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A B S T R A C T

Background: The management of locally advanced rectal cancer (RC) is an evolving clinical field where the
multidisciplinary approach can reach its best, and liquid biopsy for obtaining tumor-derived component such as
circulating tumor DNA (ctDNA) might provide complementary informations.
Methods: A systematic review of studies available in literature of liquid biopsy in non-metastatic RC has been
performed according to PRISMA criteria to assess the role of ctDNA as a diagnostic, predictive and prognostic
biomarker in this setting.
Results: Twenty-five publications have been retrieved, of which 8 full-text articles, 7 abstracts and 10 clinical
trials. Results have been categorized into three groups: diagnostic, predictive and prognostic. Few but promising
data are available about the use of liquid biopsy for early diagnosis of RC, with the main limitation of sensitivity
due to low concentrations of ctDNA in this setting. In terms of prediction of response to chemoradiation, still
inconclusive data are available about the utility of a pre-treatment liquid biopsy, whereas some studies report a
positive correlation with a dynamic (pre/post-treatment) monitoring. The presence of minimal residual disease
by ctDNA was consistently associated with worse prognosis across studies.
Conclusions: The use of liquid biopsy for monitoring response to chemoradiation and assess the risk of disease
recurrence are the most advanced potential applications for liquid biopsy in RC, with implications also in the
context of non-operative management strategies.

Background

Colorectal cancer (CRC) is one of the most diagnosed cancers
worldwide, with 1.84 million estimated new cases in 2018 [1]. About
25–30% of all colorectal cancer diagnoses accounts for rectal cancer
(RC) [2]. In the European Union, the incidence of RC is ~125,000 per
year, i.e. ~35% of the total colorectal cancer incidence, reflecting
15–25 cases/100 000 population per year and is predicted to further
increase in both genders. The mortality is 4–10/100 000 population per
year, with a median age at diagnosis of ~70 years [3].

The rectum and colon have a different embryological origin, anatomy
and function [4]. RC has thus distinctive clinical features as compared to
colon cancer, with an increased risk of local spread and recurrence. As a
consequence, the treatments for primary rectal and colon cancer are dif-
ferent [5]. The incidence of RC has been decreasing as the increasingly

spread use of screening allows for identification and endoscopic removal of
premalignant lesions [6]; however, several recent studies have shown an
increase in incidence of rectal cancers among young people [7].

The treatment landscape in RC paralleled that of colon cancer and
has evolved over the last decade following the approval of several
targeted therapies for the advanced disease, leading to improvements in
tumor response rates and patient survival [8,9]. However, progresses in
medical treatment in the metastatic setting have been mainly incre-
mental despite considerable advances in the knowledge of tumor
biology [10]. In this regard, primary tumor location (right-sided or left-
sided of the colorectum) has been identified as a surrogate marker for
underlying molecular classification, with differences in a continuum
spectrum between colon and rectal carcinomas [11].

In the non-metastatic setting, operative approaches such as -
transanal endoscopic microsurgery, open and laparoscopic proctectomy
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[12] are effective in earlier stages, while a trimodality treatment (pre-
operative chemoradiation therapy (CRT), surgery with total mesorectal
excision (TME) followed by adjuvant chemotherapy when re-
commended) is the standard of care for locally advanced RC patients. A
significant risk of distal recurrence is present in rectal tumors radically
operated in particular within the first 5 years for stages II and III of
Dukes at around 30% and 50%, respectively, probably caused by the
presence of micrometastatic spread [6]. A pooled analysis of five Eur-
opean randomized controlled trials demonstrated that the 5-year dis-
tant metastasis rate was 30.8% in 2.759 recruited patients [3]. An in-
creasing number of reports suggested that a non-operative management
(NOM), consisting of close surveillance of patients with clinical com-
plete response (cCR) after chemoradiotherapy, could be an acceptable
alternative to rectal surgery (proctectomy). Led by small prospective
series published since the late 90’s by Habr-Gama and colleagues
[13,14], several international series have reported similar oncologic
outcomes in cCR patients followed by close active surveillance (the so-
called watch-and-wait (W&W) or NOM approach) compared to those
treated with radical surgery [15,16]. More recently, the International
Watch & Wait Database (IWWD) described the outcome of the W&W
strategy in a large-scale registry of more than 1000 patients, reporting
excellent survival and small risk of local unsalvageable disease recur-
rence [17]. Despite the body of retrospective literature is greatly in-
creasing, key knowledge gaps limiting widespread use of W&W/NOM
remain, and clinical studies aimed at identifying patients who are good
candidates for this approach are ongoing [18].

Follow-up supported by clinical examinations, imaging and en-
doscopies aims to improve prognosis by early detection of local or
distant recurrence. Isolated carcinoembryonic antigen (CEA) mon-
itoring is insufficiently sensitive. The analysis of serum protein levels,
such as CEA, allows a fast and cost-effective method to quantify cancer
progress, but it’s distorted by limited sensitivity and specificity, in
particular during treatment courses due to inflammation and discharge
of protein in the bloodstream. Moreover, a portion of patients with
metastatic RC does not show visible plasmatic CEA levels during the
disease [19,20].

The management of RC is an evolving clinical field where the
multidisciplinary approach can reach its best and the ability to discern
patients at low risk from those at high risk of recurrence is the pre-
requisite for the most appropriate treatment choice. With this regard,
liquid biopsy for obtaining tumor-derived component such as circu-
lating tumor DNA (ctDNA) or circulating tumor cells (CTCs) might
provide crucial complementary information at the diagnosis of RC and
in different moments during its treatment. Liquid biopsies may indeed
represent a precious basin of new generation biomarkers [21,22] and
are being evaluated also in RC for diagnosis, treatment choice, mon-
itoring disease response, tracking acquired mutations linked to targeted
therapy resistance, and detecting minimal residual disease.

