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Abstract
Background
Therapeutic drug monitoring (TDM) is an effective approach to improving the efficacy of drugs with a
narrow therapeutic index and high toxicity. TDM-guided dosing of 5-fluorouracil (5-FU) has been shown to
result in superior efficacy and fewer adverse events compared to body surface area (BSA)-based dosing.
Therefore, accurate measurement of plasma 5-FU concentrations after capecitabine administration is
necessary. Capecitabine is a prodrug of 5-FU and is metabolized to 5-FU in multiple steps in the
gastrointestinal tract, liver, and within tumors. To solve the problem of frequent blood draws for TDM, we
reduced the number of blood draws to two and examined whether changes in 5-FU concentration correlated
with adverse events.

Methods
This study investigated the relationship between the changes in plasma 5-FU concentrations after one and
two hours of capecitabine administration in 36 patients and adverse events based on drug concentrations
determined after adding 5-NU to the plasma samples. Concentration gradients and adverse events were
estimated using the Mann-Whitney test.

Results
The median one- and two-hour plasma 5-FU concentrations were 67.5 (range 5-307) and 85.5 (range 19-246)
ng/mL, respectively. The plasma 5-FU concentration gradient, defined as the difference between the one-
and two-hour concentrations, was significantly higher in patients with diarrhea and nausea (p = 0.0234 and
p = 0.0409, respectively).

Conclusion
The high plasma 5-FU concentration gradient suggests rapid degradation of 5-FU into its metabolites, which
may lead to predict intestinal mucosal damage, diarrhea, and nausea.

Categories: Gastroenterology, Oncology, Therapeutics
Keywords: 5-fluorouracil, adverse event, capecitabine, chemotherapy, colorectal cancer

Introduction
Ideally, chemotherapeutics should exhibit high therapeutic efficacy while minimizing toxicity. 5-
fluorouracil (5-FU) is widely employed as a primary chemotherapeutic agent in various carcinomas,
including gastrointestinal cancer [1,2]. Generally, 5-FU doses are adjusted according to the body surface area
(BSA) of the patient; however, BSA has been reported to be an inadequate predictor of systemic drug
exposure [3,4]. Recently, therapeutic drug monitoring (TDM)-based 5-FU dose titration has been shown to
yield better response rates and fewer adverse events compared to the BSA-based 5-FU dose titration [5,6].
TDM is an essential method for optimizing the therapeutic efficacy of drugs with a narrow therapeutic index
and high toxicity. However, it is difficult to perform clinically since it requires a large number of blood
samples. Clinically, it is desirable to develop a method that requires fewer blood draws. To solve the problem
of frequent blood draws for TDM, we reduced the number of blood draws to two and examined whether
changes in 5-FU concentration correlated with adverse events.

Prodrugification is another strategy for reducing toxicity and optimizing therapeutic efficacy [7]. Prodrugs
can also enhance the parameters of pharmacokinetics and pharmacodynamics. Capecitabine is a precursor
of 5-FU and is metabolized to 5-FU through a three-step activation process, reaching maximum plasma
concentrations in approximately 1.5 hours [2,8,9]. In the liver, capecitabine is primarily converted to 5'-
deoxy-5-fluorocytidine (5'-DFCR) by carboxylesterase, which is not highly active in the intestinal
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epithelium. Next, 5'-DFCR is sequentially transformed to 5'-deoxy-5-fluorouridine (5'-DFUR) by cytidine
deaminase, which is highly expressed in the liver and tumor tissue. Finally, 5'-DFUR is metabolized to 5-FU
by thymidine phosphorylase (TP), which is highly expressed in tumor tissue. These consequent metabolic
processes reduce the toxicity while increasing the tumor selectivity of 5-FU. Although TDM-based dose
adjustment is also expected to improve response rates and reduce adverse events of 5-FU prodrugs [4], there
are no large-scale studies on 5-FU dose titration with TDM. For postoperative adjuvant therapy and
treatment of advanced recurrence of colorectal cancer, CapeOX, a combination of capecitabine and
oxaliplatin, has been developed and has achieved excellent treatment results [10]. The addition of VEGR
inhibitors such as bevacizumab for the treatment of advanced recurrence has also shown excellent results
[10].

In recent years, various studies have gradually clarified the pharmacokinetics of capecitabine [11,12].
Gieschke et al. (2003) have reported that the plasma levels of 5-FU, 5'-DFUR, and alpha-fluoro-beta-alanine
do not necessarily reflect the precise active drug concentrations in healthy and tumor tissues after
capecitabine administration [13]. Capecitabine is selectively metabolized to 5-FU via a three-enzyme cascade
[14]. During the measurement of plasma 5-FU concentrations after capecitabine administration, inhibitors of
these three enzymes have not been used because it has been deemed unlikely that capecitabine would be
metabolized to 5-FU in the peripheral blood. Therefore, no clinical study to date has measured plasma 5-FU
concentrations in the presence of enzyme inhibitors after administration of capecitabine. 5-nitrouracil (5-
NU), which is comparable to 5-FU in structure, suppresses TP and blocks the conversion of 5'-DFUR to 5-FU
[15,16]. Capecitabine is thought to be metabolized primarily to 5-FU in tumors [17]. Therefore, 5-FU
concentration in plasma is typically evaluated after the oral administration of capecitabine in the absence of
metabolic inhibitors, such as 5-NU. However, it was reported that 5'-DFUR continued to be transformed to 5-
FU even after the samples were stored at 4°C [18]. Yoshida (2020) et al. validated plasma 5-FU concentrations
by adding 5-NU to the plasma samples [18]. The results showed that the plasma 5-FU concentrations
changed with time, temperature, and the presence or absence of 5-NU and that they nearly doubled
depending on the measurement conditions. It has been found that 5-FU concentration tends to increase
under the following conditions at the time of measurement: high room temperature, long time between
blood collection and measurement, and the absence of 5-NU. 5-FU blood concentrations measured at room
temperature and in the absence of 5-NU are clinically useless because they are higher than actual
concentrations. Therefore, accurate determination of plasma 5-FU concentrations is a very important issue.
This is the first study in the PubMed search to verify the relationship between changes in plasma 5-FU
concentrations and adverse events by determining plasma 5-FU concentrations after the addition of 5-NU to
the samples.

