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Abstract Background: The objective of this analysis was to determine the factors associated

with early onset treatment-related toxicity in patients treated with capecitabine-based anti-

cancer regimens in daily clinical care.

Patients and Methods: A total of 1463 patients previously included in a prospective cohort

study and treated with standard-of-care capecitabine-based anticancer regimens (monother-

apy or combined with other chemotherapy or radiotherapy) were analysed. Logistic regression

models were developed to investigate associations between patient- and treatment-related fac-

tors and occurrence of early e i.e. cycle one or two e severe (grade � 3) treatment-related

toxicity, toxicity-related hospitalisation, and toxicity-related treatment discontinuation. Per-

formance of models was evaluated using receiver-operating characteristic (ROC) curves and
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internal validity was explored using bootstrap analysis.

Results: Among 1463 patients included, 231 patients (16%) experienced early severe toxicity,

132 patients (9%) were hospitalised for toxicity, and 146 patients (10%) discontinued treatment

for toxicity; in total, 321 patients (22%) experienced any early toxicity-related adverse

outcome. Predictors of early grade �3 toxicity, after adjustment for treatment regimen, were

renal function (odds ratio [OR] 0.85 per 10 ml/min/1.73 m2, p Z 0.0007), body surface area

(BSA) (OR 0.33 per m2, p Z 0.0053), age (OR 1.14 per decade, p Z 0.0891), and elevated

pre-treatment uracil concentrations (OR 2.41 per 10 ng/ml, p Z 0.0046). Age was significantly

associated with fatal treatment-related toxicity (OR 5.75, p Z 0.0008). Area under the ROC

curve (AUC) of a model to predict early grade �3 toxicity was 0.704 (95% confidence interval

0.666e0.743, optimism-corrected AUC 0.690).

Conclusion: Renal function, BSA, and age, in addition to pre-treatment uracil, are associated

with clinically relevant differences in risk of early severe toxicity in patients treated with cape-

citabine in routine clinical care.

ª 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

The orally administered 5-fluorouracil (5-FU) pre-
prodrug capecitabine has an important role in the

treatment of gastric, colorectal, breast, and head and

neck cancers. Capecitabine is used as a single agent, in

combination with other chemotherapeutic agents, such

as platinum agents and taxanes, or in combination with

radiotherapy. A substantial proportion of patients

experience severe treatment-related toxicity, including

gastrointestinal, haematological, and cardiac toxicity,
and handefoot syndrome (HFS) [1]. The incidence of

severe treatment-related toxicity differs between treat-

ment regimens. In the pivotal studies of capecitabine

monotherapy in metastatic colorectal cancer, 30e40%

of the patients experienced severe treatment-related

toxicity [1,2]. On the other hand, frequencies of

60e70% are common for women with metastatic breast

cancer treated with capecitabine plus docetaxel [3].
Treatment-related hospitalisation rates can be substan-

tial and range between 10% and 28% in phase III studies

[1,3]. Furthermore, an estimated 0.5e1.0% of the pa-

tients treated with capecitabine-based regimens
experiences fatal treatment-related toxicity [4]. Thus,
treatment-related toxicity has a large impact on patient

safety and quality of life. In addition, it is associated

with an estimated w$2700 increase in health care costs

per patient treated with 5-FU [5].

The best-known biochemical cause of intolerance to

fluoropyrimidines is deficiency of the key 5-FU meta-

bolic enzyme dihydropyrimidine dehydrogenase (DPD),

which explains up to half of the fluoropyrimidine-
associated toxicities [6]. Several studies have indicated

that also other patient-related factors such as age, sex,

and body composition might contribute to risk of

treatment-related toxicity in patients treated with 5-FU

[7,8]. Little is known, however, about the impact of

patient-related factors on risk of capecitabine-associated

toxicity in routine clinical practice. Knowledge about

the factors associated with risk of toxicity is crucial in
order to evaluate the riskebenefit balance of treatment

for individual patients.

To investigate the impact of patient- and treatment-

related factors as predictors of early onset treatment-

related toxicity, we analysed the safety data of a large

population of patients enrolled previously in a pro-

spective cohort study and treated with capecitabine-

based anticancer regimens in daily clinical care.

2. Patients and methods

A synopsis of the methods is provided here (full details

in Appendix).

