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Abstract
Background The importance of preoperative chemotherapy in
a multimodality management of patients with colorectal liver
metastases (CRLM) has been demonstrated. We analyse the
carcinoembryonic antigen (CEA) changes following neoadju-
vant chemotherapy in patients with CRLM who underwent
liver resection.
Methods The final cohort included 107 eligible patients.
Increased CEA levels following neoadjuvant chemotherapy
were defined as the increase of baseline CEA level at diagno-
sis of CRLM compared with the CEA level after completion
of neoadjuvant chemotherapy. Disease-free survival (DFS),
post-recurrence survival (PRS) and overall survival (OS) were

calculated using both Kaplan-Meier and multivariate Cox-
regression methods.
Results CEA increase was associated with decreased PRS and
OS (HR 2.69; 95 % CI, 1.28–5.63; p=0.009, and HR 2.50;
95 % CI, 1.12–5.56; p=0.025, respectively) in multivariate
analysis, but there was no association between CEA changes
and DFS. CEA increase was only associated with disease
progression during preoperative chemotherapy (p=0.014).
Interestingly, this association was not absolute, as only 5 of
the 11 patients with disease progression demonstrated CEA
increase. Regarding the remaining 12 patients with CEA in-
crease, according to RECIST criteria, eight patients demon-
strated partial response and four patients stable disease.
Conclusion In this study, we demonstrated the CEA increase
following neoadjuvant chemotherapy as an adverse prognos-
tic factor for PRS, and OS but not for DFS in patients under-
going liver resection for liver-only colorectal metastases.
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Introduction

The treatment of colorectal liver metastases (CRLM) by surgical
resection has become the standard of care over the last two
decades. Surgical resection of CRLM has been shown to in-
crease the patients’ survival, with a 5-year overall survival
(OS) ranging between 35 and 58 % for resected cases and with
approximately 16% of these patients being disease-free 10 years
after hepatectomy [1, 2]. Although the criteria for liver resection
in these patients have expanded, only 10 % of patients who
present with CRLM are candidates for hepatectomy [3].

Mr. Neofytou and Mr. Giakoustidis contributed equally.

Synopsis We analyse the CEA changes following neoadjuvant
chemotherapy in patients with CRLM who underwent liver resection.
CEA increase following neoadjuvant chemotherapy appears to be an
independent prognostic factor associated with both PRS and OS in
patients with liver-only colorectal metastases who undergo curative liver
resection.
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The importance of preoperative chemotherapy as part of
multimodal management of these patients has already been
demonstrated [4]. Preoperative chemotherapy can be used in
three ways: (1) neoadjuvant setting to downsize the liver me-
tastases, (2) allow demonstration of tumour biology, (3) in
some cases to convert patients with tumours considered
irresectable into candidates for a liver resection, with the sur-
vival statistics of this group being similar to the initially re-
sectable cases: ∼30 % of 5-year survival [5, 6]. The vast ma-
jority of patients with CRLM who undergo liver resection
receive neoadjuvant chemotherapy.

Risk stratification to select patients for post-hepatectomy
adjuvant follow-up and therapy is necessary. Traditional prog-
nostic factors, e.g. primary tumour stage, interval from diag-
nosis of primary tumour to diagnosis of CRLM, size and
number of hepatic metastasis and presence of extrahepatic
disease, have been used either individually or combined (clin-
ical prognostic scores) for decades for this risk stratification.
This has been challenged in recent years [7–9]. The main
reason is that these factors are based on data from the
preneoadjuvant chemotherapy era. More data indicate that
tumour biology is a superior prognostic factor when compared
to the traditional measurements of tumour volume [10, 11].
The need for new reliable prognostic factors which more pre-
cisely model tumour response to neoadjuvant chemotherapy
and thus tumour biology is imperative. Response to neoadju-
vant chemotherapy has been shown to be a powerful prognos-
tic factor for patients undergoing liver resection for CRLM.
This response can be measured according to the size changes
of the liver metastases, their metabolic response as this is
demonstrated by sequenced PET scans, and possibly by
changes in carcinoembryonic antigen (CEA) levels.

