
1 3

Surg Today (2017) 47:1223–1229
DOI 10.1007/s00595-017-1530-x

ORIGINAL ARTICLE

Carcinoembryonic antigen testing after curative liver resection 
for synchronous liver metastasis of colorectal cancer: a Japanese 
multicenter analysis

Satoshi Okazaki1 · Hironobu Baba1 · Noriko Iwata1 · Shinichi Yamauchi1 · 
Kenichi Sugihara1 

Received: 25 December 2016 / Accepted: 11 February 2017 / Published online: 24 April 2017 
© Springer Japan 2017

Conclusions A postoperative CEA level >5 ng/ml was an 
independent predictor of recurrence; however, CEA testing 
was not a reliable surveillance tool to identity recurrence 
after liver resection.
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Introduction

Surgical resection of colorectal liver metastasis (CLM) is 
accepted as the only potentially curative treatment. How-
ever, despite advances in the management of CLM, recur-
rence is found in the liver remnant or at other sites in 
50–75% of patients who undergo liver resection for CLM 
[1–4]. It is thought that the high frequency of recurrence 
after liver resection is due to occult metastases derived 
from the primary colorectal cancer (CRC) and residual 
lesions scattered from CLM [5, 6].

The serum levels of carcinoembryonic antigen (CEA), 
a glycoprotein, frequently increase in patients with various 
types of cancer. Thus, CEA testing is widely used in the 
management of CRC patients, especially as a surveillance 
tool after the resection of primary stages I–III CRC tumors, 
as an early detector of recurrence [7–10]. Moreover, many 
studies have shown that perioperative CEA is a predictive 
marker of recurrence after complete (R0) resection for met-
astatic CRC [11–14]. However, it is unclear how periop-
erative CEA should be used in the management of patients 
with CLM and the efficacy of CEA surveillance after sur-
gery for CLM has not been fully investigated. If the serum 
CEA level after liver resection reflects the existence of 
residual occult tumors, an elevated CEA level could be not 
only a predictor of recurrence, but also a good surveillance 

Abstract 
Purpose To identify the possible roles of carcinoembry-
onic antigen (CEA) testing after liver resection for synchro-
nous colorectal liver metastasis (CLM).
Methods The subjects of this retrospective study were 
patients who underwent complete resection of primary 
tumors and synchronous CLM between 1997 and 2007 
at 20 institutions in Japan. We studied the associations 
between perioperative CEA levels and the characteristics of 
recurrence.
Results Recurrence was detected during the median 
follow-up time of 52 months in 445 (73.7%) of the total 
604 patients analyzed. A postoperative CEA level >5 ng/
ml was an independent predictor, with the highest hazard 
ratio (2.25, 95% confidence interval 1.29–3.91, P = 0.004). 
A postoperative CEA level >5 ng/ml had a specificity of 
86.2% and a positive predictive value of 84.2% for recur-
rence. Patients with a high postoperative CEA level had 
a significantly higher recurrence rate, with a shorter time 
until recurrence and a higher frequency of multiple meta-
static sites than those with a low postoperative CEA level. 
Among the patients with recurrence, 173 (52.7%) had 
an elevated CEA level (>5 ng/ml) when recurrence was 
detected.
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tool after liver resection. We conducted this study to define 
the association of perioperative CEA levels and the char-
acteristics of recurrence after liver resection and to iden-
tify the possible roles of CEA testing in the management 
of patients after R0 resection for primary tumors and then 
CLM.

Patients and methods

Study design

We reviewed medical records collected from the 20 insti-
tutes participating in the Japanese Study Group for Postop-
erative Follow-up of Colorectal Cancer (JFUP-CRC). The 
JFUP-CRC is a joint study group, established in 2001 to 
propose the most adaptive and effective follow-up program 
for the management of CRC patients (the investigators in 
this group are listed in Acknowledgements).

To assess the value of CEA as a predictor of recur-
rence or as a surveillance tool after liver resection, we 
reviewed the collected data and analyzed the association 
between perioperative CEA levels and the characteristics 
of recurrence after liver resection for synchronous CLM. 
All patients enrolled in this study underwent surgical pro-
cedures that were covered by the Japanese national health 
insurance. This study was exempt from institutional ethical 
review because patient information could not be identified 
from the data.

Data collection

The subjects of this retrospective analysis were patients 
who underwent R0 resection for both primary tumors and 
synchronous CLM between January, 1997, and Decem-
ber, 2007. Patients with extrahepatic metastases were 
excluded. We collected data on the characteristics of the 
primary tumor and liver metastases, perioperative chemo-
therapy, recurrence, and survival, as well as the preopera-
tive and postoperative CEA levels, defined as levels meas-
ured within 1 month before and within 3 months after liver 
resection, respectively. The CEA level at the time of recur-
rence was also measured. Patients whose CEA levels had 
not been measured were excluded from the study popula-
tion. Patients who received any chemotherapy for more 
than 6 months after liver resection were regarded as having 
received adjuvant chemotherapy. All other patients were 
grouped as having received ‘no adjuvant chemotherapy.’

