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Introduction
Capecitabine is an oral prodrug for the cytotoxic 
agent 5-fluorouracil (5-FU) and is widely used 
in the treatment of colorectal cancer and other 
solid tumors (e.g. breast and gastric cancer).1–4 
Capecitabine has equal effectiveness and shows, 
in general, a more favorable toxicity profile  
compared with intravenous 5-FU, except for  
the incidence of hand-foot syndrome (HFS).5 

Depending on the different types of treatment 
regimens, capecitabine is given either as mono-
therapy, in combination with other cytotoxic 
agents, or it is combined with radiotherapy. 
Worldwide, dosing of capecitabine for the indi-
vidual patient is based on the patient’s body sur-
face area (BSA). However, both effectiveness 
and toxicity depend on the individual exposure 
to capecitabine and therefore the rationale for 
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Abstract
Background: Capecitabine is generally dosed based on body surface area (BSA). This dosing 
strategy has several limitations; however, evidence for alternative strategies is lacking. 
Therefore, we analyzed the toxicity and effectiveness of fixed-dose capecitabine and compared 
this strategy with a BSA-based dose of capecitabine in a large set of patients.
Methods: Patients treated with fixed-dose capecitabine between 2003 and 2015 were studied. 
A comparable group of patients, dosed based on BSA, was chosen as a control cohort. A total 
of two combined scores were used: capecitabine-specific toxicity (diarrhea, National Cancer 
Institute Common Toxicity Criteria grade ⩾3, hand-foot syndrome ⩾2, or neutropenia ⩾2), 
and clinically relevant events due to toxicity, that is, hospital admission, dose reduction, or 
discontinuation. Per treatment regimen, patients were divided into three BSA groups based on 
BSA quartiles corrected for sex. Toxicity scores were compared by a Chi-square test between 
cohorts, and within cohorts using BSA groups. Progression-free survival (PFS) was estimated 
by the Kaplan–Meier method.
Results: A total of 2319 patients were included (fixed dosed, n = 1126 and BSA-based dose, 
n = 1193). Overall, four regimens were evaluated: capecitabine-radiotherapy (n = 1178), 
capecitabine-oxaliplatin (n = 519), capecitabine triplet (n = 181) and capecitabine monotherapy 
(n = 441). The incidence of capecitabine-specific toxicity and clinically relevant events was 
comparable between fixed-dose and BSA-dosed patients, while a small difference (7.1%) in 
absolute dose was found. Both cohorts showed only a higher incidence of both toxicity scores in 
the lowest BSA group of the capecitabine-radiotherapy group (p < 0.05). Subgroups of the fixed-
dose cohort analyzed for PFS, showed no differences between BSA groups.
Conclusions: Fixed-dose capecitabine is as comparably well tolerated and effective as BSA-
based dosing and could be considered as a reasonable alternative for BSA-based dosing.
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dosing based solely on height and weight has 
been questioned for decades.6–13

BSA-guided dosing of anticancer agents aims to 
minimize inter-individual variability in exposure 
as a result of differences in body composition, 
thereby trying to achieve more similar exposure 
across patients, resulting in a maximal effect and 
limited toxicity.14 However, this dosing strategy 
has several drawbacks. Firstly, there is limited 
evidence for the basis of the BSA formula, since 
the first formula to calculate BSA (by Du Bois 
and Du Bois, more than a century ago) was based 
on only nine individuals.15 Still, it forms the 
backbone for all (other) BSA formulae, of which 
the Mosteller derivative is currently the most fre-
quently used.16 Secondly, BSA-based dosing has 
increased costs and a larger chance of calculation 
errors compared with fixed dosing.6 Thirdly and 
most importantly, although BSA dosing was 
intended to reduce the inter-individual variability 
in drug exposure, many researchers have con-
cluded that for the majority of anticancer agents 
there is no clear relationship between an individ-
ual’s exposure and a BSA-based dose.7–13 Indeed, 
Baker and colleagues demonstrated by modeling 
that inter-individual variability in the clearance 
of capecitabine expressed as coefficient of varia-
tion was increased when BSA was taken into 
account (31.3% versus 36.5%).10 In other words, 
there is fair skepticism regarding the question of 
whether this dosing strategy really contributes to 
reducing inter-individual pharmacokinetic and 
consequent pharmacodynamic variability of anti-
cancer agents.11,13

BSA-based dosing is for many anticancer agents 
not evidence based, and especially for frequently 
used drugs such as capecitabine, there is a need 
for alternative dosing strategies to standardize the 
dose.17 Fixed dosing means that the dose is not 
adjusted for body size, so that every adult patient 
with the same malignancy receives the same 
(fixed) dose. A major benefit of dose standardiza-
tion by fixed dosing is that it will lead to fewer 
prescribing errors and a reduction in preparation 
and storage costs.18–20 Fixed dosing is already 
implemented in the majority of newly developed 
oral anticancer drugs.21 However, unless there is 
more evidence that a fixed dose can safely be 
applied without compromising effectiveness, then 
conventional chemotherapy regimens will con-
tinue to be dosed based on BSA according to the 
registration studies, even though BSA-guided 
dosing is in many cases not evidence based.

To the best of our knowledge, there are no pub-
lished studies with a sufficiently large sample size 
evaluating the outcomes of a fixed dose of capecit-
abine. In 2003, the Erasmus University Medical 
Center, Rotterdam, the Netherlands, imple-
mented a fixed dose of capecitabine in different 
treatment regimens, as there was no evidence that 
BSA-based dosing was better. This resulted in a 
unique ‘real-life’ cohort of patients treated with a 
fixed dose of capecitabine, with a long follow-up 
period. Therefore, the aim of our present study 
was to evaluate the toxicity and effectiveness of 
fixed-dose capecitabine in several treatment 
schedules in this cohort of patients. Additionally, 
we compared this cohort with another large 
cohort of Dutch cancer patients, in which patients 
were dosed based on BSA and treated in the same 
time period, in order to determine whether fixed-
dose capecitabine is as equally well tolerated and 
effective as BSA-based dosing of capecitabine.

