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Introduction

Colorectal cancer is the third most common and second 
most deadly cancer worldwide. In men, it is the third most 
commonly diagnosed cancer and the leading cause of cancer 
death while in women, it is the second most frequently diag-
nosed and the second deadliest cancer, second to only breast 
cancer [1].

Chemotherapy has been suggested to cause chemother-
apy-related cognitive impairment or the so-called chemo-
brain. A study at the Netherlands Cancer Institute reported 
cognitive impairment in 83 patients with breast cancer. Those 
who received high-dose chemotherapy were at a higher risk 
than those who received standard-dose chemotherapy, who 
in turn were at a higher risk than controls [2]. A meta-anal-
ysis of 29 studies investigating the effects of chemotherapy 
on cognitive impairment regardless of cancer type suggested 
that chemotherapy has negative effects on several domains 
of neurocognitive function, including executive function, 
verbal memory, and motor function [3].

However, whether “chemo-brain” occurs in colorectal 
cancer patients is controversial. Some studies have reported 

that chemotherapy has a negative impact on neurocognitive 
functions in these patients [4], but others have suggested that 
“chemo-brain” does not represent a major issue in colorectal 
cancer [5]. Common chemotherapy regimens for colorectal 
cancer patients, which often include oxaliplatin and 5-fluo-
rouracil (5-FU) [6], may induce chemotherapy-related neuro-
toxicity involving the central nervous system [7,8]. Therefore, 
assessing the negative impacts of chemotherapy on neuro-
cognitive function is crucial for developing preventive meas-
ures including behavioral pharmacological treatment [9], as 
well as rehabilitation programs after the treatment [10].

The noted disparity in the findings regarding “chemo-
brain” in colorectal cancer patients may be attributed to the 
heterogeneity in the populations sampled in previous stud-
ies. Numerous studies on “chemo-brain” have suggested 
that older patients are more prone to cognitive impairment 
after chemotherapy than younger patients [11]. While this is 
probably due to older patients’ lower cognitive reserves at 
treatment initiation [12], more research on colorectal cancer 
patients is required to reach any such conclusion.

We aimed to assess the negative impacts of chemotherapy 
on neurocognitive function in colorectal cancer patients by 
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conducting a systematic review of published manuscripts 
on the topic. Additionally, we sought to identify population 
characteristics responsible for the observed heterogeneity in 
“chemo-brain” findings. 

Materials and Methods
 
1. Search strategy and selection criteria

Three databases were searched on January 9, 2019 by SYH: 
PubMed/MEDLINE, Embase, and the Cochrane Central  
Register of Controlled Trials (CENTRAL)/Cochrane Database 
of Systemic Reviews. The search terms contained keywords  
related to cancer (“cancer” “tumor” “neoplasm” “malignan-
cy”), colorectal (“colon” “rectal” “colorectal”), chemothera-
py (“chemotherapy” “chemoradiotherapy” “antineoplastic 
protocols” “chemotherapy, adjuvant”), cognition, cognitive 
domains, and neuropsychological batteries measuring cog-
nition (“cognition” “cognition disorders” “cognitive dys-
function” “cognitive impairment” “memory” “orientation”).

A total of 1,224 articles were identified: 140 from PubMed, 
957 from Embase, and 127 from the Cochrane Database of 
Systematic Reviews. After removing 58 duplicates, 1,166  
articles were deemed eligible for title screening (by SYH, BH, 
DL, JY, SR), 264 for abstract screening (by SYH, BH, DL, SK), 
and 37 for full-text screening (done by SYH, KK). The main 

author (SYH) made decisions on initial article inclusion and 
continued inclusion at each phase. The process of exclud-
ing articles was performed by two independent researchers, 
with final decisions made by a third author (SYH) in cases of 
disagreement. 

To be included in the final analysis, the studies had to  
include cancer patients receiving chemotherapy (exposure) 
and measurements of cognitive function or perceived cogni-
tive impairment (outcome). The included studies presented 
measures of cognitive function for colorectal cancer patients 
at baseline (before chemotherapy) and after chemotherapy. 
Through title and abstract screening, we excluded 1,129 stud-
ies, leaving 37 studies for full-text review (Fig. 1). After full 
content review, an additional 28 articles were excluded: three 
were only abstracts (provided insufficient data), three were 
from the same cohort, nine had insufficient details regarding 
cognitive function measurements, five only contained the 
results of measurements prior to chemotherapy, seven were 
cross-sectional studies, and one did not report the standard 
deviations. The authors of all studies with insufficient data 
were contacted for additional data. 

To identify papers containing data on colorectal cancer 
as well as other types of cancer, a separate search was per-
formed, and 23 authors were separately contacted for data 
on colorectal cancer patients. As one author sent the original 
data, one additional study [13] was included; one study [14] 

Exclusion criteria (n=1,129)
1) Not human study (n=4)
2) Not from original data (n=186)
3) Different cancers or diseases (n=142)
4) No chemotherapy (n=21)
5) No cognitive function outcome (n=194)
6) 4) and 5) (n=575)
7) Insufficient date for analysis (n=7) 

Exclusion criteria (n=28)
1) Abstracts with insufficient data (n=3)
2) Results from same cohort (n=3)
3) Insufficient cognitive function measures (n=9)
4) Measurement done only before chemotherapy (n=5)
5) Cross sectional studies (n=7)
6) No standard deviation provided (n=1)

Articles from Embase (n=957) Articles from Cochrane Database of
Systematic Reveiws (n=127)Articles from PubMed (n=140)

Eligible for title screening (n=1,166)

Duplicate articles (n=58)

Hand-searched article (n=1)

Eligible for text screening (n=37)

Included for meta-analysis (n=11)Included for main analysis (n=8) Included for subsidiary analysis (n=3)

Original data from the authors (n=1)

Fig. 1.  Flow chart for inclusion of articles for meta-analysis.
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was newly included by manual search, resulting in a total of 
11 studies. [4,5,13-21] Among them, eight studies pertained 
to the treatment of colon cancer and rectal cancer patients 
with chemotherapy, and the other three pertained to the 
treatment of rectal cancer patients with neoadjuvant chemo-
therapy.