Materials And Methods
Patients and eligibility criteria
Between September 2019 and July 2021, 36 patients undergoing capecitabine therapy (capecitabine plus
oxaliplatin: 14, capecitabine plus oxaliplatin plus VEGF inhibitors: 22) for colorectal cancer participated in
this cohort study, which was conducted in accordance with the ethical guidelines for clinical studies. The
institutional review board of Fukuoka University approved the study protocol (approval no. 16.10.02).
Informed consent was obtained from all patients. All study procedures were carried out in accordance with
the Declaration of Helsinki.

Eligible patients were ≥20 years of age with histologically diagnosed colorectal cancer. The other inclusion
criteria were as follows: life expectancy, ≥3 months; Eastern Cooperative Oncology Group performance

status, 0-1; neutrophil count, ≥1000/millimeter (mm)3; hemoglobin, ≥8.0 gram (g)/decilitre (dL); platelet

count, ≥75,000/mm3; serum creatinine, ≤1.5 times the upper limit of normal; total bilirubin, ≤2.0 milligram
(mg)/dL; aspartate transaminase, ≤100 IU/L (≤200IU/L for patients with metastatic liver tumor); and alanine
transaminase, ≤100 International Unit (IU)/liter (L) (≤200IU/L for patients with metastatic liver tumor).
Patients fulfilling the following criteria were excluded: serious drug allergy; severe peripheral neuropathy;
active infection; uncontrollable hypertension; mechanical or paralytic bowel obstruction; uncontrolled
diabetes mellitus; cirrhosis; unstable ischemic heart disease; multiple malignancies within the last five
years; ascites, pleural effusion, or pericardial effusion; uncontrolled diarrhea.

Measurement of plasma 5-FU concentrations
In this study, we examined changes in plasma concentrations of 5-FU in capecitabine-treated patients using
previously published methods [18]. Plasma 5-FU concentrations peak at one to two hours after oral
administration of capecitabine. We indirectly evaluated the metabolic rate by calculating the concentration
gradient from plasma 5-FU concentrations at one and two hours after oral administration and examined the
association with adverse events. Blood samples (5 milliliters) were collected in tubes containing
ethylenediaminetetraacetic acid after one and two hours following the first administration of capecitabine.
To reduce the influence of other drugs, plasma concentrations of 5-FU were measured before any other
drugs scheduled to be administered on the same day. The samples were collected from all patients at a fixed
time following dinner on the first day of hospitalization to minimize the influence of gastrointestinal
motility and food. Next, 100 microliters (μL) of 5-NU (15 mM) were added to the samples. After centrifuging
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the samples at 4°C, the plasma was collected and stored at −80°C. The 5-FU concentration in the plasma was
measured immediately after thawing with a homogeneous and competitive nanoparticle immunoassay
(My5-FU; Saladax Biomedical, Bethlehem, PA, USA) and a biochemical analyzer (Abbott Architect c4000,
Abbott Park, IL, USA), as previously described [18].

Statistical analysis
The statistical analyses were conducted using EZR, a modified version of R (ver 1.4) commander tailored to
incorporate commonly used statistical functions in biostatistics. Descriptive statistics were presented as
medians (interquartile range), depending on the distribution's normality. Between-group differences were
assessed using the Mann-Whitney test for continuous variables and the chi-square test for categorical
variables. Fisher's exact test was used for categorical variables. Bonferroni correction was also performed to
compare three or more groups. Statistical significance was determined by a probability value (p) of less than
0.05. A heatmap of the correlation coefficients between plasma 5-FU concentration and clinicopathologic
factors was generated using Python 3.12. Pandas dataframe.corr() is used to find the pairwise correlation of
all columns in the Pandas Dataframe in Python.

Results
Clinical characteristics of the patients
A total of 36 individuals (21 males and 15 females), with a median age of 67 (61-73 years), participated in
this case-control study. The patient demographics are shown in Table 1. The median BSA was 1.57 (1.46-

1.69) meter (m)2, and the median creatinine clearance (Ccr) was 99.0 (86.3-128.3) ml/min. The primary
lesions were colon and rectal cancer in 16 (44%) and 20 (56%) patients, respectively. Chemotherapy included
postoperative adjuvant therapy in 12 (33.3%) patients, neoadjuvant therapy in eight (22.2%) patients, and
systemic chemotherapy for metastatic cancer in 16 (44.4%) patients. The median dose of capecitabine was
3,000 mg/day. One patient was administered a reduced initial dose of capecitabine due to decreased renal
function. All other patients received reduced doses of capecitabine after the onset of adverse events. All
patients were treated with oxaliplatin and none with irinotecan. All patients were given the same
antiemetics at the same time as chemotherapy administration. The observation period was six months.
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Clinical characteristics n = 36

Sex Male 21 (58.3%)

 Female 15 (41.7%)

Age (years)  67.0 [61.0-73.0]

BMI (kg/m²)  21.2 [14.7-23.5]

BSA (m²)  1.57 [1.46-1.69]