The aim of this systematic review is to assess the role of ctDNA as a
diagnostic, predictive and prognostic biomarker in non-metastatic RC.

Methods

Definition of the outcome

The purpose is to evaluate the current clinical potential of liquid
biopsy, in particular cell-free DNA (cfDNA)/circulating tumor DNA
(ctDNA), in non-metastatic RC patients.

Data source and search strategy

A systematic literature review was performed according to PRISMA
Statement Criteria [23,24] in June 2019. The PubMed database was
systematically reviewed as of June 11th, 2019 and all retrieved studies
were manually screened for relevant references missed in the primary
search. Unpublished data presented as abstract in relevant international

congresses [American Society of Clinical Oncology (ASCO), European
Society of Medical Oncology (ESMO)] were also systematically sear-
ched for. Furthermore, ongoing clinical trial exploring the value of li-
quid biopsy in non-metastatic rectal cancer were searched on clinical-
trial.gov. The decision to include a study for review was made by
consensus between two authors (EGP and DM). The research criteria
were limited to human studies published only in English language. The
Medical Subject Heading terms used for the search were (“rectal” or
“rectum” or “LARC”) and (“liquid biopsy” or “ctDNA” or “cfDNA” or
“circulating tumor DNA” or “circulating free DNA” or “methylated
DNA” or “DNA methylation”).

Main study inclusion criteria:

● Involved the measurement of cfDNA/ctDNA in plasma/serum in
patients with RC;

● Diagnosis, treatment response and/or survival data collected and
correlated with cf/ctDNA.

Study exclusion criteria:

● Involved patients with metastatic RC;
● Involved patients with CRC without mention about the tumor lo-

cation.

Results

A total of 838 records were screened to be included in the sys-
tematic review (Fig. 1). According to selection criteria, we identified 8
records found through database searching (PUBMED) and 17 through
other sources (ESMO, ASCO, Clinicaltrial.gov).

As a result, 25 records were eligible and included in the systematic
review: 8 full-text articles studies, 7 abstracts presented at international
congresses, and 10 ongoing ctDNA clinical trials.

We subdivided our results into 3 categories according to the in-
vestigated role of ctDNA/cfDNA or methylated DNA: diagnostic, pre-
dictive of treatment response and prognostic (in terms of disease re-
currence or survival) (Fig. 2). Finally, we provide a summary of
published or presented works (Table 1) and of ongoing trials (Table 2).

cfDNA and ctDNA as diagnostic tool

In 2011 an Italian group evaluated the ability of cfDNA to dis-
criminate healthy patients (plasma samples collected after a negative
colonoscopy) from patients with RC. Through quantitative PCR (using
Alu 115, Alu 147 and β-globin gene), they found that the baseline level
of cfDNA was significantly higher in RC patients than in healthy in-
dividuals [25].

A Chinese group also observed higher concentration of cfDNA in RC
than in healthy individuals, where mutated KRAS and methylated
MGMT were not detected. Moreover, the ratio of 400-/100-bp DNA
fragments (an index of cfDNA integrity) was higher in RC patients than
in healthy controls, in which cfDNA is considered to originate mainly
from apoptotic process of normal cells [26].

Shalaby et al. highlighted the capacity of MGMT and ERCC1 me-
thylation status to distinguish benign and malignant rectal tumors. The
study was performed in blood and tissue of 43 benign and 50 malignant
rectal tumors patients. They observed a significant higher frequency of
MGMT and ERCC1 methylation in RC patients than in cases with benign
tumors, both in tissue and blood samples (sensitivity around 60% and
specificity of 93–95% for each gene on plasma). The combination of
MGMT and ERCC1 methylation reached a specificity for differentiation
between benign and malignant rectum tumor of 100% in blood sam-
ples, with a sensitivity of 32% [27].

More recently, Zhang et al. observed that both colon and RC could
be detected by ctDNA, with the latter having lower median plasma
cfDNA concentrations than colon cancer patients (14.2 ng/ml vs.
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8.94 ng/ml). The study was conducted on 29 patients, including 10
with RC. For each patient, a freshly frozen tissue sample was collected
during surgery and the plasma obtained was analyzed using an 85-gene
panel, with a mutation concordance rate between ctDNA and tissue of

70% in all patients, lower in the subgroup of RC patients (5/10, 50%)
[28].

At the present time, one clinical trial is exploring the feasibility of
ctDNA as a detection index for RC (Table 2).

cfDNA and ctDNA as tool to predict treatment response

Different groups analyzed the role of cf/ctDNA as a tool to monitor
treatment response after CRT in locally-advanced rectal cancer (LARC).
In 2008, Zitt and colleagues [29] observed for the first time a correla-
tion between the concentration of cfDNA and clinical response after
surgery (not after neoadjuvant CRT) in 26 patients: responders ex-
hibited a reduction in cfDNA level, while non-responders showed an
incremented cfDNA [29].

Agostini et al. analyzed cfDNA on 67 LARC patients before and after
neoadjuvant CRT, before surgery. Levels of longer fragments of cfDNA
were reduced in responsive patients (tumor regression grade (TRG) 1–2,
according to the Mandard score) compared to non-responsive (TRG
3–5). In particular the post-CRT cfDNA integrity (the ratio of 400-/100-
bp DNA fragments) was associated with response (P = 0.0009), con-
firming that cfDNA long fragments are more tumor-specific than short
fragments. Baseline levels of cfDNA were not correlated with tumor
response [25].