  
2. Data analysis

Thirty-five clinical neuropsychological tests were conduct-
ed across the five studies. To facilitate analysis, measures 
were rearranged into six domains: attention, executive func-
tion, processing speed, visuospatial processing, language, 
and memory. The memory domain comprised four sub-
domains: verbal, visuospatial, short-term, and long-term. 
Each test was rearranged according to its most frequently 
assigned domain based on a meta-analysis assessing how 
previous meta-analyses assigned neuropsychological tests to 
each domain (provided by Horowitz et al., 2019 [22]) (S1 Ta-
ble). This was done in order to classify the neuropsychologi-
cal measures into six domains.

Three studies included in the final analyses assessed cog-
nitive function by The European Organization for Research 
and Treatment of Cancer QLQ-C30 (EORTC-QLQ C30) scale. 
The EORTC-QLQ C30 scale is a scale that measures the qual-
ity of life of cancer patients undergoing clinical trials [23]. 
The EORTC-QLQ C30 version 3∙0 includes five functional 
subscales (physical, role, cognitive, emotional, and social) 
and nine symptom subscales. Results from cognitive sub-
scale was selected.

Overall cognitive function effect sizes were estimated with 
the standardized mean difference (SMD) method. We sub-
tracted the baseline score from the retest score and divided 
the difference by the pooled standard deviations to estimate 
the SMD. For studies that included more than one follow-up 
assessment, data from the first retest were used to minimize 
reductions in sample size. For five studies with objective 
neurocognitive function test results, since types of neurologi-
cal tests were different for each study, the effect size of each 
test result was pooled to estimate the SMDs and 95% confi-
dence intervals (95% CIs). For six studies, effect sizes were 
defined as SMDs for responses from the cognitive domain of 
quality of life (QoL) reports.

A meta-analysis using random and fixed effects models 
was conducted to pool the SMDs of each study and estimate 
the weighted average effect size. The Q and Higgins I2 sta-
tistics were calculated to evaluate the heterogeneity in the 
included studies [24]. To estimate the effect of differences in 
cancer stage, we conducted sensitivity analysis excluding 
the results from advanced colorectal cancer (Vardy et al. [5], 
metastatic and Mayrbaurl et al. [17]). Publication bias was 
visually assessed by plotting effect size against sample size 

(i.e., funnel plot). A subgroup analysis was conducted by 
stratifying studies according to two methods of assessing 
cognitive function: objective neurocognitive tests vs. sub-
jective QoL reports. An additional subgroup analysis was 
conducted for three studies in which rectal cancer patients 
received neoadjuvant concurrent chemoradiation therapy 
(CCRT). Additionally, as age is an important effect modifier 
of cognitive function, we conducted a meta-regression of the 
mean baseline population age versus effect size.

Quality assessment was conducted with the Newcastle-
Ottawa Scale (NOS) for prospective studies. The NOS is a 
convenient tool comprising four items for selection, one 
item for comparability, and three items for outcome [25]. The 
number of stars on each question represents the NOS grade. 
A maximum of one star can be given to each item, except the 
comparability item, allowing for a maximum of two stars. 
Thus, the maximum NOS grade is nine [25]. The strengths 
of the NOS are clear in the context of meta-analyses in psy-
chiatry. In this domain, diagnoses, responses, and outcomes 
are dependent on clinical evaluations [26]. Two independ-
ent researchers performed each assessment (SYH, BH). We 
conducted another sensitivity analysis excluding the results 
from articles with NOS scores of 5 or lower. All processes of 
data searching and analyzing were conducted in accordance 
of PRISMA protocol. 

 
Results

A pooled effect size was calculated based on 12 effect 
sizes from 11 studies. All studies included in the analyses 
were longitudinal prospective studies. Vardy et al. (2015) [5]  
reported on two subgroups: localized colorectal cancer pa-
tients and metastatic colorectal cancer patients, and the find-
ings of these two studies were analyzed as separate study 
estimates. Five studies, Cruzado et al. (2014) [4], Vardy et 
al. (2015) [5], Sales et al. (2019) [16], Andreis et al. (2013) 
[15], and Anstey et al. (2015) [13] measured cognitive func-
tion with clinical neuropsychological tests. Mayrbaurl et al. 
(2016) [17], Lee et al. (2016) [14], and Tsunoda et al. (2010) [18] 
used the EORTC-QLQ C30 Cognitive Functioning Scale to 
measure subjective cognitive function. Cruzado et al. (2014) 
[4] and Vardy et al. (2015) [5] also reported results from the 
EORTC-QLQ-C30 Cognitive Functioning Scale but only  
included neuropsychological test results (Table 1).

1. Study characteristics
In total, 696 patients—402 men (57.76%) and 294 women 

(41.67%)—participated in eight studies. The mean age was 
59.96 years; mean education duration was 11.31 years. The 
shortest follow-up period was approximately 6 months 

Cancer Res Treat. 2021;53(4):1134-1147

1136     CANCER  RESEARCH  AND  TREATMENT



Ta
bl

e 
1.