Statistical analysis

Categorical variables were compared using the Chi-square 
test. Multivariate analysis was completed for factors with a 

P value <0.10 on univariate analysis using a logistic regres-
sion model. To evaluate the survival time and the time until 
recurrence, the Kaplan–Meier method was used and a com-
parison was made using the log-rank test. Differences with 
a P value of <0.05 were considered significant. All statis-
tical analyses were performed using SPSS version 13.0 
(SPSS Inc., Chicago, IL, USA).

Results

Patient characteristics and clinical outcomes

We reviewed the records of 604 patients with synchro-
nous CLM who underwent resection of primary tumors 
and CLM between 1997 and 2007. The median follow-up 
after liver resection was 52 months (range 3–199 months). 
Table 1 summarizes the clinical and pathological data 
of the 604 patients. There were 383 (63.4%) men and 
221 (36.6%) women, with a mean age of 63 years (range 
29–91 years). The primary tumors were advanced with 
regard to invasion [T3 and T4, n = 408 (67.5%)] and nodal 
status [node positive, n = 431 (71.4%)], and 40.7% of 
tumors were located in the rectum. The median diameter 
of the largest metastasis was 25 mm (range 4–170 mm), 
and the median number of metastases was 2 (range 1–32). 
Among the 604 patients, 470 (77.8%) underwent liver 
resection simultaneously to the primary tumor resection, 
and the remaining patients underwent metachronous liver 
resection after resection of the primary tumor. Fifty (8.3%) 
patients received neoadjuvant chemotherapy, and 364 
(60.3%) received adjuvant chemotherapy. Recurrence was 
detected in 445 (73.7%) patients during the median follow-
up time of 52 months and within 3 years after liver resec-
tion in 91.0%. The median survival time after liver resec-
tion was 66 months (range 3–199 months), and the 5-year 
cumulative overall survival rate was 51.9%.

CEA as a predictor of recurrence

To assess the predictive factor of recurrence, clinico-
pathological variables were compared between patients 
with and without recurrence (Fig. 1). We investigated 
which of the following four CEA variables was the 
strongest predictor of recurrence: a high preoperative 
CEA level; a high postoperative CEA level; a high rela-
tive CEA level, being the ratio of postoperative CEA 
against preoperative CEA; and both high preoperative 
and postoperative CEA levels. The cutoff levels for pre-
operative, postoperative, and relative CEA were cal-
culated using receiver operating characteristic (ROC) 
curves (Supplementary Fig. 1). The most appropriate 
cutoff levels were 90 ng/ml for preoperative CEA, 5 ng/
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Table 1  Patient characteristics 
and analysis of factors 
associated with recurrence after 
liver resection

Patient characteristics n Recurrence Univariate  analysisb Multivariate analysis

n (%) P value P value OR (95% CI)

Gender

 Male 383 281 (73.4) 0.821 – –

 Female 221 164 (74.2)

Age at hepatectomy

 >70 121 80 (66.1) 0.038 0.065 1.590 (0.972–2.599)

 ≤70 483 365 (75.6)

Primary tumor characteristics

 Tumor location

  Colon 358 263 (73.5) 0.887 – –

  Rectum 246 182 (74.0)

 T  stagea

  T1, T2 192 145 (75.5) 0.479 – –

  T3, T4 408 297 (72.8)

 N stage

  Negative 159 98 (61.6) <0.0001 0.002 2.000 (1.295–3.089)

  Positive 431 337 (78.2)

 Lymphatic invasion

  Negative 161 114 (70.8) 0.307 – –

  Positive 439 329 (74.9)

 Vascular invasion

  Negative 84 54 (64.3) 0.034 0.533 1.202 (0.675–2.141)

  Positive 514 387 (75.3)

Liver metastases characteristics

 Diameter

  >50 mm 93 75 (80.6) 0.075 0.269 1.389 (0.776–2.488)

  ≤50 mm 437 313 (71.6)

 Number of metastases

  >2 164 135 (82.3) 0.002 0.004 2.088 (1.244–3.257)

  ≤2 374 260 (69.5)

 Timing of liver resection

  Synchronous 470 352 (74.9) 0.212 – –

  Metachronous 131 91 (69.5)

 Neoadjuvant chemotherapy before liver resection

  Present 364 265 (72.8) 0.374 – –

  Absent 230 175 (76.1)