Ccr (ml/min)  99.0 [86.3-128.3]

Primary cancer site Colon (Right side: 8, Left side: 8) 16 (44%)

 Rectum 20 (56%)

Clinical Stage Ⅰ 1 (2.8%)

 Ⅱ 5 (13.9%)

 Ⅲ 20 (55.6%)

 Ⅳ 10 (27.8%)

Purpose of chemotherapy Adjuvant 12 (33.3%)

 Neoadjuvant 8 (22.2%)

 Metastatic 16 (44.4%)

Capecitabine dosage (mg/day)  3,000 [3,000-3,000]

TABLE 1: Clinical characteristics of the patients
n (%): Sex, primary cancer site, clinical stage, purpose of chemotherapy

Median [interquartile range]: Age, BMI, Ccr, Capecitabine dosage

n: number of patients; %: percent; kg/m2: kilogram/square meter; ml/min: milliliter/minute; BMI: body mass index; BSA: body surface area; Ccr: creatinine
clearance

Blood concentrations and concentration gradients of 5-FU at one and
two hours
The plasma 5-FU concentrations were measured after the addition of 5-NU to the samples. Figure 1 shows
the plasma 5-FU concentrations at one and two hours after the oral administration of capecitabine. The
mean plasma 5-FU concentrations were 67.5 (range, 5-307) and 85.5 (range, 19-246 ng/mL) at one and two
hours, respectively. The subtraction of the one-hour value from the two-hour value is graphed as a
concentration gradient. No significant differences in the plasma 5-FU concentration were found between
patients with and without liver metastases. Table 2 shows the rates and grades of adverse events in the
overall cohort. The following adverse events were evaluated: diarrhea, stomatitis, nausea, anorexia, fatigue,
hand-foot syndrome, constipation, leukopenia, neutropenia, anemia, and thrombocytopenia.
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FIGURE 1: Plasma concentrations and concentration gradient of 5-FU at
1 and 2 hours after capecitabine administration
Figure 1 was created to visualize individual differences in the plasma 5-FU concentrations. The plasma 5-FU
concentrations at one (blue) and two (orange) hours after the oral administration of capecitabine for each patient.
The difference between the one-hour value and the two-hour value is graphed as a concentration gradient (Gray). 

5-FU: 5-fluorouracil.

Adverse events (CTC-AE) All grade Grade1 Grade2 Grade 3

Diarrhea 11(30.6%) 8 (22.2%) 2 (5.6%) 1(2.8%)

Stomatitis 8 (22.2%) 8 (22.2%) ０ 0

Nausea 14 (38.9%) 13 (36.1%) 1(2.8%) 0

Loss of appetite 14 (38.9%) 9 (25.0%) 5 (13.8%) 0

Fatigue 18 (50.0%) 14 (38.9%) 4 (11.1%) 0

Hand–foot syndrome 14 (38.9%) 10 (27.8%) 4 (11.1%) 0

Constipation 6 (16.6%) 3 (8.3％) 3 (8.3％) 0

Leukopenia 14 (38.9%) 10 (27.8%) 4 (11.1%) 0

Neutropenia 14 (38.9%) 7 (19.4%) 5 (13.8%) 2 (5.6%)

Anemia 14 (38.9%) 10 (27.8%) 2 (5.6%) 2 (5.6%)

Thrombocytopenia 12 (33.3%) 8 (22.2%) 2 (5.6%) 2 (5.6%)

TABLE 2: Adverse events during chemotherapy
CTC-AE: Common terminology criteria for adverse events

%: percent

Relationship between 5FU blood concentration and adverse events
Table 3 shows the relationship of the observed adverse events with plasma 5-FU concentrations. Plasma
concentrations were evaluated using the higher of the measured 1H and 2H values. There was no significant
difference in any of the adverse events according to plasma 5-FU concentration.
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Adverse events 5-FU blood concentration (ng/ml) p-value

Diarrhea
(−) 94 [64.5–149.5]  

(＋) 129 [69–192] 0.363

Stomatitis
(−) 95.5 [32–307]  

(＋) 137 [38–187.5] 0.361

Nausea
(−) 91.0 [67–149.7]  

(＋) 131 [60.5–187] 0.604

Loss of appetite
(−) 123.5 [60.7–159.5]  

(＋) 95.5 [68.5–187.5] 0.884

Fatigue
(−) 132.5[60.7–193.5]  

(＋) 95.5 [60.7–136] 0.384

Hand–foot syndrome
(−) 119.0 [68.7–139.7]  

(＋) 142.5[64.5–229.5] 0.299

Constipation
(−) 110.5 [67.4–169.5]  

(＋) 104 [64.5–172.5] 0.99

Leukopenia
(−) 111.5 [66.5–148.2]  

(＋) 106 [67–20.5.] 0.446

Neutropenia
(−) 95.5 [65.7–143]  

(＋) 131.5 [73–205.5] 0.194

Anemia
(−) 127.0 [69–186]  

(＋) 94 [41.5–148.5] 0.157

Thrombocytopenia
(−) 95.5 [63.3–151.7]  

(＋) 126.5 [70.5–190.5] 0.392

TABLE 3: Relationship between plasma 5-FU concentration and adverse events
Concentrations are expressed as median (interquartile range). The differences between groups were estimated using the Mann-Whitney test for
continuous variables. 

