
Abstract. Aim: We evaluated the relationship between
carcinoembryonic antigen half-life (CEA-HL) in the early
period of induction chemotherapy for patients with liver
metastases from colorectal cancer (CRLM) and their
clinicopathological response. Patients and Methods: Seventy-
four patients with initially unresectable CRLM received
FOLFOX with or without bevacizumab and 30 patients
underwent hepatic resection. The CEA-HL in the early
postoperative period was investigated, and the pathological
response was classified according to tumor regression grade
(TRG). Results: The CEA-HL after the third chemotherapeutic
course (CEA-HL3) was significantly shorter in responders
compared to non-responders. In the 30 patients who
underwent hepatectomy, the CEA-HL3 was significantly
shorter in the major or complete-pathological-response group
for the TRGs than in the the partial-pathological-response
group. If the patients were divided into two groups according
to the median value of 20 days, progression-free survival and
overall survival were significantly better in those with CEA-
HL3 below the cut-off. Conclusion: The CEA-HL is an early
predictor of the pathological response and prognosis after
induction chemotherapy for CRLM. 

Liver metastases occur in approximately 30% of all patients
with colorectal cancer (CRC), and account for at least two-

thirds of deaths of these patients (1). Furthermore,
approximately 60% to 70% of patients show recurrence after
hepatic resection for liver metastases from CRC (CRLM) (2).
Combination chemotherapy including fluorouracil with
irinotecan or oxaliplatin improves the survival of patients with
CRLM (3-5). Oxaliplatin-based chemotherapy, including the
leucovorin-fluorouracil-oxaliplatin (FOLFOX) regimen, can
lead to tumor down-staging in some patients with initially
unresectable CRLM, and improve their survival (6-10). Early
prediction of tumor response is a quite important issue because
the treatment strategy will be promptly decided (11, 12).

Carcinoembryonic antigen (CEA) was first identified in 1965
(13), and has been widely used as a biomarker of several types
of digestive cancers. It is a good prognostic marker of CRC: the
postoperative CEA level can predict the success of curative
resection, and CEA is the biomarker of choice for monitoring
the response to systemic therapy for metastatic CRC (2, 4, 14,
15). It is also a useful biomarker for reflecting the response to
chemotherapy for CRLM, and in several studies, its kinetics
during chemotherapy have been investigated in relation to
various clinicopathological parameters (16-18). However, the
literature includes only a few detailed reports on the kinetics of
CEA during induction chemotherapy for CRLM and its
relationship with the pathological response. In the present study,
we aimed to evaluate the relationship between the half-life of
serum CEA (CEA-HL) and the pathological response and long-
term outcome in the early period of induction chemotherapy for
CRLM.

Patients and Methods

From May 2005 to December 2009, 105 patients with initially
unresectable CRLM or extra-hepatic metastases received induction
chemotherapy, and 88 of these patients were treated with more than
three courses of FOLFOX with/without bevacizumab as the first-
line therapy.
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Nine patients with insufficient data and five in whom CEA was
in normal range before induction chemotherapy were excluded from
the analyses. Finally, 74 patients were enrolled in this study and 30
patients became eligible for hepatic resection after induction
chemotherapy. They had histologically proven colorectal
adenocarcinoma with liver metastases, and no history of other
carcinoma in the previous five years. Written informed consent was
obtained from all patients, and this study conformed to the tenets of
the World Medical Association’s Declaration of Helsinki and was
approved by the local Review Committee.

Chemotherapeutic regimen. FOLFOX was administered mainly as
outpatient chemotherapy on the basis of the modified FOLFOX6
protocol as follows: a 2-h infusion of leucovorin (200 mg/m2) and
oxaliplatin (85 mg/m2) followed by a fluorouracil bolus (400
mg/m2) and a 46-h continuous infusion of fluorouracil (2400
mg/m2) for two days every two weeks. Bevacizumab (5 mg/kg) was
administered on day 1 of the biweekly regimen. The treatment was
continued until diagnosis of resectable CRLM, disease progression
or unacceptable toxicity occurred, or the patient decided to
discontinue treatment. After hepatic resection, FOLFOX was
basically continued for up to 12 cycles of preoperative and
postoperative chemotherapy in total.

Clinical response evaluation. The clinical analysis was based on
medical imaging and patient records in the Kumamoto University
CRLM database after each cycle. Before chemotherapy, abdominal
ultrasonography, and computed tomography (CT) or magnetic
resonance imaging (MRI) were performed according to the
identified targets. CT scans were repeated after every two or three
chemotherapeutic courses. The clinical response was defined
according to the Response Evaluation Criteria in Solid Tumors
Group guidelines during the CT scan evaluation (19).