  S
tu

dy
 ch

ar
ac

te
ris

tic
s o

f t
he

 st
ud

ie
s i

nc
lu

de
d 

in
 th

is 
m

et
a-

an
al

ys
is

			



Fo

llo
w

	
A

ge
 (y

r)
,

St
ud

y	
St

ud
y	

N
o.

 o
f 	

-u
p	

m
ea

n±
SD

	
M

al
e,

 	E
du

ca
tio

n	
C

an
ce

r	
C

an
ce

r	
C

he
m

ot
he

ra
py

	
N

eu
ro

ps
yc

ho
lo

gi
ca

l	
C

ov
ar

ia
te

s	
N

O
S

	
de

si
gn

e	
in

iti
al

	
pe

ri
od

	
or

 m
ed

ia
n	

n 
(%

)	
(y

r)
	

si
te

	
st

ag
e	

re
gi

m
en

	
m

ea
su

re
m

en
t		


sc

or
e

		


pa
rt

ic
ip

an
ts

	
(m

o)
	

(r
an

ge
)

M
ai

n 
an

al
ys

is
   

 A
nd

re
is 

	
Pr

os
pe

ct
iv

e	
47

a)
	

6	
58

.6
8±

9.
62

	
16

	
9.

43
	

Co
lo

n 
(4

7)
	

3 
(4

7)
	

FO
LF

O
X4

 |
	

Cl
oc

k 
D

ra
w

in
g	

A
ge

,	
7

   
   

et
 a

l.	
st

ud
y				





(3

4.
04

)	
(3

.9
1)

			



  o

xa
lip

la
tin

 9
80

 	
  T

es
t, 

Re
y 

A
ud

ito
ry

	
  e

du
ca

tio
n,

   
   

(2
01

3)
 [1

5]
									













  (
36

4)
, 5

-F
U

 	
  V

er
ba

l L
ea

rn
in

g	
  s

ex
									













  1
9,

10
3 

(6
,8

40
), 

	
  T

es
t (

ca
ll/

re
ca

ll)
, 

									












  5

-F
U

 b
ol

us
 	

  R
ey

 C
om

pl
ex

									












  6

,7
45

 (2
,4

31
), 

	
  F

ig
ur

e, 
(c

op
y/

re
ca

ll)
									













  5
-F

U
 co

nt
in

uo
us

 	
  T

M
T 

A
, T

M
T 

B,
									













  i
nf

us
io

n 
14

,0
75

 
									













  (
4,

64
2)

, 
									













  n
. a

dm
in

ist
ra

tio
n 

									












  1

1.
42

 (1
.5

)
   

 V
ar

dy
 et

 a
l. 

	
Pr

os
pe

ct
iv

e	
17

3	
6	

57
.0

 (2
3-

75
)	

11
7	

13
.8

	
Co

lo
n 

(1
04

), 
	1

 (2
), 

	
A

dj
uv

an
t (

12
3)

,	
Cl

in
ic

al
 N

P 
Te

st
s	

A
ge

, s
ex

,	
9

   
   

(2
01

9)
 	

  s
tu

dy
				





(6

7.
63

)	
(3

.3
)	

  r
ec

tu
m

 (6
6)

	 
 2

 (4
6)

, 	
  n

eo
ad

ju
va

nt
 (4

6)
,	

  (
Le

tte
r-N

um
be

r t
es

t,	
  e

du
ca

tio
n,

   
   

(lo
ca

liz
ed

) 								











  3
 (1

25
)	

  u
nk

no
w

n 
(4

) |
  	

  D
ig

it 
sp

an
 te

st
,	

  t
im

e
   

   
[5

]									












  F

U
 (5

4)
, 		

  S
pa

tia
l S

pa
n 

te
st

,	
  b

et
w

ee
n

									












  o

xa
lip

la
tin

 (7
2)

, 	
  H

VL
T 

to
ta

l,	
  a

ss
es

sm
en

ts
,

									












  c

he
m

or
ad

ia
tio

n	
  H

VL
T 

de
la

ye
d,

	
  p

ra
ct

ic
e

									












  (

44
), 

m
iss

in
g 

(3
)	

  B
VM

T 
to

ta
l,	

  e
ffe

ct
											
















  B
VM

T 
de

la
ye

d,
 

   
 V

ar
dy

 et
 a

l. 
	

Pr
os

pe
ct

iv
e	

73
	

6	
55

.5
 (2

8-
75

)	
40

	
13

.7
	

Co
lo

n 
(5

4)
,	

3 
(4

),	
N

on
e (

1)
, F

U
 (4

),	
  D

ig
it 

Sy
m

bo
l t

es
t, 

   
   

(2
01

5)
	

  s
tu

dy
				





(5

4.
79

)	
(3

.4
)	

  r
ec

tu
m

 (1
6)

	 
 4

 (6
9)

	
  o

xa
lip

la
tin

 (3
6)

,	
  T

M
T 

A
, T

M
T 

B)
, 

   
   

(m
et

as
ta

tic
) 									













  c
he

m
or

ad
ia

tio
n 

(2
),	

  C
am

br
id

ge
 

   
   

[5
]									













  i
rin

ot
ec

an
 (2

0)
,	

  N
eu

ro
ps

yc
ho

lo
gi

ca
l 

									












  o

th
er

 (2
),	

  T
es

t A
ut

om
at

ed
 B

at
te

ry
 

									












  m

iss
in

g 
(4

)	
  (

CA
N

TA
B)

(C
on

tin
ue

d 
to

 th
e n

ex
t p

ag
e)

Soo Young Hwang, “Chemo-brain” in Colorectal Cancer

VOLUME 53 NUMBER 4 OCTOBER 2021     1137



Ta
bl

e 
1.

  C
on

tin
ue

d

			



Fo

llo
w

	
A

ge
 (y

r)
,

St
ud

y	
St

ud
y	

N
o.

 o
f 	

-u
p	

m
ea

n±
SD

	
M

al
e,

 	E
du

ca
tio

n	
C

an
ce

r	
C

an
ce

r	
C

he
m

ot
he

ra
py

	
N

eu
ro

ps
yc

ho
lo

gi
ca

l	
C

ov
ar

ia
te

s	
N

O
S

	
de

si
gn

e	
in

iti
al

	
pe

ri
od

	
or

 m
ed

ia
n	

n 
(%

)	
(y

r)
	

si
te

	
st

ag
e	

re
gi

m
en

	
m

ea
su

re
m

en
t		


sc

or
e

		


pa
rt

ic
ip

an
ts

	
(m

o)
	

(r
an

ge
)

   
 C

ru
za

do
 et

 a
l.	