The patients were categorized into those with high plasma 5-FU concentrations at one hour (n = 18) and
those with high plasma 5-FU concentrations at two hours (n = 18), to investigate the relationship between
the adverse events that appeared. Table 4 shows the detailed patient background characteristics of the two
groups. There were no significant differences in patient characteristics such as age, sex, BSA, Ccr, and
capecitabine dosage between the two groups. Furthermore, the rates of adverse events were not significantly
different between the two groups (data not shown).
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Clinical characteristics
Time after capecitabine administration when 5FU blood levels were high

p-value
１H > 2H (n＝18) 2H > 1H (n＝18）

Sex Male 11 (61.1%) 10 (55.6%) 0.99

 Female 7 (38.9%) 8 (44.4%)  

Age  65 (53–73) 68 (62–74) 0.486

BMI  21.6 (19.2–23.4) 20.9 (19.7–25.1) 0.924

BSA (m²)  1.58 (1.44–1.73) 1.56 (1.46–1.70) 0.788

Ccr (ml/min)  98.6 (83.6–128.2) 99.0 (83.2–151.5) 0.849

Primary cancer site Colon 6 (33.3%) 10 (55.6%) 0.315

 Rectum 12 (66.7%) 8 (44.4%)  

Clinical stage Ⅰ 0 (0.0%) 1 (5.6%) 0.719

 Ⅱ 3 (16.7%) 2 (11.1%)  

 Ⅲ 9 (50.0%) 11 (61.1%)  

 Ⅳ 6 (33.3%) 4 (22.2%)  

Purpose of chemotherapy adjuvant 6 (33.3%) 6 (33.3%) 0.768

 neoadjuvant 5 (27.8%) 3 (16.7%)  

 metastatic 7 (38.9%) 9 (50.0%)  

Capecitabine dosage (mg/day)  3000 (3000–3150) 3000 (2400–3000) 0.311

TABLE 4: Clinical characteristics of patients categorized according to the timepoint with the
higher plasma 5-FU concentration after capecitabine administration
The differences between groups were estimated using the Mann-Whitney test for continuous variables and the chi-square test for categorical variables. 

1H: 1 hour, 2H: 2 hours

1H > 2H: 5-FU concentration one hour after capecitabine administration is higher than two hours after administration.
2H > 1H: 5-FU concentration two hours after capecitabine administration is higher than that one hour after administration.

BMI: Body mass index, BSA: Body surface area, Ccr: Creatinine clearance

Concentration gradient between 1H and 2H values of 5-FU blood
concentration and adverse events
Table 5 shows the relationship of adverse events with the plasma 5-FU concentration gradient. The plasma
5-FU concentration gradient was significantly greater in patients with diarrhea than in those without
diarrhea (23.0 [−14 ~ 144] vs. −22.0 [−54.5 ~ −13], p = 0.0234) and those with nausea than in those without
nausea (13.0 [−19~−101.5] vs. −25.0 [−54.5 ~ 1.8], p = 0.0409).
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Adverse events Concentration gradient between 1H and 2H values of 5-FU blood concentration (ng/ml) p-value

Diarrhea
(−) −22.0[−54.5~ −13]  

(＋) 23.0[−14~ 144] 0.0234

Stomatitis
(−) 5.0[−43.5~ 39.5]  

(＋) −25.0[−121.3~ −15] 0.138

Nausea
(−) −25.0[−54.5~ 14.8]  

(＋) 13.0[−19~ 101.5] 0.0409

anorexia
(−) 1.0[−32.3~ 34.5]  

(＋) −28.5[−54.5~ 29.3] 0.363

Fatigue
(−) 6.5[−63~ 49]  

(＋) −18.0[−40.5~ 20.3] 0.646

Hand-foot syndrome
(−) −3.0[−35.8~ 23.6]  

(＋) −5.0[−80.5~ 101.5] 0.758

Constipation
(−) 1.0[‐39.7~ 26]  

(＋) −30.5[−50.8~ 92.6] 0.702

Leukopenia
(−) −6.5[−39.8~ 23.6]  

(＋) −3.0[‐48.6− 108.8] 0.808

Neutropenia
(−) −6.5[−49.3~ 23.3]  

(＋) −3.0[‐41~ 108.8] 0.604

Anemia
(−) −7.0[−39~ 42]  

(＋) 8.0[−46~ 23.5] 0.974

Thrombocytopenia
(−) 1.0[−31.8~ 23.8]  

(＋) −33.0[−70.5~ 99] 0.675

TABLE 5: Relationship between plasma 5-FU concentration gradient between one and two hours
and adverse events
Concentrations are expressed as median (interquartile range). The differences between groups were estimated using the Mann-Whitney test for
continuous variables. 

1H: 1 hour, 2H: 2 hours, (-): negative, (+): positive, ~: range

Heat map of correlation coefficients between 5-FU blood levels and
clinicopathological factors
Our analyses revealed a significant difference in the concentration gradient depending on the incidence of
diarrhea and nausea. As shown in Figure 2, the heatmap of correlation coefficients among the
clinicopathologic factors also showed that the plasma 5-FU concentration gradient correlated with diarrhea
and nausea. Although the heatmap also showed a correlation between the plasma 5-FU concentration and
hand-foot syndrome, there was no significant relationship between hand-foot syndrome and the plasma 5-
FU concentration as shown in Tables 3, 5. On examining the relationship between BSA and AEs, BSA was
found to have a significant correlation with fatigue and thrombocytopenia. The relationship between Ccr
and AEs was evaluated, and Ccr was found to be correlated with diarrhea (Figure 2).
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FIGURE 2: Heatmap of the correlation coefficients between plasma 5-FU
concentration and clinicopathologic factors
The heat map is created so that a correlation coefficient of 1 is red and -1 is blue. The numbers in the figure
represent correlation coefficients.