Pathological response evaluation. The pathological response to
chemotherapy was classified according to a modified version of
Mandard’s classification (20, 21). In this classification, five tumor
regression grades (TRGs) are defined on the basis of the presence of
residual tumor cells and the extent of fibrosis (21) as follows: TRG1,
no residual tumor cells and abundant fibrosis; TRG2, a few residual
tumor cells scattered throughout abundant fibrosis; TRG3, some
residual tumor cells throughout predominant fibrosis; TRG4,
predominant tumor cells throughout some fibrosis; and TRG5,
abundant tumor cells and no fibrosis. For the pathological analysis,
tumor samples were fixed in formalin for more than 24 h, embedded
in paraffin, sectioned into slices of 5-10 mm in thickness, and stained
with hematoxylin and eosin. The slides were examined independently
by two pathologists. In patients with multiple metastases with
different TRGs, the higher TRG was used as reference.

Measurement of CEA levels and CEA-HL. The serum CEA level was
measured in all patients before each chemotherapeutic cycle, and 2.0
ng/ml was considered as the lower cut-off. The CEA kinetics during
chemotherapy differed among the patients. The CEA-HL slope was
determined by using a semilogarithmic plot of the serum CEA level
measured at different time points. To assess the slope objectively, the
CEA level before chemotherapy (baseline) and that after the first,
second, and third chemotherapeutic courses were considered. The
CEA-HL during the early period of chemotherapy was then
determined using the Kohn equation (22), as follows: CEA-HL

(days)=0.3×ΔT/ln(CEA level at baseline/CEA level after each
chemotherapeutic course) where ΔT is the time interval between the
baseline and the each chemotherapeutic course. In the patients with
static or increasing CEA levels, the CEA-HL was set at 100 days
according to a previous study (23).

Statistical analysis. We used box plots and Student’s t-test to analyze the
relationship between the CEA-HL and the clinicopathological response
after each chemotherapeutic course. Categorical variables were compared
by using the chi-square test. Progression-free and overall survival was
calculated from the date of the first chemotherapy. Univariate survival
analyses were performed using the Kaplan–Meier method and log-rank
tests. For all the statistical tests, the level of significance was defined as
p<0.05. All statistical analyses were performed with the StatView5.0
software program (SAS Institute, Inc., Cary, NC, USA).

Results

Patients’ characteristics. All the patients had a World Health
Organization performance status of 0 to 2, 70.2% (52/74) of
the patients were of male gender, and the median age was 65
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Table I. Characteristics of the 30 patients who underwent hepatic
resection after chemotherapy.

Characteristic No. %

Tumor location
Colonic 20 66.7
Rectal 10 33.3

Timing of liver metastasis
Synchronous 22 73.3
Metachronous 8 26.7

Extra-hepatic metastases
Negative 25 83.3
Positive 5 16.7

Chemotherapy regimen
FOLFOX 22 73.3
FOLFOX+BV 8 26.7

Total chemotherapy cycles, n
Mean 7.8 -
Range 3-19 -

Hepatectomy
Major 13 43.3
Minor 17 56.7

TRG
1 1 3.3
2 5 16.7
3 8 26.7
4 7 23.3
5 9 30 

Relapse site after hepatectomy
None 12 40
Remnant liver 11 35.5
Lung 6 19.4
Lymph node 4 12.9
Bone 3 9.7

FOLFOX, Folinic acid, 5-fluorouracil, and oxaliplatin; BV,
bevacizumab; TRG, tumor regression grade.



years (range=34-83 years). Furthermore, the majority of
patients (54/74; 73%) had synchronous liver metastases.
Moreover, the majority (57/74; 77%) received FOLFOX
alone. The clinical response after the first three
chemotherapeutic courses was as follows: progressive
disease (PD) in 17.6% (13/74); stable disease (SD) in 39.2%
(29/74); and partial response (PR) in 43.2% (32/74). 

Table I shows the clinicopathological characteristics of the
30 (40.5%) patients who underwent hepatic resection after
chemotherapy (mean=7.8 courses). The median follow-up
time after hepatic resection was 24 months (range=3-48
months). During this period, 18 (60%) patients experienced
recurrence and nine (30%) patients died.