2.1. Patients

Patients were treated previously in a prospective cohort

study with standard-of-care capecitabine-based anti-
cancer regimens [9]. Toxicity was monitored and recor-

ded according to CTC-AE v3.0.



Table 1
Patient and disease characteristics.

Characteristics Overall population, N Z 1463

Age (years)

Median (IQR) 61 (53e68)

Range 21e89
Sex

Female 820 (56%)

Male 643 (44%)

Race

Caucasian 1406 (96%)

African 17 (1%)

Other 40 (3%)

Previous chemotherapy

No 1124 (77%)

Yes 339 (23%)

5-FU or capecitabine based 150 (10%)

Other 214 (15%)

BSA (m2)

Median (IQR) 1.86 (1.72e2.00)

Range 1.10e2.70
eGFR (ml/min/1.73 m2)

Median (IQR) 89 (79e101)

Range 16e150

Tumour type

Colorectal (locally advanced) 509 (35%)

Colorectal (metastatic) 285 (19%)

Breast (locally advanced) 104 (7%)

Breast (metastatic) 252 (17%)

Gastric cancer 184 (13%)

Other 129 (9%)

Treatment regimena

Capecitabine monotherapy 434 (30%)

Capecitabine plus platinum 382 (26%)

Capecitabine plus radiotherapy 444 (30%)

Capecitabine triplet combination 116 (8%)

Capecitabine plus taxane 65 (4%)

Capecitabine plus other 22 (2%)

DPYD polymorphismsb

DPYD*2A heterozygous 18 (1%)

c.2846A>T heterozygous 17 (1%)

c.1679T>G heterozygous 2 (0.1%)

Abbreviations: BSA Z body surface area; IQR Z interquartile range;

eGFR Z estimated glomerular filtration rate (according to MDRD-4

[11]); DPYD Z dihydropyrimidine dehydrogenase; 5-FU Z 5-

fluorouracil.
a The administered treatment regimens are described in detail in the

Appendix.
b Seven carriers of the c.2846A>T allele (1%) and two of the

c.1679T>G allele (0.1%) were identified retrospectively and were

treated with a full starting dose of capecitabine. The 18 patients with

the DPYD*2A allele were identified upfront and treated with an

initially 50% reduced dose.
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2.2. End-points

Three end-points occurring during the first two treat-
ment cycles were investigated: severe (grade � 3)

treatment-related toxicity, any toxicity resulting in hos-

pitalisation, and any toxicity resulting in permanent

discontinuation of treatment. In addition, we investi-

gated the factors associated with individual types of

fluoropyrimidine-associated toxicity (e.g. gastrointes-

tinal and haematological) and with fatal toxicity, and

explored associations with dose reductions and un-
planned treatment interruptions.

2.3. Data collection

Data were collected on patient and treatment charac-
teristics, and on the following treatment-related toxic-

ities: gastrointestinal toxicity (diarrhoea and mucositis/

stomatitis), haematological toxicity (neutropenia, leu-

cocytopenia, and thrombocytopaenia), HFS, and car-

diac toxicity. Toxicities were dichotomised as absent to

mild (CTC-AE grade 0e2) versus severe (grade 3e5, i.e.

dose limiting to fatal), except cardiac toxicity which was

dichotomised as grade 0e1 versus grade 2e5, since
grade 2 cardiac toxicity often results in discontinuation

of treatment with capecitabine. Treatment regimens

were categorised as follows: capecitabine monotherapy,

capecitabine-based chemoradiotherapy, capecitabine

plus platinum agent, capecitabine plus taxane,

capecitabine-based triplet combination, and capecita-

bine plus other drug (detailed in Table S1, Appendix).

We previously investigated the association between
dihydropyrimidine dehydrogenase (DPYD) genotypes

and fluoropyrimidine-associated toxicity in the same

cohort of patients and found DPYD c.2846A>T and

c.1679T>G to be clinically relevant predictors of

fluoropyrimidine-associated toxicity (submitted manu-

script). These variants were therefore included a priori as

a covariable in all analyses. Pre-treatment serum uracil

concentrations, which we also previously found to be
strongly associated with risk of fluoropyrimidine-

associated toxicity (submitted manuscript), were avail-

able for 507 patients and the association with toxicity in

relation to other identified predictors was estimated in

this subset of patients.