The heatmap of correlation coefficients among the clinicopathologic factors also demonstrated that the plasma 5-
FU concentration gradient correlated with diarrhea and nausea. Adverse events correlated with plasma 5-FU
concentration were plasma 5-FU concentration after one hour and diarrhea, and concentration gradient and
diarrhea/nausea.

①:plasma 5-FU Concentration after one hour; ②: plasma 5-FU Concentration after two hours; ③: ①ｰ
②Concentration gradient; ④: Plasma 5-FU concentration at the highest of 1 or 2 hours;　⑤: Sex; ⑥: Age;
⑦: Body mass index; ⑧: Body surface area; ⑨: Creatinine clearance; ⑩: clinical Stage; ⑪: Purpose of
Chemotherapy; ⑫: Primary resection; ⑬: Chemotherapy target lesion; ⑭: Capecitabine dosage; ⑮: Rejimen; ⑯:
Diarrhea; ⑰: Stomatitis; ⑱: Nausea; ⑲: Anorexia; ⑳: Fatigue; ㉑: Hand-foot syndrome; ㉒:Constipation;
㉓:Leukopenia; ㉔: Neutropenia; ㉕:Anemia; ㉖:Thrombocytopenia

Discussion
Several studies have validated the efficacy of 5-FU TDM [4-6,19]. 5-FU dose adjustment by pharmacokinetic
monitoring compared to BSA adjustment is associated with better response rates and less severe toxicity.
The area under the receiver operating characteristic curve for plasma 5-FU concentration is the most
appropriate pharmacokinetic parameter associated with 5-FU-associated toxicity and efficacy. For plasma 5-
FU concentrations, the area under the receiver operating characteristic curve values ranging from 20-24
mg·h/L have been proposed in various studies [4,6]. To address the issue of frequent blood draws for TDM,
the number of blood draws was reduced to two to determine if changes in 5-FU concentration correlated
with adverse events. Because plasma 5-FU concentrations peak 1-2 hours after oral capecitabine
administration, blood was drawn twice, once at one hour and again at two hours after oral administration,
but further study is needed to determine the optimal frequency and time of blood collection. Yoshida et al.
reported that plasma 5-FU concentrations after the administration of the 5-FU prodrug capecitabine varied
with time, temperature, and the presence of 5-NU, nearly doubling in some combinations of assay
conditions [18]. Given that 5-FU has a narrow therapeutic window, accurate measurement of plasma 5-FU
concentrations is critical.

In this study, plasma 5-FU concentrations were measured after the addition of 5-NU to the samples. The
median plasma concentration, calculated using the higher of the measured 1- and 2-hour 5-FU
concentrations, was 0.12 ± 0.06 µg/mL. The median Cmax in a previously conducted study was 0.22 ± 0.12
µg/mL, which was higher than observed in our study [20]. This difference could be attributed to the time of
measurement, temperature, and not adding 5-NU to the samples before the measurement.

Diarrhea significantly reduces the quality of life of patients and leads to discontinuation of chemotherapy
and refusal to continue treatment [21]. In addition, patients with severe diarrhea are associated with the risk
of severe dehydration that can lead to fatal conditions, such as renal failure, electrolyte imbalance, and
circulatory failure [21,22]. Furthermore, patients who develop diarrhea during myelosuppression are at risk
of secondary sepsis, thereby necessitating appropriate preventive measures [23]. In addition, nausea and
vomiting are nonhematologic toxicities that are frequently observed in patients treated with
chemotherapeutic drugs [24]. Severe nausea and vomiting often cause anorexia, dehydration, malnutrition,
and electrolyte imbalance, leading to decreased compliance or refusal of chemotherapy, which may hinder
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treatment continuation [25]. Therefore, prior anticipation of these issues and implementation of
appropriate preventive measures are important for the continuation of chemotherapy.

After being metabolized to FdUMP by TP and to FUMP by orotate phosphoribosyl transferase, 5-FU exerts
antitumor activity by inhibiting deoxyribonucleic acid and ribonucleic acid synthesis, respectively [26].
These metabolites can cause diarrhea in the intestinal tract [27,28]. The high plasma 5-FU concentration
gradient observed in the present study suggests that 5-FU may have been more predominantly metabolized
to FdUMP and FUMP, leading to intestinal mucosal damage. While plasma concentration of 5-FU is
important for the development of adverse events of chemotherapy, the metabolism of 5-FU is also believed
to be essential. Although both are useful indicators of adverse events, the plasma concentration of 5-FU was
included in this study because the metabolic enzyme activity is consequently reflected in the plasma
concentration of 5-FU.

Nausea and vomiting are considered to be caused by the stimulation of the vomiting center, which is located
dorsally in the lateral reticular formation of the medulla oblongata [29,30]. There are three known
mechanisms of nausea and vomiting associated with chemotherapeutic drugs. The first mechanism involves
the direct chemical stimulation of the chemoreceptor trigger zone, located in the area postrema of the
fourth ventricle, by the chemotherapeutic drug; the stimulation is then transmitted to the vomiting center.
The second mechanism involves the stimulation of the ascending chemoreceptor trigger zone by serotonin
secreted by enterochromaffin cells in the gastrointestinal tract. The final mechanism involves the
transmission of emotional and sensory stimuli from the cerebral cortex to the vomiting center. The
metabolism of 5-FU to FdUMP and FUMP leads to gastrointestinal mucosal damage and release of serotonin
from enterochromaffin cells; this mechanism might underlie our finding that the rate of nausea was higher
in patients with a high plasma 5-FU concentration gradient.

There were several limitations inherent to the present study.