CEA kinetics during the early period of chemotherapy. The
CEA kinetics in the first three courses of induction
chemotherapy was investigated in the 74 patients (Figure
1). The serum CEA level gradually increased in the PD
group, but decreased in the SD and PR groups. The level
after the third chemotherapeutic course was significantly
higher in the PD compared to the SD or PR groups
(636.9±514.9 vs. 126.5±46.6 ng/ml, p=0.04) (Figure 1a).
Furthermore, the serum CEA level gradually decreased in
the patients with PR, and a significant difference was noted
between the baseline level and that after the third
chemotherapeutic course (622.2±206 vs. 111.8±38.2 ng/ml,
p=0.02) (Figure 1b). 

The CEA-HL after the second chemotherapeutic course
(CEA-HL2) was significantly shorter in the PR group
compared to the SD (p=0.01) and PD (p<0.01) groups.
The CEA-HL after the third chemotherapeutic course
(CEA-HL3) was also significantly shorter in the PR group
than the SD (p<0.01) and PD (p<0.01) groups, and in the

SD rather than the PD group (p=0.04) (Figure 1c).
Moreover, the CEA-HL3 was significantly shorter in
patients who underwent hepatic resection than in those for
whom hepatic resection remained impossible (p<0.01)
(Figure 1d).

Relationship between CEA-HL and pathological response.
A relationship between the CEA-HL3 and the pathological
response was demonstrated in the 30 patients who
underwent resection (Figure 2). The response was classified
into three groups on the basis of the TRGs according to a
previous report (21): TRG1/2 (n=6), major or complete
pathological response; TRG3 (n=8), partial pathological
response; and TRG4/5 (n=16), no tumor regression or
pathological response. The CEA-HL3 was significantly
longer in the TRG3 group than in the TRG1/2 group
(p=0.01). Table II demonstrates the relationships of the
clinical parameters and CEA-HL3 with the TRG in these
patients. Only the CEA-HL3 was significantly related to
TRG (p=0.02).

Relationship between CEA-HL and survival. The
relationships between the clinical parameters and survival
were investigated in the 30 patients who underwent
reaction (Table III). In the univariate analyses, the CEA-
HL3 was significantly influenced the progression-free
survival (p=0.03) and overall survival (p=0.02). The
patients were divided into two groups according to the
median CEA-HL3 value of 20 days. Figure 3 shows the
survival curve of the patients according to CEA-HL3
value. Progression-free survival (p=0.03) and overall
survival (p=0.02) were significantly better in those with
CEA-HL3 below the cut-off.
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Table II. Correlation between clinical parameters and pathological response.

Category n Pathological response

TRG1-2 TRG3 TRG4-5 p-Value

No. of liver metastases <3 16 3 5 8
≥3 14 3 3 8 0.83

Largest tumor diameter <5.0 cm 20 3 6 11
≥5.0 cm 10 3 2 5 0.60

Clinical response SD 10 1 3 6
PR 20 5 5 10 0.63

Pre-chemotherapy CEA <24 ng/ml 15 2 3 10
≥24 ng/ml 15 4 5 6 0.34

CEA-HL3 <20 days 15 6 3 6
≥20 days 15 0 5 10 0.02

Cut-off values for pre-chemotherapy CEA and CEA-HL3 were median values. TRG, tumor regression grade; SD, stable disease after third
chemotherapeutic course; PR, partial response after third chemotherapeutic course; CEA-HL3, carcinoembryonic antigen half-life after third
chemotherapeutic course.



Discussion

The relationship between the early CEA kinetics and the
clinicopathological response to induction chemotherapy in
patients with CRLM, especially those treated by hepatic

resection, has been seldom examined. We first analyzed the
serum CEA levels and CEA-HL according to the early clinical
response to induction chemotherapy. Both the absolute CEA
level and the CEA-HL slope were the most significant
prognostic factors after three courses of chemotherapy. In
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Figure 1. Carcinoembryonic antigen (CEA) kinetics during the first three courses of induction chemotherapy in the 74 patients with colorectal liver
metastases (CRLM). The changes in the serum CEA levels were compared between those with progressive disease (PD; n=13) and stable disease (SD)
or partial response (PR; n=61) (a) and between those with SD (n=29) and with PR (n=32) (b). The changes in the CEA half-life (CEA-HL) were also
compared among the PD, SD, and PR groups (c) and between the patients without hepatic resection (HR−; n=44) and those with (HR+; n=30)
(d). *p<0.05, **p<0.01, ***p<0.001. Pre, baseline; P1, after first chemotherapeutic course; P2, after second chemotherapeutic course; P3, after
third chemotherapeutic course.



patients with CRLM who receive induction chemotherapy,
eligibility for resection is an independent prognostic factor (9,
10). Accordingly, the CEA-HL3 was significantly lower in the
patients finally treated with compared to those without hepatic
resection. Therefore, we consider the CEA-HL3 to be an
important predictor of CRLM resectability in the early period
of induction chemotherapy.