2.4. Data analysis

Logistic regression models were developed to determine

which patient- and treatment-related factors were asso-

ciated with early onset severe toxicity, toxicity-related

hospitalisation, and toxicity-related treatment discon-

tinuation. The type of treatment regimen was included a

priori as a covariable in the models. Since the planned
starting dose of capecitabine was highly collinear with

type of treatment regimen and had no relevant effect on

effect estimates after inclusion of treatment regimen in
the models, starting dose was not included in the

models. The predictive value of the following candidate

factors was subsequently evaluated: age, sex, body sur-

face area (BSA), body mass index, body weight, lean

body mass [10], race, tumour type, previous treatment
with chemotherapy, estimated glomerular filtration rate

(eGFR, according to MDRD-4, expressed per 1.73 m2

[11]), and germ line DPYD mutations (c.2846A>T and

c.1679T>G). Variables were selected by stepwise back-

ward elimination based on the Akaike information



PATIENTS TREATED 
WITH CAPECITABINE

N = 1463

PATIENTS STOPPING 
TREATMENT FOR REASONS 

OTHER THAN TOXICITY
N = 109 (7%)

PATIENTS WITH TOXICITY 
THAT RESULTED IN 
HOSPITALIZATION

N = 132 (9%)

PATIENTS DISCONTINUING 
TREATMENT FOR TOXICITY

N = 146 (10%)

PATIENTS FINISHING 
FIRST TWO CYCLES WITHOUT 

ADVERSE OUTCOME
N = 1033 (71%)

Progressive disease/death (N = 90)
Pa ent withdrawal (N = 4)
Other (N = 15)

PATIENTS WITH 
SEVERE TOXICITY

N = 231 (16%)

Gastrointes nal toxicity, N = 113 (8%)
Hematological toxicity, N = 85 (6%)
Hand-foot syndrome, N = 46 (3%)
Cardiac toxicity, N = 43 (3%)

PATIENTS WITH TOXICITY-
RELATED ADVERSE OUTCOME:

N = 321 (22%)
Early Severe Toxici es:

CYCLE 1-2

Fig. 1. Early toxicity-related adverse outcomes in the overall population. Frequencies of early onset (cycles 1 and 2) treatment-related

severe toxicities in the overall population of patients treated with capecitabine-based chemo- or chemoradiotherapy.
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criterion (AIC). Only factors that increased AIC upon

elimination were kept in the model. The predictive value
of pre-treatment uracil concentrations was assessed

separately in the cohort of patients for whom concen-

trations had been measured (n Z 507), by adding pre-

treatment uracil concentration as a covariable to the

final model developed on the complete dataset. For

factors remaining in the final model after excluding

uninformative variables, odds ratios (ORs), 95% confi-

dence intervals (CIs), and corresponding p values were
reported. The reported OR for continuous variables

corresponds with the risk associated with 10 or 50 units

increase in the respective variable, as indicated.

Interactions were assessed, among and between

identified predictors and type of treatment regimen.

Predicted risks of severe toxicity were plotted as a

function of the identified predictors in a Trellis plot. To

explore discriminative performance of the models, the
area under the receiver-operating characteristic curve

(AUC) of the receiver-operating characteristic (ROC)

curve was determined. CIs for AUC were calculated

using DeLong method [12]. Internal validity was

assessed in 1000 bootstrap samples to estimate the

optimism-corrected AUC using the ‘validate’ function
from package ‘rms’ in R. All statistical analyses were

performed in R statistical software v3.1.1 [13]. The
threshold for significance was set at p < 0.05. All p

values are reported as derived from the analysis, without

correction for multiple testing.

3. Results

A total of 1463 patients treated with capecitabine-based

chemo- or chemoradiotherapy in study NCT00838370

were included in the analysis (Table 1).

3.1. Gastrointestinal toxicity is the most relevant early

onset capecitabine-associated toxicity

In total, 321 patients (22%) experienced an early

toxicity-related adverse outcome (Fig. 1). Two hundred

thirty-one patients (16%) experienced early severe

toxicity, the most common types being gastrointestinal

toxicity (8%), followed by haematological toxicity (6%),
HFS (3%), and cardiac toxicity (3%). Six patients (0.4%)

suffered fatal treatment-related toxicity, which was

associated with (severe) gastrointestinal toxicity in all six

cases, and with additional severe haematological toxicity



Table 2
Effect of treatment regimen on risk of early (cycle 1e2) adverse outcomes.
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in three cases. One hundred thirty-two patients (9%)