1) The sample size was relatively small, and this was a single-center study. Thus, multicenter studies are
warranted to increase the generalizability of our findings and confirm them in larger cohorts. 2) All patients
were prophylactically treated for nausea with antiemetic medications, which might have introduced an
antiemetic bias. Third, plasma 5-FU concentrations were measured only twice, and more time points should
help in finding the optimal 5-FU concentration gradient with the fewest adverse events. 3) The number of
patients with high-grade adverse events was too small to evaluate. 4) The present study is an exploratory
study, and a multiplicity of issues may lead to erroneous study results.

Further research would be needed to confirm the present study.

Conclusions
The plasma 5-FU concentration gradient, defined as the difference between the one- and two-hour
concentrations, was higher in patients with diarrhea and nausea. The high plasma 5-FU concentration
gradient suggests rapid degradation of 5-FU into its metabolites, which may lead to predicted intestinal
mucosal damage, diarrhea, and nausea. Several studies have validated the efficacy of 5-FU TDM, but patients
are held longer, and blood samples are drawn more frequently. This study seemed like a good opportunity to
develop a method that would reduce the burden on patients.

Appendices
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Inclusion criteria Age: ≥20 years

 Histologically diagnosed colorectal cancer.

 Life expectancy: ≥3 months

 Eastern Cooperative Oncology Group performance status: 0-1

 Neutrophil count: ≥1000/mm3

 Hemoglobin: ≥8.0 g /dL

 Platelet count: ≥75,000/mm3

 Serum creatinine: ≤1.5 times the upper limit of normal

 Total bilirubin: ≤2.0 mg /dL

 Aspartate transaminase: ≤100 IU/L (≤200IU/L for patients with metastatic liver tumor)

 Alanine transaminase: ≤100 International Unit (IU) / litre (L) (≤200IU/L for patients with metastatic liver tumor)

Exclusion criteria Serious drug allergy

 Severe peripheral neuropathy

 Active infection

 Uncontrollable hypertension

 Mechanical or paralytic bowel obstruction

 Uncontrolled diabetes mellitus

 Cirrhosis

 Unstable ischemic heart disease

 Multiple malignancy within the last five years

 Ascites

 Pleural effusion

 Pericardial effusion

 Uncontrolled diarrhea

TABLE 6: The study’s inclusion and exclusion criteria
The study’s inclusion and exclusion criteria are shown as supplemental Table 6.

The patient recruitment process is shown as supplemental Figure 3.
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FIGURE 3: Patient recruitment process
The patient recruitment process is shown as supplemental Figure 3.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Yoichiro Yoshida, Yasuhiro Hashimoto

Acquisition, analysis, or interpretation of data:  Yoichiro Yoshida, Suguru Hasegawa, Gumpei
Yoshimatsu, Yasuhiro Hashimoto, Teppei Yamada, Fumihiro Yoshimura

Drafting of the manuscript:  Yoichiro Yoshida, Yasuhiro Hashimoto

Critical review of the manuscript for important intellectual content:  Suguru Hasegawa, Gumpei
Yoshimatsu, Teppei Yamada, Fumihiro Yoshimura

Supervision:  Suguru Hasegawa

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. The institutional review
board of Fukuoka University Hospital issued approval 16.10.02. The institutional review board of Fukuoka
University Hospital, Fukuoka, Japan issued approval 16.10.02. . Animal subjects: All authors have
confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance
with the ICMJE uniform disclosure form, all authors declare the following: Payment/services info: This
work was supported in part by funding from Fukuoka University (grant no. GR2315). . Financial
relationships: All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.

References
1. Longley DB, Harkin DP, Johnston PG: 5-fluorouracil: mechanisms of action and clinical strategies . Nat Rev

Cancer. 2003, 3:330-8. 10.1038/nrc1074
2. Zhang N, Yin Y, Xu SJ, Chen WS: 5-Fluorouracil: mechanisms of resistance and reversal strategies .

Molecules. 2008, 13:1551-69. 10.3390/molecules13081551
3. Saif MW, Choma A, Salamone SJ, Chu E: Pharmacokinetically guided dose adjustment of 5-fluorouracil: a

rational approach to improving therapeutic outcomes. J Natl Cancer Inst. 2009, 101:1543-52.
10.1093/jnci/djp328

4. Lee JJ, Beumer JH, Chu E: Therapeutic drug monitoring of 5-fluorouracil . Cancer Chemother Pharmacol.
2016, 78:447-64. 10.1007/s00280-016-3054-2

5. Beumer JH, Chu E, Allegra C, et al.: Therapeutic drug monitoring in oncology: international association of
therapeutic drug monitoring and clinical toxicology recommendations for 5‐fluorouracil therapy. Clin
Pharmacol Ther. 2019, 105:598-613. 10.1002/cpt.1124

 

2024 Hashimoto et al. Cureus 16(10): e71341. DOI 10.7759/cureus.71341 12 of 13

https://assets.cureus.com/uploads/figure/file/1242833/lightbox_54c9cf707dfb11efa40f2998eb7fbcf2-Patient-selection-Fig.png
https://dx.doi.org/10.1038/nrc1074
https://dx.doi.org/10.1038/nrc1074
https://dx.doi.org/10.3390/molecules13081551
https://dx.doi.org/10.3390/molecules13081551
https://dx.doi.org/10.1093/jnci/djp328
https://dx.doi.org/10.1093/jnci/djp328
https://dx.doi.org/10.1007/s00280-016-3054-2
https://dx.doi.org/10.1007/s00280-016-3054-2
https://dx.doi.org/10.1002/cpt.1124
https://dx.doi.org/10.1002/cpt.1124


6. Goirand F, Lemaitre F, Launay M, et al.: How can we best monitor 5-FU administration to maximize benefit
to risk ratio?. Expert Opin Drug Metab Toxicol. 2018, 14:1303-13. 10.1080/17425255.2018.1550484