The purpose of our studywas to ascertain whether the change
in CEA alone following neoadjuvant chemotherapy is related to
the disease-free survival (DFS), post-recurrence survival (PRS)
and OS of patients with liver-only colorectal metastases under-
going hepatectomy after neoadjuvant chemotherapy.

Materials and methods

A prospectively collected surgical database from the Royal
Marsden Hospital, London, was interrogated to identify the
patients who underwent liver resection for liver-only colorec-
tal metastases following neoadjuvant chemotherapy between
January 2005 and December 2012. All patients were operated
on by one of two liver surgeons (SM and AZK). Patients who
had an R2 resection and patients who died because of post-
operative complications were excluded. Patients with normal
CEA (≤3 mcg/L) both at diagnosis and after completion of
neoadjuvant chemotherapy and patients with unavailable data
regarding CEA level at the time of diagnosis and after com-
pletion of neoadjuvant chemotherapy were also excluded.

All patients had agreed multidisciplinary team meetings.
The extent of liver disease was determined using Primovist-
enhanced MRI. CT and FDG-PET of the chest, abdomen and
pelvis were performed in all patients to exclude extrahepatic
disease. MRI was also used to evaluate the response to che-
motherapy. In patients with a primary tumour in situ, the
timing for the resection of CRLM was determined by the
multidisciplinary team. Determinants of the above decision
were the localization of the primary tumour, OMS
Performance Status and the extent of necessary hepatectomy.
Ιntra-operative ultrasound was performed in all patients and
the surgical plan modified accordingly.

For each patient, the institutional electronic records were
checked and data was collected regarding the following: (a)
standard demographics, (b) primary colorectal tumour, (c)
CRLM characteristics, (d) preoperative chemotherapy, (e) re-
sponse to preoperative chemotherapy, (f) liver resection and
(g) DFS, PRS and the OS. DFS was calculated from the date
of hepatectomy to the date of disease recurrence and was
censored at the last follow-up or at the time of death if the
patients remained tumour free at that time. PRSwas calculated
from the date of recurrence to the date of death. OS was cal-
culated from the time of hepatectomy to the date of death and
was censored at the last follow-up. Follow-up data for all
patients were available.

The study was approved by the local ethics committee and
Institutional Review Board.

Statistical analysis

Statistical analysis was performed with the Statistical Package
of the Social Sciences (SPSS), version 17.0. The primary end
points of the study were DFS, PRS and OS, respectively. CEA
increase following neoadjuvant chemotherapy was deter-
mined as the increase of CEA level at the diagnosis of
CRLM comparing with the CEA level after completion of
neoadjuvant chemotherapy.

Chi-square test was used for calculating the association
between patients’ and tumour’s categorical characteristics
and CEA change. The impact of these features on DFS, PRS
and OS was analysed using the Kaplan-Meier method.
Survival outcomes between groups were compared with the
log-rank test. A p value of less than 0.05 was considered
statistically significant. The factors associated with DFS,
PRS or the OS (p<0.1) in univariate analysis were used for
the performance of the multivariate Cox-regression analysis.

Results

One hundred and forty-nine patients were identified from the
prospectively collected surgical database from the Royal
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Marsden Hospital, and 107 patients met criteria for inclusion
in the study. Other patients were excluded for the following
reasons: incomplete resection/R2 resection (n= 4), post-
operative death (n=2), missing data for the calculation of
CEA change following neoadjuvant chemotherapy (n= 8)
and normal CEA both at diagnosis of CRLM and after com-
pletion of neoadjuvant chemotherapy (n=28).