Methods
The cohorts for this analysis were obtained from the 
Erasmus University Medical Center, Rotterdam, 
the Netherlands, for the fixed-dose cohort, and 
from the Netherlands Cancer Institute, Antoni van 
Leeuwenhoek, Amsterdam; Slotervaart Hospital, 
Amsterdam; and Canisius Wilhelmina Hospital, 
Nijmegen, all in the Netherlands for the BSA-based 
dose cohort, respectively.

The primary study endpoint was the incidence of 
treatment-related toxicity in a fixed-dose cohort 
compared with a BSA-based dose cohort. 
Secondary endpoints included the comparison of 
the absolute amount of capecitabine administered 
in the fixed-dose cohort compared with BSA-
dosing strategies, incidence of toxicity between 
BSA groups within both cohorts, and the effec-
tiveness of fixed-dose capecitabine compared 
between BSA groups in terms of disease-free sur-
vival (DFS) in (neo)adjuvant care and progres-
sion-free survival (PFS) in palliative care.

Patients and treatments
All patients treated with capecitabine between 
2003 and 2015 at the Erasmus University Medical 
Center were identified by the hospital pharmacy 
based on drug dispensing data and evaluated for 
inclusion in the fixed-dose cohort. As fixed-dose 
capecitabine is considered routine clinical care at 
the Erasmus University Medical Center, no ethics 
approval or informed consent was required to 
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retrospectively collect and analyze these patient 
data for research purposes. Patients in the BSA-
based dose cohort were prospectively included in a 
previously conducted trial in three large hospitals 
in the Netherlands (ClinicalTrials.gov identifier: 
NCT00838370), this trial was approved by the 
medical ethical committees of all participating hos-
pitals.22 All patients of the BSA-based dose cohort 
provided informed consent for the prospective 
trial, including consent for additional analyses out-
side the subject of this trial. Patients were excluded 
from both cohorts when they had a World Health 
Organization (WHO) performance status of 3 or 4, 
when they were previously treated with fluoropyri-
midines, when they were treated in an experimen-
tal treatment setting outside the standard-of care; 
or when limited data on important parameters 
required for the current analysis were available (i.e. 
length, weight, toxicity evaluation).

In both cohorts, patients were divided into four 
groups based on the treatment regimen: capecit-
abine monotherapy (CAPE MONO), capecitabine 
combined with radiotherapy (CAPE + RT), 
capecitabine combined with oxaliplatin (CAPOX), 
and capecitabine triplet therapy (CAPE TRIPLET). 
The CAPE TRIPLET group consisted of capecit-
abine combined with epirubicin and cisplatin or 
oxaliplatin (ECC/EOX) in both cohorts, and in the 
BSA-based dose cohort also patients treated with 
capecitabine with docetaxel and oxaliplatin (DOC) 
were included. Capecitabine was administered as a 
fixed daily dose (divided over two doses daily) of 
3000 mg for CAPE + RT; 3500 mg for CAPOX 
and ECC/EOX; 3500 mg or 4000 mg for CAPE 
MONO. Detailed descriptions of included treat-
ment types are given in Supplementary Table 1.

Data
All data for the fixed-dose cohort were retrospec-
tively collected from the electronic health records. 
For the BSA-based dose cohort all data was pro-
spectively collected in a previously conducted trial 
by Deenen and colleagues.22 Data on patient 
demographics (i.e. length, weight, WHO perfor-
mance status) had to be known within 1 month 
before the start of capecitabine. BSA was calcu-
lated per patient using the Mosteller formula.16 
Renal function was expressed as estimated glomer-
ular filtration rate (eGFR). For the fixed-dose 
cohort the eGFR was calculated according to the 
Cockcroft–Gault formula,23 and for the BSA-
based dose cohort according to the Modification of 
Diet in Renal Disease formula.24 Toxicity was 

defined as all possible capecitabine-related adverse 
events and laboratory abnormalities occurring dur-
ing treatment with capecitabine until 1 month after 
the end of treatment or until the start of a new 
treatment, whichever occurred first. Toxicity was 
graded according to the Common Terminology 
Criteria for Adverse Events (CTC-AE) version 
4.03.25 Overall, two combined scores were created 
to evaluate severe toxicity and clinically relevant 
events due to toxicity. Capecitabine-specific toxic-
ity was defined as toxicity grade for diarrhea ⩾ 3, 
HFS ⩾ 2, or neutropenia ⩾ 2. Clinically relevant 
events consisted of hospital admission, dose reduc-
tion, or discontinuation caused by possible capecit-
abine-related adverse events. Data on DFS in 
(neo)adjuvant treated patients or PFS in palliative 
treated patients were collected to assess the effec-
tiveness of fixed-dose capecitabine. DFS was 
defined as the time till disease recurrence. PFS was 
defined as time till disease progression or death 
from any cause. Disease recurrence or progression 
had to be pathologically proven or by imaging, 
evaluated according to the response evaluation cri-
teria in solid tumors (RECIST) 1.1.26

Statistical analysis
Demographic characteristics were compared 
between the two cohorts by using the Chi-square 
test for categorical variables, and an unpaired 
Student’s t test or Mann–Whitney U test for con-
tinuous variables. Per treatment, toxicity was 
compared between the fixed-dose and BSA-based 
dose cohort using the Chi-square or Fisher’s 
exact test. In the fixed-dose cohort, patients were 
divided into three groups based on BSA quartiles 
per sex and treatment: lowest 25%, middle 50% 
and highest 25%. In the BSA-based dose cohort, 
patients were divided into the same treatment 
groups based on the BSA limits per sex obtained 
from the fixed-dose cohort. Toxicity was com-
pared between the three BSA groups within both 
cohorts using the Chi-square test for trend.

For regimens where BSA was found to be predic-
tive for toxicity, other relationships between 
known risk factors from the literature and toxicity 
were studied within both cohorts using univariate 
and multivariate binary logistic regression analy-
sis, where the assumption of linearity was checked 
for each continuous risk factor. Significant risk 
factors with p < 0.05 detected in the univariate 
analysis of the fixed-dose cohort, were included in 
the multivariate analysis of both cohorts. In the 
fixed-dose cohort, the mean given fixed daily 
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capecitabine dose was compared with a calcu-
lated (‘fictional’) mean daily capecitabine dose 
based on the patient’s BSA and according to clin-
ical guidelines per treatment type, by using a 
paired sample Student’s t test.