Pr
os

pe
ct

iv
e	

81
	

6	
66

.9
6±

9.
52

	
50

	
6.

9	
   

   
   

-	
1 

(2
8)

,	
O

xa
lip

la
tin

 p
lu

s	
TM

T 
A

, T
M

T 
B,

	
A

ge
,	

6
   

   
(2

01
4)

 [4
] 	

  s
tu

dy
				





(6

1.
73

)	
(4

.1
)		


  2

 (5
3)

	
  5

-F
U

/l
eu

co
vo

rin
	

  I
nt

er
fe

re
nc

e s
co

re
	

  e
du

ca
tio

n,
									













  (
FO

LF
O

X4
) 	

  o
f t

he
 S

tro
op

 C
ol

or
	

  s
ex

									












  a

dj
uv

an
t C

T 
	

  a
nd

 W
or

d 
Te

st
,

									












  r

eg
im

en
 w

ith
in

 	
  D

ig
it 

Sy
m

bo
l t

es
t,

									












  6

 to
 8

 w
ee

ks
 	

  V
er

ba
l m

em
or

y
									













  p
os

t-s
ur

ge
ry

 |
 n

o.
	 

 su
bt

es
t o

f t
he

									












  o

f c
he

m
ot

he
ra

py
	

  B
ar

ce
lo

na
 te

st
									













  1
1.

80
 (0

.5
4)

, d
os

ag
e 	

  (
Im

m
ed

ia
te

/
									













  o
f o

xa
lip

la
tin

 	
  D

el
ay

ed
 m

em
or

y)
,

									












  m

g/
m

2  1
,0

03
.2

0	
  L

ur
ia

 M
em

or
y

									












  (

12
9)

, t
ot

al
 d

os
e o

f	
  W

or
ds

 T
es

t
									













  5
-F

U
 m

g/
m

2  
									













  2
1,

69
0 

(3
,7

44
)

   
 S

al
es

 et
 a

l. 
	

Pr
os

pe
ct

iv
e	

47
	

12
	

61
.1

±8
.8

	
30

	
7.

9	
   

   
   

-	
2 

(2
3)

,	
6 

cy
cl

es
 (6

 m
o)

 o
f	

H
VL

T,
 B

VM
T,

 D
ig

it	
A

ge
, s

ex
,	

8
   

   
(2

01
9)

 [1
6]

	
  s

tu
dy

				





(6
3.

83
)	

(3
.9

)		


  3
 (2

4)
	

  5
-F

U
, l

eu
co

vo
rin

	
  s

pa
n-

fo
rw

ar
d,

  	
  e

du
ca

tio
n,

									












  w

ith
 o

r w
ith

ou
t	

  T
M

T 
A

, T
M

T 
B,

 	
  d

ep
re

ss
iv

e
									













  o
xa

lip
la

tin
	

  D
ig

it 
sy

m
bo

l t
es

t, 
	

  s
ym

pt
om

s
											
















  D
ig

it 
sp

an
 	

  a
t b

as
el

in
e

											















  (

ba
ck

w
ar

ds
), 

											















  S

em
an

tic
 v

er
ba

l 
											
















  fl
ue

nc
y 

(a
ni

m
al

s)
, 

											















  S

tro
op

 C
 te

st
, 

											















  P

ho
ne

m
ic

 v
er

ba
l 

											















  fl

ue
nc

y
   

 A
ns

te
y 

et
 a

l.	
Pr

os
pe

ct
iv

e	
20

	
48

	
-	

-	
-	

   
   

   
-	

   
 -	

   
   

   
   

   
-		

TM
T 

A
, T

M
T 

B,
 	

U
na

dj
us

te
db)

	
6

   
   

(2
01

5)
 [1

3]
	

  s
tu

dy
										














  C

al
ifo

rn
ia

 V
er

ba
l 

											















  L

ea
rn

in
g 

Te
st

 
											
















  (
Im

m
ed

ia
te

/D
el

ay
ed

), 
											
















  S
ym

bo
l-D

ig
it-

M
od

al
ity

 
											
















  t
es

t, 
Si

m
pl

e/
ch

oi
ce

 
											
















  r
ea

ct
io

n 
tim

e, 
Ve

rb
al

 
											
















  F
lu

en
cy

 (F
 w

or
ds

, 
											
















  A
 w

or
ds

)

(C
on

tin
ue

d 
to

 th
e n

ex
t p

ag
e)

Cancer Res Treat. 2021;53(4):1134-1147

1138     CANCER  RESEARCH  AND  TREATMENT



Ta
bl

e 
1.

  C
on

tin
ue

d

			



Fo

llo
w

	
A

ge
 (y

r)
,

St
ud

y	
St

ud
y	

N
o.

 o
f 	

-u
p	

m
ea

n±
SD

	
M

al
e,

 	E
du

ca
tio

n	
C

an
ce

r	
C

an
ce

r	
C

he
m

ot
he

ra
py

	
N

eu
ro

ps
yc

ho
lo

gi
ca

l	
C

ov
ar

ia
te

s	
N

O
S

	
de

si
gn

e	
in

iti
al

	
pe

ri
od

	
or

 m
ed

ia
n	

n 
(%

)	
(y

r)
	

si
te

	
st

ag
e	

re
gi

m
en

	
m

ea
su

re
m

en
t		


sc

or
e

		


pa
rt

ic
ip

an
ts

	
(m

o)
	

(r
an

ge
)

   
 M

ay
rb

au
rl 

	
Pr

os
pe

ct
iv

e	
10

0	
3	

66
.4

±1
0.