Patient demographics, characteristics of CRLM at diagno-
sis, details of surgical resection and correlation of these char-
acteristics with CEA change following neoadjuvant chemo-
therapy are shown in Table 1. In the majority of patients
(69 %), neoadjuvant chemotherapy was based on oxaliplatin,
with the remaining receiving an irinotecan-based regimen.
Patients received a median of 5 cycles of neoadjuvant chemo-
therapy (range 1–24 cycles). In total, 38 patients (36 %) re-
ceived a combination of doublet cytotoxic neoadjuvant che-
motherapy with bevacizumab. Eleven patients (10 %) experi-
enced disease progression during preoperative chemotherapy.
CEA increased following neoadjuvant chemotherapy in 17
patients (16 %). As demonstrated in Table 1, CEA increase
was only associated with disease progression during preoper-
ative chemotherapy (p=0.014). Interestingly, this association
was not absolute, as only 5 of the 11 patients with disease
progression demonstrated CEA increase. Regarding the re-
maining 12 patients with CEA increase, according to
RECIST criteria [12], eight patients demonstrated partial re-
sponse and four patients stable disease.

Median follow-up for the entire study population was
34 months (1 to 103 months) and for the survivors was
41 months (1 to 103 months). During follow-up, 79 patients

(74 %) developed tumour recurrence, 73 of these (92 %) during
the first 2 years after hepatectomy. Forty patients (38 %) died
during follow-up.While CEA increasewas not associatedwith a
recurrence rate (82 vs. 72 %, p=0.550), it was strongly associ-
ated with an increase in death rate (71 vs. 31 %, p=0.002). For
the entire study population, 3- and 5-year DFS rates were 26 and
23 % and OS rates were 71 and 55 %, respectively.

Univariate analysis (Table 2) demonstrated that more than
three liver metastases at diagnosis (HR 1.80; 95 % CI, 1.06–
3.04; p=0.028), bilobar distribution (HR 1.82; 95 % CI, 1.15–
2.90; p=0.011), preoperative administration of more than 6 cy-
cles of chemotherapy (HR 2.44; 95 % CI, 1.48–4.03; p<0.001)
and disease progression during neoadjuvant chemotherapy ac-
cording to RECIST criteria [12] (HR 3.22; 95 % CI, 1.67–6.23;
p<0.001) were associated with a decreased DFS. CEA increase
was not associated with DFS (HR 1.62; 95 % CI, 0.90–2.90;
p=0.102) (Fig. 1) (Table 2). The only factor that remained sta-
tistically associated with DFS in multivariate analysis was dis-
ease progression during preoperative chemotherapy (HR 3.41;
95 % CI, 1.62–7.16; p=0.001).

Regarding OS, univariate analysis (Table 2) revealed that
bilobar distribution of lesions (HR 2.52; 95 % CI, 1.35–4.71;
p=0.004), preoperative administration of more than 6 cycles
of chemotherapy (HR 2.12; 95 % CI, 1.06–4.26; p=0.034),
no adjuvant post-hepatectomy chemotherapy (HR 2.94; 95 %
CI, 1.52–5.67; p=0.001) and CEA increase following neoad-
juvant chemotherapy (HR 2.77; 95 % CI, 1.40–5.49;
p = 0.003) were associated with decreased OS (Fig. 2).
Patients with CEA increase had a median OS of 29 months,
and median OS was 81 months in patients with stable or

Table 1 Relationships between
baseline clinicopathologic
characteristics and CEA change
following neoadjuvant
chemotherapy

Variables Total Post-neoadjuvant
chemotherapy CEA

p value

Decrease Increase

Gender (female/male) 37/70 31/59 6/11 0.946

Age at operation (≤70 year) 80 (74.8 %) 70 (77.8 %) 10 (58.8 %) 0.128

No. of metastasis at diagnosis (>3) 23 (21.5 %) 19 (21.1 %) 4 (23.5 %) 0.758

Bilobar distribution of lesions 39 (36.4 %) 34 (37.8 %) 5 (29.4 %) 0.511

Size of largest metastases (>5 cm) 28 (26.2 %) 25 (27.8 %) 3 (17.6 %) 0.550

Synchronous metastasis 75 (70.1 %) 66 (73.3 %) 9 (52.9 %) 0.092

Oxaliplatin-based neoadjuvant chemotherapy 74 (69.2 %) 63 (70 %) 11 (64.7 %) 0.617