Survival analysis was only performed in the fixed-
dose cohort in separate groups per tumor type, 
indication and treatment regimen [i.e. CAPE + 
RT for locally advanced colorectal cancer 
(laCRC), CAPOX for metastatic colorectal can-
cer (mCRC), and ECC/EOX for gastric cancer]. 
For the BSA-based dose cohort, this analysis 
could not be performed because these data were 
not collected. Survival analysis between three 
BSA groups was done by the Kaplan–Meier 
method. Only treatment regimens per indication 
with at least 20 events were included in this analy-
sis. p-values < 0.05 were considered statistically 
significant. All statistical analyses were performed 
using SPSS (version 24.0.0.1).

Results

Patient and treatment characteristics
A total of 3583 patients were screened for inclu-
sion, of whom 1264 patients were excluded, 
mainly because of previous fluoropyrimidine 
treatment (Figure 1). This resulted in a total of 
2319 patients enrolled in the analysis, of whom 
1126 patients were included in the fixed-dose 
cohort and 1193 patients in the BSA-based dose 
cohort (Figure 1). Patient characteristics for 

both cohorts per treatment group are described 
in Table 1. Overall, more male patients were 
included in the fixed-dose cohort (61%) than in 
the BSA-based dose cohort (48%; p < 0.001). 
The mean age was comparable in most treat-
ment groups, but patients treated with capecit-
abine monotherapy were slightly older in the 
fixed-dose cohort (65 versus 61 years, p = 
0.019). The majority of patients were of White 
origin (91%), but fewer were in the fixed-dose 
cohort (85%) compared with the BSA-based 
dose cohort (96%; p < 0.001). The BSA of 
patients was normally distributed per sex and 
treatment. The mean BSA of patients was com-
parable in most treatment groups, but in the 
CAPE + RT group the BSA was slightly higher 
in the fixed-dose cohort compared with the 
BSA-based dose cohort (1.94 m2 and 1.91 m2, 
respectively, p = 0.013).

Overall, the most common tumor type was 
colorectal cancer (75%), and capecitabine com-
bined with radiotherapy was the most often 
used treatment regimen in both cohorts. The 
median capecitabine daily dose was 3000 mg in 
the fixed-dose cohort, and 3500 mg in the BSA-
based dose cohort. Only in the CAPE MONO 
group, was no significant difference in the 
median capecitabine daily dose found between 
both cohorts. Overall, the mean given fixed 
dose of capecitabine was 7.2% lower than the 
calculated dose based on BSA (p < 0.001); the 
results detailed per treatment are shown in 
Supplementary Table 2.

Figure 1.  STROBE diagram of included patients.
5-FU, 5-fluorouracil; BSA, body surface area; STROBE, strengthening the reporting of observational studies in epidemiology.
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Toxicity between the fixed-dose and BSA-based 
dose cohort
No differences in the incidence of capecitabine-
specific toxicity or clinically relevant events could 
be identified between the fixed-dose and BSA-
based dose cohort per treatment group (Table 2).  
Only in the CAPE MONO and CAPE TRIPLET 
groups were some minor differences in the single 
toxicity incidences identified. In the fixed-dose 
patients of the CAPE MONO group, a lower 
incidence of HFS ⩾ 2 (22% versus 33%, p = 
0.026) and a higher incidence of neutropenia ⩾ 2 
(14% versus 6%, p = 0.005) was observed than in 
the BSA-based dose patients (Table 2). Fixed-
dose patients of the CAPE TRIPLET group had 
a higher incidence of neutropenia ⩾ 2 (82% ver-
sus 61%, p = 0.003), and more discontinuation 
of treatment due to toxicity (37% versus 23%, p 
= 0.043) compared with the BSA-based dose 
patients (Table 2). Importantly, no difference in 
toxicity or clinically relevant events could be 
identified when toxicity was compared between 
the lowest BSA quartile of the fixed-dose and 
BSA-based dose cohort per treatment, indicating 
that patients with a low BSA did not receive too 
much capecitabine in the fixed-dose cohort 
(Supplementary Table 3).

Toxicity compared between BSA groups within 
both cohorts
No differences could be identified between the 
CAPOX, CAPE MONO and CAPE TRIPLET 
groups when the incidence of capecitabine-specific 
toxicity and clinically relevant events was com-
pared between the low, middle and high BSA 
group per treatment and cohort. However, only in 
the CAPE + RT group a significant difference in 
capecitabine-specific and clinically relevant events 
could be identified between BSA groups within the 
fixed-dose cohort (p = 0.009 and p = 0.013, 
respectively) and within the BSA-based dose 
cohort (p = 0.022 and p = 0.035, respectively; 
Table 3), demonstrating a higher risk of toxicity in 
the lowest BSA quartile of patients from the CAPE 
+ RT group of both cohorts.

Risk factors for toxicity in patients treated with 
CAPE + RT
Only in the CAPE + RT group, an increased 
toxicity risk was demonstrated in the low BSA 
group in both cohorts. Therefore, in this group 
additional analyses for other risk factors than 
BSA were performed. Univariate regression 

analysis, demonstrated that BSA was predictive 
for toxicity in the CAPE + RT group of both 
cohorts (Table 4). Sex, age, and kidney function 
were also significantly related to toxicity in the 
fixed-dose cohort, but not in the BSA-based dose 
cohort. After correction for these factors in a 
multivariate model, BSA remained significantly 
predictive for capecitabine-specific toxicity in the 
fixed-dose patients [odds ratio (OR) = 0.25, 
95% confidence interval (CI) = 0.07–0.86, p = 
0.028] and BSA-based dose patients (OR = 
0.09, 95% CI = 0.01–0.74, p = 0.025). 
Interestingly, fixed-dose women treated with 
CAPE + RT (and the same diagnosis) had a 
doubling of the toxicity risk compared with men 
for both capecitabine-specific toxicity (OR = 
2.02, 95% CI = 1.22–3.37, p = 0.007) and clini-
cally relevant events (OR = 2.12, 95% CI = 
1.35–3.32, p = 0.001; Table 4).