The relationship between cfDNA concentration and TRG score was
also observed by a Chinese group who focused also on different aspects
of cfDNA: the 400-/100-bp ratio of DNA fragments, the methylation
status of MGMT and the mutational status of KRAS. They treated 34

PRISMA 2009 Flow Diagram
fd 

Records identified through 
database searching (PUBMED)

(n = 446)
Sc

re
en

in
g

In
cl

ud
ed

El
ig

ib
ili

ty
Id
en

tifi
ca
tio

n Additional records identified through 
other sources

(n = 283)

Records after duplicates removed
(n = 729)

Records screened 
(n = 729)

Records excluded 
(n = 679)

Assessed for eligibility 
(n = 50)

Full-text articles excluded:
- Review (n=1)
- Not only rectal cancer (n=7)
- Other topic (n=16)
- Metastatic (n=1)

Studies included in 
qualitative synthesis 

(n = 25)

Published studies 
(n = 8)

Abstracts at International 
Congresses (n = 7)

Clinical Trials
(n = 10)

Fig. 1. Flow diagram representing the systematic review process performed according to PRISMA Statement.

9

6

53

1

1

Diagnostic

Predictive

Prognostic

Fig. 2. Euler-Venn diagram representing the results of our systematical re-
search according to the investigated role of ct/cf DNA in rectal cancer.

D. Massihnia, et al. Cancer Treatment Reviews 79 (2019) 101893

3



Ta
bl
e
1

St
ud

ie
s

ex
pl

or
in

g
th

e
ro

le
of

liq
ui

d
bi

op
sy

in
no

n-
m

et
as

ta
tic

re
ct

al
ca

nc
er

.*
A

va
ila

bl
e

as
an

ab
st

ra
ct

.

Re
fe

re
nc

e
Ye

ar
N

.p
at

ie
nt

s
Co

un
tr

y
A

ss
ay

M
ai

n
fin

di
ng

s

Di
ag
no
sti
c

A
go

st
in

ie
t

al
.

20
11

67
Ita

ly
qP

CR
cf

D
N

A
le

ve
ls

(u
si

ng
A

lu
11

5,
24

7
an

d
β

gl
ob

in
ge

ne
)

w
er

e
hi

gh
er

in
RC

th
an

in
he

al
th

y
gr

ou
p

(P
<

0.
00

01
).

Su
n

et
al

.
20

14
34

Ch
in

a
qP

CR
Co

nc
en

tr
at

io
ns

of
10

0
bp

an
d

40
0

bp
fr

ag
m

en
ts

an
d

th
e

ra
tio

of
40

0-
/1

00
-b

p
D

N
A

w
er

e
hi

gh
er

in
RC

th
an

in
he

al
th

y
gr

ou
p

(p
<

0.
01

).
M

ut
at

ed
KR
A
S

an
d

m
et

hy
la

te
d
M
G
M
T

w
er

e
no

t
fo

un
d

in
cf

D
N

A
of

he
al

th
y

co
nt

ro
ls

.
Sh

al
ab

y
et

al
.

20
17

93
Eg

yp
t

PC
R

M
G
M
T

or
ER
CC
1

w
er

e
m

et
hy

la
te

d
fo

r
4.

7%
an

d
7%

in
th

e
bl

oo
d

of
pa

tie
nt

s
w

ith
be

ni
gn

le
si

on
s

an
d

fo
r

58
%

an
d

60
%

in
RC

pa
tie

nt
s

(p
<

0.
00

1)
.

Zh
an

g
et

al
.*

20
19

10
Ch

in
a/

U
SA

N
G

S
M

ut
at

io
n

co
nc

or
da

nc
e

ra
te

am
on

g
ct

D
N

A
an

d
tis

su
e

w
as

50
%

in
RC

pa
tie

nt
s.

Pr
ed
ic
t/
M
on
ito
r
Tr
ea
tm
en
tR
es
po
ns
e

Zi
tt

.e
ta

l.
20

08
26

A
us

tr
ia

qP
CR

Po
st

su
rg

er
y

cf
D

N
A

re
sp

on
de

rs
:2

.2
ng

/m
l;

cf
D

N
A

no
n

re
sp

on
de

rs
:5

.1
ng

/m
l(

p
=

0.
00

6)
.

A
go

st
in

ie
t

al
.

20
11

67
Ita

ly
qP

CR
Ba

se
lin

e
cf

D
N

A
le

ve
ls

no
t

co
rr

el
at

ed
w

ith
tu

m
or

re
sp

on
se

.
In

re
sp

on
de

rs
,t

he
m

ed
ia

n
le

ve
ls

of
A

lu
24

7
an

d
th

e
cf

D
N

A
in

te
gr

ity
in

de
x

(t
he

ra
tio

of
40

0-
/1

00
-b

p
D

N
A

fr
ag

m
en

ts
)

w
er

e
si

gn
ifi

ca
nt

ly
lo

w
er

af
te

r
CR

T
co

m
pa

re
d

to
ba

se
lin

e
(p

=
0.

00
48

an
d

0.
00

05
,r

es
pe

ct
iv

el
y)

.
Su

n
et

al
.

20
14

34
Ch

in
a

PC
R

Th
e

go
od

re
sp

on
se

gr
ou

p
ha

d
si

gn
ifi

ca
nt

ly
hi

gh
er

ba
se

lin
e

40
0-

bp
D

N
A

le
ve

ls
an

d
D

N
A

in
te

gr
ity

in
de

x.
G

oo
d

re
sp

on
se

gr
ou

p
ha

d
lo

w
er

cf
D

N
A

in
te

gr
ity

af
te

r
CR

T
co

m
pa

re
d

be
fo

re
CR

T.
M

G
M

T
pr

om
ot

er
m

et
hy

la
tio

n
at

ba
se

lin
e

w
as

hi
gh

er
in

re
sp

on
de

rs
,w

ith
no

re
du

ct
io

n
af

te
r

tr
ea

tm
en

t,
w

hi
le

th
e

ra
te

of
KR

A
S

m
ut

at
io

n
de

cr
ea

se
d

in
bo

th
gr

ou
ps

af
te

r
CR

T.
Sh

al
ab

y
et

al
.