Preoperative administration of bevacizumab 38 (35.5 %) 34 (37.8 %) 4 (23.5 %) 0.260

Cycles of neoadjuvant chemotherapy (>6) 29 (27.1 %) 22 (24.4 %) 7 (41.2 %) 0.233

Responders to neoadjuvant chemotherapya 96 (89.7 %) 84 (93.3 %) 12 (70.6 %) 0.014

No. of segments removed (>3) 54 (50.5 %) 44 (48.9 %) 10 (58.8 %) 0.452

Primary tumour in situ at the time of hepatectomyb 25 (23.4 %) 24 (26.7 %) 1 (5.9 %) 0.114

Administration of adjuvant chemotherapy 78 (72.9 % 69 (76.7 %) 9 (52.9 %) 0.071

a Radiologic complete response or radiologic partial response or stable disease (according to RECIST)
b Eighteen patients underwent synchronous resection of primary tumour and CRLM and seven patients were
managed with ‘liver first’ approach
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decreased CEA. Three- and 5-year OS rates were 42 and
19 %, respectively, in patients with CEA increase and 78
and 63 %, respectively, in patients with stable or decreased
CEA. In multivariate analysis, factors that remained statisti-
cally associated with OS included bilobar distribution of
CRLM (HR 2.39; 95 % CI, 1.13–5.07; p=0.023) and CEA
increase (HR 2.50; 95 % CI, 1.12–5.56; p=0.025) (Table 2).

A subgroup analysis of the 79 patients who experienced
recurrence demonstrated that only CEA increase (HR 2.69;
95 % CI, 1.28–5.63; p=0.009) was independently associated
with reduced post-recurrence survival. Patients with CEA in-
crease showed a median PRS of 23 months, while patients
with stable or decreased CEA showed a median PRS of
40 months (Fig. 3).

T
ab

le
2

B
as
el
in
e
cl
in
ic
op
at
ho
lo
gi
c
ch
ar
ac
te
ri
st
ic
s
an
d
th
ei
r
as
so
ci
at
io
n
w
ith

D
FS

,P
R
S
an
d
O
S
in

un
iv
ar
ia
te
an
al
ys
is
an
d
m
ul
tiv

ar
ia
te
an
al
ys
is

V
ar
ia
bl
es

D
FS

PR
S

O
S

U
ni
va
ri
at
e

M
ul
tiv

ar
ia
te

U
ni
va
ri
at
e

M
ul
tiv

ar
ia
te

U
ni
va
ri
at
e

M
ul
tiv

ar
ia
te

H
R
(9
5
%

C
I)

p
va
lu
e

H
R
(9
5
%

C
I)

p
va
lu
e

H
R
(9
5
%

C
I)

p
va
lu
e

H
R
(9
5
%

C
I)

p
va
lu
e

H
R
(9
5
%

C
I)

p
va
lu
e

H
R
(9
5
%

C
I)

p
va
lu
e

G
en
de
r
(m

al
e)

1.
41

(0
.8
6–
2.
31
)

0.
16
7

1.
10

(0
.5
2–
2.
35
)

0.
78
6

1.
43

(0
.7
0–
2.
94
)

0.
32
2

A
ge

at
op
er
at
io
n
(>
70

ye
ar
)

1.
41

(0
.8
5–
2.
33
)

0.
17
6

1.
68

(0
.8
3–
3.
38
)

0.
14
7

1.
88

(0
.9
6–
3.
70
)

0.
06
5

1.
48

(0
.7
0–
3.
12
)

0.
30
5

N
o.
of

m
et
as
ta
si
s
at
di
ag
no
si
s
(>
3)

1.
80

(1
.0
6–
3.
04
)

0.
02
8

1.
57

(0
.8
5–
2.
90
)

0.
14
5

1.
15

(0
.5
5–
2.
37
)

0.
70
1

1.
64

(0
.8
0–
3.
37
)

0.
17
1

B
ilo

ba
r
di
st
ri
bu
tio

n
of

L
es
io
ns

1.
82

(1
.1
5–
2.
90
)

0.
01
1

1.
43

(0
.8
1–
2.
52
)

0.
20
7

1.
51

(0
.8
0–
2.
85
)

0.
20
3

2.
52

(1
.3
5–
4.
71
)

0.
00
4

2.
39

(1
.1
3–
5.
07
)

0.
02
3

Si
ze

of
la
rg
es
tm

et
as
ta
se
s
(>
5
cm

)
1.
01

(0
.6
0–
1.
68
)

0.
96
9

0.
93

(0
.4
5–
1.
91
)

0.
84
4

0.
94

(0
.4
5–
1.
93
)

0.
86
8

M
et
ac
hr
on
ou
s
m
et
as
ta
si
s

0.
93

(0
.5
6–
1.
52
)

0.
77
3

1.
11

(0
.5
3–
2.
31
)

0.
76
6

0.
94

(0
.4
8–
1.
86
)

0.
87
3

Ir
in
ot
ec
an
-b
as
ed

ne
oa
dj
uv
an
tc
he
m
ot
he
ra
py

1.
40

(0
.8
7–
2.
26
)

0.
15
7

1.
01

(0
.4
7–
2.
16
)

0.
97
5

1.
07

(0
.5
1–
2.
21
)

0.
84
9

Pr
eo
pe
ra
tiv

e
ad
m
in
is
tr
at
io
n
of

B
ev
ac
iz
um

ab
1.
20

(0
.7
6–
1.
92
)

0.
42
4

0.
81

(0
.4
1–
1.
60
)

0.
56
1

0.
87

(0
.4
4–
1.
69
)

0.
68
8

C
yc
le
s
of

ne
oa
dj
uv
an
th

em
ot
he
ra
py

(>
6)

2.
44

(1
.4
8–
4.
03
)

<
0.
00
1

1.
72

(0
.9
6–
3.
06
)

0.
06
5

1.
48

(0
.7
3–
3.
02
)

0.
27
5

2.
12

(1
.0
6–
4.
26
)

0.
03
4

1.
54

(0
.7
2–
3.
30
)

0.
26
3

N
on
-r
es
po
nd
er
s
to

ne
oa
dj
uv
an
tc
he
m
ot
he
ra
py

a
3.
22

(1
.6
7–
6.
23
)

<
0.
00
1

3.
41

(1
.6
2–
7.
16
)

0.
00
1

1.
32

(0
.5
1–
3.
43
)

0.
56
3

2.
25

(0
.8
6–
5.
88
)

0.
09
6

1.
49

(0
.4
8–
4.
54
)

0.
48
3

N
o.
of

se
gm

en
ts
re
m
ov
ed

(>
3)

1.
03

(0
.6
6–
1.
60
)

0.
88
3

1.
04

(0
.5
4–
1.
99
)

0.
89
2

1.
20

(0
.6
4–
2.
25
)

0.
56
1

Pr
im

ar
y
T
um

ou
r
in

si
tu

at
th
e
tim

e
of

he
pa
te
ct
om

yb
1.
50

(0
.9
0–
2.
52
)

0.
11
8

0.
68

(0
.3
1–
1.
50
)

0.
35
0

1.
01

(0
.4
6–
2.
18
)

0.
98
7

N
on
-a
dm

in
is
tr
at
io
n
of

ad
ju
va
nt

ch
em

ot
he
ra
py

1.
62

(0
.9
8–
2.
67
)

0.
05
7

1.
15

(0
.6
6–
2.
01
)

0.
61
7

1.
98

(1
.0
3–
3.
81
)

0.
04
0

1.
82

(0
.9
4–
3.
54
)