Effectiveness
Overall, for mCRC patients treated with CAPOX, 
the median PFS was 8.6 months (95% CI 6.9–
10.3 months) and for patients with gastric cancer 
treated with ECC/EOX, the median PFS was 
24.6 months (95% CI 6.1–43.0 months). For 
patients with laCRC treated with CAPE + RT, 
the median DFS was not reached; the 5-year sur-
vival probability was 0.56. No statistical differ-
ences between BSA groups in PFS for CAPOX 
for mCRC or ECC/EOX for gastric cancer, nor 
for the DFS with CAPE + RT for laCRC, could 
be identified (Figure 2). These results indicate 
that, in the fixed-dose regimens evaluated, there 
was no inadequate dosing of patients. Other 
fixed-dose treatment regimens could not be eval-
uated for survival due to too low number of events 
per treatment and indication.

Discussion
This relatively large cohort study demonstrates 
that a fixed dose of capecitabine is as comparably 
well tolerated as dosing based on BSA in several 
treatment regimens (i.e. CAPOX, CAPE 
TRIPLET and CAPE MONO). Only in the 
CAPE + RT group, was a low BSA predictive for 
capecitabine-specific toxicity and clinically rele-
vant events. In addition, our data suggest that a 
fixed dose of capecitabine was equally effective 
compared with dosing based on BSA. Therefore, 
we demonstrated that this fixed dosing strategy of 
capecitabine is feasible in a large ‘real-life’ popu-
lation with common treatment regimens.

https://journals.sagepub.com/home/tam


FM de Man, GDM Veerman et al.

journals.sagepub.com/home/tam	 7

Ta
bl

e 
2.

 T
ox

ic
ity

 c
om

pa
re

d 
be

tw
ee

n 
fix

ed
-d

os
e 

an
d 

B
SA

-b
as

ed
 d

os
e 

pa
tie

nt
s 

pe
r 

tr
ea

tm
en

t r
eg

im
en

.

Tr
ea

tm
en

t
To

xi
ci

ty

D
ia

rr
he

a
⩾

 3
 (%

)
H

FS
⩾

 2
 (%

)
N

eu
tr

op
en

ia
 

⩾
 2

 (%
)

CA
P

E-
sp

ec
if

ic
to

xi
ci

ty
(%

)a

D
os

e 
re

du
ct

io
n 

(%
)

St
op

(%
)

H
os

pi
ta

l 
ad

m
is

si
on

 (%
)

C
lin

ic
al

ly
 r

el
ev

an
t 

ev
en

ts
 (%

)b

C
A

P
E 

+
 R

T*
Fi

xe
d

n 
=

 7
69

75
 (9

.8
)

17
 (2

.2
)

17
 (2

.2
)

95
 (1

2.
4)

9 
(1

.2
)

10
6 

(1
3.

8)
68

 (8
.8

)
12

7 
(1

6.
5)

 
B

SA
n 

=
 4

09
39

 (9
.5

)
15

 (3
.7

)
6 

(1
.5

)
52

 (1
2.

7)
9 

(2
.2

)
50

 (1
2.

2)
29

 (7
.1

)
59

 (1
4.

4)

 
p-

va
lu

e
0.

90
4

0.
14

3
0.

38
0

0.
85

9
0.

16
2

0.
45

2
0.

29
8

0.
34

9

  C
A

P
O

X*
Fi

xe
d

n 
=

 1
89

17
 (9

.0
)

25
 (1

3.
2)

48
 (2

5.
4)

78
 (4

1.
3)

43
 (2

2.
8)

43
 (2

2.
8)

34
 (1

8.
0)

82
 (4

3.
4)

 
B

SA
n 

=
 3

30
41

 (1
2.

4)
56

 (1
7.

0)
82

 (2
4.

8)
14

6 
(4

4.
2)

97
 (2

9.
4)

64
 (1

9.
4)

39
 (1

1.
8)

14
1 

(4
2.

7)

 
p-

va
lu

e
0.

23
3

0.
25

8
0.

89
0

0.
51

1
0.

10
1

0.
37

2
0.

05
3

0.
88

4

  C
A

P
E 

M
O

N
O

*
Fi

xe
d

n 
=

 9
7

1 
(1

.0
)

21
 (2

1.
6)

14
 (1

4.
4)

34
 (3

5.
1)

17
 (1

7.
5)

16
 (1

6.
5)

6 
(6

.2
)

31
 (3

2.
0)

 
B

SA
n 

=
 3

44
17

 (4
.9

)
11

5 
(3

3.
4)

20
 (5

.8
)

14
0 

(4
0.

7)
87

 (2
5.

3)
58

 (1
6.

9)
24

 (7
.0

)
12

8 
(3

7.
2)

 
p-

va
lu

e
0.

14
1

0.
02
6

0.
00
5

0.
31

5
0.

11
2

0.
93

2
0.

78
5

0.
34

2

  C
A

P
E 

TR
IP

LE
T*

Fi
xe

d
n 

=
 7

1
5 

(7
.0

)
11

 (1
5.

5)
58

 (8
1.

7)
59

 (8
3.

1)
12

 (1
6.

9)
26

 (3
6.

6)
19

 (2
6.

8)
35

 (4
9.

3)

 
B

SA
n 

=
 1

10
12

 (1
0.

9)
15

 (1
3.

6)
67

 (6
0.

9)
78

 (7
0.

9)
26

 (2
3.

6)
25

 (2
2.

7)
21

 (1
9.

1)
53

 (4
8.

2)

p-
va

lu
e

0.
44

4
0.

72
8

0.
00
3

0.
06

2
0.

27
7

0.
04
3

0.
22

5
0.

