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Introduction
Capecitabine (Xeloda®) is an oral prodrug of Fluorouracil (5-

FU) and therefore a Thymidylate Synthase inhibitor (TS inhibitor). 
It is widely used in the treatment of patients with malignancies of 
the Gastrointestinal (GI) tract and the breast. It can be prescribed as 
monotherapy or in combination with other drugs such as oxaliplatin, 
irinotecan and cisplatin for GI cancer, and a taxane or monoclonal 
antibodies such as trastuzumab (Herceptin®) or bevacizumab 
(Avastin®) for breast cancer [1-4]. Since its introduction the 
number of capecitabine prescriptions in the Netherlands has risen 
exponentially from 300 in 2001 to 58,200 in 2008 (Dutch Foundation 
for Pharmaceutical Statistics).

Metabolism of capecitabine to the active compound 5-FU is 
conducted in three activation steps. Thymidine phosphorylase is 
the enzyme responsible for the final step, resulting in conversion to 
5-FU. This enzyme has a 3.2 times higher concentration in various
solid tumours compared with normal adjacent tissue theoretically
giving selective activation of the drug and less systemic toxicity [5].
The Dihydropyrimidine Dehydrogenase (DPD) is the pivotal enzyme
in detoxification and elimination of 5-FU in humans. Patients with
DPD deficiency are therefore at increased risk of 5-FU toxicity and

consequently capecitabine toxicity. Frequency of DPD deficiency 
ranges from 3-5% in the Caucasian population [6,7].

The advantage of capecitabine over most other TS inhibitors is 
its oral use in an outpatient setting. The other oral fluoropyrimidine 
S-1 has a comparable efficacy and safety profile, but is predominantly
prescribed in Asia [8]. According to the product characteristics, the
overall safety profile of capecitabine is comparable with several other
chemotherapy regimens for the indications mentioned. Most common 
side effects are mild diarrhoea, stomatitis, Hand Food Syndrome (HFS) 
and fatigue. The severity of adverse events is related to combination
treatment, creatinine clearance and age. Dose adjustments are indicated 
in patients with a creatinine clearance beneath 50 ml/min and might be 
indicated in patients of 60 years and older. Absolute contraindications
are known DPD deficiency, renal impairment (creatinine clearance
beneath 30 ml/min), severe hepatic impairment and severe Bone
Marrow Suppression (BMS). Doses range from 1250-2500 mg/m2 a
day, according to disease-specific chemotherapy protocols. (http://
eudrapharm.eu. January 2009).
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Abstract
Background: The use of capecitabine has risen exponentially in the Netherlands since 2001. Clinical trials 

describe a mild toxicity profile. Because circumstances in daily clinical practice can differ a lot from clinical trial 
setting, we performed this retrospective analysis in a large community hospital to verify toxicity in a clinical situation. 

Methods: A retrospective cohort study was conducted in patients with malignancies of the gastrointestinal tract 
or breast treated with capecitabine in the period of January 2007 to January 2009. Primary study endpoint was the 
incidence and severity of capecitabine-induced toxicity in daily clinical practice. Secondary endpoint concerned 
determination of risk factors for toxicity due to capecitabine. 

Results: Of 281 patients 92% experienced some degree of toxicity. Grade 3-4 toxicity occurred in 30% of 
patients receiving monotherapy and in 47% with combination therapy. This was in accordance with the literature. 
Type of toxicity varied, but gastro intestinal symptoms and hand foot syndrome were most commonly found. Risk of 
toxicity increased with increasing age, independently of creatinine clearance. 

Conclusions: Therapy with capecitabine monotherapy or capecitabine containing regiments in daily clinical 
practice is accompanied by considerable toxicity, but frequency and severity are consistent with published clinical 
trials. More toxicity can be expected with increasing age.
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While clinical trials describe a mild toxicity profile, study 
populations differ from those encountered in daily clinical practice. This 
study was designed to measure toxicity in a clinical cancer population 
in a large community hospital the Netherlands to determine if results 
were comparable with those from registration studies or if toxicity was 
higher than suggested by the literature whereas the general opinion is 
that oral cytostatic therapy has a relatively mild toxicity-profile. As a 
result the main goal of this study was to evaluate toxicity of capecitabine 
containing chemotherapeutic regimens, including the consequences of 
hospital admission, independent of efficacy or other clinical outcome.