20
17

93
Eg

yp
t

PC
R

Si
gn

ifi
ca

nt
co

rr
el

at
io

n
be

tw
ee

n
ba

se
lin

e
M

G
M

T
an

d
ER

CC
1

m
et

hy
la

tio
n

an
d

re
sp

on
se

to
CR

T.
Sc

ho
u

et
al

.
20

18
12

3
D

en
m

ar
k

D
ir

ec
tfl

uo
re

sc
en

t
as

sa
y

N
o

di
ffe

re
nc

es
in

cf
D

N
A

le
ve

ls
be

tw
ee

n
be

fo
re

an
d

af
te

r
CR

T.
Ca

rp
in

et
ti

et
al

.
20

15
4

Br
az

il
W

ho
le

ge
no

m
e

se
qu

en
ci

ng
ct

D
N

A
le

ve
ls

de
cr

ea
se

d
in

RC
ac

hi
ev

in
g

re
sp

on
se

to
CR

T.
Ti

e
et

al
.

20
18

15
9

A
us

tr
al

ia
N

G
S

N
o

as
so

ci
at

io
n

be
tw

ee
n

po
st

-C
RT

ct
D

N
A

st
at

us
an

d
pC

R.
Po

st
op

er
at

iv
e

ct
D

N
A

de
te

ct
io

n
w

as
as

so
ci

at
ed

w
ith

hi
gh

-r
is

k
pa

th
ol

og
ic

al
fa

ct
or

s
su

ch
as

yp
T3

-4
an

d
yp

N
1-

2
st

ag
e.

Li
et

al
.*

20
17

30
Ch

in
a

N
G

S
ct

D
N

A
pr

ed
ic

ts
ch

an
ge

in
tu

m
or

bu
rd

en
be

tt
er

th
an

CE
A

.
M

cD
uff

et
al

.*
20

19
31

U
SA

N
G

S
Th

e
ra

te
of

R0
-N

N
re

se
ct

io
n

w
as

hi
gh

er
am

on
g

pt
s

w
ith

un
de

te
ct

ab
le

pr
eo

pe
ra

tiv
e

ct
D

N
A

co
m

pa
re

d
to

pt
s

w
ith

a
de

te
ct

ab
le

ct
D

N
A

.
Ch

en
et

al
.*

20
19

9
U

SA
qP

CR
M

et
hy

la
te

d
BC
A
T1

or
IK
ZF
1

ge
ne

s
w

er
e

fo
un

d
in

5/
9

pa
tie

nt
s.

Co
rr

el
at

io
n

be
tw

ee
n

de
cr

ea
se

of
m

et
hy

la
tio

n
an

d
pa

rt
ia

l/
co

m
pl

et
e

re
sp

on
se

.
Zh

ou
et

al
.*

20
19

61
Ch

in
a

N
G

S
Co

rr
el

at
io

n
be

tw
ee

n
un

de
te

ct
ab

le
pr

eo
pe

ra
tiv

e
ct

D
N

A
st

at
us

an
d

pa
th

ol
og

ic
al

do
w

ns
ta

ge
(p

=
0.

02
).

Co
rr

el
at

io
n

be
tw

ee
n

pr
eo

pe
ra

tiv
e

ct
D

N
A

po
si

tiv
ity

an
d

th
e

pe
rs

is
te

nt
ly

in
vo

lv
ed

ly
m

ph
no

de
(p

=
0.

02
).

Ya
ng

et
al

.*
20

19
11

9
Ch

in
a

N
G

S
TP

53
an

d
A

PC
ge

ne
in

pr
e-

tr
ea

tm
en

t
sa

m
pl

es
ne

ga
tiv

el
y

co
rr

el
at

ed
w

ith
re

sp
on

se
to

nC
RT

.
D

et
ec

tio
n

of
pr

e-
tr

ea
tm

en
t

m
ut

at
io

ns
in

an
y

tim
e

po
in

ts
du

ri
ng

nC
RT

w
as

si
gn

ifi
ca

nt
ly

(P
=

0.
03

)
de

cr
ea

se
d

fr
om

TR
G

3
to

TR
G

0
gr

ou
p.

Pr
ed
ic
tin
g
di
se
as
e
re
cu
rr
en
ce

Ti
e

et
al

.
20

18
15

9
A

us
tr

al
ia

N
G

S
W

or
se

RF
S

if
ct

D
N

A
w

as
de

te
ct

ab
le

af
te

r
CR

T
or

af
te

r
su

rg
er

y
(e

st
im

at
ed

3-
ye

ar
re

cu
rr

en
ce

-fr
ee

su
rv

iv
al

w
as

33
%

fo
rp

os
to

pe
ra

tiv
e

ct
D

N
A

-p
os

iti
ve

pa
tie

nt
s

vs
87

%
fo

r
ct

D
N

A
-n

eg
at

iv
e)

.
Sc

ho
u

et
al

.
20

18
12

3
D

en
m

ar
k

D
ir

ec
tfl

uo
re

sc
en

t
as

sa
y

H
ig

h
ri

sk
of

re
cu

rr
en

ce
pt

s
w

ith
ba

se
lin

e
cf

D
N

A
le

ve
ls

ab
ov

e
75

th
qu

ar
til

e
(H

R
=

2.
48

,9
5%

P
=

0.
00

7)
.

Ca
rp

in
et

ti
et

al
.

20
15

4
Br

az
il

W
ho

le
ge

no
m

e
se

qu
en

ci
ng

Ch
an

ge
s

of
ct

D
N

A
le

ve
ls

af
te

r
su

rg
er

y
pr

ed
ic

t
tu

m
ou

r
re

cu
rr

en
ce

.
M

cD
uff

et
al

*
20

19
31

U
SA

N
G

S
Pa

tie
nt

s
w

ith
de

te
ct

ab
le

po
st

op
er

at
iv

e
ct

D
N

A
ha

d
w

or
se

RF
S.