88
4

a C
ap

ec
ita

bi
ne

-s
pe

ci
fic

 to
xi

ci
ty

 w
as

 d
ef

in
ed

 a
s 

at
 le

as
t o

ne
 o

f t
he

 fo
llo

w
in

g 
to

xi
ci

ty
 s

co
re

s:
 d

ia
rr

he
a 

⩾
 3

, H
FS

 ⩾
 2

, n
eu

tr
op

en
ia

 ⩾
 2

.
b C

lin
ic

al
ly

 r
el

ev
an

t e
ve

nt
s 

w
er

e 
de

fin
ed

 a
s 

at
 le

as
t o

ne
 o

f t
he

 fo
llo

w
in

g 
ev

en
ts

 d
ue

 to
 to

xi
ci

ty
: d

os
e 

re
du

ct
io

n,
 s

to
p 

w
ith

 c
ap

ec
ita

bi
ne

, h
os

pi
ta

l a
dm

is
si

on
.

* T
he

 a
dm

in
is

te
re

d 
tr

ea
tm

en
t r

eg
im

en
s 

ar
e 

de
sc

ri
be

d 
in

 m
or

e 
de

ta
il 

in
 S

up
pl

em
en

ta
l T

ab
le

 1
.

B
SA

, b
od

y 
su

rf
ac

e 
ar

ea
; C

A
P

E,
 c

ap
ec

ita
bi

ne
; C

A
P

O
X,

 c
ap

ec
ita

bi
ne

 c
om

bi
ne

d 
w

ith
 o

xa
lip

la
tin

; H
FS

, h
an

d-
fo

ot
 s

yn
dr

om
e;

 m
on

o,
 m

on
ot

he
ra

py
; R

T,
 r

ad
io

th
er

ap
y.

p-
va

lu
es

 <
 0

.0
5 

ar
e 

co
ns

id
er

ed
 s

ta
tis

tic
al

ly
 s

ig
ni

fic
an

t a
nd

 a
re

 d
ep

ic
te

d 
in

 b
ol

d.

https://journals.sagepub.com/home/tam


Therapeutic Advances in Medical Oncology 11

8	 journals.sagepub.com/home/tam

Beforehand, the observed association between 
BSA and toxicity when capecitabine was com-
bined with radiotherapy was not expected. It is 
remarkable that an increased incidence of 
capecitabine-specific and clinically relevant 
events was not only found in the low BSA group 
in the fixed-dose cohort, but also in the low BSA 
group in the BSA-based dose cohort (Table 3). 
The fact that also in the latter group a higher risk 
of toxicity was observed in the lowest BSA quar-
tile of patients, suggests that this effect is likely to 
be caused by the interaction of the two treatment 
modalities. When capecitabine is combined with 
radiotherapy, the absolute dose of capecitabine 
used is lower compared with the other regimens, 
because it is used as radiosensitizer. The enzyme 
thymidine phosphorylase in the tumor tissue is 
responsible for the final metabolic step in the 
conversion of capecitabine into 5-FU. This con-
version is boosted by radiotherapy and therefore 

mostly local effects of 5-FU will be seen.27 
Occurrence of diarrhea during RT could be 
explained by (at least) two reasons. The first rea-
son is that there is a clear relationship between 
radiated small bowel volume and the incidence of 
diarrhea in chemoradiotherapy for rectal tumors, 
and possibly, this is also related to BSA, since 
hypothetically a higher small bowel volume is 
exposed to radiotherapy in patients with a low 
BSA.28,29 Another reason is a possible relation-
ship with rectal irritation by the tumor itself.30 
Finally, in the CAPE + RT group of both 
cohorts, diarrhea was the most frequent severe 
adverse event with an incidence of 10%. As  
a result, this finding might be biased because of 
diarrhea being the major side effect of radio- 
therapy. Unfortunately, no studies have been  
performed on the mechanism of toxicity related 
to capecitabine combined with radiotherapy. 
Further research should therefore be conducted 

Table 3.  Toxicity compared between BSA groups within the fixed-dose cohort and the BSA-based dose cohort.

Toxicity per treatment Fixed-dose cohorta BSA-based dose cohortb

Low Middle High p-value Low Middle High p-value

BSA BSA BSA BSA BSA BSA

CAPE + RT e n = 204 n = 378 n = 187 n = 117 n = 219 n = 73  

  CAPE-specific toxicity (%)c 33 (16.2) 48 (12.7) 14 (7.5) 0.009 20 (17.1) 28 (12.8) 4 (5.5) 0.022

  Clinically relevant events (%)d 45 (22.1) 58 (15.3) 24 (12.8) 0.013 21 (17.9) 34 (15.5) 4 (5.5) 0.035

CAPOX e n = 48 n = 96 n = 45 n = 84 n = 158 n = 88  

  CAPE-specific toxicity (%)c 18 (37.5) 39 (40.6) 21 (46.7) 0.373 33 (39.3) 73 (46.2) 40 (45.5) 0.423

  Clinically relevant events (%)d 25 (52.1) 36 (37.5) 21 (46.7) 0.573 32 (38.1) 72 (45.6) 37 (42.0) 0.612

CAPE MONO e n = 25 n = 49 n = 23 n = 97 n = 173 n = 74  

  CAPE-specific toxicity (%)c 9 (36) 15 (30.6) 10 (43.5) 0.609 41 (42.3) 75 (43.4) 24 (32.4) 0.233

  Clinically relevant events (%)d 11 (44.0) 15 (30.6) 5 (21.7) 0.099 38 (39.2) 64 (37.0) 26 (35.1) 0.585

CAPE TRIPLET e n = 17 n = 37 n = 17 n = 12 n = 68 n = 30  

  CAPE-specific toxicity (%)c 13 (76.5) 31 (83.8) 15 (88.2) 0.363 11 (91.7) 45 (66.2) 22 (73.3) 0.536