 Adjuvant chemotherapy after liver resection

  Present 50 36 (72.0) 0.729 – –

  Absent 544 404 (74.3)

CEA

 Preoperative  CEAc

  >90 ng/ml 108 89 (82.4) 0.023 0.129 1.610 (0.870–2.985)

  ≤90 ng/ml 496 356 (71.8)

 Postoperative  CEAc

  >5 ng/ml 139 117 (84.2) 0.001 0.004 2.247 (1.294–3.906)

  ≤5 ng/ml 465 328 (70.5)

 Relative  CEAc

  >0.75 131 106 (80.9) 0.034 0.027 1.835 (1.071–3.135)

  ≤0.75 473 339 (71.7)
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ml for postoperative CEA, and 0.75 for relative CEA, 
respectively. Those four variables were entered individu-
ally into the univariate analysis (a preoperative CEA level 
> or ≤90; a postoperative CEA level > or ≤5; a relative 
CEA level > or ≤0.75; both a preoperative CEA level >5 
and a postoperative CEA level >5 or not), and each one 
was entered separately into the multivariate analysis with 
the other predictors (Table 1). A postoperative CEA level 
>5 ng/ml was identified as an independent predictor of 
recurrence with the highest HR (2.25, 95% confidence 
interval (CI) 1.29–3.91, P = 0.004). The recurrence rates 
were 84.2% for patients with a postoperative CEA level 
>5 ng/ml and 70.5% for those with a postoperative CEA 
level ≤5 ng/ml (P = 0.001). For the prediction of recur-
rence, a postoperative CEA level >5 ng/ml had the high-
est specificity (86.2%) and the highest positive predictive 
value (PPV 84.2%), while the sensitivity was 26.3%.

Characteristics of recurrence according 
to postoperative CEA

The 445 patients with recurrence were divided into two 
groups according to their postoperative CEA level: a 
high-CEA group with a postoperative CEA level >5 ng/
ml (n = 117) and a low-CEA group with a postopera-
tive CEA level ≤5 ng/ml (n = 328; Fig. 1). We compared 
the time to recurrence after liver resection, the sites of 
recurrence, and the CEA level at the time of recurrence 
between the groups.

Time to recurrence after liver resection

The median time until recurrence was significantly 
shorter in the high-CEA group than in the low-CEA 
group (5.0 vs. 9.1 months, P < 0.0001). Recurrence was 
found within 6 months of resection in 55.9% of patients 
in the high-CEA group vs. 27% of patients in the low-
CEA group (Fig. 2).

OR odds ratio, CI confidence interval, CEA carcinoembryonic antigen
a T stage is based on the seven edition of the UICC TNM classification
b Patients without data were excluded from the Chi-square test
c Each factor was analyzed separately into the multivariate analysis with the other predictors

Table 1  continued Patient characteristics n Recurrence Univariate  analysisb Multivariate analysis

n (%) P value P value OR (95% CI)

 Pre. CEA >5 and Post. CEA >5c

  Yes 123 103 (83.7) 0.005 0.015 2.045 (1.147–3.650)

  No 481 342 (71.1)

Fig. 1  Analysis flowchart

Fig. 2  Cumulative recurrence rates after liver resection
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Sites and distribution of recurrence

Table 2 shows the sites and distribution of recurrence 
in each group. More patients in the high-CEA group had 
metastases at multiple sites than those in the low-CEA 
group (36.8 vs. 21.6%, P = 0.001). The liver remnant was 
the most common site of recurrence in both groups (68.4 
and 68.0%). Lung and lymph node metastases were more 
frequent in the high-CEA group than in the low-CEA group 
(40.1 vs. 28.4%; P = 0.018, and 17.1 vs. 10.4%; P = 0.056, 
respectively). There were no differences in recurrence rates 
at other sites.

CEA level at the time of recurrence

A CEA level of >5 ng/ml was found at the time of recur-
rence in 52.7% of the patients in the low-CEA group. This 
means that the sensitivity of CEA testing to detect actual 
recurrence is 52.7%. We also measured the ratio of CEA 
at the time of recurrence vs. the postoperative CEA level 
in the high-CEA group. The median ratio was 1.25, with 
41% of patients having a ratio of more than 1.5 and 52.1% 
having a ratio of more than 1.2 (Table 3). The specific-
ity and accuracy of CEA testing to diagnosis actual recur-
rence are not available due to the lack of corresponding 
CEA levels in the patients without recurrence.

Discussion

In accordance with the findings of previous studies that 
postoperative CEA is a predictive marker of recurrence [12, 
13], the patients in this series with a postoperative CEA 
level >5 ng/ml were at a significantly higher risk of recur-
rence, with a shorter time until recurrence and a higher fre-
quency of multiple metastatic sites. Our findings support 
the consensus that the serum CEA level after liver resection 
reflects the existence of residual occult tumors in the liver 
remnant or other organs.