6	
60

	
-	

   
   

  -
	

A
dv

an
ce

d	
Fi

rs
t-l

in
e p

al
lia

tiv
e 	

  E
O

RT
C-

Q
LQ

	
   

   
  -

	
4

   
   

et
 a

l. 
(2

01
6)

	
  s

tu
dy

		


cy
cl

es
c)
		


(6

0)
			




  c
ol

or
ec

ta
l	

  7
3 

(F
U

 F
A	

  C
30

 C
og

ni
tiv

e
   

   
[1

7]
								











  c

an
ce

r	
  o

xa
lip

la
tin

 1
6.

7%
, 	

  f
un

ct
io

ni
ng

									












  F

U
 le

uc
ov

or
in

 5
.3

%
, 

									












  F

U
 F

A 
iri

no
te

ca
n

									












  p

an
itu

m
um

ab
 1

5.
3%

,
									













  F
U

 F
A 

ox
al

ip
la

tin
 

									












  b

ev
ac

iz
um

ab
 1

2.
5%

) 
									













Se
co

nd
-li

ne
 p

al
lia

tiv
e 

									












  6

3 
(F

U
 F

A 
iri

no
te

ca
n 

									












  1

8.
3%

, p
an

itu
m

um
ab

 
									













  1
5%

, F
U

 F
A 

iri
no

te
ca

n 
									













  c
et

ux
im

ab
 11

.7
%

, 
									













  F
U

 F
A 

ox
al

ip
la

tin
 

									












  b

ev
ac

iz
um

ab
 1

0%
) 

									












Th

ird
-li

ne
 o

r m
or

e 
									













  p
al

lia
tiv

e 4
7 

									












  (

pa
ni

tu
m

um
ab

 1
7.

6%
, 

									












  F

U
 F

A 
be

va
ci

zu
m

ab
 

									












  1

7.
6%

, F
U

 F
A 

									












  o

xa
lip

la
tin

 1
2.

2%
, 

									












  F

U
 F

A 
ox

al
ip

la
tin

 
									













  b
ev

ac
iz

um
ab

 9
.5

%
)

   
 L

ee
 et

 a
l. 

	
Pr

os
pe

ct
iv

e 	
56

	
6	

59
.5

±1
1.

5	
31

	
N

on
e 8

 	
Re

ct
al

 (5
6)

	
2 

(1
6)

,	
6 

cy
cl

es
 o

f	
EO

RT
C-

Q
LQ

	
   

   
  -

	
4

   
   

(2
01

6)
 [1

4]
	

  s
tu

dy
		


cy

cl
es

c)
		


(5

5.
36

)	
 el

em
en

ta
ry

 	
  3

 (4
0)

,	
  F

O
LF

O
X		

  C
30

 C
og

ni
tiv

e
						








  s

ch
oo

l 1
7 

	
  4

 (9
)			




  f
un

ct
io

ni
ng

						








  m
id

dl
e 

						








  s
ch

oo
l 1

0 
						








  h

ig
h 

sc
ho

ol
 

						








  1
1 

co
lle

ge
 

						








  o
r m

or
e 1

0 
						








  (

pe
op

le
)

(C
on

tin
ue

d 
to

 th
e n

ex
t p

ag
e)

Soo Young Hwang, “Chemo-brain” in Colorectal Cancer

VOLUME 53 NUMBER 4 OCTOBER 2021     1139



Ta
bl

e 
1.

  C
on

tin
ue

d

			



Fo

llo
w

	
A

ge
 (y

r)
,

St
ud

y	
St

ud
y	

N
o.

 o
f 	

-u
p	

m
ea

n±
SD

	
M

al
e,

 	E
du

ca
tio

n	
C

an
ce

r	
C

an
ce

r	
C

he
m

ot
he

ra
py

	
N

eu
ro

ps
yc

ho
lo

gi
ca

l	
C

ov
ar

ia
te

s	
N

O
S

	
de

si
gn

e	
in

iti
al

	
pe

ri
od

	
or

 m
ed

ia
n	

n 
(%

)	
(y

r)
	

si
te

	
st

ag
e	

re
gi

m
en

	
m

ea
su

re
m

en
t		


sc

or
e

		


pa
rt

ic
ip

an
ts

	
(m

o)
	

(r
an

ge
)

   
 T

su
no

da
 et

 a
l. 

	P
ro

sp
ec

tiv
e	

99
	

7	
65

±1
0	

58
	

   
   

  -
	

Co
lo

n 
(5

9)
, 	

2 
(4

9)
,	

O
ra

l u
ra

ci
l/

	
EO

RT
C-

Q
LQ

	
   

   
 -	

5
   

   
(2

01
0)

 [1
8]

	
  s

tu
dy

				





(5
8.

59
)		


  r

ec
ta

l (
40

)	
  3

 (5
0)

	
  t

eg
af

ur
e d

os
e 	

  C
30

 C
og

ni
tiv

e
									













  3
00

 m
g/

m
2 /d

ay
, 	

  f
un

ct
io

ni
ng

									












  o

ra
l l

eu
co

vo
rin

 
									













  d
os

e o
f 7

5 
m

g/
da

y 
									













  o
n 

da
ys

 1
-2

8,
  

									












  f

ol
lo

w
ed

									












  b

y 
a 

7-
da

y 
re

st
 

									












  (

35
 d

ay
s/

cy
cl

e 
									













  ×
5 

cy
cl

es
)

Su
bs

id
ia

ry
 a

na
ly

si
s

   
 C

ou
w

en
be

rg
 	

Pr
os

pe
ct

iv
e	

13
4	

3	
64

	
93

 	
   

   
  -

	
Re

ct
al

 (1
34

)	
cT

2 
(1

6)
,	

   
   

   
   

   
-		

EO
RT

C-
Q

LQ
	

   
   