  Clinically relevant events (%)d 11 (64.7) 18 (48.6) 6 (35.3) 0.089 6 (50.0) 33 (48.5) 14 (46.7) 0.830

aBSA groups were based on the lowest 25%, middle 50% and highest 25% BSA per sex and treatment in the fixed-dose cohort.
bBSA groups within the BSA-based dose cohort were based on BSA distribution and limits set in the fixed-dose cohort per sex and treatment.
cCapecitabine-specific toxicity was defined as at least one of the following toxicity scores: diarrhea ⩾ 3, HFS ⩾ 2, neutropenia ⩾ 2.
dClinically relevant events were defined as at least one of the following events due to toxicity: dose reduction, stop with capecitabine, hospital 
admission.
eThe administered treatment regimens are described in more detail in Supplemental Table 1.
BSA, body surface area; CAPE, capecitabine; CAPOX, capecitabine combined with oxaliplatin; HFS, hand-foot syndrome; mono, monotherapy; RT, radiotherapy.
p-values < 0.05 are considered statistically significant and are depicted in bold.
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Figure 2.  Survival compared between BSA groups within the fixed-dose cohort.
(a) Disease-free survival for CAPE + RT in laCRC. (b) Progression-free survival for CAPOX in mCRC.
(c) Progression-free survival for ECC/EOX in gastric cancer.
BSA, body surface area; CAPE, capecitabine; CAPOX, capecitabine combined with oxaliplatin; ECC, capecitabine combined 
with epirubicin and cisplatin; EOX, capecitabine combined with epirubicin and oxaliplatin; F, number of events; laCRC, locally 
advanced colorectal cancer; mCRC, metastatic colorectal cancer; RT, radiotherapy.
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on the potential effects of radiotherapy and BSA 
on toxicity of this combination treatment.

Several factors are known to influence the risk of 
toxicity caused by capecitabine. Older age, female 
sex and a decreased renal function have been 
related to the risk of toxicity.31–33 In our multivari-
ate analysis in the CAPE + RT group of fixed-
dose patients, we have also confirmed an increased 
risk of toxicity with female sex, but we could not 
clearly confirm the role of age and renal function. 
This could potentially be explained by the limited 
range of these two factors. In addition, in the 
BSA-based dose cohort all these risk factors could 
not be confirmed in the CAPE + RT group.

Secondly, another factor that strongly influences 
the risk of toxicity is genetic variation in capecit-
abine metabolism. The enzyme dihydropyrimi-
dine dehydrogenase (DPD) is largely responsible 
for the inactivation of 5-FU, and with a decreased 
activity of this enzyme related to polymorphisms 
in the DPYD gene, the risk of severe toxicity 
largely increases.34,35 Only recently, genotyping of 
the four most common DPYD polymorphisms 
associated with DPD deficiency has been imple-
mented as routine screening clinical care in the 
Netherlands prior to start of treatment with 
capecitabine. In patients carrying one of these 
polymorphisms, dose adjustments are made 
according to the gene activity score.36,37 
Unfortunately, we have no knowledge about the 
genotype of the patients in the fixed dose cohort 
because they were treated before the implementa-
tion of upfront genotyping. Prevalence of a partial 
DPD deficiency is around 3–5%. Therefore, we 
have to assume that a small group of patients in 
our cohort indeed had a partial DPD deficiency. 
The DPYD genotype is known for all the patients 
from the BSA-based dose cohort, and the mutant 
patients received a dose reduction; we do not 
think that this will influence our results. As all 
patients treated with a fixed dose in the men-
tioned time period were included in our analysis, 
we assume that the genetic distribution is compa-
rable in the fixed-dose group of patients. However, 
these patients could not have received a dose 
reduction in the case of DPD deficiency and 
therefore this could lead to a small increase in 
toxicity risk in the fixed-dose group.

Besides toxicity, we also have investigated the 
effectiveness of given treatments. We hypothe-
sized that if a fixed dose would (positively or neg-
atively) influence the effectiveness of the treatment 

a survival difference should occur between the 
patients with a low and a high BSA value per 
treatment and indication. Of interest, we have 
found no statistical differences between BSA sub-
groups in PFS for CAPOX for mCRC or ECC/
EOX for gastric cancer, nor for the DFS for 
CAPE + RT for laCRC. In addition, the observed 
PFS for CAPOX for mCRC and ECC/EOX for 
gastric cancer was comparable with the literature 
(8.6 and 24.6 months versus 8.0 and 19.2 months, 
respectively).38,39 Although we found no major 
differences in the effectiveness in all subgroups 
analyzed, not all regimens could be evaluated due 
to small sample sizes, and therefore we have to 
interpret these results with caution.

Our study has some limitations that need to be 
mentioned. Firstly, the retrospective nature of 
our data collection makes it difficult or even 
impossible to obtain toxicity and effectiveness 
data in a standardized fashion. However, we have 
evaluated combined toxicity scores, which con-
sisted of severe capecitabine-specific toxicities or 
clinically relevant events due to toxicity. In gen-
eral, these scores are well documented because of 
the large impact on the patient and treatment 
decisions. Moreover, patients were excluded 
when their patient file was not available or when 
visits were poorly documented. In the survival 
analysis there was a frequent loss to follow up and 
censoring of patients. Nevertheless, we found 
comparable survival probabilities for all sub-
groups as described in the literature. In addition, 
survival outcomes between different BSA groups 
were not different. However, the survival analysis 
was performed without a control group as in the 
BSA-based dose cohort survival data were not 
collected. Another limitation is the risk of con-
founding by hospital, treatment indication and 
dosing strategy. Although the fixed-dose cohort 
patients were included in a single hospital, we 
cannot argue that this might have influenced our 
results, because no major differences with the 
BSA-based dose cohort were identified.

Our study evaluated a large population of cancer 
patients treated with frequently used treatment reg-
imens, thereby representing daily clinical care. In 
addition, we confirmed our results in another large 
and comparable cohort of patients. Although BSA-
based dosing has been the standard choice in oncol-
ogy for decades, there is little evidence for this 
approach. Therefore, there is a need for evidence 
that a fixed dose could be a well-tolerated alterna-
tive strategy for already existing anticancer agents 
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such as capecitabine. Earlier, three small prospec-
tive studies demonstrated that fixed-dose capecit-
abine is feasible.40–42 However, these studies have 
not yet been translated into daily clinical care, 
probably because of their limited sample sizes. 
Sharma and colleagues showed that a fixed dose of 
capecitabine monotherapy in advanced colorectal 
cancer was well tolerated and effective in a cohort 
of 55 patients.40 Also, capecitabine in a fixed dose 
as monotherapy and in combination with vinorel-
bine was shown to be well tolerated and effective in 
metastatic breast cancer patients.41,42 Additionally, 
a small retrospective study demonstrated that even 
a low fixed dose of 1000 mg twice daily for 14 days 
might have effectivity in metastatic breast cancer 
patients.43 In a study by Rudek and colleagues, a 
large interpatient variability in capecitabine phar-
macokinetics was shown without any influence of 
BSA, which also favors the fixed dosing strategy.42 
Furthermore, it would be interesting to investigate 
whether a fixed dosing strategy for capecitabine 
would lead to fewer prescribing mistakes and pos-
sibly to reducing costs, as has been demonstrated 
for some other drugs.18–20