were hospitalised for toxicity. Most strongly related to

risk of hospitalisation were gastrointestinal toxicity (OR

43.5, 95% CI 25.7e73.8, p < 1 � 10�15), haematological

toxicity (OR 17.7, 95% CI 9.67e32.5, p < 1 � 1015) and

cardiac toxicity (OR 17.0, 95% CI 7.81e37.0,

p < 1 � 10�15). HFS was not associated with hospital-

isation (OR 1.02, 95% CI 0.29e3.55, p Z 0.975). One
hundred forty-six patients (10%) discontinued treatment

due to toxicity before cycle three. Toxicity-related

treatment discontinuation was most strongly related to

cardiac toxicity (OR 17.4, 95% CI 8.91e34.1,

p < 1 � 10�15), followed by gastrointestinal toxicity (OR

7.33, 95% CI 4.60e11.7, p < 1 � 10�15), HFS (OR 6.11,

95% CI 3.03e12.3, p < 1 � 10�6), and haematological

toxicity (OR 3.76, 95% CI 2.13e6.63, p < 1 � 10�5).
Table 3
Patient-related factors associated with early (cycle 1e2) adverse outcomes

Overall population (N Z 1463) N events (%)

Global severe toxicity 231 (16)

Age (per 10 years)

BSA (per m2)

Renal function (per 10 ml/min/1.73 m2)a

Pre-treatment uracil concentrations (per 10 ng/ml)b

DPYD polymorphisms (heterozygous versus wild type)c

Severe gastrointestinal toxicity 113 (8)

Age (per 10 years)

BSA (per m2)

Renal function (per 10 ml/min/1.73 m2)a

Race (African versus other)

Pre-treatment uracil concentrations (per 10 ng/ml)b

Severe haematological toxicity 85 (6)

Renal function (per 10 ml/min/1.73 m2)a

DPYD polymorphisms (heterozygous versus wild type)c

Toxicity-related hospitalisation 132 (9)

BSA (per m2)

Renal function (per 10 ml/min/1.73 m2)a

Pre-treatment uracil concentrations (per 10 ng/ml)b

DPYD polymorphisms (heterozygous versus wild type)c

Early discontinuation of treatment 146 (10)

Age (per 10 years)

BSA (per m2)

Fatal treatment-related toxicityd 6 (0.4)

Age (per 10 years)

Renal function (per 10 ml/min/1.73 m2)a

BSA (per m2)

Pre-treatment uracil concentrations (per 10 ng/ml)b

Any early adverse outcomee 321 (22)

Age (per 10 years)

BSA (per m2)

Renal function (per 10 ml/min/1.73 m2)a

Pre-treatment uracil concentrations (per 10 ng/ml)b

DPYD polymorphisms (heterozygous versus wild type)c

BSA Z body surface area; OR Z odds ratio; CI Z confidence interval; D
a Estimated glomerular filtration rate according to MDRD-4. Missing v

(e0.60 per decade), sex (e1.03 for female sex), and BSA (e2.77 per m2) as

imputation was found to be similar as after imputation (OR 0.85, 95% CI
b The effect of pre-treatment uracil concentration was tested in the subset

for the other listed covariables (except for fatal toxicity which was tested i
c c.2846A>T and c.1679T>G, combined.
d Univariable models.
e Any severe (grade � 3) toxicity, any toxicity-related hospitalisation, or
3.2. Risk of early adverse outcome differs strongly

between treatment regimens but not tumour types

The frequencies and risks of early toxicity-related out-

comes differed strongly between treatment regimens

(Table 2, risks calculated in univariable analysis). Risk

of early toxicity was generally higher with combination

regimens than with monotherapy or chemo-

radiotherapy, both for global toxicity and for most in-

dividual types of toxicity (Appendix Table S2). We

investigated the effect of tumour type because of the
possibility that patients with certain tumour types or

disease stages could generally be in a poorer health state.

However, tumour types were not associated with risk of

toxicity after adjustment for treatment regimen

(p Z 0.1596, likelihood-ratio test).
in the overall population.