 -	
6

   
   

et
 a

l. 
(2

01
8)

	
  s

tu
dy

			



(3

8-
83

)	
(6

9.
4)

			



  c

T3
 (1

04
),			




  C
30

 C
og

ni
tiv

e
   

   
(L

A
R)

 [1
9]

								











  c
T4

 (1
4)

,			



  f

un
ct

io
ni

ng
								











  c

N
0 

(1
6)

, 
								











  c

N
1 

(5
5)

, 
								











  c

N
2 

(6
3)

,
								











  c

M
0 

(1
21

),
								











  c

M
1 

(1
2)

								











  M
 st

ag
e 

								











  u
nk

no
w

n 
(1

)
   

 C
ou

w
en

be
rg

 	
Pr

os
pe

ct
iv

e	
11

9	
3	

66
	

91
	

   
   

  -
	

Re
ct

al
 (1

19
)	

cT
1 

(1
),	

   
   

   
   

   
-		

EO
RT

C-
Q

LQ
	

   
   

 -
   

   
et

 a
l. 

(2
01

8)
	

  s
tu

dy
			




(2
6-

87
)	

(7
6.

5)
			




  c
T2

 (1
5)

,			



  C

30
 C

og
ni

tiv
e

   
   

(A
PR

) [
19

]								











  c
T3

 (8
3)

,			



  f

un
ct

io
ni

ng
								











  c

T4
 (2

0)
, 

								











  c
N

0 
(2

1)
, 

								











  c
N

1 
(5

1)
, 

								











  c
N

2 
(4

7)
, 

								











  c
M

0 
(1

13
), 

								











  c
M

1 
(4

),
								











  M

 st
ag

e 
								











  u

nk
no

w
n 

(2
) 

(C
on

tin
ue

d 
to

 th
e n

ex
t p

ag
e)

Cancer Res Treat. 2021;53(4):1134-1147

1140     CANCER  RESEARCH  AND  TREATMENT



(range, 3 to 48 months) for five studies. The more common 
cancer among patients was colon cancer (59.7%). The most 
prevalent stage was stage 3 (49.6%), followed by stage 2 
(32.0%), and stage 4 (13.3 %). The most frequent chemother-
apy agents used were oxaliplatin, 5-FU, and irinotecan; the 
most common chemotherapy regimen was FOLFOX/FOL-
FOX4. Studies included in the main analyses were conducted 
on locally advanced stage colorectal cancer patients, except 
for Vardy et al. [5] (stage 3 and 4) and Mayrbaurl et al. [17] 
(advanced colorectal cancer). Both studies did not show sig-
nificant results in accordance of cancer stages. The follow-up 
period between cognitive function assessments were most-
ly 6 months [4,5,15] except for Sales et al. [16] (12 months),  
Anstey et al. [13] (48 months), Mayrbaurl et al. [17] (3  
cycles, which is about 3 months) and Tsunoda et al. [18]  
(7 months). There was no apparent association between 
follow-up period and effect size (β=–0.007, p=0.297). NOS 
scores of studies which utilized EORTC-QLQ C30 scales 
ranged from 4 to 5, which were significantly lower compared 
to the score range of 6 to 9 in studies with objective tools for 
cognitive function assessment (Table 1).

2. Effect sizes of overall cognitive function
Table 2 and Fig. 2 shows the standardized mean effect sizes 

calculated using fixed and random effects models. Results  
from random effects model did not support cognitive  
impairment after chemotherapy (SMD, 0.003; 95% CI, –0.219 
to 0.249). Overall heterogeneity of the studies was moder-
ately high (Higgins I2=60%). 

Results from the subgroup analyses showed no cogni-
tive impairments both in studies with objective cognitive 
function assessment (SMD, 0.000; 95% CI, –0.093 to 0.093) 
and studies with subjective cognitive function (SMD, 0.015; 
95% CI, –0.219 to 0.249) were both insignificant. Studies that 
measured subjective cognitive function with the EORTC-
QLQ C30 showed higher variance in scores. 

3. Publication bias
Fig. 3 shows the Funnel plot of eight studies that are  

included in the final analyses. Egger’s test, used to assess  
publication bias, showed no indications of asymmetry 
(p=0.277) (Fig. 3). We concluded that there was no evidence 
for publication bias.

4. Results by cognitive function domains
Clinical neuropsychological tests were divided into six 

cognitive domains, with the memory domain further divid-
ed into four sub-domains. The SMDs (95% CI) of the four 
domains showed significant results, with a mild increase in 
cognitive function: processing speed (SMD, 0.101; 95% CI, 
0.007 to 0.196); visuospatial processing (SMD, 0.141; 95% CI, Ta
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0.020 to 0.261); verbal memory (SMD, 0.156; 95% CI, 0.002 to 
0.310); and visuospatial memory (SMD, 0.216; 95% CI, 0.070 
to 0.363) (Table 3). Visuospatial memory showed a positive 
and small effect size, while the processing speed, visuospa-
tial processing, and verbal memory domains showed a posi-
tive effect size that was negligible [27]. 

5. Age and cognitive impairment
The estimated regression coefficients for the effect of age 

on SMDs were statistically significant (β=–0.016, p < 0.001) 
(Fig. 4). Although the baseline characteristics of the cohort 
of Anstey et al. (2015) [13], has not been included, the cohort 
was comprised adults aged ≥ 60 years and showed a nega-
tive overall effect size.

6. Sensitivity analyses
Results from sensitivity analysis without results from  

advanced colorectal cancer was not significantly different 
compared to main analysis (random effects model: SMD, 
0.005; 95% CI, –0.087 to 0.097) (S2 Fig.). Meta-regression 
from this scenario also provided consistent results with main 
meta-regression (β=–0.016, p=0.001) (S3 Fig.). In sensitiv-
ity analysis without results from studies with NOS of 5 or 
lower, merged effect of chemotherapy on cognitive function 
did not differ from main analysis as well (random effects 

model: SMD, 0.000; 95% CI, –0.093 to 0.093) (S4 Fig.). Meta-
regression from this scenario was also similar to that of main 
analysis (β=–0.017, p < 0.001) (S5 Fig.).