In conclusion, we have shown that a fixed dose 
of capecitabine is as equally well tolerated as a 
BSA-based dose of capecitabine in several treat-
ment regimens. Also, we have no data indicating 
that a fixed dose of capecitabine is less effective 
than a BSA-based dose. Our results indicate that 
fixed dosing of capecitabine is a reasonable and 
practical alternative for BSA-based dosing. 
Therefore, we would recommend implementing 
fixed dosing in future clinical studies and we 
have found no arguments why it could not be 
used in daily clinical care.

Acknowledgements
A part of this work was presented at the annual 
ESMO Congress (Madrid, Spain, September 
2017, #527).

Funding
This research received no specific grant from any 
funding agency in the public, commercial, or not-
for-profit sectors.

Conflict of interest statement
The authors declare that there is no conflict of 
interest.

Supplemental material
Supplemental material for this article is available 
online.

ORCID iD
Femke M. de Man  https://orcid.org/0000-00 
01-7396-7050

References
	 1.	 Haller DG, Tabernero J, Maroun J, et al. Capecitabine 

plus oxaliplatin compared with fluorouracil and 
folinic acid as adjuvant therapy for stage III colon 
cancer. J Clin Oncol 2011; 29: 1465–1471.

	 2.	 Arkenau HT, Arnold D, Cassidy J, et al. Efficacy 
of oxaliplatin plus capecitabine or infusional 
fluorouracil/leucovorin in patients with metastatic 
colorectal cancer: a pooled analysis of randomized 
trials. J Clin Oncol 2008; 26: 5910–5917.

	 3.	 Blum JL, Barrios CH, Feldman N, et al. 
Pooled analysis of individual patient data from 
capecitabine monotherapy clinical trials in locally 
advanced or metastatic breast cancer. Breast 
Cancer Res Treat 2012; 136: 777–788.

	 4.	 Ocvirk J, Rebersek M, Skof E, et al. Randomized 
prospective phase II study to compare the 
combination chemotherapy regimen epirubicin, 
cisplatin, and 5-fluorouracil with epirubicin, 
cisplatin, and capecitabine in patients with 
advanced or metastatic gastric cancer. Am J Clin 
Oncol 2012; 35: 237–241.

	 5.	 Van Cutsem E, Twelves C, Cassidy J, et al. 
Oral capecitabine compared with intravenous 
fluorouracil plus leucovorin in patients with 
metastatic colorectal cancer: results of a large 
phase III study. J Clin Oncol 2001; 19: 4097–4106.

	 6.	 Ratain MJ. Body-surface area as a basis for 
dosing of anticancer agents: science, myth, or 
habit? J Clin Oncol 1998; 16: 2297–2298.

	 7.	 Grochow LB, Baraldi C and Noe D. Is dose 
normalization to weight or body surface area useful 
in adults? J Natl Cancer Inst 1990; 82: 323–325.

	 8.	 Gurney H. Dose calculation of anticancer drugs: a 
review of the current practice and introduction of 
an alternative. J Clin Oncol 1996; 14: 2590–2611.

	 9.	 Sawyer M and Ratain MJ. Body surface area 
as a determinant of pharmacokinetics and drug 
dosing. Invest New Drugs 2001; 19: 171–177.

	10.	 Baker SD, Verweij J, Rowinsky EK, et al. Role 
of body surface area in dosing of investigational 
anticancer agents in adults, 1991-2001. J Natl 
Cancer Inst 2002; 94: 1883–1888.

	11.	 Mathijssen RH, de Jong FA, Loos WJ, et al. 
Flat-fixed dosing versus body surface area based 
dosing of anticancer drugs in adults: does it make 
a difference? Oncologist 2007; 12: 913–923.

https://journals.sagepub.com/home/tam
https://orcid.org/0000-0001-7396-7050
https://orcid.org/0000-0001-7396-7050


FM de Man, GDM Veerman et al.

journals.sagepub.com/home/tam	 13

	12.	 Felici A, Verweij J and Sparreboom A. Dosing 
strategies for anticancer drugs: the good, the bad 
and body-surface area. Eur J Cancer 2002; 38: 
1677–1684.

	13.	 Bins S, Ratain MJ and Mathijssen RH. 
Conventional dosing of anticancer agents: 
precisely wrong or just inaccurate? Clin Pharmacol 
Ther 2014; 95: 361–364.

	14.	 Reilly JJ and Workman P. Normalisation of 
anti-cancer drug dosage using body weight 
and surface area: is it worthwhile? A review of 
theoretical and practical considerations. Cancer 
Chemother Pharmacol 1993; 32: 411–418.

	15.	 Dubois D and Dubois EF. A formula to 
estimate the approximate surface area if height 
and weight be known. Arch Intern Med 1916; 
17: 863–871.

	16.	 Mosteller RD. Simplified calculation of body-
surface area. N Engl J Med 1987; 317: 1098.

	17.	 Gurney H. Developing a new framework for dose 
calculation. J Clin Oncol 2006; 24: 1489–1490.

	18.	 Parsad SD and Ratain MJ. Prescribing oral 
chemotherapy. BMJ 2007; 334: 376.

	19.	 Pouliquen AL, Escalup L, Jourdan N, et al. Dose 
standardisation of anticancer drugs. Int J Clin 
Pharm 2011; 33: 221–228.

	20.	 Mayor S. National Health Service England 
introduces dose banding. Lancet Oncol 2016; 
17: e271.

	21.	 Leveque D. Evaluation of fixed dosing of new 
anticancer agents in phase I studies. Anticancer 
Res 2008; 28: 3075–3077.