7. Malet-Martino M, Martino R: Clinical studies of three oral prodrugs of 5-fluorouracil (capecitabine) .
Oncologist. 2002, 7:288-323. 10.1634/theoncologist.7-4-288

8. Walko CM, Lindley C: Capecitabine: a review. Clin Ther. 2005, 27:23-44. 10.1016/j.clinthera.2005.01.005
9. Hashimoto Y, Yoshida Y, Yamada T, Aisu N, Yoshimatsu G, Yoshimura F, Hasegawa S: Current status of

therapeutic drug monitoring of 5-fluorouracil prodrugs. Anticancer Res. 2020, 40:4655-61.
10.21873/anticanres.14464

10. Comella P, Casaretti R, Sandomenico C, Avallone A, Franco L: Capecitabine, alone and in combination, in
the management of patients with colorectal cancer: a review of the evidence. Drugs. 2008, 68:949-61.
10.2165/00003495-200868070-00005

11. Jacobs BA, Deenen MJ, Joerger M, et al.: Pharmacokinetics of capecitabine and four metabolites in a
heterogeneous population of cancer patients: a comprehensive analysis. CPT Pharmacometrics Syst
Pharmacol. 2019, 8:940-50. 10.1002/psp4.12474

12. Lam SW, Guchelaar HJ, Boven E: The role of pharmacogenetics in capecitabine efficacy and toxicity . Cancer
Treat Rev. 2016, 50:9-22. 10.1016/j.ctrv.2016.08.001

13. Gieschke R, Burger HU, Reigner B, et al.: Population pharmacokinetics and concentration-effect
relationships of capecitabine metabolites in colorectal cancer patients. Br J Clin Pharmacol. 2003, 55:252-
263. 10.1046/j.1365-2125.2003.01765.x

14. Shimma N, Umeda I, Arasaki M, et al.: The design and synthesis of a new tumor-selective fluoropyrimidine
carbamate, capecitabine. Bioorg Med Chem. 2000, 8:1697-1706. 10.1016/s0968-0896(00)00087-0

15. Miszczak-Zaborska E, Woźniak K: The activity of thymidine phosphorylase obtained from human uterine
leiomyomas and studied in the presence of pyrimidine derivatives. Z Naturforsch C J Biosci. 1997, 52:670-5.
10.1515/znc-1997-9-1015

16. Alcolea Palafox M, Tardajos G, Guerrero-Martínez A, Vats JK, Joe H, Rastogi VK: Relationships observed in
the structure and spectra of uracil and its 5-substituted derivatives. Spectrochim Acta A Mol Biomol
Spectrosc. 2010, 75:1261-9. 10.1016/j.saa.2009.12.042

17. Miwa M, Ura M, Nishida M, et al.: Design of a novel oral fluoropyrimidine carbamate, capecitabine, which
generates 5-fluorouracil selectively in tumours by enzymes concentrated in human liver and cancer tissue.
Eur J Cancer. 1998, 34:1274-1281. 10.1016/s0959-8049(98)00058-6

18. Yoshida Y, Hashimoto Y, Miyazaki M, et al.: 5-Nitrouracil stabilizes the plasma concentration values of 5-FU
in colorectal cancer patients receiving capecitabine. Sci Rep. 2020, 10:2711. 10.1038/s41598-020-59648-2

19. Wilhelm M, Mueller L, Miller MC, et al.: Prospective, multicenter study of 5-fluorouracil therapeutic drug
monitoring in metastatic colorectal cancer treated in routine clinical practice. Clin Colorectal Cancer. 2016,
15:381-8. 10.1016/j.clcc.2016.04.001

20. Hyodo I, Shirao K, Doi T, et al.: A phase II Study of the global dose and schedule of capecitabine in Japanese
patients with metastatic colorectal cancer. Jpn J Clin Oncol. 2006, 36:410-7. 10.1093/jjco/hyl058

21. Maroun JA, Anthony LB, Blais N, et al.: Prevention and management of chemotherapy-induced diarrhea in
patients with colorectal cancer: a consensus statement by the Canadian Working Group on Chemotherapy-
Induced Diarrhea. Curr Oncol. 2007, 14:13-20. 10.3747/co.2007.96

22. Stein A, Voigt W, Jordan K: Chemotherapy-induced diarrhea: pathophysiology, frequency and guideline-
based management. Ther Adv Med Oncol. 2010, 2:51-63. 10.1177/1758834009355164

23. Benson AB 3rd, Ajani JA, Catalano RB, et al.: Recommended guidelines for the treatment of cancer
treatment-induced diarrhea. J Clin Oncol. 2004, 22:2918-26. 10.1200/JCO.2004.04.132

24. Hesketh PJ: Chemotherapy-induced nausea and vomiting. N Engl J Med. 2008, 358:2482-94.
10.1056/NEJMra0706547

25. Najafi S, Haghighat S, Raji Lahiji M, et al.: Randomized study of the effect of dietary counseling during
adjuvant chemotherapy on chemotherapy induced nausea and vomiting, and quality of life in patients with
breast cancer. Nutr Cancer. 2019, 71:575-584. 10.1080/01635581.2018.1527375

26. Miura K, Kinouchi M, Ishida K, et al.: 5-fu metabolism in cancer and orally-administrable 5-fu drugs .
Cancers (Basel). 2010, 2:1717-30. 10.3390/cancers2031717