Kh
ak

oo
et

al
.*

20
18

47
U

K
Se

qu
en

ci
ng

ct
D

N
A

le
ve

lw
as

hi
gh

er
in

pt
s

w
ho

sh
ow

ed
m

et
as

ta
se

s
(6

4%
)

re
la

te
d

to
pt

s
th

at
di

d
no

t
(8

.3
%

P
=

0.
00

05
).

Ch
en

et
al

.*
20

19
9

U
SA

qP
CR

Pa
tie

nt
s

w
ith

hi
gh

le
ve

ls
of

m
et

hy
la

te
d
IK
ZF
1

an
d
BC
A
T1

in
po

st
-tr

ea
tm

en
t

ct
D

N
A

re
cu

rr
ed

2
m

on
th

s
af

te
r

su
rg

er
y.

Sc
la

fa
ni

et
al

.
20

18
97

U
K

dd
PC

R
N

o
di

ffe
re

nc
e

in
ou

tc
om

e
be

tw
ee

n
pa

tie
nt

s
w

ith
or

w
ith

ou
t

de
te

ct
ab

le
ct

D
N

A
af

te
r

CR
T.

Ya
ng

et
al

.*
20

19
11

9
Ch

in
a

N
G

S
D

et
ec

tio
n

of
pr

e-
tr

ea
tm

en
t

m
ut

at
io

ns
in

ct
D

N
A

af
te

r
co

m
pl

et
io

n
of

nC
RT

w
as

si
gn

ifi
ca

nt
ly

as
so

ci
at

ed
w

ith
w

or
se

D
FS

.

cf
D

N
A

:c
ir

cu
la

tin
g

fr
ee

D
N

A
;R

C:
re

ct
al

ca
nc

er
;c

tD
N

A
:c

ir
cu

la
tin

g
tu

m
or

D
N

A
;C

RT
:c

he
m

or
ad

io
th

er
ap

y;
pC

R:
pa

th
ol

og
ic

co
m

pl
et

e
re

sp
on

se
;N

N
:n

od
e

ne
ga

tiv
e;

TR
G

:t
um

or
re

gr
es

si
on

gr
ad

e;
RF

S:
re

la
ps

e-
fr

ee
su

rv
iv

al
;

D
FS

:d
is

ea
se

-fr
ee

su
rv

iv
al

.

D. Massihnia, et al. Cancer Treatment Reviews 79 (2019) 101893

4



Ta
bl
e
2

O
ng

oi
ng

st
ud

ie
s

in
ve

st
ig

at
in

g
th

e
ro

le
of

cf
/c

t-D
N

A
in

no
n-

m
et

as
ta

tic
re

ct
al

ca
nc

er
.

St
ud

y
(C

lin
ic

al
Tr

ia
ls

.g
ov

id
en

tifi
er

)
Co

un
tr

y
Ph

as
e

Pt
s

cf
/c

t
D

N
A

re
la

te
d

ou
tc

om
es

To
ta

lN
eo

ad
ju

va
nt

Tr
ea

tm
en

t
W

ith
ou

t
Su

rg
er

y
Fo

r
Lo

ca
lly

A
dv

an
ce

d
Re

ct
al

Ca
nc

er
:P

ro
sp

ec
tiv

e
Cl

in
ic

al
Tr

ia
lT

o
A

ss
es

s
Tu

m
or

Co
m

pl
et

e
Re

sp
on

se
,C

ir
cu

la
tin

g
Tu

m
or

G
en

et
ic

A
nd

Ep
ig

en
et

ic
Bi

om
ar

ke
rs

,A
nd

St
ro

m
al

Tr
an

sc
ri

pt
om

e
To

In
te

rp
re

t
Cl

in
ic

al
O

ut
co

m
e

(N
O

-C
U

T)
(N

CT
03

56
50

29
)

Ita
ly

Ph
as

e
II

18
0

PR
O

G
N

O
ST

IC
:l

oc
al

a/
o

re
la

ps
e-

fr
ee

su
rv

iv
al

Ci
rc

ul
at

in
g

Tu
m

ou
r

D
N

A
(c

tD
N

A
)

Re
ct

al
Ca

nc
er

an
d

th
e

Re
la

tio
ns

hi
p

to
Ex

tr
am

ur
al

Ve
no

us
In

va
si

on
(N

CT
02

57
92

78
)

U
K

O
bs

er
va

tio
na

l,
Pr

os
pe

ct
iv

e
40

PR
ED

IC
TI

VE
:p

re
se

nc
e

or
ab

se
nc

e
of

ct
D

N
A

po
st

CR
T

in
EM

VI
-p

os
iti

ve
re

ct
al

ca
nc

er

A
pp

lic
at

io
n

of
Ci

rc
ul

at
in

g
Tu

m
or

D
N

A
Te

st
in

th
e

D
ia

gn
os

is
an

d
Tr

ea
tm

en
t

of
Pa

tie
nt

s
W

ith
A

dv
an

ce
d

Re
ct

al
Ca

nc
er

(N
CT

03
61

51
70

)

Ch
in

a
O

bs
er

va
tio

na
l,

Pr
os

pe
ct

iv
e

20
0

D
IA

G
N

O
ST

IC
:e

xp
lo

re
th

e
fe

as
ib

ili
ty

of
ct

D
N

A
as

a
de

te
ct

io
n

in
de

x
fo

r
re

ct
al

ca
nc

er
;