Methods
Study design

We conducted a retrospective cohort study. The regional medical 
ethics committee of South West Netherlands was informed. Approval 
from patients or relatives was not necessary because data gathering was 
anonymous. A note was made in each medical chart that information 
was used for medical research.

Setting and patients

The study was conducted in the oncology department of a 
community teaching hospital in the Netherlands covering a population 
of 350,000 inhabitants. Each patient was evaluated by a medical 
oncologist in the outpatient clinic before commencing capecitabine-
based treatment. Indication for treatment and known adverse events 
were discussed with the patient and relatives. In a second separate visit 
the patient was extensively informed by a nursing specialist. A written 
patient protocol was provided including telephone numbers of the 
nursing staff and oncology unit, which can be contacted at all times. 
All patients aged 18 years and up with malignancies of the GI tract 
or breast, treated with capecitabine in mono- or combination therapy 
in the period of January 2007 to January 2009 were included. Toxicity 
assessments were performed on the day before the next course of 
chemotherapy by a clinical oncologist or an oncology nurse specialist. 
According to the local protocols toxicity was scored according to 
the CTC-toxicity criteria, focusing especially on general complaints 
as fatigue and loss of appetite, combined with special symptoms as 
diarrhoea, nausea and vomiting, neuropathies and Hand & Foot 
syndrome

The diagnosis was recorded for all patients in the diagnosis 
treatment combination system (www.cz.nl) in the Netherlands and this 
was used to identify all patients treated for colon cancer, oesophageal 
cancer, stomach cancer and breast cancer. The patients treated with 
capecitabine were retrieved using the electronic personal health record. 
In patients with metastatic breast cancer capecitabine was subscribed 
as monotherapy or sometimes in combination with docetaxel as 
a palliative treatment. Upper GI tract tumours were either treated 
with Epirubicin, Cisplatin and Capecitabine (ECC) or Epirubicin, 
Oxaliplatin and Capecitabine (EOX). Capecitabine was combined 
with Oxaliplatin (CapOx) or Irinotecan (CapIri) for colorectal cancer. 
Dose reduction to 75% of the original capecitabine dose at the start of 
chemotherapy was given to those with a creatinine clearance between 
30-50 ml/min. Other factors that sometimes led to dose reductions 
were age and previous toxicity judged by the prescribing oncologist. 

Patient data was collected using electronic and paper medical 
charts. Possible capecitabine-related toxicity and other characteristics 
were extracted. We assessed the degree of toxicity according to 
the National Cancer Institute Common Terminology Criteria for 
Adverse Events (CTC-AE) version 4.0. Baseline characteristics, serum 

creatinine, comorbidity, use of other medicine(s), type of cancer, stage 
of cancer, setting of treatment, type and daily dose of chemotherapy. 
Information on dose adjustments and hospital admissions was also 
registered. Creatinine clearance was calculated for all patients using 
the Cockcroft and Gault formula. Body mass index and body surface 
area were calculated using bodyweight and height measured at start. All 
data were entered anonymously in the database. 

Outcomes and literature review

Primary endpoint was the incidence and severity of observed 
capecitabine-induced toxicity in daily practice. Toxicity frequencies 
were described separately for mono- and combination therapy. 
Secondary endpoint was the determination of risk factors for toxicity, 
using gender, age, and creatinine clearance, dose adjustment at start 
and type of chemotherapy. For comparison of the outcomes of this 
study with the frequency of toxicity in pivotal trials, a literature review 
was conducted using the PubMed database. A separate search was 
performed for each chemotherapeutic regimen. Articles were selected 
using the following criteria: similar dose intensities as used in our 
hospital, comparable indications of chemotherapeutic agent, group size 
and extensive information on the safety profile must be available [9-
17]. Search for: capecitabine AND toxicity AND colorectal cancer OR 
breast cancer AND limits; clinical trial phase II, III or IV and English.