An intensive adjuvant chemotherapy regimen after liver 
resection would be recommended for patients with a high 
recurrence risk. Although many studies [15–18] have inves-
tigated the efficacy of adjuvant chemotherapy after cura-
tive resection of CLM, effective regimens and indications 
for adjuvant chemotherapy have not yet been established. 
Since a postoperative CEA level >5 ng/ml had a high speci-
ficity and PPV to predict recurrence, this cutoff level could 
be used to stratify candidates who would benefit from adju-
vant chemotherapy. From the biological viewpoint that a 
high postoperative CEA level may indicate residual occult 
tumors, this variable would be reasonable to use in select-
ing those candidates. However, the sensitivity of a post-
operative CEA level >5 ng/ml was low, and even patients 
with a low postoperative CEA level (≤5 ng/ml) had a high 
recurrence rate of 70.5%. Therefore, additional criteria for 
selecting candidates for adjuvant chemotherapy will be 
necessary. Nodal metastases and a larger number of liver 
metastases, which were also independent predictors of 
recurrence with a high hazard ratio in this study, could be 
helpful.

An adequate and effective follow-up program to detect 
recurrent tumors earlier is important. Several meta-analy-
ses [19–21] have provided evidence that intensive follow-
up programs after curative surgery improve the outcome 
of patients with non-metastatic CRC. In particular, CEA 

Table 2  Sites and distribution of recurrence

CEA carcinoembryonic antigen

Sites and  
distribution of 
recurrence

High-CEA group 
(n = 117)

Low-CEA group 
(n = 328)

P value

n (%) n (%)

Single site 74 (63.2) 257 (78.4) 0.001

Multiple sites 43 (36.8) 71 (21.6)

Liver

 Present 80 (68.4) 223 (68.0) 0.938

 Absent 37 (31.6) 105 (32.0)

Lung

 Present 47 (40.1) 93 (28.4) 0.018

 Absent 70 (59.9) 235 (71.6)

Lymph node

 Present 20 (17.1) 34 (10.4) 0.056

 Absent 97 (82.9) 294 (89.6)

Local site

 Present 8 (6.8) 25 (7.6) 0.781

 Absent 109 (93.2) 303 (92.4)

Peritoneal surface

 Present 9 (7.7) 21 (6.4) 0.633

 Absent 108 (92.3) 307 (93.6)

Table 3  Change in carcinoembryonic antigen levels at the time of 
recurrence

CEA carcinoembryonic antigen
a The ratio of CEA at the time of recurrence against CEA after liver 
resection

CEA level n (%)

After liver resection At the time of recurrence

CEA ≤5 ≤5 155 (47.3)

>5 173 (52.7)

CEA >5 ≤1  timesa 49 (41.9)

1<, ≤1.2  timesa 7 (6.0)

1.2<, ≤1.5  timesa 13 (11.1)

1.5  timesa< 48 (41.0)
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testing, as well as imaging modalities, contributes to 
improving outcomes [22]. However, the efficacy of CEA 
testing as a surveillance tool after resection of metastatic 
CRC has not been fully investigated. Some guidelines 
recommend follow-up programs comprised of CEA test-
ing and CT for patients who have undergone R0 resec-
tion for metastatic CRC. The ESMO Clinical Practice 
Guidelines [23] recommend a follow-up program with 
CEA testing and CT at intervals of 3–6 months during the 
first 3 years. Similarly, the NCCN Guidelines (Version 
2. 2015) recommend a follow-up program of CEA test-
ing and CT scans every 3–6 months for the first 2 years, 
then CEA testing every 6 months and CT scans every 
6–12 months for the following 3 years. In the present 
study, almost half of the patients with a low postoperative 
CEA level did not have elevated CEA levels at the time 
of recurrence, suggesting that CEA monitoring is not 
useful in follow-up. Accordingly, intensive imaging stud-
ies as well as CEA monitoring would be necessary for 
earlier and more accurate detection of recurrent tumors.

This study was limited by its retrospective design; 
therefore, further prospective studies are warranted to 
confirm our findings. More data on chronological change 
in CEA levels after liver resection are also needed, and 
other factors that influence CEA elevation, such as smok-
ing, should be taken into consideration, to clarify the role 
of CEA testing.

In conclusion, a postoperative CEA level >5 ng/ml was 
an independent and strong predictor of recurrence, which 
could assist in decisions about treatment after liver resec-
tion. However, since CEA monitoring was not reliable as 
a surveillance tool, intensive imaging studies based on 
the characteristics of recurrence would be necessary for 
optimal follow-up after liver resection for CLM.
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