OR 95% CI (lower bound) 95% CI (upper bound) p Value

1.14 0.98 1.34 0.0891

0.33 0.15 0.72 0.0053

0.85 0.78 0.94 0.0007

2.41 1.31 4.44 0.0046

3.00 1.01 8.63 0.0488

1.30 1.05 1.61 0.0167

0.27 0.10 0.76 0.0128

0.82 0.73 0.93 0.0014

3.55 0.95 13.2 0.0593

3.25 1.47 7.19 0.0037

0.89 0.78 1.02 0.0995

5.28 1.03 27.1 0.0462

0.18 0.07 0.47 0.0016

0.84 0.76 0.94 0.0016

3.11 1.51 6.43 0.0022

2.93 1.16 7.38 0.0231

1.29 1.09 1.53 0.0067

0.28 0.11 0.70 0.0036

5.75 2.07 15.93 0.0008

0.64 0.41 0.99 0.0433

0.35 0.01 19.65 0.6071

7.00 2.08 23.6 0.0017

1.16 1.01 1.32 0.0340

0.32 0.16 0.63 0.0010

0.90 0.84 0.98 0.0144

1.95 1.11 3.42 0.0198

2.31 0.84 6.33 0.1050

PYD Z dihydropyrimidine dehydrogenase.

alues were imputed using a linear regression model containing age

covariables (r2 Z 0.12). The estimated effect of renal function before

0.77e0.94, p Z 0.0011).

of patients of whom they were measured (n Z 507), with adjustment

n univariable analysis).

permanent discontinuation of treatment due to toxicity.



Fig. 2. Predicted risk of any early severe toxicity as a function of age, renal function, body surface area, and treatment regimen. The

predicted risk of (any) cycle 1 or 2 severe treatment-related toxicity, based on the developed logistic model, expressed as a percentage, is

shown.
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3.3. Renal function, BSA, and age are associated with

early onset severe toxicity

In the final multivariable models, renal function, BSA,

and age were predictive of global severe toxicity, as was

DPD deficiency, detected either as DPYD poly-

morphisms or elevated pre-treatment uracil concentra-
tions (Table 3). Age improved AIC but was not

statistically significant in the final model for global se-

vere toxicity. The relationships with severe toxicity of

the continuous variables renal function, BSA, and

age were linear in partial residual plots and there was no
evidence for non-linearity (p > 0.2). There was no evi-

dence for dose capping at higher BSA (not shown).

There were no interactions between identified predictors

and patient-related factors or between the identified

predictors and treatment regimens (details not shown).
Fig. 2 shows the relation between identified predictors

and risk of early severe toxicity.

When renal function was removed from the final

multivariable model shown in Table 3, age was more

strongly associated with global severe toxicity (OR 1.23,

95% CI 1.06e1.42, pZ0.0063), suggesting that age and

renal function are associated and that part of the effect



D. Meulendijks et al. / European Journal of Cancer 54 (2016) 120e130 127
of higher age might be related to lower renal function.

To further differentiate between renal function and

other patient-related factors, additional analyses were

performed in which first a model was built using all

patient characteristics, and subsequently either GFR

(MDRD-4) or serum creatinine concentration was

added to this model. These analyses confirmed the in-

dependent predictive value of renal function (Table S4).
Sex was not associated with global toxicity (OR 1.09

when added to the final model). However, when BSA

was removed, there was a trend toward increased risk of

toxicity for women (OR 1.36, 95% CI 0.97e1.91,

pZ 0.0722), suggesting that this effect of sex was related

to BSA. We also investigated the effect of the indepen-

dent variables by determining associations with toxicity

end-points for each independent variable separately,
with adjustment for treatment regimen only. These an-

alyses revealed similar effect estimates as in the multi-

variable analyses, and confirmed the predictive effect

of age, BSA, renal function, and DPD deficiency

(Table S3).

Age, renal function, BSA, and pre-treatment uracil

concentrations were strongly associated with severe

gastrointestinal toxicity, and there was some evidence
for an association with African race (OR 3.55, 95% CI

0.95e13.2, p Z 0.0593). However, only a small num-

ber of patients of African race were treated in

the study (n Z 17). Age was the only factor that

was significantly associated with interruption of
Fig. 3. Receiver-operating characteristic (ROC) curve for a logistic

model predicting early adverse outcomes in the overall population.

The ROC curve of the developed logistic model predicting (any)

cycle 1 or 2 severe treatment-related toxicity is shown. The

apparent area under the ROC curve (AUC) was 0.704 (95% con-

fidence interval 0.666e0.743, optimism-corrected AUC 0.690).
chemotherapy in the first cycle (OR 1.23, 95% CI

1.04e1.47, p Z 0.0181).