0.
07
5

2.
94

(1
.5
2–
5.
67
)

0.
00
1

2.
00

(0
.9
7–
4.
09
)

0.
05
8

C
E
A
in
cr
ea
se

1.
62

(0
.9
0–
2.
90
)

0.
10
2

2.
87

(1
.3
8–
5.
94
)

0.
00
4

2.
69

(1
.2
8–
5.
63
)

0.
00
9

2.
77

(1
.4
0–
5.
49
)

0.
00
3

2.
50

(1
.1
2–
5.
56
)

0.
02
5

D
F
S
di
se
as
e-
fr
ee

su
rv
iv
al
,P

R
S
po
st
-r
ec
ur
re
nc
e
su
rv
iv
al
,O

S
ov
er
al
ls
ur
vi
va
l,
H
R
ha
za
rd
s
ra
tio

,C
I
co
nf
id
en
ce

in
te
rv
al

a
R
ad
io
lo
gi
c
co
m
pl
et
e
re
sp
on
se

or
ra
di
ol
og
ic
pa
rt
ia
lr
es
po
ns
e
or

st
ab
le
di
se
as
e
(a
cc
or
di
ng

to
R
E
C
IS
T
)

b
E
ig
ht
ee
n
pa
tie
nt
s
un
de
rw

en
ts
yn
ch
ro
no
us

re
se
ct
io
n
of

pr
im

ar
y
tu
m
ou
r
an
d
C
R
L
M

an
d
se
ve
n
pa
tie
nt
s
w
er
e
m
an
ag
ed

w
ith

‘l
iv
er

fi
rs
t’
ap
pr
oa
ch

Fig. 1 CEA change following neoadjuvant chemotherapy and disease-
free survival

Fig. 2 CEA change following neoadjuvant chemotherapy and overall
survival
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Discussion

Ninety-seven percent of patients with colon cancer have high
levels of CEA in the serum [13–15]. Hara et al. have reported
that in patients undergoing liver resection with curative intent
for CRLM, an elevated post op CEA level is associated with a
probability of recurrence of 70–90 %, yet 10 % when CEA
level was in the normal range [16]. Additionally, Araujo et al.
have reported that 15 ng/mL could be considered as a high
specificity and positive predictive value for recurrence when
measured the first 6 months following liver resection in pa-
tients with CRLM [17].

In this study, we demonstrate that CEA increase during
neoadjuvant chemotherapy is an independent prognostic fac-
tor associated with reduced PRS and OS, but not DFS in
patients with liver-only colorectal metastases who subse-
quently undergo curative liver resection. The only factor as-
sociated with CEA increase was disease progression during
neoadjuvant chemotherapy, according to RECIST criteria
[12]. Notably, despite the strong association between CEA
increase and disease progression, there was no complete
match between these parameters. Although patients with a
CEA increase had a median OS of 29 months, patients with
a stable or decreased CEA had a median OS of 81 months.

The prognostic value of the disease response to neoadju-
vant chemotherapy in patients with CRLM has been
highlighted in recent years. Our team has recently reported
the association between radiological disease progression and
decreased DFS [10]. In this study, we have found similar
findings, as the radiological disease progression is the only
factor independently associated with DFS. Lau et al. have also
reported an association of metabolic response, as determined
by the proportional change in PET scan parameters following
neoadjuvant chemotherapy, with both DFS and OS [11]. The
third parameter that reflects the response of the tumour to