	22.	 Deenen MJ, Meulendijks D, Cats A, et al. 
Upfront genotyping of DPYD*2A to individualize 
fluoropyrimidine therapy: a safety and cost 
analysis. J Clin Oncol 2016; 34: 227–234.

	23.	 Cockcroft DW and Gault MH. Prediction of 
creatinine clearance from serum creatinine. 
Nephron 1976; 16: 31–41.

	24.	 Levey AS, Coresh J, Greene T, et al. Expressing 
the modification of diet in renal disease study 
equation for estimating glomerular filtration rate 
with standardized serum creatinine values. Clin 
Chem 2007; 53: 766–772.

	25.	 US Department of Health and Human Services. 
Common Terminology Criteria for Adverse Events 
(CTCAE) Version 4.03. June 14, 2010. Maryland, 
United States: US National Institute of Health.

	26.	 Eisenhauer EA, Therasse P, Bogaerts J, et al. 
New response evaluation criteria in solid 
tumours: revised RECIST guideline (version 
1.1). Eur J Cancer 2009; 45: 228–247.

	27.	 Schuller J, Cassidy J, Dumont E, et al. 
Preferential activation of capecitabine in tumor 
following oral administration to colorectal cancer 
patients. Cancer Chemother Pharmacol 2000; 45: 
291–297.

	28.	 Baglan KL, Frazier RC, Yan D, et al. The dose-
volume relationship of acute small bowel toxicity 
from concurrent 5-FU-based chemotherapy and 
radiation therapy for rectal cancer. Int J Radiat 
Oncol Biol Phys 2002; 52: 176–183.

	29.	 Banerjee R, Chakraborty S, Nygren I and Sinha 
R. Small bowel dose parameters predicting 
grade ⩾ 3 acute toxicity in rectal cancer patients 
treated with neoadjuvant chemoradiation: 
an independent validation study comparing 
peritoneal space versus small bowel loop 
contouring techniques. Int J Radiat Oncol Biol 
Phys 2013; 85: 1225–1231.

	30.	 Xu B, Guo Y, Chen Y, et al. Is the irradiated 
small bowel volume still a predictor for acute 
lower gastrointestinal toxicity during preoperative 
concurrent chemo-radiotherapy for rectal cancer 
when using intensity-modulated radiation 
therapy? Radiat Oncol 2015; 10: 257.

	31.	 Meulendijks D, van Hasselt JG, Huitema 
AD, et al. Renal function, body surface area, 
and age are associated with risk of early-onset 
fluoropyrimidine-associated toxicity in patients 
treated with capecitabine-based anticancer 
regimens in daily clinical care. Eur J Cancer 2016; 
54: 120–130.

	32.	 Ilich AI, Danilak M, Kim CA, et al. Effects of 
gender on capecitabine toxicity in colorectal 
cancer. J Oncol Pharm Pract 2016; 22: 454–460.

	33.	 Poole C, Gardiner J, Twelves C, et al. Effect of 
renal impairment on the pharmacokinetics and 
tolerability of capecitabine (Xeloda) in cancer 
patients. Cancer Chemother Pharmacol 2002; 49: 
225–234.

	34.	 Meulendijks D, Henricks LM, Sonke GS, et al. 
Clinical relevance of DPYD variants c.1679T>G, 
c.1236G>A/HapB3, and c.1601G>A as 
predictors of severe fluoropyrimidine-associated 
toxicity: a systematic review and meta-analysis of 
individual patient data. Lancet Oncol 2015; 16: 
1639–1650.

	35.	 Henricks LM, Lunenburg C, de Man FM, et al. 
DPYD genotype-guided dose individualisation of 
fluoropyrimidine therapy in patients with cancer: 
a prospective safety analysis. Lancet Oncol 2018; 
19: 1459–1467.

	36.	 Lunenburg CA, Henricks LM, Guchelaar HJ, 
et al. Prospective DPYD genotyping to reduce 
the risk of fluoropyrimidine-induced severe 

https://journals.sagepub.com/home/tam


Therapeutic Advances in Medical Oncology 11

14	 journals.sagepub.com/home/tam

toxicity: ready for prime time. Eur J Cancer 
2016; 54: 40–48.

	37.	 Henricks LM, Lunenburg CA, Meulendijks D, 
et al. Translating DPYD genotype into DPD 
phenotype: using the DPYD gene activity score. 
Pharmacogenomics 2015; 16: 1277–1286.

	38.	 Cassidy J, Clarke S, Diaz-Rubio E, et al. 
Randomized phase III study of capecitabine plus 
oxaliplatin compared with fluorouracil/folinic acid 
plus oxaliplatin as first-line therapy for metastatic 
colorectal cancer. J Clin Oncol 2008; 26: 2006–
2012.

	39.	 Cunningham D, Allum WH, Stenning SP, et al. 
Perioperative chemotherapy versus surgery alone 
for resectable gastroesophageal cancer. N Engl J 
Med 2006; 355: 11–20.

	40.	 Sharma R, Rivory L, Beale P, Ong S, Horvath 
L and Clarke SJ. A phase II study of fixed-dose 

capecitabine and assessment of predictors of 
toxicity in patients with advanced/metastatic 
colorectal cancer. Br J Cancer 2006; 94: 964–968.

	41.	 Schott AF, Rae JM, Griffith KA, et al. 
Combination vinorelbine and capecitabine for 
metastatic breast cancer using a non-body surface 
area dosing scheme. Cancer Chemother Pharmacol 
2006; 58: 129–135.

	42.	 Rudek MA, Connolly RM, Hoskins JM, et al. 
Fixed-dose capecitabine is feasible: results from 
a pharmacokinetic and pharmacogenetic study in 
metastatic breast cancer. Breast Cancer Res Treat 
2013; 139: 135–143.

	43.	 Ambros T, Zeichner SB, Zaravinos J, et al. A 
retrospective study evaluating a fixed low dose 
capecitabine monotherapy in women with HER-2 
negative metastatic breast cancer. Breast Cancer 
Res Treat 2014; 146: 7–14.

Visit SAGE journals online 
journals.sagepub.com/
home/tam

SAGE journals

https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam



