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Background
Colorectal cancer (CRC) is the third most com-
monly diagnosed malignancy in the world, with 
an annual incidence of about 1.8 million cases.1 

About two-thirds of these tumors are located in 
the colon.1 Several treatment regimens for colon 
cancer have emerged in the past decades. Results 
from the MOSAIC,2 XELOXA,3 and X-ACT 
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Abstract
Background: The benefit of chemotherapy in colon cancer patients is well documented 
but depends largely on whether patients complete the planned treatment regimen. We 
evaluated predictors of early discontinuation (EDChemo) and dose reduction of chemotherapy, 
especially the role of adverse treatment effects, in stage III patients who received adjuvant 
chemotherapy.
Methods: Stage III colon cancer patients who were diagnosed in 2003–2014 and recruited 
into a population-based study in Germany and received FOLFOX [5-fluorouracil (5-FU), 
leucovorin (LV), and oxaliplatin], capecitabine monotherapy (CapMono), or 5-FU/LV were 
included. We assessed determinants of EDChemo and dose reduction using multivariable 
logistic regression. Also, we estimated proportions of EDChemo and dose reduction that are 
attributable to adverse effects using attributable fractions.
Results: EDChemo and dose reduction rates were 52% and 17% for FOLFOX, 28% and 9% for 
CapMono, and 45% and 6% for 5-FU/LV, respectively. Predictors of EDChemo were low-grade 
tumor and treatment in a medium-volume hospital (for FOLFOX), obesity (for CapMono), and 
increasing age, T4 stage, and treatment in a medium-volume hospital (for 5-FU/LV). Adverse 
effects were particularly strongly associated with EDChemo and contributed to about 63%, 
51%, and 32% of EDChemo of FOLFOX, CapMono, and 5-FU/LV, respectively. Of the various 
adverse effects, gastrointestinal events showed the strongest associations with EDChemo 
and accounted for about 7%, 26%, and 20% of EDChemo of FOLFOX, CapMono, and 5-FU/LV, 
respectively. Adverse effects were, moreover, a strong determinant of dose reduction and 
accounted for about 82% of all cases.
Conclusions: EDChemo is common in stage III colon cancer patients receiving chemotherapy 
and more than half of the cases of EDChemo and dose reduction are due to adverse treatment 
effects. Further research should address the potential for reducing EDChemo and dose 
reduction rates by close monitoring of patients for early signs and enhanced management of 
adverse effects, especially gastrointestinal events.
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trials,4 in particular, have influenced treatment 
for colon cancer. Oxaliplatin-based therapy [e.g. 
FOLFOX, 5-fluorouracil (5-FU), leucovorin 
(LV), and oxaliplatin] and capecitabine mono-
therapy (CapMono, a 5-FU prodrug) are the 
main regimens for postoperative treatment of 
stage III colon cancer.5 Even though these newer 
combinations (e.g. FOLFOX) improve patient 
survival, they tend to have more adverse treat-
ment effects and lower completion rates.5,6

The benefit of chemotherapy in stage III colon 
cancer patients is well documented but depends in 
part on whether patients complete the planned 
regimen.7 Prior data suggest that about one-third 
of chemotherapy recipients discontinue their treat-
ments prematurely.8–11 Results from the IDEA7,12 
and SCOT trials13 suggest that patients receiving 
FOLFOX for 3 (versus 6) months, especially those 
with T4 and/or N2 stage, have poorer survival out-
comes. Multiple studies have investigated factors 
associated with early discontinuation of adjuvant 
chemotherapy (EDChemo),6,8–11,14,15 but many 
referred to patients who were diagnosed before 
20068–10,15 or received 5-FU/LV only.8,9,15 Besides 
EDChemo, dose reduction is also common in 
recipients of chemotherapy and negatively affects 
patient survival, especially those aged <70 years16 
or with body mass index (BMI) ⩾30 kg/m2.17

An obvious determinant of EDChemo and dose 
reduction could be adverse treatment effects,6 but 
the extent to which various adverse effects con-
tribute to EDChemo and dose reduction is 
unclear. In particular, quantitative evidence on 
the proportions of EDChemo and dose reduction 
that are attributable to adverse effects is lacking 
but could be useful for refining risk stratification 
for EDChemo and dose reduction. In a cohort of 
stage III colon cancer patients, we aimed to thor-
oughly assess predictors of EDChemo and dose 
reduction, with a particular focus on the role of 
adverse effects.

Methods

Study design and population
Our patient cohort analysis is based on data from 
colon cancer patients who were diagnosed in 2003–
2014 and recruited into the DACHS (Darmkrebs: 
Chancen der Verhütung durch Screening) study. 
The DACHS study is a population-based case–
control study conducted in southern Germany, 
which was initiated to assess the potential for 

endoscopic screening to reduce CRC risk. Cases 
are also followed up in order to evaluate treatment-
related and prognostic factors for CRC. Patients 
with first time diagnosis of CRC (International 
Classification of Diseases, 10th Revision, codes 
C18–C20) and aged ⩾30 years were eligible. 
Participants were recruited from all 22 hospitals 
providing first-line treatment for CRC in the study 
region of about 2 million inhabitants. In the recruit-
ing hospitals, eligible patients were informed about 
the study by their physicians and were recruited 
either during or shortly after their hospital stay for 
CRC surgery. Data from a population-based can-
cer registry indicated that about 50% of the eligible 
patients in the study region were successfully 
recruited. Incomplete recruitment was mainly due 
to work overload of the clinicians involved in patient 
recruitment. Further details of the DACHS study 
have been described previously.18,19 The DACHS 
study was approved by the ethics committees of the 
Medical Faculty of Heidelberg University (ID: 
310/2001) and the state medical boards of Baden-
Wuerttemberg (ID: M-198-02) and Rhineland-
Palatinate [ID: 837.419.02 (3637)]. All participants 
also gave written informed consent.

Inclusion criteria
Our sample comprised all surgically resected 
stage III colon cancer patients who received adju-
vant chemotherapy (Figure 1). Because the main 
regimens received by the participants were 
FOLFOX, CapMono, and 5-FU/LV (including 
MAYO, Roswell Park, ARDALAN, and AIO reg-
imens) in almost all the cases (N = 589, 94%), we 
focused our analyses on patients receiving these 
treatments.

Data collection
At baseline (during or shortly after hospital stay 
for colon cancer surgery), trained interviewers 
conducted interviews with the participants to col-
lect information on sociodemographic (e.g. age at 
diagnosis and sex) and lifestyle factors (e.g. BMI 
at diagnosis) and medical history, using a stand-
ardized questionnaire. Detailed information on 
tumor (e.g. tumor stage and site) and medical 
characteristics (e.g. comorbidities) were also 
recorded in hospital records. We used the 
Charlson comorbidity index (CCI)20 to quantify 
overall comorbidity, using information on comor-
bidities that were diagnosed either prior to or at 
the time of colon cancer diagnosis, as described 
previously.21,22 CCI score was categorized into 
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three groups, namely CCI 0 (no comorbidity), 1, 
and 2+ (moderate-to-severe comorbidity).

About 3 years after diagnosis, detailed information 
on colon cancer treatment was collected retro-
spectively from medical records that had 
already been saved electronically. Treatment 
information extracted for our analyses included 
date of chemotherapy initiation and completion, 
number of chemotherapy cycles, type of treatment 
regimen, adverse treatment effects, whether 
patients completed all planned chemotherapy 
cycles, and whether there were dose reductions of 
chemotherapy during the course of treatment. 
Dose reduction was defined as administration of 
chemotherapy with a dose <75% of the starting 
dose. EDChemo was defined by treating physi-
cians/oncologists and was obtained with the ques-
tion, “did the patient discontinue the chemotherapy 
regimen earlier than planned?” Of patients having 
data on chemotherapy cycles (n = 436, 75%), those 
who had EDChemo of FOLFOX, CapMono, and 
5-FU/LV received <10, <8, and <6 cycles, 
respectively.

Information on vital status and cause of death was 
ascertained from population registries and public 
health authorities about 3, 5, and 10 years after 
colon cancer diagnosis.

Statistical analysis
Because EDChemo is particularly common in 
oxaliplatin-based therapies,6 we conducted the 
analyses separately for FOLFOX, CapMono, and 
5-FU/LV. We first compared baseline characteris-
tics (e.g. age and CCI score) among FOLFOX, 
CapMono, and 5-FU/LV recipients and differ-
ences were tested for statistical significance using 
Chi-square tests. We then used multivariable logis-
tic regression to estimate odds ratios (ORs) and 
95% confidence intervals (CIs) for the associations 
of baseline characteristics with EDChemo (yes/
no). Next, we compared the frequency of adverse 
treatment effects in the three regimens in all 
patients and in subgroups according to age and 
comorbidity level. We used multivariable logistic 
regression to determine factors associated with 
adverse effects (any, yes/no).

Also, associations of adverse effects (individual 
and any) with EDChemo (yes/no) were assessed 
using multivariable negative binomial regression. 
Here, we also calculated population-attributable 
fractions (PAFs) to quantify proportions of 

EDChemo in the population that are statistically 
attributable to overall and specific adverse effects. 
In brief, PAFs were calculated using the 
Miettinen’s formula,23 which uses adjusted rela-
tive risk (RR) and thus provides a more valid esti-
mate in the presence of confounding.

 
PAF cF RR RR      = −( ){ }* / ,1

 

where cF denotes case fraction (proportion of 
patients experiencing adverse effects who had 
early discontinuation).

Figure 1. Flow diagram showing selection of the study population.
5-FU, 5-fluorouracil and oxaliplatin; 5-FU/LV, any combination of 5-FU and 
LV (including MAYO, Roswell Park, ARDALAN, and AIO regimens); CapMono, 
capecitabine monotherapy; FOLFOX, combination 5-FU, LV and oxaliplatin;  
LV, leucovorin.
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We moreover compared treatment duration and 
number of chemotherapy cycles according to 
EDChemo, adverse effects (any), as well as spe-
cific adverse effects such as neuropathy, and gas-
trointestinal effects. Furthermore, we used 
multivariable logistic regression to determine fac-
tors associated with dose reduction during chem-
otherapy administration (yes/no, for all regimens 
combined due to small case numbers). Here, we 
also estimated proportions of dose reduction that 
are statistically attributable to adverse effects 
using PAFs, as described above.

Finally, we assessed the associations of EDChemo 
and number of chemotherapy cycles with all-cause 
mortality (mortality from any cause) and colon can-
cer mortality (mortality from colon cancer) using 
Cox proportional hazards regression. Because few 
patients received CapMono and 5-FU/LV, we con-
ducted this analysis among recipients of FOLFOX 
only. Time was calculated from colon cancer diag-
nosis to the respective endpoints or end of follow-up, 
whichever occurred first. Two adjustment levels, 
defined a priori, were applied: (1) adjustment for sex, 
age, T-stage, and N-stage and (2) additional adjust-
ment for living with a partner, BMI, tumor grade, 
tumor location, year of diagnosis, surgical volume, 
and CCI score. Regarding model 2, we used back-
ward selection to select covariates with p < 0.5 for 
the adjustment (all variables in model 1 were forced 
into the model). With the exception of age, which 
was treated as continuous variable, all covariates 
were included in the models as categorical variables, 
as shown in Table 1. We checked the proportional 
hazards assumption for all covariates, by assessing 
whether their interaction with follow-up time was 
statistically significant. Time-dependent covariates 
(interaction terms of BMI and tumor grade with 
follow-up time) were added to the models because 
of violation of the proportional hazards assumption. 
Also, we addressed time differences between colon 
cancer diagnosis and patient recruitment by adding 
“delayed entry time” to the models.

Statistical tests were two-sided, with a signifi-
cance level of 5%. All analyses were conducted 
with SAS software, version 9.4 (SAS Institute, 
Cary, NC, USA).

Results

Characteristics of the study participants
Of 4916 CRC patients diagnosed in 2003–2014, 
2926 had tumors located in the colon and 830 

were in stage III (Figure 1). Of these, those who 
were not operated for colon cancer (n = 1), did 
not receive chemotherapy (n = 201), received 
chemotherapy other than FOLFOX, CapMono, 
and 5-FU/LV (n = 39) or had missing information 
on any of the variables of interest (n = 5) were 
excluded. A total of 584 colon cancer patients 
were included in the analysis. The median age 
was 68 (interquartile range, 61–74) years, and 
about 55% of the patients were men. FOLFOX 
was the most frequently applied regimen (n = 322, 
55%; Table 1). For patients diagnosed in 2003–
2006, 5-FU/LV had been the most frequently 
applied regimen, but this regimen was rarely 
applied among patients diagnosed in later years. 
Compared to CapMono and 5-FU/LV recipients, 
recipients of FOLFOX were younger, had lower 
comorbidity, and were more likely to be treated in 
high-volume hospitals.

About 52% of FOLFOX recipients discontinued 
their treatment prematurely. This proportion was 
higher than in CapMono (28%) or 5-FU/LV 
recipients (45%, p < 0.001). However, in patients 
not experiencing any adverse effect [Figure 2(b)], 
the proportion of EDChemo in FOLFOX recipi-
ents (18%) was comparable to that of CapMono 
recipients (14%, p = 0.559) and was even lower 
than in 5-FU/LV recipients (30%, p = 0.086). Of 
patients having data on dose reduction (n = 467, 
80%), dose reduction rates were substantially 
higher in FOLFOX (17%) than in CapMono 
(9%) or 5-FU/LV (6%, p = 0.009, Table 1). 
EDChemo rates were also slightly higher in 
patients having versus not having dose reduction 
of chemotherapy (52% versus 46%), but the dif-
ference was not statistically significant (p = 0.391).

Associations of baseline characteristics  
with EDChemo
Table 2 summarizes the associations of baseline 
characteristics with EDChemo of FOLFOX, 
CapMono, and 5-FU/LV. Among FOLFOX 
recipients, low-grade tumor (OR: 1.75, 95% CI: 
1.06–2.86) and treatment in medium-volume 
hospital (versus high; OR: 1.83, 95%CI: 1.10–
3.05) were associated with higher odds of 
EDChemo, respectively. EDChemo rates were 
also nonsignificantly higher in patients with CCI 
score 2+ (versus 0), those diagnosed in 2003–
2006 (versus 2011–2014), and those in T1/2 (ver-
sus T4) stage. For CapMono, the frequency of 
EDChemo was 17% in patients with BMI < 25 kg/
m2 and 46% in obese patients (OR = 4.31, 95% 
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Table 1. Characteristics of FOLFOX, CapMono, and 5-FU/LV recipients.

Characteristics FOLFOX CapMono 5-FU/LVa p

 (N = 322) (N = 111) (N = 151)  

 n % n % n %  

Sex

 Women 136 42.2 47 42.3 81 53.6  

 Men 186 57.8 64 57.7 70 46.4 0.054

Age at diagnosis (years)

 Mean (SD) 62.6 (9.6) 75.1 (7.1) 70.5 (8.9) <0.001*

Has a partner

 No 59 18.3 27 24.3 40 26.5  

 Yes 263 81.7 84 75.7 111 73.5 0.097

BMI at diagnosis (kg/m2)

 <25 133 41.3 46 41.4 50 33.1  

 25–29.9 127 39.4 41 36.9 65 43.1  

 30+ 62 19.3 24 21.6 36 23.8 0.046

Charlson comorbidity score

 Mean (SD) 0.52 (0.87) 0.92 (1.17) 0.72 (1.15)  

 0 (no comorbidity) 212 65.8 55 49.6 95 62.9  

 1 70 21.7 27 24.3 26 17.2  

 2+ (moderate-to-severe) 40 12.4 29 26.1 30 19.9 0.004

Period of diagnosis

 2003–2006 62 19.3 19 17.1 126 83.4  

 2007–2010 154 47.8 40 36.0 12 8.0  

 2011–2014 106 32.9 52 46.9 13 8.6 <0.001

Tumor location

 Proximal 171 53.1 63 56.8 89 58.9  

 Distal 151 46.9 48 43.2 62 41.1 0.467

Tumor grade

 G1/2 209 64.9 79 71.2 96 63.6  

 G3/4 113 35.1 32 28.8 55 36.4 0.393

T-stage

 T1/2 43 13.3 7 6.3 21 13.9  

 T3 215 66.8 83 74.8 111 73.5  

 T4 64 19.9 21 18.9 19 12.6 0.086

(Continued)
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CI = 1.32–14.06). Also, patients not living with a 
partner, those who were overweight, and those 
with tumors located in the proximal colon and T4 
(versus T1/2) stage had nonsignificantly 1.72-, 
2.08-, 2.29-, and 3.70-times higher odds of 
EDChemo. Among 5-FU/LV recipients, there 
was a 32% increased odds of EDChemo per 
5 years increase in age (OR: 1.32, 95% CI: 1.06–
1.65). Treatment in medium-volume hospital 
(versus high; OR: 2.45, 95% CI: 1.08–5.55) and 
T4 stage (versus T1/2; OR: 4.35, 95% CI: 1.05–
16.67) were also associated with much higher 
odds of EDChemo. Patients diagnosed in 2003–
2005 (versus 2007–2014) had 2.45-times higher 
odds of EDChemo, but the difference was not 
statistically significant.

Frequency and determinants of adverse effects
Adverse treatment effects were reported for almost 
four out of five patients treated with FOLFOX 
(79%) compared to approximately one out of two 
patients treated with CapMono (49%) or 5-FU/LV 
(50%, p < 0.001; Table 3). Also, the average num-
ber of adverse effects was higher in patients treated 
with FOLFOX (1.25) than those treated with 
CapMono (0.63) or 5-FU/LV (0.78, p < 0.001). 
The four most common adverse effects were neu-
ropathy (31%), gastrointestinal effects (30%), car-
diovascular/hematological effects (13%), and 
dermatological/allergic effects (11%), but they dif-
fered by treatment regimen (Table S1). For exam-
ple, neuropathy (52%) and cardiovascular/
hematological effects (21%) were particularly 

Characteristics FOLFOX CapMono 5-FU/LVa p

 (N = 322) (N = 111) (N = 151)  

 n % n % n %  

N-stage

 N1 197 61.2 79 71.2 102 67.6  

 N2 125 38.8 32 28.8 49 32.4 0.115

Surgical volumeb

 Small (1–69) 53 16.5 36 32.4 41 27.4  

 Medium (70–149) 107 33.2 22 19.8 57 39.0  

 High (150+) 162 50.3 53 47.8 53 33.5 <0.001

Early discontinuation

 No 156 48.4 80 72.1 83 55.0  

 Yes 166 51.6 31 27.9 68 45.0 <0.001

Dose reduction after chemotherapy initiationc

 No 218 83.5 70 90.9 121 93.8  

 Yes 43 16.5 7 9.1 8 6.2 0.009

aIncluding MAYO (n = 77), Ardalan (n = 24), Roswell Park (n = 25), AIO (n = 12), and other regimens (n = 13).
bNumber of colon cancer surgeries performed per year.
cIn patients with available data only (n = 467, 87%; two hospitals did not report any information on dose reductions hence 
patients recruited in those hospitals were excluded from the analysis).
p-values were calculated from Pearson’s Chi-square test (*calculated from analysis of variance test).
5-FU, 5-fluorouracil and oxaliplatin; 5-FU/LV, any combination of 5-FU and LV; BMI, body mass index; CapMono, 
capecitabine monotherapy; FOLFOX, combination 5-FU, LV and oxaliplatin; LV, leucovorin; SD, standard deviation.

Table 1. (Continued)
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Figure 2. Frequency of early discontinuation of chemotherapy by treatment regimen according to the presence 
or absence of adverse effects.
5-FU, 5-fluorouracil and oxaliplatin; 5-FU/LV, any combination of 5-FU and LV (including MAYO, Roswell Park, ARDALAN, 
and AIO regimens); CapMono, capecitabine monotherapy; FOLFOX, combination 5-FU, LV and oxaliplatin; LV, leucovorin.

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


Therapeutic Advances in Medical Oncology 13

8 journals.sagepub.com/home/tam

Ta
bl

e 
2.

 A
ss

oc
ia

tio
ns

 o
f b

as
el

in
e 

ch
ar

ac
te

ri
st

ic
s 

w
ith

 e
ar

ly
 d

is
co

nt
in

ua
tio

n 
of

 c
he

m
ot

he
ra

py
 (y

es
 v

er
su

s 
no

).

C
ha

ra
ct

er
is

ti
cs

FO
LF

O
X 

(N
 =

 3
22

)
C

ap
M

on
o 

(N
 =

 1
11

)
5-

FU
/L

V 
(N

 =
 1

51
)

N
n

R
ow

 %
O

R
a  (

95
%

 C
I)

N
n

R
ow

 %
O

R
a  (

95
%

 C
I)

N
N

R
ow

 %
O

R
a  (

95
%

 C
I)

Se
x

 
W

om
en

13
6

69
50

.7
0.

87
 (0

.5
5–

1.
38

)
47

15
31

.9
1.

60
 (0

.6
3–

4.
05

)
81

40
49

.4
1.

16
 (0

.5
7–

2.
38

)

 
M

en
18

6
97

52
.2

1.
00

64
16

25
.0

1.
00

70
28

40
.0

1.
00

A
ge

 (c
on

tin
uo

us
)

 
P

er
 5

 ye
ar

s 
in

cr
ea

se
32

2
/

/
1.

06
 (0

.9
4–

1.
20

)
11

1
/

/
0.

86
 (0

.6
3–

1.
17

)
15

1
/

/
1.

32
 (1

.0
6–

1.
65

)

H
as

 a
 p

ar
tn

er

 
N

o
59

33
55

.9
1.

28
 (0

.7
0–

2.
32

)
27

10
37

.0
1.

72
 (0

.6
2–

4.
79

)
40

21
52

.5
1.

17
 (0

.5
3–

2.
58

)

 
Ye

s
26

3
13

3
50

.6
1.

00
84

21
25

.0
1.

00
11

1
47

42
.3

1.
00

B
M

I (
kg

/m
2 )

 
<

25
13

3
71

53
.4

1.
00

46
8

17
.4

1.
00

50
22

44
.0

1.
00

 
25

–2
9.

9
12

7
67

52
.8

0.
95

 (0
.5

7–
1.

58
)

41
12

29
.3

2.
08

 (0
.7

2–
6.

07
)

65
30

46
.2

0.
99

 (0
.4

4–
2.

21
)

 
30

+
62

28
45

.2
0.

69
 (0

.3
6–

1.
32

)
24

11
45

.8
4.

31
 (1

.3
2–

14
.0

6)
36

16
44

.4
0.

94
 (0

.3
6–

2.
43

)

C
om

or
bi

di
ty

 s
co

re

 
0

21
2

10
4

49
.1

1.
00

55
16

29
.1

1.
00

95
43

45
.3

1.
00

 
1

70
35

50
.0

1.
12

 (0
.6

3–
2.

00
)

27
7

25
.9

0.
80

 (0
.2

6–
2.

46
)

26
12

46
.2

1.
07

 (0
.4

2–
2.

76
)

 
2+

40
27

67
.5

1.
97

 (0
.9

2–
4.

18
)

29
8

27
.6

1.
02

 (0
.3

5–
3.

03
)

30
13

43
.3

0.
96

 (0
.4

0–
2.

34
)

P
er

io
d 

of
 d

ia
gn

os
is

 
20

03
–2

00
6

62
38

61
.3

1.
80

 (0
.9

3–
3.

47
)

19
6

31
.6

0.
95

 (0
.2

7–
3.

42
)

12
4

57
46

.0
2.

45
 (0

.9
3–

6.
43

)b

 
20

07
–2

01
0

15
4

81
52

.6
1.

22
 (0

.7
3–

2.
05

)
40

10
25

.0
0.

69
 (0

.2
5–

1.
89

)
27

11
40

.7
1.

00

 
20

11
–2

01
4

10
6

47
44

.3
1.

00
52

15
28

.9
1.

00
 

Tu
m

or
 lo

ca
tio

n

 
P

ro
xi

m
al

17
1

95
55

.6
1.

30
 (0

.8
2–

2.
05

)
63

21
33

.3
2.

29
 (0

.8
6–

6.
14

)
89

44
49

.4
1.

39
 (0

.6
6–

2.
92

)

 
D

is
ta

l
15

1
71

47
.0

1.
00

48
10

20
.8

1.
00

62
24

38
.7

1.
00

(C
on

tin
ue

d)

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


D Boakye, L Jansen et al.

journals.sagepub.com/home/tam 9

C
ha

ra
ct

er
is

ti
cs

FO
LF

O
X 

(N
 =

 3
22

)
C

ap
M

on
o 

(N
 =

 1
11

)
5-

FU
/L

V 
(N

 =
 1

51
)

N
n

R
ow

 %
O

R
a  (

95
%

 C
I)

N
n

R
ow

 %
O

R
a  (

95
%

 C
I)

N
N

R
ow

 %
O

R
a  (

95
%

 C
I)

Tu
m

or
 g

ra
de

 
G

1/
2

20
9

11
5

55
.0

 1
.7

5 
(1

.0
6–

2.
86

)
79

20
25

.3
0.

81
 (0

.3
1–

2.
16

)
96

40
41

.7
0.

75
 (0

.3
7–

1.
55

)

 
G

3/
4

11
3

51
45

.1
1.

00
32

11
34

.4
1.

00
55

28
50

.9
1.

00

T-
st

ag
e

 
T1

/2
43

27
62

.8
1.

91
 (0

.8
4–

4.
37

)
7

1
14

.3
0.

27
 (0

.0
2–

3.
13

)
21

8
38

.1
0.

23
 (0

.0
6–

0.
95

)

 
T3

21
5

10
9

50
.7

1.
15

 (0
.6

4–
2.

08
)

83
24

28
.9

0.
90

 (0
.2

8–
2.

86
)

11
1

50
45

.1
0.

44
 (0

.1
4–

1.
31

)

 
T4

64
30

46
.9

1.
00

21
6

28
.6

1.
00

19
10

52
.6

1.
00

N
-s

ta
ge

 
N

1
19

7
10

5
53

.3
1.

22
 (0

.7
7–

1.
95

)
79

24
30

.4
1.

61
 (0

.5
3–

4.
84

)
10

2
48

47
.1

1.
45

 (0
.6

8–
3.

08
)

 
N

2
12

5
61

48
.8

1.
00

32
7

21
.9

1.
00

49
20

40
.8

1.
00

Su
rg

ic
al

 v
ol

um
e

 
Sm

al
l

53
29

54
.7

1.
44

 (0
.7

6–
2.

73
)

36
9

25
.0

0.
94

 (0
.3

4–
2.

62
)

41
14

34
.2

0.
81

 (0
.3

3–
1.

96
)

 
M

ed
iu

m
10

7
65

60
.8

1.
83

 (1
.1

0–
3.

05
)

22
5

22
.7

0.
56

 (0
.1

6–
1.

90
)

57
34

59
.7

2.
45

 (1
.0

8–
5.

55
)

 
H

ig
h

16
2

72
44

.4
1.

00
53

17
32

.1
1.

00
53

20
37

.7
1.

00

a A
dj

us
te

d 
fo

r 
ag

e,
 s

ex
, B

M
I, 

C
ha

rl
so

n 
co

m
or

bi
di

ty
 s

co
re

, y
ea

r 
of

 d
ia

gn
os

is
, a

nd
 s

ur
gi

ca
l v

ol
um

e 
(s

ta
tis

tic
al

ly
 s

ig
ni

fic
an

t r
es

ul
ts

 a
re

 h
ig

hl
ig

ht
ed

 in
 b

ol
d)

.
b 2

00
3–

20
05

 v
er

su
s 

20
06

–2
01

4.
5-

FU
, 5

-f
lu

or
ou

ra
ci

l a
nd

 o
xa

lip
la

tin
; 5

-F
U

/L
V,

 a
ny

 c
om

bi
na

tio
n 

of
 5

-F
U

 a
nd

 L
V;

 B
M

I, 
bo

dy
 m

as
s 

in
de

x;
 C

ap
M

on
o,

 c
ap

ec
ita

bi
ne

 m
on

ot
he

ra
py

; C
I, 

co
nf

id
en

ce
 in

te
rv

al
; F

O
LF

O
X,

 c
om

bi
na

tio
n 

5-
FU

, L
V 

an
d 

ox
al

ip
la

tin
; L

V,
 le

uc
ov

or
in

; n
, n

um
be

r 
of

 p
at

ie
nt

s 
w

ho
 d

is
co

nt
in

ue
d 

th
ei

r 
tr

ea
tm

en
t;

 O
R

, o
dd

s 
ra

tio
.

Ta
bl

e 
2.

 (
C

on
tin

ue
d)

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


Therapeutic Advances in Medical Oncology 13

10 journals.sagepub.com/home/tam

common in patients treated with FOLFOX, while 
gastrointestinal effects (40%) and dermatological/
allergic effects (mainly hand–foot syndrome, 16%) 
were more prevalent in patients receiving 5-FU/LV 
and CapMono, respectively.

In multivariable analysis (Table S2), female sex 
(OR: 2.48, 95% CI: 1.33–4.63), diagnosis in 
2003–2006 (versus 2011–2014; OR: 3.24, 95% 
CI: 1.23–8.50), and low-grade tumor (OR: 1.97, 
95% CI: 1.09–3.58) were associated with increased 
odds of adverse effects of FOLFOX, respectively. 
For CapMono, patients in N2 stage had 73% 
lower odds of adverse effects (OR: 0.27, 95% CI: 
0.10–0.76). Women and patients with low-grade 
tumors had nonsignificantly 1.99- and 2.35-higher 
odds of adverse effects, respectively. Among 5-FU/
LV recipients, adverse events tended to be more 
common in women and in patients diagnosed in 
2003–2006 (versus 2007–2014), but the differ-
ences were not statistically significant.

Associations of adverse effects with EDChemo
Table 4 shows RRs and PAFs for the associations 
of adverse effects with EDChemo of FOLFOX, 
CapMono, and 5-FU/LV. In FOLFOX recipi-
ents, gastrointestinal effects (RR: 1.25, 95% CI: 
1.03–1.52), dermatological/allergic effects (RR: 
1.62, 95% CI: 1.32–1.99), and ‘other’ adverse 
effects (RR: 1.66, 95% CI: 1.35–2.05) were  
associated with higher risk of EDChemo. 
Approximately 7%, 6%, and 7% of EDChemo of 
FOLFOX were statistically attributable to these 
adverse events, respectively. For CapMono, 
patients experiencing gastrointestinal effects (RR: 
2.62, 95% CI: 1.52–4.50) and ‘other’ adverse 
effects (RR: 3.15, 95% CI: 1.70–5.86) had sub-
stantially higher risk of EDChemo, with corre-
sponding PAFs of 26% and 15%. Among 5-FU/
LV recipients, gastrointestinal effects were associ-
ated with about 1.60-fold increased EDChemo 
(RR: 1.62, 95% CI: 1.15–2.27), with a PAF of 
about 20%.

Table 3. Adverse treatment effects and reasons for early discontinuation of adjuvant chemotherapy reported 
by treating physicians.

FOLFOX CapMono 5-FU/LV p

 N = 322 N = 111 N = 151  

 n % N % n %  

Any adverse effect 255 79.2 54 48.6 75 49.7 <0.001

Number of adverse effects

 Mean (SD) 1.25 (0.94) 0.68 (0.83) 0.73 (0.90) <0.001

 0 67 20.8 57 51.4 76 50.3  

 1 149 46.3 36 32.4 50 33.1  

 2 72 22.3 14 12.6 16 10.6  

 3 28 8.7 4 3.6 8 5.3  

 4 6 1.9 0 0.0 1 0.7  

Reasons for EDChemo

 Adverse effects 104 62.7 21 67.7 29 42.7  

 Tumor progression 7 4.2 1 3.2 2 2.9  

 Others 5 3.0 2 6.5 4 5.9  

 Unknown 50 30.1 7 22.6 33 48.5  

5-FU, 5-fluorouracil and oxaliplatin; 5-FU/LV, any combination of 5-FU and LV, including MAYO (n = 77), Ardalan (n = 24), 
Roswell Park (n = 25), AIO (n = 12), and other regimens (n = 13); CapMono, capecitabine monotherapy; EDChemo, early 
discontinuation of chemotherapy; FOLFOX, combination 5-FU, LV and oxaliplatin; LV, leucovorin; SD, standard deviation.
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The proportions of EDChemo in patients experi-
encing versus not experiencing any adverse treat-
ment effect were 60% and 18% for FOLFOX 
(p < 0.001), 43% and 14% for CapMono 
(p = 0.001), and 60% and 30% for 5-FU/LV 
(p < 0.001), with corresponding RRs of 3.16, 
3.23, and 1.96. Overall, about 63%, 51%, and 
32% of EDChemo of FOLFOX, CapMono, and 

5-FU/LV were statistically attributable to adverse 
effects, respectively.

Treatment duration and number of 
chemotherapy cycles
The distributions of treatment duration and num-
ber of chemotherapy cycles according to EDChemo 

Table 4. Associations of adverse treatment effects with early discontinuation of chemotherapy.

Adverse events FOLFOX (N = 322) CapMono (N = 111) 5-FU/LV (N = 151)

 N n RRa (95% CI) PAF (%) N n RRa (95% CI) PAF (%) N n RRa (95% CI) PAF (%)

Neuropathy

 No 155 77 Ref. 100 27 Ref. 146 63  

 Yes 167 89 0.99 (0.80–1.23) // 11 4 1.29 (0.56; 2.97) 2.9 5 5 NC //

Gastrointestinal events

 No 233 111 Ref. 87 18 Ref. 90 32 Ref.  

 Yes 89 55 1.25 (1.03–1.52) 6.6 24 13 2.62 (1.52; 4.50) 25.9 61 36 1.62 (1.15–2.27) 20.3

CV/hematological events

 No 256 127 Ref. 106 29 Ref. 145 66 Ref.  

 Yes 66 39 1.15 (0.92; 1.44) 3.1 5 2 1.54 (0.45; 5.33) 2.3 6 2 0.71 (0.24–2.12) //

Dermatological/allergic events

 No 293 142 Ref. 93 24 Ref. 132 57 Ref.  

 Yes 29 24 1.62 (1.32–1.99) 5.5 18 7 1.70 (0.80; 3.65) 9.3 19 11 1.33 (0.86–2.07) 4.0

Loss of weight/appetite events

 No 313 159 Ref. 107 29 Ref. 147 64  

 Yes 9 7 1.32 (0.87–1.98) 1.0 4 2 3.17 (0.97–10.41) 4.4 4 4 NC //

Other adverse events

 No 284 135 Ref. 100 24 Ref. 137 59 Ref.  

 Yes 38 31 1.66 (1.35–2.05) 7.4 11 7 3.15 (1.70–5.86) 15.4 14 9 1.34 (0.88–2.04) 3.4

Any adverse event

 No 67 12 Ref. 57 8 Ref. 76 23 Ref  

 Yes 255 154 3.16 (1.86–5.36) 63.4 54 23 3.23 (1.57–6.62) 51.2 75 45 1.96 (1.34–2.87) 32.4

aAdjusted for age, sex, body mass index, Charlson comorbidity score, year of diagnosis, and surgical volume (backward selection of variables with 
p < 0.5).
Statistically significant results are highlighted in bold.
PAF = cF × (RR−1)/RR, where cF denotes case fraction (proportion of patients experiencing adverse effects who had early discontinuation).
5-FU, 5-fluorouracil and oxaliplatin; 5-FU/LV, any combination of 5-FU and LV, including MAYO (n = 77), Ardalan (n = 24), Roswell Park (n = 25), AIO 
(n = 12), and other regimens (n = 13); CapMono, capecitabine monotherapy; CI, confidence interval; CV, cardiovascular; FOLFOX, combination 5-FU, 
LV and oxaliplatin; LV, leucovorin; NC, not calculated because all patients who experienced adverse effects discontinued their treatment; PAF, 
population-attributable risk fraction; RR, relative risk.
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and adverse effects, separately for FOLFOX, 
CapMono, and 5-FU/LV, are shown in Table 
S3. In all the regimens, mean treatment duration 
and number of cycles were significantly lower in 
patients who discontinued their treatments pre-
maturely and in patients who experienced adverse 
effects (any) and gastrointestinal effects. By con-
trast, no significant differences in treatment 
duration and chemotherapy cycles were observed 
among patients with and without neuropathy. 
Among FOLFOX recipients, the mean treatment 
duration (15.3 versus 22.9 weeks) and chemo-
therapy cycles (6.2 versus 9.0) were significantly 
lower in patients experiencing gastrointestinal 
effects (without neuropathy) than those experi-
encing neuropathy (without gastrointestinal 
effects, p < 0.001). Also, among patients having 
EDChemo, the mean number of chemotherapy 
cycles was significantly lower in those experienc-
ing than those not experiencing gastrointestinal 
effects (Table S4).

Determinants of dose reduction
Table 5 shows ORs for the determinants of dose 
reduction during chemotherapy administration 
(all regimens combined due to small case num-
bers). In the model adjusted for age, sex, BMI, 
CCI score, year of diagnosis, hospital volume, 
and treatment regimen, treatment in small (versus 
high) volume hospital was associated with lower 
odds of dose reduction (OR = 0.42, 95% CI =  
0.18–0.95). Men, overweight patients, patients 
with high-grade (versus low-grade) tumors, 
patients treated in medium (versus high)-volume 
hospitals, and those receiving CapMono or 5-FU/
LV regimen (versus FOLFOX) also had dose 
reductions less frequently, but the associations 
were not statistically significant. Dose reduction 
rates were also much higher in patients experienc-
ing versus not experiencing any adverse effect 
(18% versus 2% p < 0.001). In multivariable anal-
ysis, adverse effects were particularly strongly 
associated with dose reduction (OR: 8.36, 95% 
CI: 2.47–28.34) and accounted for about 82% of 
all dose reduction cases.

After additionally adjusting for adverse effects, 
the associations of sex, tumor grade, hospital vol-
ume, and treatment regimen with dose reduction 
were attenuated sharply, but that for overweight 
became slightly stronger and reached statistical 
significance (OR: 0.50, 95% CI: 0.26–0.98).

Associations of EDChemo and chemotherapy 
cycles of FOLFOX with mortality
During a median follow-up of 5.2 (interquartile 
range, 4.3–9.6) years, 79 (25%) patients died, out 
of which 62 (78%) died from colon cancer. In the 
comprehensively adjusted models (Table 6), 
patients having EDChemo of FOLFOX had 38% 
higher risk of all-cause mortality (HR: 1.38, 95% 
CI: 0.86–2.21) and 42% higher risk of colon can-
cer mortality (HR: 1.42, 95% CI: 0.82–2.47), but 
the associations were not statistically significant. 
There was an inverse relationship between num-
ber of FOLFOX cycles and mortality, and the 
association seemed stronger for colon cancer 
mortality. For example, an additional FOLFOX 
cycle was associated with 9% lower risk of colon 
cancer mortality (HR: 0.91, 95% CI: 0.84–1.00). 
Among patients having EDChemo, a 14% lower 
risk of colon cancer mortality was observed per 
additional FOLFOX cycle (HR: 0.86, 95% CI: 
0.74–0.99).

Discussion
The benefit of chemotherapy in stage III colon 
cancer patients is well documented.24 The magni-
tude of this benefit is, however, dependent in part 
on whether patients complete the planned chem-
otherapy cycles. In a cohort of colon cancer cases 
receiving adjuvant chemotherapy, we assessed 
predictors of EDChemo and dose reduction, pay-
ing particular attention to the role of adverse 
treatment effects. We found that low-grade tumor 
and treatment in medium-volume hospital (for 
FOLFOX), obesity (for CapMono), and increas-
ing age, T4 stage, and treatment in medium-vol-
ume hospital (for 5-FU/LV) were associated with 
increased EDChemo. Adverse effects were par-
ticularly a strong predictor of EDChemo and 
contributed to about 63%, 51%, and 32% of 
EDChemo of FOLFOX, CapMono, and 5-FU/
LV, respectively. Adverse effects were, moreover, 
a strong determinant of dose reduction and 
accounted for about 82% of all cases of dose 
reduction.

Multiple studies have investigated factors associ-
ated with EDChemo in colon cancer patie
nts6,8–10,14,15 but mostly for 5-FU/LV only8–10,15 or 
patients diagnosed before 2006.8–10,15 However, 
treatment regimen for colon cancer has changed 
since 2006,25 calling for timely ascertainment of 
predictors of EDChemo in the current treatment 
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Table 5. Factors associated with dose reduction of adjuvant chemotherapy after initiation (in patients with 
available data, n = 467).

Characteristics N n Row (%) Dose reduction (yes versus no)

 OR (95% CI)a OR (95% CI)b

Sex

 Women 209 32 15.3 1.73 (0.96–3.11) 1.45 (0.79–2.64)

 Men 258 26 10.1 Ref. Ref.

Age (years)

 Per 5 years increase 467 / / 1.03 (0.88–1.20) 1.02 (0.87–1.19)

Has a partner

 No 102 15 14.7 1.08 (0.55–2.13) 1.12 (0.56–2.23)

 Yes 365 43 11.8 Ref. Ref.

BMI (kg/m2)

 <25 190 32 16.8 Ref. Ref.

 25–29.9 183 16 8.7 0.52 (0.27–1.01) 0.50 (0.26–0.98)

 30+ 94 10 10.6 0.67 (0.31–1.48) 0.73 (0.33–1.64)

Charlson comorbidity score

 0 291 42 14.4 Ref. Ref.

 1 91 7 7.7 0.49 (0.21–1.17) 0.54 (0.22–1.32)

 2+ 85 9 10.6 0.85 (0.38–1.92) 0.84 (0.37–1.92)

Period of diagnosis

 2003–2006 175 15 8.6 Ref. Ref.

 2007–2010 163 25 15.3 1.19 (0.53–2.65) 1.33 (0.59–3.03)

 2011–2014 129 18 14.0 1.27 (0.55–2.91) 1.44 (0.62–3.36)

Tumor location

 Proximal 265 32 12.1 Ref. Ref.

 Distal 202 26 12.9 1.11 (0.62–1.98) 1.09 (0.60–1.97)

Tumor grade

 G1/2 310 45 14.5 Ref. Ref.

 G3/4 157 13 8.3 0.51 (0.26–1.01) 0.58 (0.29–1.17)

T-stage

 T1/2 52 6 11.5 0.93 (0.31–2.80) 0.87 (0.28–2.69)

 T3 336 41 12.2 0.92 (0.44–1.94) 1.00 (0.47–2.14)

 T4 79 11 13.9 Ref. Ref.

N-stage

 N1 304 33 10.9 Ref. Ref.

 N2 163 25 15.3 1.36 (0.76–2.43) 1.44 (0.79–2.62)

(Continued)
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regimens. The reported risk factors for EDChemo 
varied in the previous studies26 and included 
female sex,9–11 older age,8,10,11,15 being single,8,10,15 
higher comorbidity,8,10 poorly differentiated 
tumor,8,10 oxaliplatin-based regimen,6 and receipt 
of treatment in higher volume hospitals.9

Our study expands prior knowledge by providing 
separate analyses for FOLFOX, CapMono, and 
5-FU/LV, unlike the vast majority of the previous 
studies that analyzed different regimens together 
even though EDChemo rates and patient charac-
teristics differ by treatment regimen.6 In our study, 
older age was not associated with EDChemo of 
CapMono, but older patients receiving FOLFOX 
and 5-FU/LV tended to have higher EDChemo 
risk. The absence of an association between older 
age and EDChemo in CapMono recipients cor-
roborates the preferential use of CapMono as an 
adjuvant chemotherapy in older patients, given its 
less toxicity compared to oxaliplatin-based thera-
pies, whose efficacy and safety in older patients 
are still debatable.2,27 However, another possible 
reason might be due to older patients receiving 
lower starting doses of CapMono likely due to 
comorbidities and/or poor renal function,28 but 

this information was not available in our study. 
Our study also identified BMI < 25 kg/m2 as a 
potential risk factor for dose reduction, which is 
plausible as lower BMI correlates with low mus-
cle mass or frailty.29

An obvious determinant of EDChemo could be 
adverse treatment effects.6 In the Eindhoven 
Cancer Registry, patients experiencing any grade 
III–IV adverse effect had over four-fold increased 
odds of EDChemo of CapMono.6 However, the 
extent to which various adverse effects contribute 
to EDChemo is unclear. In our study, adverse 
effects that were independent predictors of 
EDChemo were gastrointestinal, dermatological/
allergic (FOLFOX only), and ‘other’ adverse 
effects. In all the investigated regimens, gastroin-
testinal effects (e.g. diarrhea, nausea, and vomit-
ing) had the strongest association with EDChemo 
and contributed to 7%, 26%, and 20% of 
EDChemo of FOLFOX, CapMono, and 5-FU/
LV, respectively. Although chemotherapy-
induced neuropathy negatively affects quality of 
life of CRC patients,30 it played a minor role in 
EDChemo in our study. For example, no signifi-
cant differences in treatment duration and 

Characteristics N n Row (%) Dose reduction (yes versus no)

 OR (95% CI)a OR (95% CI)b

Surgical volume

 Small 122 9 7.4 0.42 (0.18–0.95) 0.49 (0.21–1.12)

 Medium 186 21 11.3 0.58 (0.31–1.09) 0.56 (0.29–1.07)

 High 159 28 17.6 Ref. Ref.

Chemotherapy regimen

 FOLFOX 261 43 16.5 Ref. Ref.

 CapMono 77 7 9.1 0.56 (0.21–1.48) 0.94 (0.34–2.58)

 5-FU/LV 129 8 6.2 0.39 (0.15–1.03) 0.65 (0.24–1.79)

Adverse effects

 No 153 3 2.0 Ref. //

 Yes 314 55 17.5 8.36 (2.47–28.34)  

aAdjusted for age, sex, BMI, Charlson comorbidity score, year of diagnosis, surgical volume, and chemotherapy regimen.
bAdditional adjustment for adverse effects.
5-FU, 5-fluorouracil and oxaliplatin; 5-FU/LV, any combination of 5-FU and LV (including MAYO, Ardalan, Roswell Park, 
AIO, and other types); BMI, body mass index; CapMono, capecitabine monotherapy; CI, confidence interval; FOLFOX, 
combination 5-FU, LV and oxaliplatin; LV, leucovorin; n, number of patients who discontinued their treatment; OR, odds 
ratio. Statistically significant results are highlighted in bold.

Table 5. (Continued)
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number of chemotherapy cycles were observed 
among patients with and without neuropathy. 
Reasons for these observations are unclear, but a 
possible explanation is that neuropathy, unlike 
cardiovascular and gastrointestinal effects, may 
be less life threatening to warrant treatment 
discontinuation.

Our study provides evidence of differential associa-
tion of adverse effects with EDChemo. It identified 

especially gastrointestinal events as relevant risk 
factors for EDChemo and could thus be recom-
mended to receive further attention in routine care 
for colon cancer patients. The findings that about 
82% of dose reduction and approximately 63%, 
51%, and 32% of EDChemo of FOLFOX, 
CapMono, and 5-FU/LV, respectively, are due to 
adverse effects suggest that comprehensive screen-
ing for early signs and enhanced management of 
adverse effects, especially gastrointestinal events, 

Table 6. Associations of early discontinuation and chemotherapy cycles with mortality among recipients of 
FOLFOX (N = 322).

Events At risk Adjustment levels

 HR (95% CI)a HR (95% CI)b HR (95% CI)c

All-cause mortality

Early discontinuation

 No 33 156 1.00 1.00 1.00

 Yes 46 166 1.24 (0.79–1.95) 1.29 (0.82–2.05) 1.38 (0.86–2.21)

FOLFOX cycles (per 1 cycle increase)†

 All patients (N = 208) 0.97 (0.90–1.05) 0.97 (0.90–1.05) 0.96 (0.89–1.04)

 <70 years (n = 157) 0.98 (0.89–1.07) 0.96 (0.88–1.05) 0.94 (0.85–1.03)

 70+ years (n = 51) 0.95 (0.83–1.10) 0.96 (0.83–1.11) 0.92 (0.76–1.11)

 Early discontinuation (n = 138) 0.91 (0.81–1.01) 0.92 (0.83–1.04) 0.92 (0.82–1.04)

Colon cancer mortality

Early discontinuation

 No 26 156 1.00 1.00 1.00

 Yes 36 166 1.23 (0.74–2.04) 1.35 (0.81–2.25) 1.42 (0.82–2.47)

FOLFOX cycles (per 1 cycle increase)†

 All patients (N = 208) 0.94 (0.87–1.03) 0.92 (0.85–1.01) 0.91 (0.84–1.00)

 <70 years (n = 157) 0.95 (0.86–1.04) 0.92 (0.83–1.02) 0.89 (0.80–0.99)

 70+ years (n = 51) 0.88 (0.72–1.07) 0.87 (0.72–1.05) 0.71 (0.48–1.06)

 Early discontinuation (n = 138) 0.88 (0.77–1.00) 0.87 (0.76–1.00) 0.86 (0.74–0.99)

†114 patients who received FOLFOX did not have data on chemotherapy cycles and hence were excluded from the analysis. 
aCrude estimates.
bAdjusted for age, sex, T-stage, and N-stage.
cAdditional adjustment for living with a partner, BMI, grade, tumor location, year of diagnosis, surgical volume, Charlson 
comorbidity score, BMI × log(follow-up time), and grade × log(follow-up time) (backward selection of variables with 
p < 0.5).
Statistically significant results are highlighted in bold.
BMI, body mass index; CI, confidence interval; FOLFOX, combination 5-FU, LV and oxaliplatin; HR, hazard ratio;  
LV, leucovorin.
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might improve colon cancer care. However, devel-
opment of scoring algorithms that incorporate 
information on specific adverse effects and other 
key predictors of EDChemo and dose reduction 
could also be beneficial for enhanced identification 
of high-risk patients and thereby also improve colon 
cancer care.

In agreement with results of the IDEA7,12 and 
SCOT trials,13 patients having EDChemo of 
FOLFOX tended to have poorer prognosis in our 
study, even though the association was not statis-
tically significant, likely due to limited statistical 
power. Also, an inverse association between num-
ber of chemotherapy cycles and mortality, espe-
cially colon cancer mortality, was observed, which 
agrees with prior evidence.31 However, large, pro-
spective studies are still needed to clarify whether 
EDChemo or shorter chemotherapy cycle is asso-
ciated with poorer outcomes and in which spe-
cific patient groups, taking into consideration 
adverse treatment effects and quality of life.

Major strengths of our study include ‘real life’ 
administration of chemotherapy and detailed 
evaluation of determinants of EDChemo and 
dose reduction. Our study also has limitations. 
First, even though great efforts were made to 
include patients of all ages in the DACHS study, 
there was age gradient in patient recruitment, 
with higher recruitment of younger patients, in 
whom administration of chemotherapy, especially 
oxaliplatin-based therapies, is higher. Second, it 
is possible that the associations of adverse effects 
with EDChemo vary also by their severity, but we 
were not able to use standardized tools such as 
the Common Toxicity Criteria32 to grade the 
adverse effects, as data on severity were not avail-
able in our study. Third, patients receiving chem-
otherapy for a longer duration might experience 
more adverse effects, potentially biasing the asso-
ciation of adverse events with EDChemo towards 
null. We, however, lacked information on when 
adverse events occurred. Fourth, although we 
ascertained several determinants of EDChemo 
and dose reduction, other relevant factors such as 
frailty and functional status could not be evalu-
ated, as such data were not available in our study. 
Fifth, we classified any 5-FU/LV combination 
into one group because of small case numbers, 
but adverse effects might vary between specific 
5-FU/LV regimens. Also, we combined cardio-
vascular and hematological effects into one group 
because of limited case numbers. Potential varia-
tions in their associations with treatment duration 

and/or discontinuation should be kept in mind 
when interpreting results of the combined group. 
Lastly, due to limited sample size, a number of 
potential associations could not reach statistical 
significance. Also, because few patients received 
CAPOX (n = 15), we could not assess determi-
nants of EDChemo of CAPOX in our study. 
Future, large studies providing separate analyses 
for the currently used regimens and using the 
concept of PAFs are thus needed for further evi-
dence on the roles of adverse effects and other 
relevant factors in EDChemo and dose 
reduction.

Conclusions
Among stage III colon cancer patients receiving 
adjuvant chemotherapy, low-grade tumor and 
treatment in medium-volume hospital (for 
FOLFOX), obesity (for CapMono), and increas-
ing age, T4 stage, and treatment in medium-vol-
ume hospital (for 5-FU/LV) were associated with 
premature discontinuation of chemotherapy. Our 
study also suggests that over half of the cases of 
early discontinuation and dose reduction of chem-
otherapy are due to adverse treatment effects, with 
gastrointestinal effects showing the strongest asso-
ciations and accounting for about 7%, 26%, and 
20% of EDChemo of FOLFOX, CapMono, and 
5-FU/LV, respectively. Further research should 
address the potential for reducing early discontin-
uation and dose reduction rates by close monitor-
ing of patients for early signs and enhanced 
management of adverse effects, especially gastro-
intestinal events. Development of scoring algo-
rithms that incorporate information on specific 
adverse effects and other relevant factors would 
also be valuable for enhanced identification of 
patients at increased risk of early discontinuation 
and dose reduction of chemotherapy.
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