The TRG system is a useful tool for evaluating the
pathological response to neoadjuvant chemotherapy for
CRLM (21). The pathological response to chemotherapy is
also related to survival (21, 24, 25). In the present study, the
CEA-HL significantly predicted the pathological response,
whereas the clinical response was not significantly different
by the clinical parameters analyzed. Because the clinical
response during induction chemotherapy depends only on the
change in tumor size, the clinical parameters may fail to
represent the true response to chemotherapy, as indicated in
recent reports (26, 27). Therefore, the CEA kinetics should
be evaluated before further treatments in patients receiving
induction chemotherapy for CRLM.

The relationship between early tumor marker kinetics
based on half-life analysis and the response and survival after
induction chemotherapy has been reported for other types of
cancer: carbohydrate antigen 125 in ovarian cancer (23, 28),
alpha-fetoprotein in germ cell tumors (29), and prostate-
specific antigen in prostate cancer (30). These findings likely
indicate that early kinetics of tumor markers reflect the
sensitivity of tumors and cancer cell survival after
chemotherapy. In many clinical studies of chemotherapy for
CRLM, the response is evaluated after the first two or three
chemotherapeutic courses. If the final response to

chemotherapy can be predicted in the early period, then
ineffective treatment can be avoided. Early tumor shrinkage
at eight weeks and six weeks can predict long-term survival
for patients with metastatic CRC treated with first-line
chemotherapy plus cetuximab and for patients with
chemorefractory metastatic CRC treated with cetuximab with
or without irinotecan (11, 12). Recently, early tumor response
by week-2 non-enhanced MRI was found to be predictive of
clinical outcome in patients with metastatic CRC treated with
cetuximab or panitumumab (31). However, these studies all
required diagnostic imaging and demonstrated no information
of pathological effects in the resected liver. 

Our study has some limitations. Firstly, its retrospective
design inherently introduces certain types of bias. In fact, a
few cases were excluded because of insufficient data, and the
study included a limited number of patients. Consequently
the findings in some patients might be difficult to interpret
statistically. For example, among the patients with a CEA-
HL2 of less than 19 days, five out of six had TRG1/2, and
among those with a CEA-HL2 of 19 days or more, 62.5%
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Figure 2. Box plot analysis of the carcinoembryonic antigen half-life
(CEA-HL) after third chemotherapeutic course and the relationship with
the tumor regression grades (TRGs). *p<0.05. The central bar is a
median value. Top and bottom of error bar and box is maximum and
minimum, and 75th percentile and 25th percentile, respectively.

Table III. Correlation between clinical parameters and survival.

Category n Univariate analysis

MST p-Value
(months)

Progression-free survival
No. of liver metastases <3 16 9.2

≥3 14 5.2 0.19
Largest tumor diameter <5.0 cm 20 6.6

≥5.0 cm 10 5.2 0.89
Clinical response SD 10 3.3

PR 20 9.2 0.13
Pre-chemotherapy CEA <24 ng/ml 15 9.2

≥24 ng/ml 15 4.7 0.37
CEA-HL3 <20 ng/ml 15 26.4

≥20 days 15 4.0 0.03

Overall survival
No. of liver metastases <3 16 NR

≥3 14 NR 0.80
Largest tumor diameter <5.0 cm 20 27.1

≥5.0 cm 10 NR - 0.73
Clinical response SD 10 19.3

PR 20 NR - 0.03
Pre-chemotherapy CEA <24 ng/ml 15 NR -

≥24 ng/ml 15 NR - 0.67
CEA-HL3 <20 days 15 NR -

≥20 days 15 24.0 0.02

CEA-HL3, (CEA) half-life after the third chemotherapeutic course;
MST, median survival time; SD, stable disease after third
chemotherapeutic course; PR, partial response after third
chemotherapeutic course. Cut-off values of pre-chemotherapy CEA,
CEA-HL3 were median values; NR, not reached. 



(10/16) had TRG4/5 (data not shown). Although these data
after two chemotherapeutic courses were not significantly
different, they tended to be associated with the pathological
response. Because of a limited number of patients, further
statistical analysis was difficult to perform, and differences
were not demonstrated clearly.

In conclusion, the CEA-HL during the early period of
induction chemotherapy can predict the pathological response
and survival in patients with CRLM. It is easily measured and
can contribute to proper decision making, avoiding ineffective
treatment. A prospective multi-center study with a large patient
population is warranted to confirm our results.
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