Statistical analysis

All analyses were performed with SPSS for Windows, version 16, 
(SPSS, Chicago, II, USA). To compare baseline characteristics the 
chi square test was used in categorical data and the t-test was used 
in continuous variables with a normal distribution. A multivariate 
regression model was used to demonstrate whether any characteristics 
were present that affect toxicity. Variables used in this model were; 
gender, age, tumour group, metastases, treatment setting, mono- or 
combination therapy, dose, creatinine clearance at start and body 
surface area. A p-value<0.05 was considered significant.

Results 
Between January 2007 and January 2009, a total of 570 patients 

was retrieved carrying a diagnosis of gastro-intestinal or breast cancer. 
Two hundred eighty one of them had been treated with capecitabine 
and were included in this analysis. Most patients had a Caucasian 
phenotype, as to be expected in the outer skirts of the Netherlands. 
Baseline characteristics are listed in Table 1. Mean age was 64 years 
(SD 10), 46.9% of the patients were female. Predominant diagnosis 
was colorectal cancer (59.0%) while 26.7% had cancer of the upper 
GI tract and 13.9% had breast cancer. The majority of the patients 
(61.9%) suffered from metastastatic disease undergoing chemotherapy 
in a palliative setting. Most patients (86.8%) underwent combination 
therapy of capecitabine with oxaliplatin, epirubicin, cisplatin, 
irinotecan or a taxane. Monotherapy capecitabine was only subscribed 
in 13.2%. Two third of the breast cancer patients were treated with 
single agent capecitabine. ECC was the predominant combination in 
upper GI tract cancer and CapOx in colorectal cancer patients while 
only a small group was treated with monotherapy capecitabine or a 
combination with irinotecan. According to treatment protocols the 
dose should have been reduced to 75% of the original dose in every 
patient with a creatinine clearance of 30-50 ml/min (n=19). Protocol 
was followed in 69% of these patients. In patients with a creatinine 
clearance over 50 ml/min (n=262) the dose was reduced in 9%, mostly 
based on clinical condition or co-morbidity of the patient as judged by 
the treating oncologist.
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due to toxicity (unfortunately not tested for DPD deficiency) and 
110 (45.0%) had grade 3-4 toxicity. When comparing the mono- and 
combination therapy groups, significantly higher incidences of HFS 
and PNP were found in the combination therapy group (Table 2), the 
latter one mainly in relation with oxaliplatin. Grade 3-4 toxicity was 
frequent and varied. Most prominent was some form of mucositis in 
31 patients (12.7%); 4 out of 6 patients tested had a DPD deficiency, 
but no one of them died. Other grade 3-4 adverse events were HFS 
(8.3%), PNP (4.9%), BMS (5.3%), TEE (3.1%) and cardiac events 
(2.6%). Hospital admittance occurred in 23.3% because of mucositis. 
Reasons to stop chemotherapy were disease progression, toxicity and 
completing the planned cycles.

Significantly less toxicity was observed in patients receiving 
monotherapy as compared to the patients receiving combination 
therapy: out of 37 patients receiving monotherapy 8 (21.6%) 
experienced no toxicity, whereas out of 244 patients receiving 
combination therapy 15 (6.1%) experienced no toxicity, (p=0.015, 
Chi2 test (Table 2)). No significant difference in toxicity was present 
in the separate malignancies. In Table 3 the results of our analysis is 
compared with the reference literature for the various types of toxicity. 

In the regression model used to describe determinants that affect 
toxicity, significantly more patients experienced a worse grade of 
toxicity in the combination therapy group (p=0.023). A trend was seen 
of more and greater toxicity with increasing age (p=0.055) (Table 4).

Discussion
In this single-centre retrospective cohort study we found that 

toxicity from capecitabine is reported frequently: only 8% experienced 
no toxicity and almost half of the patients (44%) reported Grade 3-4 
toxicity. One third of patients treated with capecitabine, whether or 
not in combination with other chemotherapeutic agents, discontinued 
chemotherapy as a result of toxicity. Although impressive, this is 
comparable with other publications. 

When comparing results with the literature (Table 3), the main 
difference noticed was the frequency of GI symptoms. Mucositis is 
frequent, but often poorly described in the literature. As previously 
mentioned, it mainly consists of diarrhoea, abdominal cramps, 
vomiting and stomatitis. When combining the frequencies of those 

All patients n=281
Patient characteristics
Mean age in years (SD1) 64 (10)
Female (%) 132 (46.9)
Mean Body Surface Area (SD) 1.9 (0.2)
Mean Cockcroft clearance in ml/min (SD) 84 (25)
Creatinine clearance of 30-50 ml/min (%) 19 (6.7)
Diagnosis
Colorectal cancer (%) 166 (59.0)
Upper gastrointestinal tract cancer2 (%) 75 (26.7)
Breast cancer (%) 39 (13.9)
Metastases (%) 174 (61.9)
Non- metastatic cancer (%) 107 (38.0)
Treatment setting
Mean Daily Dose (mg/day) (SD) 1917 (277)
Neo-adjuvant (%) 56 (19.9)
Adjuvant (%) 85 (30.2)
Palliative (%) 140 (49.8)
Monotherapy Capecitabine3 (%) 37 (13.2)
Colorectal cancer 9 (3.2)
Breast cancer 28 (10.0)
Combination therapy (%) 244 (86.8)
Colorectal cancer
- CapOx4 133 (47.3)
- CapIri5 24 (8.5)
Upper gastro-intestinal cancer
- ECC6 66 (23.5)
- EOX7 9 (3.2)
Breast cancer
- Capecitabine/Docetaxel8 11 (3.9)

1SD: standard deviation, 2Represents oesophageal cancer, gastric cancer and 
cancer of the gastro-intestinal junction, 3Capecitabine 2500 mg/m2 day 1-14 q 21 
days, 4Capecitabine 2000 mg/m2 day 1-14 in combination with oxaliplatin 135 mg/m2 
day 1 q 21 days, 5Capecitabine 2000 mg/m2 day 1-14 in combination with irinotecan 
250 mg/m2 day 1 q 21 days, 6Epirubicine 50 mg/m2, cisplatin 60 mg/m2 day 1 in 
combination with Capecitabine 2000 mg/m2 day 1-14 q 21 days, 7Epirubicine 50 
mg/m2, oxaliplatin 130 mg/m2 day 1 in combination with capecitabine 1350 mg/m2 
daily q 21 days, 8Capecitabine 2000 mg/m2 day 1-14 and docetaxel 75 mg/m2 day 
1, q 21 days. 
Table 1: Patient characteristics, diagnosis and treatment at date of start 
chemotherapy.

All patients 
n=281 (%)

Monotherapy 
capecitabine 
n=37 (%)

Capecitabine 
combined with 
other chemotherapy1 
n=244 (%)

p-value2

No toxicity 23 (8.2) 8 (21.6) 15 (6.1) 0.015
Grade 1 172 (61.2) 18 (48.6) 148 (60.6) ns
Grade 2 168 (59.8) 21 (56.7) 145 (59.4) ns
Grade 3 106 (37.7) 10 (27.0) 96 (39.3) ns
Grade 4 26 (9.3) 1 (2.7) 25 (10.2) ns
Grade 5 4 (1.4) 1 (2.7) 3 (1.2) ns
No or mild 
toxicity 
(≤ Grade 2)

157 (55.9) 33 (89.1) 124 (50.8) 0.03

Severe toxicity 
(≥ Grade 3)

124 (44.1) 14 (37.8) 110 (45.0) 0.03

Hospital 
admission due 
to toxicity

64 (22.8) 7 (16.2) 57 (23.3) ns

1Capecitabine in combination with oxaliplatin, irinotecan, epirubicine and cisplatin, 
epirubicine and oxaliplatin or with docetaxel, 2Comparing symptoms and toxicity for 
monotherapy with combination therapy. 
Table 2: Toxicity grades reported by all patients and separately for those receiving 
either monotherapy or combination therapy.

Of the 281 patients analysed, 258 patients reported toxicity (91.8%). 
The all-grade toxicity reported most often was Polyneuropathy (PNP) 
by 112 patients (39.8%), followed by HFS in 83 patients (29.5%) and 
nausea/vomiting in 54 patients (19.2%) (Table 2). 

Monotherapy

Ten of the 37 patients (27.0%) had grade 3 toxicity, one showed 
grade 4 toxicity and one patient died of mucositis (DPD deficiency 
was confirmed afterwards). The incidence of HFS and GI symptoms 
was high in all grades. Most of the patients suffering grade 3 toxicity 
had gastrointestinal toxicity, mainly a combination of diarrhoea, 
abdominal cramps, vomiting and stomatitis. Other grade 3 toxicity 
comprised BMS and HFS. No cardiac toxicity or Thromboembolic 
Events (TEE) was mentioned. Hospital admission due to toxicity was 
necessary in 7 patients (16.2%), mainly due to mucositis. Reasons to 
stop chemotherapy were disease progression or toxicity. Only 5 (13.5%) 
patients completed the planned cycles. 

Combination therapy

In the combination therapy group of 244 patients, 3 (1.2%) died 
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different variables in the literature and comparing them with the 
frequency of mucositis recognised in our study, they fell into the same 
range. In all groups grade 3-4 BMS was less frequent as is mentioned 
in the literature, possible related to the strict in hospital protocol 
guidelines, not allowing to start the next palliative cycle of cytostatics 
without full recovery of the cell counts. And, importantly the several 
phases two and three prospective clinical trial used as reference are 
more detailed in registering toxicity including BMS. Overall a low 
frequency of significant HFS was present compared to the literature. 
HFS might be underscored because it can diminish in the capecitabine-
free week before starting a new cycle making it difficult to estimate 
the right grade of toxicity. In the German multicentre analysis of 
Hofheinz 29.3% developed any HFS suggesting an association of 
HFS and survival and a higher probability of developing any-grade 
gastrointestinal toxicity in patients with colorectal cancer [17,18]. 
Our data could not confirm such a relationship, probably due to a 
smaller sample size. Cardiotoxicity was not found in the monotherapy 
group, combination therapy showed 4.9% all-grade toxicity and 2.6% 
grade 3-4. Van Cutsum reported 5 cases of cardiotoxicity in a total 
group of 108 patients, spread over three treatment groups containing 

capecitabine [11]. In several reviews a frequencies in a range of 3-6% of 
all grades of cardiotoxicity in patients treated with capecitabine [19,20]. 
Our data are comparable. 

It must be noted that monotherapy was easier to compare with 
the literature than the combination therapy group. For the latter it is 
more useful to look at the individual cytostatics, used in the different 
regiments, as they give different types of toxicity. In the study group 
patient numbers within these different sorts of chemotherapeutic 
regimens were too small to compare with the literature. Even so the 
frequencies in the overall group of combination therapy still fell in the 
range mentioned in the literature. 

Hospital admission because of toxicity in clinical trials ranges 
from 12-20% in single agent capecitabine and 14-28% in combination 
chemotherapy [8,9,12,15]. Rate of admittance in our analysis was as 
could be expected according these publications. 

The secondary endpoints, describing possible risk factors other 
than creatinine clearance beneath 50 ml/min, showed a significant 
trend towards more toxicity with advancing age. Creatinine clearance 
could be a confounding factor, however in both groups no significant 
correlation was found between creatinine clearance and toxicity. This 
is as we expected, because the dose of chemotherapy was adjusted for 
creatinine clearance, making both groups similarly prone to toxicity. 
As to be expected older patients have more comorbidity resulting in a 
worse condition compared with younger patients and there for having 
a higher chance of toxicity. They are also more prone to take medicines 
wrongly, for example by non-compliance with the medicine preventing 
adverse events, or taking more chemotherapy pills then necessary [21]. 
Apart from this elderly patients can report toxicity more frequently 
[22]. 

We recognize several limitations of our study. First, this is a 
retrospective analysis. As such, documentation can vary depending on 
severity of events and can differ between oncologists. This may have led 
to an underestimation of the frequencies of toxicity, especially grade 
one and two toxicity, not directly relevant to clinical use. Another point 
to consider is that the patient compliance was not reported, but this is 
a known problem in patients using oral medicines. This could affect the 
number and frequency of the side effects. Improper use of medicines, 
e.g. continuing the drugs in the stop week can give an overestimation 
of toxicity. Not reporting symptoms of toxicity when visiting the 
outpatient clinic could lead to an underestimation of toxicity; however 
the staff of the oncology unit was easily accessible day and night and 
the nursing specialists tended to check on the patients by telephone 
in the second week taking capecitabine. Thirdly, only a minority 
of patients received monotherapy with capecitabine, and toxicity 
in patients with combination therapy are probably related to the an 
additive or synergistic effect of capecitabine and the other components 
of the treatment. For example is the CapIri regiment not often used 
anymore due to the known synergistic toxicity of both cytostatic 
drugs, especially diarrhoea. A particular strength of this study is that 
to  our knowledge this is the only retrospective analysis where toxicity 
of capecitabine as used in daily practice has been directly compared 
with the known toxicity from the literature. Although the groups of 
the individual combinations with capecitabine were relatively small it 
is unlikely that new insights into drug toxicity of capecitabine are to be 
found when the volume of patients is higher. 

Conclusions
There is a high frequency of toxicity in patients receiving 

Monotherapy capecitabine Combination therapy
Toxicity in this 
study (%)

Toxicity in 
literature (%)

Toxicity in this 
results (%)

Toxicity in 
literature (%)

Nausea/Vomiting 16.2 3-35 19.6  6.0-45.9
Mucositis 
(e.g.stomatistis, 
gastritis)

27.0 2-22 17.2 14.4-71.7

Diarrhea 24.3 0-30 14.3 5.1-27.0
Hand and foot 
syndrome

10.8 17.1 25.0 36.6-83.7

Polyneuropathy n.d.a. n.d.a. 44.3 17.0-64.2
Bone marrow 
suppression

8.1 0-9 15.6 7.5-72.0

Thrombo embolic 
event

2.7 n.d.a. 8.6 n.d.a.

Cardiac event 0.0 n.d.a. 4.9 n.d.a.

n.d.a.: no data available. Results are combined for the different types of toxicity, 
highest and lowest percentage are given extracted from the different publications. 
(O’Shaughnessy et al. [16], Scheithauer et al. [12], Zeuli et al. [13], Bajetta et al. 
[18], Batista et al. [15], Ajani [3], Cunningham et al. [14])
Table 3: Frequency of different types of toxicity as compared to the reference 
literature, separately for mono-and combination therapy.

p-value Odds Ratio 95% confidence 
interval

Age at start chemotherapy 0.055 1.024 0.99-1.049
Monotherapy vs. combination 
chemotherapy

0.023 0.404 0.186-0.880

Female sex vs. male sex 0.2 1.4 0.9-2.3
Body surface area 0.6 1.6 0.3-7.6
Creatinine clearance 0.3 1.0 1.0-1.0
Metastases 0.4 1.2 0.7-2.0
Neo-adjuvant chemotherapy 0.1 0.5 0.2-1.1
Adjuvant chemotherapy 0.5 0.8 0.3-1.7
Dose adjustment 0.9 1.0 1.0-1.0
Colorectal cancer 0.9 1.0 0.4-2.7
Upper gastrointestinal tract cancer 0.3 1.9 0.6-5.7

Variables used in this model were; gender, age at start chemotherapy, tumor group, 
metastases, setting of treatment, mono- or combination therapy, dose, creatinine 
clearance and body surface area at start chemo therapy. p-value of <0.05 was 
considered significant. 
Table 4: Mmultivariate regression analysis of different characteristics that could 
influence toxicity.
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capecitabine monotherapy in clinical practice, but these numbers are 
comparable with the frequencies described in clinical trials. Although 
the combination therapy group was more difficult to compare, toxicity 
levels also seemed comparable with the literature. Capecitabine creates 
a frequent need for hospital admission and high frequency in stopping 
because of toxicity. The seriousness of these side effects should not be 
underestimated, and need appropriate anticipation. Elderly patients are 
more prone to experiencing toxicity, independently of renal function. 
More research should be conducted to minimize adverse events in this 
vulnerable group of patients. 
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