). 

On both study days was seen a high interpatient variability 

in the Cmax of capecitabine in both subgroups of patients. In 

addition, low intrapatients variability in the capecitabine AUC 

was present. As there were no major differences observed on 

the study of the pharmacokinetic parameters for capecitabine 

(AUC0-α, Cmax and t½), in the groups A and B, equivalence was 

concluded for AUC and t½. 

4. Discussion 

Given the current financial climate there is an ever 

increasing need to substitute drug treatments to optimize 

expenditure The need to manage and minimize costs is 

increasingly important for healthcare systems across the world. 

Generic substitution is already used widely through Europe, 

United States, Canada and Latin America and payers are 

increasingly looking towards therapeutic substitution to make 

additional savings [21]. These are valid methods for 

containing costs, particularly for conditions such as oncologic 

disease, where large numbers of people need to be treated in 

the best way to minimize disease burden. Medicines Agencies 

guidelines lay down the general requirements for 

demonstration of the similar nature of two medicinal products 

in terms of safety and efficacy. In this case the similar drug 

could be consider bioequivalent if had demonstrated efficacy 

and safety through clinical or bioequivalence studies. 
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Demonstration of comparability between similar drugs 

presents a challenge. 

The primary objective of this study was to compare the 

pharmacokinetic of two capecitabine formulations (innovator 

vs generic) in Mexican patients with cancer of colon. Since the 

composition and dissolution profiles of the two tablets were 

very similar, bioequivalence between the two formulations 

was the expected outcome of this study. 

Our results show that both capecitabines were relatively 

rapidly and extensively absorbed following oral 

administration. The plasma tmax for the capecitabines were 

about 1 hr (range 0.5 to 2 hr), the peak plasma drug 

concentration (Cmax) were of 2,500 to 3,000 ng/mL and have a 

relatively short elimination half-life. These results are within 

the conventional bioequivalence range of 80-125% [22, 23] 

In this study, the pharmacokinetic parameters of both 

capecitabine was found to be similar to those found in 

previous studies [24-26]. The primary pharmacokinetic 

parameter in the present study was the AUC0-α of both drugs. 

The AUC0-α was chosen because a previous study [27] has 

shown a positive correlation between AUC0-α and efficacy and 

safety. The primary pharmacokinetic parameter, the AUC0-α 

was equivalent between the generic and innovator. 

The extent and rate at which both capecitabines reached the 

systemic circulation appeared to be the same following 

treatment with formulation B compared with formulation A 

and equivalence could be concluded. Indeed, the AUC0-α of 

capecitabine following ingestion of formulation B was 65.6% 

of that following ingestion of formulation A and the 

confidence interval was 90%. 

The generic capecitabine pharmacokinetic profile observed 

in our study was very similar to innovator capecitabine. 

A high interpatient variability in the systemic exposure to 

capecitabine was observed. Despite the high interpatient 

variability, no differences in capecitabine AUC was detected 

between the two groups. 

Oral administration, along with the extensive metabolism of 

capecitabine and most of its metabolites contributes to high 

interpatient variability [27]. Similar variability in the 

pharmacokinetics of capecitabine has been observed in other 

clinical pharmacokinetic studies [27] and the results from 

present study are therefore consistent with previous findings. 

The European Union has led the way in the regulation of 

similars, responding to the patent and data protection expiry of 

several innovator medicines in recent years. Previous authors 

have reviewed the manufacturing and approval process for 

generics, speculating on what issues might arise once such 

agents are introduced [28, 29]. 

Now in Mexico the COFEPRIS (Regulatory Agency in 

Health) has established the regulatory framework for 

assessing generics or biosimilar. In this case, the product 

Capecitabine, Xeloda (Roche) was the innovator product, 

which was already authorized in Mexico by COFEPRIS, with 

a similar active substance than Laboratorios PiSA. The 

pharmaceutical form, strength and route of administration of 

PiSA’s capecitabine are the same as that of the reference 

product. 

The comparability must be demonstrated in terms of quality, 

efficacy and safety. The comparability of efficacy is assessed 

via non-clinical comparative in vitro and in vivo studies, 

followed by clinical efficacy studies [29]. In this study, the 

comparable efficacy was evaluated through the 

pharmacokinetic study. COFEPRIS, in certain cases, as for 

capecitabine pharmacokinetic studies alone are suffice for 

obtain authorization for marketing. 

5. Conclusion 

It can be concluded from the present study, that the generic 

product capecitabine 500 mg is bioequivalent to the innovator 

product. 
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