PR
ED

IC
TI

VE
:e

va
lu

at
io

n
of

pr
eo

pe
ra

tiv
e

co
nc

ur
re

nt
ch

em
or

ad
io

th
er

ap
y,

so
as

to
pr

ov
id

e
gu

id
an

ce
fo

r
su

bs
eq

ue
nt

tr
ea

tm
en

t;
PR

O
G

N
O

ST
IC

:s
ea

rc
h

fo
r

po
ss

ib
le

re
cu

rr
en

ce
re

la
te

d
m

ut
at

io
ns

O
bs

er
va

tio
na

lS
tu

dy
on

Re
ct

al
Ca

nc
er

to
Ve

ri
fy

if
Re

sp
on

se
A

fte
r

Ch
em

o-
ra

di
ot

he
ra

py
Ca

n
be

Pr
ed

ic
te

d
W

ith
a

Pa
rt

ic
ul

ar
Bl

oo
d

Te
st

.(
Li

BR
eC

a)
(N

CT
03

69
94

10
)

Sw
itz

er
la

nd
O

bs
er

va
tio

na
l,

Pr
os

pe
ct

iv
e

35
PR

ED
IC

TI
VE

:n
eg

at
iv

e
pr

og
no

st
ic

va
lu

e
of

ct
D

N
A

dr
aw

n
fr

om
th

e
m

es
en

te
ri

c
an

d
pe

ri
ph

er
al

bl
oo

d
to

in
ve

st
ig

at
e

if
ca

n
pr

ed
ic

tt
he

re
sp

on
se

af
te

rc
he

m
o-

ra
di

ot
he

ra
py

an
d

be
fo

re
su

rg
er

y
A

St
ud

y
of

th
e

Ro
le

of
Ci

rc
ul

at
in

g
Tu

m
or

D
N

A
in

Pr
ed

ic
tin

g
th

e
Li

ke
lih

oo
d

of
O

rg
an

Pr
es

er
va

tio
n

A
fte

r
Cl

in
ic

al
Co

m
pl

et
e

Re
sp

on
se

to
N

eo
ad

ju
va

nt
Th

er
ap

y
fo

r
Re

ct
al

Ca
nc

er
(N

CT
03

74
90

83
)

U
SA

O
bs

er
va

tio
na

l,
Pr

os
pe

ct
iv

e
55

PR
O

G
N

O
ST

IC
:l

oc
al

re
cu

rr
en

ce
ra

te

In
ve

st
ig

at
io

n
of

th
e

Va
lu

e
of

ct
D

N
A

in
D

ia
gn

os
is

,T
re

at
m

en
t,

an
d

Su
rv

ei
lla

nc
e

of
Su

rg
ic

al
ly

Re
se

ct
ab

le
Co

lo
re

ct
al

Ca
nc

er
–
Co
ho
rt
s
fo
r
T1
-2
N
0
re
ct
al
ca
nc
er
w
ho

un
de
rg
o
lo
ca
lo
r
ra
di
ca
l

re
se
ct
io
n

(N
CT

03
03

82
17

)

Ch
in

a
O

bs
er

va
tio

na
l,

Pr
os

pe
ct

iv
e

30
0

PR
O

G
N

O
ST

IC
:d

is
ea

se
fr

ee
su

rv
iv

al
,l

oc
al

re
cu

rr
en

ce
ra

te
,o

ve
ra

ll
su

rv
iv

al

M
RI

Si
m

ul
at

io
n-

gu
id

ed
Bo

os
t

in
Sh

or
t-c

ou
rs

e
Pr

eo
pe

ra
tiv

e
Ra

di
ot

he
ra

py
fo

r
U

nr
es

ec
ta

bl
e

Re
ct

al
Ca

nc
er

(S
U

N
RI

SE
)

(N
CT

03
71

44
90

)

Ch
in

a
Ph

as
e

II
20

0
PR

ED
IC

TI
VE

:p
re

di
ct

in
g

of
tr

ea
tm

en
t

re
sp

on
se

;
PR

O
G

N
O

ST
IC

:s
ur

vi
va

l

M
ul

tic
en

te
r,

Pr
os

pe
ct

iv
e,

RC
T:

In
ve

st
ig

at
io

n
of

Co
m

bi
ne

d
M

od
al

ity
Th

er
ap

y
fo

r
Lo

ca
lly

A
dv

an
ce

d
M

id
/L

ow
Re

ct
(N

CT
03

04
20

00
)

Ch
in

a
Pr

os
pe

ct
iv

e,
ob

se
rv

at
io

na
l

12
00

PR
ED

IC
TI

VE
:p

re
di

ct
in

g
th

e
th

er
ap

eu
tic

eff
ec

ts
of

N
CR

T;
PR

O
G

N
O

ST
IC

:d
is

ea
se

fr
ee

su
rv

iv
al

To
ta

lly
N

eo
ad

ju
va

nt
FO

LF
O

XI
RI

+
Sh

or
t-c

ou
rs

e
Ra

di
at

io
n

+
XE

LO
X

in
Pa

tie
nt

s
W

ith
Lo

ca
lly

A
dv

an
ce

d
Re

ct
al

Ca
nc

er
(N

CT
03

48
42

21
)

Ch
in

a
Ph

as
e

II
30

PR
O

G
N

O
ST

IC
:s

ur
vi

va
l

Pr
eo

pe
ra

tiv
e

Ch
em

or
ad

io
th

er
ap

y
W

ith
Ra

lti
tr

ex
ed

fo
r

In
te

rm
ed

ia
te

or
Lo

ca
lly

A
dv

an
ce

d
Re

ct
al

Ca
nc

er
in

th
e

Fi
t

El
de

rl
y

(N
CT

02
99

28
86

)

Ch
in

a
Ph

as
e

II
68

PR
ED

IC
TI

VE
:p

re
di

ct
iv

e
tr

ea
tm

en
t

re
sp

on
se

;
PR

O
G

N
O

ST
IC

:d
is

ea
se

-fr
ee

su
rv

iv
al

D. Massihnia, et al. Cancer Treatment Reviews 79 (2019) 101893

5



LARC patients with CRT followed by surgery. The good response group
of patients had a significantly higher baseline 400-bp plasma cfDNA
levels and showed a significant decrease of these fragments in plasma
after CRT. On the contrary, no difference was observed regard the level
of 100-bp fragments before and after CRT both in responders and non-
responders. In addition, the rate of MGMT promoter methylation at
baseline was higher in responders, with no reduction after treatment,
while the rate of KRAS mutation decreased in both groups after CRT
[26].