27. Fukudome I, Kobayashi M, Dabanaka K, et al.: Diamine oxidase as a marker of intestinal mucosal injury and
the effect of soluble dietary fiber on gastrointestinal tract toxicity after intravenous 5-fluorouracil treatment
in rats. Med Mol Morphol. 2014, 47:100-7. 10.1007/s00795-013-0055-7

28. Zhang S, Liu Y, Xiang D, et al.: Assessment of dose-response relationship of 5-fluorouracil to murine
intestinal injury. Biomed Pharmacother. 2018, 106:910-916. 10.1016/j.biopha.2018.07.029

29. Miller AD, Leslie RA: The area postrema and vomiting . Front Neuroendocrinol. 1994, 15:301-20.
10.1006/frne.1994.1012

30. Han W, de Araujo IE: Nausea and the brain: the chemoreceptor trigger zone enters the molecular age .
Neuron. 2021, 109:391-393. 10.1016/j.neuron.2021.01.004

 

2024 Hashimoto et al. Cureus 16(10): e71341. DOI 10.7759/cureus.71341 13 of 13

https://dx.doi.org/10.1080/17425255.2018.1550484
https://dx.doi.org/10.1080/17425255.2018.1550484
https://dx.doi.org/10.1634/theoncologist.7-4-288
https://dx.doi.org/10.1634/theoncologist.7-4-288
https://dx.doi.org/10.1016/j.clinthera.2005.01.005
https://dx.doi.org/10.1016/j.clinthera.2005.01.005
https://dx.doi.org/10.21873/anticanres.14464
https://dx.doi.org/10.21873/anticanres.14464
https://dx.doi.org/10.2165/00003495-200868070-00005
https://dx.doi.org/10.2165/00003495-200868070-00005
https://dx.doi.org/10.1002/psp4.12474
https://dx.doi.org/10.1002/psp4.12474
https://dx.doi.org/10.1016/j.ctrv.2016.08.001
https://dx.doi.org/10.1016/j.ctrv.2016.08.001
https://dx.doi.org/10.1046/j.1365-2125.2003.01765.x
https://dx.doi.org/10.1046/j.1365-2125.2003.01765.x
https://dx.doi.org/10.1016/s0968-0896(00)00087-0
https://dx.doi.org/10.1016/s0968-0896(00)00087-0
https://dx.doi.org/10.1515/znc-1997-9-1015
https://dx.doi.org/10.1515/znc-1997-9-1015
https://dx.doi.org/10.1016/j.saa.2009.12.042
https://dx.doi.org/10.1016/j.saa.2009.12.042
https://dx.doi.org/10.1016/s0959-8049(98)00058-6
https://dx.doi.org/10.1016/s0959-8049(98)00058-6
https://dx.doi.org/10.1038/s41598-020-59648-2
https://dx.doi.org/10.1038/s41598-020-59648-2
https://dx.doi.org/10.1016/j.clcc.2016.04.001
https://dx.doi.org/10.1016/j.clcc.2016.04.001
https://dx.doi.org/10.1093/jjco/hyl058
https://dx.doi.org/10.1093/jjco/hyl058
https://dx.doi.org/10.3747/co.2007.96
https://dx.doi.org/10.3747/co.2007.96
https://dx.doi.org/10.1177/1758834009355164
https://dx.doi.org/10.1177/1758834009355164
https://dx.doi.org/10.1200/JCO.2004.04.132
https://dx.doi.org/10.1200/JCO.2004.04.132
https://dx.doi.org/10.1056/NEJMra0706547
https://dx.doi.org/10.1056/NEJMra0706547
https://dx.doi.org/10.1080/01635581.2018.1527375
https://dx.doi.org/10.1080/01635581.2018.1527375
https://dx.doi.org/10.3390/cancers2031717
https://dx.doi.org/10.3390/cancers2031717
https://dx.doi.org/10.1007/s00795-013-0055-7
https://dx.doi.org/10.1007/s00795-013-0055-7
https://dx.doi.org/10.1016/j.biopha.2018.07.029
https://dx.doi.org/10.1016/j.biopha.2018.07.029
https://dx.doi.org/10.1006/frne.1994.1012
https://dx.doi.org/10.1006/frne.1994.1012
https://dx.doi.org/10.1016/j.neuron.2021.01.004
https://dx.doi.org/10.1016/j.neuron.2021.01.004

	Association Between Changes in Plasma Capecitabine Concentrations and Adverse Events in the Treatment of Colorectal Cancer
	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Patients and eligibility criteria
	Measurement of plasma 5-FU concentrations
	Statistical analysis

	Results
	Clinical characteristics of the patients
	TABLE 1: Clinical characteristics of the patients

	Blood concentrations and concentration gradients of 5-FU at one and two hours
	FIGURE 1: Plasma concentrations and concentration gradient of 5-FU at 1 and 2 hours after capecitabine administration
	TABLE 2: Adverse events during chemotherapy

	Relationship between 5FU blood concentration and adverse events
	TABLE 3: Relationship between plasma 5-FU concentration and adverse events
	TABLE 4: Clinical characteristics of patients categorized according to the timepoint with the higher plasma 5-FU concentration after capecitabine administration

	Concentration gradient between 1H and 2H values of 5-FU blood concentration and adverse events
	TABLE 5: Relationship between plasma 5-FU concentration gradient between one and two hours and adverse events

	Heat map of correlation coefficients between 5-FU blood levels and clinicopathological factors
	FIGURE 2: Heatmap of the correlation coefficients between plasma 5-FU concentration and clinicopathologic factors


	Discussion
	Conclusions
	Appendices
	TABLE 6: The study’s inclusion and exclusion criteria
	FIGURE 3: Patient recruitment process

	Additional Information
	Author Contributions
	Disclosures

	References