7. Chemotherapy and CCRT
The results of the three studies on rectal cancer patients 

receiving neoadjuvant CCRT are presented in S6 Table. These 
studies employed the EORTC-QLQ C30 Cognitive Function-
ing Scale. Results from the three additional studies were 
also insignificant (–0.321 [–0.776 to 0.133]). The three studies 
showed high heterogeneity (Higgins I2=79%). 

Discussion

Overall, chemotherapy had a negligible positive effect on 
the neurocognitive functions of colorectal cancer patients. 
The domains of visuospatial memory, verbal memory, pro-
cessing speed, and visuospatial processing showed impro-
vements in function, with negligible to small effect sizes. 
Several potential moderators were analyzed to identify the 
factors responsible for the previously observed discrepancies 
in study results. Age was found to moderate the effects of 
chemotherapy on cognitive function.

The observed slight improvement in cognitive function 

Table 2.  Standardized mean differences for changes in neurocognitive function after chemotherapy in colorectal cancer patients (n=696)

	 No. of initial 	 Follow-up 	
Male (%)	 SMD	 95% CI	 p-value

	 participants	 (mo)

Objective
    Andreis et al. [15]	 47	   6	 34.0	 0.023	 –0.094 to 0.140	 0.697
    Vardy et al. [5], localized 	 173	   6	 67.6	 0.057	 0.011 to 0.102	 0.016
    Vardy et al. [5], metastatic	 73	   6	 54.8	 0.060	 –0.006 to 0.126	 0.075
    Cruzado et al. [4]	 81	   6	 61.7	 –0.173	 –0.289 to –0.057	 0.003
    Sales et al. [16]	 47	 12	 63.8	 0.099	 –0.009 to 0.207	 0.074
    Anstey et al. [13]	 20	 48	 N/A	 –0.164	 –0.387 to 0.060	 0.151
    Subtotal (I2=73%)	 441					   
        Fixed				    0.037	 0.004 to 0.069	 0.026
        Random				    0.000	 –0.093 to 0.093	 0.998
Subjective						    
    Mayrbaurl et al. [17]	 100	 3 cyclesa)	 60.0	 –0.214	 –0.606 to 0.178	 0.286
    Lee et al. [14]	 56	 6 cyclesa)	 55.4	 0.104	 –0.267 to 0.475	 0.583
    Tsunoda et al. [18]	 99	   7	 58.6	 0.098	 –0.169 to 0.217	 0.324
    Subtotal (I2=0%)	 255					   
        Fixed				    0.024	 –0.170 to 0.217	 0.094
        Random				    0.015	 –0.219 to 0.249	 0.601
    Total (I2=60%)	 696					   
        Fixed				    0.036	 0.005 to 0.068	 0.025
        Random	  	  	  	 0.003	 –0.219 to 0.249	 0.939
CI, confidence interval; SMD, standardized mean difference. a)One cycle ≈ one month in average.
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among patients after chemotherapy is inconsistent with the 
results of previous meta-analyses [3,28-34]. This inconsist-
ency may be due to the fact that previous meta-analyses  
focused on cross-sectional studies, while our study is limited 
to prospective studies. A meta-analysis of 44 longitudinal 

studies primarily investigating testicular and breast cancer 
showed improvement, supporting our results [35]. Effect 
sizes in this meta-analysis were small to moderate in size, 
especially in domains such as memory (verbal memory, 
visuospatial memory, and short-term memory), attention, 
and language [35]. The difference in study design leads to 
two subsequent disparities. First, in longitudinal studies, the 
“practice effect,” an increase in a participant’s cognitive test 
score due to repetition, is a variable that could complicate 
the interpretation of cognitive test results [36-39]. Repeti-
tion of verbal memory tests along with tests of psychomo-
tor speed, executive function, and language [40], has been 
shown to produce practice effects [41]. And only one study 
[5] included in our analysis adjusted for this practice effect. 
Also, in cross-sectional designs, noted significant cognitive 
impairment in those receiving chemotherapy are relative 
to healthy controls or cancer patients who had not received 
any treatment. Our meta-analysis examined only longitudi-
nal studies with repeated assessments, which could lead to 
direct changes in cognitive function after the treatment [42]. 

Fig. 2.  Standardized mean differences for changes in neurocognitive function after chemotherapy in colorectal cancer patients (n=706). CI, 
confidence interval; SMD, standardized mean difference.
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In addition to chemotherapy, several factors associated 
with cancer itself can affect cognitive impairment in cancer 
patients, such as the psychosocial distress associated with 
a cancer diagnosis and the general weakness and fatigue 
caused by both the disease and treatment [43]. Cruzado 
et al. [4] and Vardy et al. [5] demonstrated that more than 
one-third of the patients experience substantial cognitive 
impairment just after a colorectal cancer diagnosis but prior 
to chemotherapy. Furthermore, undergoing surgery or local 
therapy before chemotherapy may act as a confounding vari-
able in the measurement of cognitive impairment [44]. Our 
results of the subsidiary analysis show the effects of differ-
ent cancer treatments on cognitive function. Three studies 
included in the subsidiary analysis measured the neurocog-
nitive functions of rectal cancer patients before and after neo-
adjuvant chemoradiation therapy. Two prospective studies 
out of the three included had 324 rectal cancer patients of 

the Dutch multicenter Prospective Data Collection Initiative 
on Colorectal Cancer (PLCRC) cohort [19] and 29 patients 
with mid-to-distal rectal cancer from the Institute of Cancer 
of the State of Sao Paublo [20] who underwent surgery, such 
as total mesorectal excision with abdominoperineal resec-
tion or lower anterior resection, between measurements. The 
maximal treatment interventions had a moderate effect size 
(SMD, –0.374; 95% CI, –0.494 to –0.25; p < 0.001) on subjec-
tive cognitive impairment. This is in contrast to our main 
analysis, which only examined the effects of chemotherapy. 
Therefore, neurocognitive deficits experienced by cancer  
patients can result not only from chemotherapy but also from 
a multitude of factors involved in the course of treatment. 

In addition, there are notable differences in the results 
between colorectal cancer and breast cancer patients. This 
may be due to differences in chemotherapy regimens. Breast 
cancer regimens generally consist of anthracyclines (doxoru-
bicin, epirubicin) and/or taxanes (paclitaxel, docetaxel) [45]. 
In contrast, colorectal cancer chemotherapy regimens main-
ly consist of 5-FU and oxaliplatin [6]. Although 5-FU and  
oxaliplatin, used individually or in combination, may cause 
several cognitive impairments including memory deficits in 
rodent models [8,46,47], our results suggest that this effect 
may be minimal in humans. 

A novel finding from our systematic review is that age can 
act as an important moderator in the relationship between 
chemotherapy and cognitive function. Research studies 
have consistently shown that only a subgroup of patients 
showed chemotherapy-induced cognitive impairment. This 
effect has been associated with age, cognitive functioning, 
and premorbid cognitive impairment [48]. Older breast can-
cer patients with lower baseline cognitive reserves showed  

Table 3.  Standardized mean differences for changes in neurocognitive function after chemotherapy in colorectal cancer patients, by cogni-
tive function domain (n=441)

Cognitive function domain	 No. of studies
	 No. of study  	

SMD	 95% CI	 I2

		  population

Attention	 6	 441	 –0.017	 –0.098 to 0.063	 < 0.001
Executive function	 6	 441	 0.060	 –0.088 to 0.207	 25.6
Processing speed	 5	 393	 0.101	 0.007 to 0.196	 < 0.001
Visuospatial processing	 3	 303	 0.141	 0.020 to 0.261	 < 0.001
Language	 1	   47	 0.025	 –0.261 to 0.311	 < 0.001
Memory	 6	 441	 0.036	 –0.048 to 0.121	 57
    Verbal memory	 3	 374	 0.156	 0.002 to 0.310	 18.2
    Visuospatial memory	 4	 340	 0.216	 0.070 to 0.363	 < 0.001
    Short-term memory	 6	 441	 0.005	 –0.133 to 0.143	 49.9
    Long-term memory	 5	 393	 –0.076	 –0.244 to 0.091	 71.6
Overall, fixed	 6	 441	 0.037	 0.004 to 0.069	 73
Overall, random	 6	 441	 0.000	 –0.093 to 0.093	 73
CI, confidence interval; SMD, standardized mean difference. 

Fig. 4.  Meta-regression plots for mean age of participant versus 
standardized mean difference.
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diminished performance in processing speed and verbal 
ability domains when exposed to chemotherapy [11]. Our 
finding that age is negatively associated with the degree of 
cognitive impairment supports the hypothesis that age may 
be a characteristic factor of the vulnerable subgroup. As pre-
vious meta-analyses did not identify an association between 
age and chemotherapy-induced cognitive impairment [3,28-
34], we believe that our findings can address this knowledge 
gap.

Though several mechanisms associated with chemothera-
py-induced cognitive impairment have been suggested, our 
results support the “accelerated aging hypothesis,” which 
posits that chemotherapy leads to early onset frailty, and 
patients who undergo chemotherapy show a steeper decline 
in cognitive function [43,49]. Chemotherapy accelerates the 
shortening of telomeres and has long-term implications,  
including the accumulation of DNA damage or free-radical 
damage and an overall decline in immune/neuroendocrine 
function [49,50]. These aging-related biological factors are 
also risk factors for dementia and other neurodegenerative 
diseases. 

Our meta-analyses were conducted on longitudinal stud-
ies in order to measure the effect of chemotherapy exclu-
sively [42]. Applying the SMD method which calculated the 
baseline and shortest follow-up results supports this inten-
tion. We were also able to merge the results of cognitive func-
tion tests based on various subgroups with overall cognitive 
function. This allowed us to compare the results of objective 
vs. subjective cognitive function, objective cognitive function 
in various cognitive domains, and the main analyses with 
the pooled results of a separate group comprised of rectal 
cancer patients receiving neoadjuvant chemotherapy. Lastly, 
to identify the cause of heterogeneity, we were able to dem-
onstrate the relationship between age and cognitive impair-
ment through a separate meta-regression analysis.

However, we are aware of several limitations of this study. 
As discussed above, most of the studies included in the anal-
yses did not consider the practice effects associated with the 
assessments. Tests on cognitive functions are more suscepti-
ble to practice effects especially when test-retest intervals are 
short [51]. Additionally, it was difficult to estimate the dif-
ferences in cognitive effect by chemotherapy regimen, since 
studies we have reviewed did not distinguish the effects of 
each chemotherapy regimen. Although we standardized the 
effect sizes by estimating the SMDs, caution is required while 
interpreting such results.

In conclusion, results from our meta-analyses did not show 
profound evidence supporting cognitive decline after chem-
otherapy in colorectal cancer patients in general, but we were 
able to detect the vulnerability of the older colorectal cancer 
patients to cognitive decline after cancer treatment. Our find-

ings also suggest that providing preventive measures and 
rehabilitation programs for high-risk patients can reduce the 
cognitive risks of chemotherapy in colorectal cancer [9,10]. 
We believe that our findings provide a valuable perspec-
tive on “chemo-brain” in colorectal cancer patients. Further  
investigation is needed to verify the effect of chemotherapy 
in each cognitive domain and the relationship between age 
and chemotherapy-induced cognitive impairment.
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