When BSA was replaced by sex in the model for

gastrointestinal toxicity, female sex was predictive of

early onset toxicity (OR 1.71, 95% CI 1.12e2.61,

p Z 0.0483). Female sex was independently associated

with dose reductions (of �20%), after adjusting for

treatment regimen, BSA, renal function, and age (OR
2.05, 95% CI 1.33e3.16, p Z 0.0011).

Of the other types of toxicity, haematological toxicity

was related to renal function andDPDdeficiency.None of

the patient-related factors were associated with early se-

vere HFS. The only factor associated with cardiac toxicity

was female sex (OR 2.39, 95%CI 1.04e5.49, pZ 0.0405).

The same predictors related to toxicity were related to

hospitalisation for toxicity, except age. We investigated
whether there were factors that increased risk of hospi-

talisation in addition to toxicity, by including maximum

toxicity score in a model for hospitalisation along with

candidate factors. None of the factors other than

toxicity score showed an association with risk of hos-

pitalisation. Age and BSA were associated with early

discontinuation of treatment, but not in addition to

toxicity score.

3.4. Higher risk of fatal treatment-related toxicity in the

elderly and patients with elevated pre-treatment serum

uracil concentrations

In view of the small number of events of fatal toxicity
(n Z 6), only univariable analyses were performed

(Table 3). None of the treatment regimens was associ-

ated with fatal toxicity (details not shown). The distri-

bution of fatal events was as follows: capecitabine plus

platinum (three patients), capecitabine monotherapy

(two patients), and capecitabine-based triplet combina-

tion (one patient).

Higher age was significantly associated with fatal
treatment-related toxicity (Table 3 and Fig. S2). The

median age of patients with fatal toxicity was 76 years

(interquartile range 75e78, range 66e80). High pre-

treatment uracil was also strongly associated with fatal

toxicity (Table 3 and Fig. S2).

3.5. Discriminative ability of models predicting early onset

toxicity

Fig. 3 shows the ROC curve for the model predicting

global early severe toxicity, with treatment regimen,

renal function, BSA, age, and DPYD polymorphisms as

covariables. The apparent AUC was 0.704 (95% CI

0.666e0.743, optimism-corrected AUC 0.690).

4. Discussion

We investigated the impact of patient- and treatment-
related factors as predictors of early onset severe
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treatment-related toxicity in patients treated with

capecitabine-based regimens in daily clinical care. In

addition to DPD deficiency, renal function, BSA, and

age contributed to patients’ risk of experiencing early

severe toxicity. Effect sizes of the individual patient-

related factors were small to medium. However, the

combined effect of patient-related factors resulted in

large differences in risk of toxicity, and these differences
may be clinically relevant for individual patients. For

example, while the risk of early toxicity for a 40-year-old

male with BSA 1.90 and eGFR 120 ml/min/1.73 m2

treated with capecitabine plus platinum is predicted to

be 7%, an 80-year-old female with BSA 1.60 and eGFR

60 ml/min/1.73 m2 would be at 31% risk. When treated

with a triplet combination, the risks would be 22% and

61%, respectively. Our results suggest that the order
of strength of the individual predictors is DPD

deficiency > renal function > BSA > age.

The observed effect of renal function is not unex-

pected, as creatinine clearance has been found to

inversely correlate with risk of toxicity [14,15]. For this

reason, a dose reduction of 25% is recommended in

patients with an eGFR of 30e50 ml/min/1.73 m2, and

capecitabine is contraindicated in patients with an
eGFR <30 ml/min/1.73 m2 [16]. The mechanism by

which renal function affects toxicity risk is not clear, and

the dosing recommendations are established empirically

based on an observed increased toxicity risk in patients

with renal impairment [14,15]. Our population included

almost exclusively patients with renal function >50 ml/

min/1.73 m2 (>99% of the patients), suggesting that even

in patients without moderate or severe renal impair-
ment, there is a clinically relevant effect of renal function

on toxicity risk.