neoadjuvant chemotherapy and which has been reported to
be linked with OS but not with DFS is the CEA change fol-
lowing neoadjuvant chemotherapy [18]. Stremitzer et al. in-
vestigated a CEA change in conjunction with DFS and OS in a
group of 88 patients with CRLM who underwent liver resec-
tion with curative intent and concluded that a CEA change of
less than 50 % is associated with decreased OS but not DFS.
To determine the optimal cutoff value of 50 %, they applied
receiver operating curve (ROC) analysis [18]. In this study, we
divided patients into two groups based on the CEA change
following neoadjuvant chemotherapy: patients with an in-
crease in CEA and patients with stable or a decrease in CEA
after neoadjuvant chemotherapy. We believe that this catego-
rization is more reliable and reproducible than the determina-
tion of an optimal cutoff level which would be applicable only
regarding this population under study and therefore would not
be reproducible. Our choice of categorization can be support-
ed by results of two further studies that investigated the prog-
nostic value of CEA change in patients with non-metastatic
resectable rectal cancer [19, 20].While both studies concluded
that CEA change following neoadjuvant treatment is not as-
sociated with decreased OS, one study used 70 % as optimal
cutoff value of CEA change and the other one 50 % [19, 20].

Our findings are supported by the report of Stremitzer et al.
which demonstrated that increased CEA following neoadju-
vant chemotherapy is associated with decreased OS.
Increasingly, data indicate that tumour biology is a superior
prognostic factor when compared to the traditional measure-
ments of tumour volume [10, 11]. This finding is even more
important when it comes to CRLM because of the high prob-
ability of micrometastatic disease not readily detectable by
follow-up imaging studies. Assessment of response to neoad-
juvant chemotherapy via an accessible way to define tumour
biology may have strategic value. Currently, the only widely
accepted method for the assessment of tumour response to
neoadjuvant chemotherapy is the radiologic response, more
specifically the RECIST criteria [12]. However, these criteria
aim mainly at adopting a common parameter in regards to the
response of solid tumours to chemotherapy so as for results
from phase II and phase III studies to be comparable, and not
to delineate risk stratification for patients in terms of post-
resection adjuvant follow-up and therapy. Lau et al. have dem-
onstrated that metabolic response to neoadjuvant chemother-
apy is superior to radiologic response according to RECIST
criteria as a prognostic factor in patients with CRLM under-
going liver resection [11]. Similarly, both reported results
from Stremitzer’s work and from our study demonstrate that
CEA change is a predictive factor superior to radiologic re-
sponse regarding OS [18]. On the other hand, in an era
characterised by the increasing use of biological agents such
as bevacizumab or immunological therapies in the neoadju-
vant setting for patients with CRLM, RECIST criteria appear
to be inferior to morphological changes of liver metastases for

Fig. 3 CEA change following neoadjuvant chemotherapy and post-
recurrence survival
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the assessment of response to treatment [21]. More recent
criteria that are used for targeted therapies include the Choi
response criteria for gastrointestinal stromal tumours, modi-
fied RECIST criteria for hepatocellular carcinoma and
immune-related response criteria for melanoma. The positron
emission tomography response criteria in solid tumours and
the Cheson criteria make use of positron emission tomography
to provide functional information and help determine tumour
viability [22].

All of the above data indicate the need for a marker supe-
rior to RECIST criteria for the evaluation of response to neo-
adjuvant treatment. For the assessment of metabolic response,
a repeat PET scan following completion of neoadjuvant che-
motherapy is required in our opinion. As this is not performed
routinely in most cancer centres for economic and availability
reasons, we believe that assessment of CEA change following
neoadjuvant chemotherapy could be a reasonable method for
additional assessment of response to neoadjuvant
chemotherapy.

Τhe greatest restriction of our study is its retrospective na-
ture, and as such, a selection bias is a possibility. In an effort to
homogenise the study population, we excluded patients with
extrahepatic disease and included only patients with potential-
ly curative resections. Furthermore, all patients were operated
on by one of two surgeons at the same institution and they all
underwent similar preoperative staging, MDM assessment
and same protocol decision tree.

Conclusion

We have shown that CEA increase following neoadjuvant
chemotherapy is an independent prognostic factor associated
with both PRS and OS in patients with liver-only colorectal
metastases who undergo curative liver resection. We suggest
validation of this finding in an independent cohort and con-
sideration of risk stratification for post-hepatectomy adjuvant
follow-up and therapy.
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