Shalaby et al. described the same correlation between methylated
status of the promoter of MGMT and ERCC1 genes with response to
CRT. A higher methylation status was associated with a better tumor
response after preoperative CRT [27].

A Danish group quantified the total level of cfDNA by fluorescence
assay, using 40 μL of plasma of 123 LARC patients. They observed no
differences either between baseline and post-treatment (CRT preceded
by induction chemotherapy in 42% of cases) levels of cfDNA or between
patients achieved a pathological complete response (pCR) and poor
responders [30].

Carpinetti et al. firstly observed a decrease in ctDNA (detected due
to tumor-specific chromosomal rearrangements) in 4 patients that
achieved a response to CRT. By the way, cfDNA was negative both in
patients with partial and complete pathological response [31].

Tie et al. analyzed tissue and multiple plasma samples of 159 LARC
patients treated with neoadjuvant CRT through next generation se-
quencing (NGS). ctDNA was detectable in 77% of plasma samples be-
fore treatment, 8% during CRT and 12% at a postoperative stage.
Detectable ctDNA after surgery was associated with known high risk
pathological features (i.e. ypT3-4, node positive), but there was no
statistically meaningful association between reduction or negativization
of ctDNA after CRT and pCR [32].

Li et al. observed in a small study of 30 patients that ctDNA level
variations (somatic mutations identified by NGS of 61-gene panels) can
predict pathological response to neoadjuvant CRT, better than classic
markers as CEA or CA 19.9 [33].

McDuff et al. reported a higher rate of R0-node negative resections
after CRT among 17 patients with undetectable preoperative ctDNA,
compared to 10 patients with detectable ctDNA. The former group had
a higher pCR rate (24% vs. 10%) [34].

Chen et al. identified ctDNA analyzing the methylation status of
BCAT1 or IKZF1 gene through qPCR assay in 9 LARC patients. Five
patients showed positivity for one or both of methylated genes before
CRT, four of them exhibited a decrease in detection after treatment,
consistent with partial or complete responses [35].

Two Chinese prospective cohort studies, presented at 2019 ASCO
meeting, recruited 180 LARC patients, overall, with serial plasma col-
lection analyzed through NGS gene panels to detect mutations in ctDNA
[36,37]. Yang et al. reported a negative correlation between presence of
TP53 and APC gene in pre-treatment samples and response to nCRT,
and detectability of pre-treatment mutations during nCRT significantly
decreased from TRG3 to TRG0 group [37]. Zhou et al. observed a sig-
nificant predictive role of pre-surgery ctDNA levels, where its persis-
tency was linked with pathological N+, while an undetectable pre-
operative ctDNA correlated with pathological downstaging [36].

At the present time, six clinical trials are exploring the possibility to
use ctDNA as a predictive tool (Table 2).

cfDNA and ctDNA as a prognostic tool for disease recurrence or survival

In a Danish study of 123 LARC patients, a solid association of
baseline cfDNA level (measured through a fluorescence assay) with
disease free survival (DFS) was found. High levels of cfDNA were cor-
related with higher risk of local or distant recurrence and with shorter
time to recurrence. A non-statistically significative trend for overall
survival (OS) was also observed [30].

At a median follow up of 24 months, Tie and colleagues noticed an

increased risk of recurrence in patients with ctDNA persistence after
CRT or surgery. This risk of recurrence was irrespective either of pa-
thological risk level (ypT3-4N+ vs ypT1-2N0 vs pCR) or of adjuvant
therapy, with an estimate 3y RFS of 33% vs 87%. Post-operative ctDNA
detection was a stronger prognostic biomarker than CEA levels.
Moreover, 74% of patients recurred within 12 months after surgery, 9/
19 had persistent ctDNA in plasma.

As already said, Carpinetti et al, analysed in 4 LARC patients the use
of ctDNA to monitor disease response and recurrence. Two patients
with persistent positive level of ctDNA, during their follow up, devel-
oped liver metastasis concomitantly with an incremental in ctDNA
level. Other 2 patients showed a drop in ctDNA levels after CRT, with
negative follow up for recurrence and no more evidence of ctDNA in
plasma [31].

Four studies, presented at last ASCO and ESMO congresses, have
explored the use of ctDNA as a tool to assess response and predict
surgical outcome in LARC [34,35,38,39]. McDuff et al., among 22 pa-
tients treated with preoperative CRT, reported a shorter recurrence free
survival in cases with detectable post-operative ctDNA [34]. Khakoo
showed that persistence of ctDNA at mid CRT or detection of ctDNA at
the end of CRT were associated with development of metastasis [39]. In
the work presented by Chen, one patient that showed persistent high
level of methylated genes after CRT, recurred in two months after
surgery [35].

Conversely, in a study performed on 97 LARC patients receiving
induction chemotherapy with CAPOX followed by CRT and then ad-
juvant CAPOX with or without cetuximab (EXPERT-C trial), Sclafani
et al. did not found a significant association between ctDNA positivity/
negativity and progression free survival (PFS) or OS using qPCR [40].

At the 2019 ASCO meeting, Yang et al. described a significant as-
sociation between persistence of pre-treatment mutations in ctDNA
after completion of CRT and worse DFS [37].

Eight clinical trials are exploring the possibility to use cf/ctDNA as a
prognostic tool (Table 2).

Discussion

In present review several studies supported the use of liquid biopsy
in RC as an innovative, minimally invasive procedure that could assist
either the diagnostic/staging process and the assessment of treatment
response. The limitations of data retrieved are mostly related to the
relatively small sample size of the studies, heterogeneity of techniques
used for liquid biopsy and timing of plasma samples (eg. after CRT or
after surgery), and differences in treatment context (e.g. induction
chemotherapy or not) for patients with different stages of non-meta-
static RC.

We found 4 studies (overall 204 patients) which explored the role of
liquid biopsy as a diagnostic tool in RC. Measurement of cfDNA levels
was performed with different techniques: ALU-based quantitative-PCR,
tracking mutations of KRAS, or, more recently, tracking of several genes
with NGS and assessing the methylation status of MGMT and ERCC1 in
ctDNA. These reports, although heterogeneous, suggest that measuring
cfDNA levels or detecting ctDNA might discriminate RC patients from
healthy controls and from individuals harbouring rectal adenoma. In
particular, a high specificity in discriminating RC was reported for
MGMT and ERCC1 methylation or KRAS mutation detection.

These data are consistent with results obtained in CRC patients
[42–43]. However, it should be taken into account that in this setting of
early detection of cancer, the sensibility of liquid biopsy is limited by
low concentrations of circulating DNA, that have been reported to be
even lower in RC [28].

Contrasting data have been retrieved about the reliability of circu-
lant DNA as a tool to predict treatment response in RC. The clinical
value of baseline levels of cf/ctDNA is not clear. Only one small study
showed a correlation between higher levels of longer cfDNA fragments
(index of DNA integrity) and response [26], but these data were not
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consistent with results of a previous wider study [25]. Nevertheless, a
strong methylation of MGMT or ERCC1 genes at baseline might better
predict a tumor response after preoperative CRT [26,27]; on the con-
trary, detection of TP53 and APC gene in ctDNA of pre-treatment
samples has been negatively associated with response to CRT [37].
Notably, in a previous presentation of the same study, Yang et al. re-
ported no difference in baseline ctDNA levels between responders and
non-responders [38].

A noteworthy evidence, observed by most groups with different
assays, consists in the reduction in cf/ctDNA levels in responders, while
non-responders often show an incremented circulant DNA
[25,26,29,31–33,35–37,44]. The timing of plasma collection represents
a crucial aspect in this setting: at baseline, after induction che-
motherapy, after neoadjuvant CRT or after surgery. Zitt et al. observed
a reduction of DNA levels after CRT in all 26 patients but it was not
predictive of pathological downstaging. A significant difference be-
tween responders and non-responders was found only in plasma sam-
ples collected after surgery [29].

In this same setting, a DNA integrity index (a ratio between long and
short DNA fragments) has been proposed to be a useful guide to dis-
criminate responding and non-responding patients even with plasma
analysis conducted after neoadjuvant CRT [25,26].

More recent studies, adopting NGS assays, have demonstrated the
potential of post-CRT ctDNA samples to predict tumor response, en-
hancing the confidence in ctDNA as a tool to guide patient selection for
watch and wait strategy. Different groups observed a correlation be-
tween undetectable preoperative ctDNA status and pathological
downstage [32,33,36,37,44]. A weaker methylation of BCAT1 or IKZF1
has been observed after CRT in good responders by Chen et al. [35].

Finally, we found inconclusive data about the association between
reduction or total clearance of circulant DNA after CRT and pCR. Likely,
circulant DNA has no sufficient sensitivity to rule out the presence of
minimal residual disease [32].

In terms of survival and disease recurrence, almost all studies have
shown a correlation between persistence of ctDNA after treatment and
disease recurrence during follow up [30,32,35–37,39,44]. One group
also observed an association between high baseline cfDNA level and
local or distant recurrence, with a trend for shorter OS [30].

Tie et al., in a recent prospective study of LARC patient, detected
ctDNA in 77%, 8.3% and 12% of pretreatment, postchemoradiotherapy
and post-surgery plasma samples, respectively. On the basis of ctDNA
levels, they were able to stratify patients at very high risk of recurrence
(ctDNA detectable after CRT (HR 6,6) or after surgery (HR 13,0)), es-
timating a 3-year recurrence-free survival of 33% vs 87% in positive/
negative ctDNA patients. Postoperative ctDNA status remained an in-
dependent predictor of RFS irrespective of clinicopathological risk
factor or adjuvant chemotherapy [32].

These results are in line with the conclusions of studies conducted in
the setting of resected colon cancer, where evidence of ctDNA after
surgery or after adjuvant chemotherapy were linked with shorter re-
currence-free survival [45,46].

In contrast, among patients treated in the EXPERT-C trial (induction
CAPOX, CRT, surgery, adjuvant CAPOX +/− cetuximab) a significant
association between ctDNA positivity/negativity and PFS or OS was not
observed. However, the plasma sample in this study was collected be-
fore surgery and all patients received both neoadjuvant and adjuvant
chemotherapy [40].

The potential role of liquid biopsy in RC is also currently being
explored as translational endpoints in numerous clinical trials and can
find an important application in the setting of NOM. The ongoing NO-
CUT study (NCT03565029), a phase 2 clinical trial, will assess whether
an oxaliplatin-enhanced neoadjuvant CRT, followed by an imaging-in-
tensive, liquid biopsy-enriched surveillance, can spare stage II-III rectal
cancers from undergoing up-front demolitive radical surgery with a
clinically acceptable rate of distant relapse (Fig. 3). The translational
component of the study will establish, by retrospective correlative
analysis of contextual imaging and blood molecular findings, whether
circulating mutated and/or methylated tumoral DNA is a predictive
marker for residual disease, and whether there is a correlation between
ctDNA and cancer relapse.
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