One study showed that exposure to 50-DFUR e a

metabolite of capecitabine and the direct precursor to 5-

FU e was increased in patients with renal impairment,

which correlated with increased risk of severe toxicity

[15]. However, population PK analysis of phase III trials

did not reveal a significant effect of calculated creatinine
clearance (CockcrofteGault) on the pharmacokinetics

of 5’-deoxy-5-fluorouridine (5’-DFUR) nor of capeci-

tabine, 5’-deoxy-5-fluorocytidine (5’-DFCR), or 5-FU

[17]. In addition, 50-DFUR is cleared renally for only

10e15%, questioning whether there is a relevant effect

of renal function on 50-DFUR exposure in relation to

toxicity risk [18]. Although the mechanism by which

lowered renal function increases risk of toxicity remains
unknown, renal function appears to be an important

determinant of patients’ risk of severe toxicity and pa-

tients with a GFR close to 50 ml/min should be treated

with caution.

Age and BSA were associated with toxicity, consis-

tent with the previous studies showing higher clearance

of 50-DFUR and 5-FU in patients with higher BSA, and

reduced incidence of toxicity [19e22]. Our findings
indicate that BSA-based dosing of capecitabine is
justified and that dose capping in patients with higher

BSA should be discouraged. In the previous studies, sex

was found to be associated with toxicity and pharma-

cokinetics of capecitabine and 5-FU [8,23]. We found

that differences in risk of toxicity were only apparent

when not correcting for BSA, suggesting that body

composition might explain the effect previously

observed for sex [7]. However, we did find some evidence
for an effect of sex, as dose reductions were more

frequent in women, independent of BSA.

Despite lack of a significant association between age

and global severe toxicity, age appeared to have a clin-

ically relevant effect size. Age was significantly associ-

ated with gastrointestinal toxicity and, importantly, with

fatal toxicity. Although patients with fatal toxicity were

generally older patients, it should be mentioned that two
out of three patients with fatal toxicity of whom pre-

treatment uracil levels were available had extremely high

uracil concentrations, indicative of DPD deficiency.

This, and the fact that most other older patients could

be treated safely, demonstrates that age by itself might

not be a strong risk factor, but could be a relevant

contributor to risk of fatal toxicity in the presence of

other risk factors. Of note, it has previously been re-
ported that a dose of capecitabine of 1250 mg/m2 is not

safe in the elderly, and 1000 mg/m2 should therefore be

considered standard for elderly patients [24].

As expected, type of treatment regimen was strongly

associated with risk of toxicity. We did not formally aim

to compare the safety profile of treatments with that in

the respective pivotal studies, but incidences of early

severe toxicity, of 10e40%, were in the same range as
previously reported [1,3]. The incidence of fatal

treatment-related toxicity, 0.4% in this study, was also in

the same range as described previously [4].

The DPYD polymorphisms c.2846A>T and

c.1679T>G are now established risk factors for toxicity,

and our findings support the recommendation of

reducing the starting dose in patients carrying either of

these mutations [25]. We previously showed that elevated
pre-treatment uracil concentration is a promising

phenotypic marker of DPD deficiency which is poten-

tially more sensitive to identify patients at risk of toxicity

than DPYD polymorphisms, and the findings from this

analysis further confirm this (submitted manuscript).

Strengths of our analysis are the large number of

patients included, from multiple centers and with a wide

spread of covariables. Our results reflect the routine,
daily care situation, and the combined analysis of

different treatment regimens provides insight into the

relative risks associated with patient- and treatment-

related factors in a typical oncology population. A

limitation of our analysis is that we did not externally

validate the identified predictors and their effect sizes.

Our findings regarding the identified predictors are,

however, consistent with the previous reports investi-
gating 5-FU-associated toxicity.
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5. Conclusion

This analysis shows that in a daily care population,

renal function, body composition, and age, in addition

to DPD deficiency, are associated with patients’ risk of

early onset severe capecitabine-associated toxicity. The

presence of multiple risk factors may predispose pa-
tients to high risks of early severe toxicity, and these

factors might be relevant to consider in evaluating the

benefiterisk balance of treatment for individual

patients.

Our study suggests that there is room for person-

alisation of treatment with fluoropyrimidines. A dosing

algorithm, such as used in dosing of coumarin antico-

agulants, could be valuable in dosing of fluoropyr-
imidines. This algorithm could include age and/or renal

function in addition to BSA, as well as the patient’s

status regarding DPD pro-/deficiency. For patients with

multiple risk factors, such as older patients with low

renal function, an initially reduced dose and subsequent

dose titration based on tolerance might be required to

avoid severe and potentially lethal early toxicity.
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