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Objective
The object of this study was to evaluate the prognostic significance of pre- and postoperative
serum carcinoembryonic antigen (CEA) levels in the resectional treatment of colorectal hepatic
metastases. The main question was whether postoperative CEA levels correlated with survival
and the time to recurrence.

Summary Background Data
Despite numerous investigations on prognostic factors in colorectal cancer, only sparse data are
available to estimate the patient's individual risk for tumor recurrence postoperatively. It is
controversial whether preoperative CEA values are of prognostic significance, and after observing
the kinetics of CEA decline, elevated CEA levels postoperatively were found to be an ominous
sign. CEA therefore could indicate the presence of a tumor burden after resection.

Methods
One hundred sixty-six patients undergoing hepatic resection for colorectal metastases with
curative intent were prospectively documented and underwent multivariate analysis for indicators
of prognosis.

Results
Abnormal preoperative CEA levels were not of prognostic significance compared with values
within the normal range (survival, 36 vs. 30 months; p = 0.12; disease-free survival, 12 vs. 10
months; p = 0.82). The postoperative serum CEA level, however, was the most predictive factor
with regard to survival and the disease-free interval. Patients in whom CEA levels were abnormal
before surgery and returned into the normal range after resection had significantly better survival
times (37 vs. 23 months, p = 0.0001) and disease-free survival times (12 vs. 6.2 months, p =
0.0001) compared with patients with persistently abnormal values.
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Conclusions
Pre- and postoperative determination of the serum CEA level is mandatory to judge whether a
curative resection has been performed and whether tumor has been left behind after the
operation. Postoperative CEA levels also should be used as a stratification criterion in adjuvant
treatment studies after hepatic resection to indicate patients with a high risk of tumor recurrence.

In patients with hepatic metastases of colorectal can-
cer, resectional treatment offers the only chance for long-
term survival.' Neither systemic nor regional chemo-
therapy was proved to be as effective as a hepatic resec-
tion with regard to the disease-free survival time. Several
prognostic factors have been established that facilitate
the decision about whether to perform a resection in a
patient or not. After surgery, some patients have long-
term disease-free survival, but the majority ofthem have
recurrent tumors within the first 2 years after the resec-
tion.25 However, only sparse data are available to esti-
mate the patients' risks for tumor recurrence and to allot
them to adjunctive treatment modalities.
Carcinoembryonic antigen (CEA) was reported many

times to be an indicator oftumor recurrence, both loco-
regional and metastatic in colorectal cancer. Further-
more, it may serve to monitor the response to treatment
in patients undergoing regional or systemic chemother-
apy, not only in colorectal, but also in lung and breast
cancer.6,7 Several studies used the course of CEA levels
as a response criterion.89

In the treatment of primary colorectal cancer, a posi-
tive correlation between tumor stage and the proportion
of patients with abnormal CEA values before and after
surgery was proved.'0" In addition, the CEA value
showed the highest predictive value for tumor recur-
rence.'0 In patients who undergo hepatic resection for
colorectal metastases, it is still controversial whether pre-
operative serum CEA levels are of prognostic value in
regard to resectability.'2-'6 In a limited number of pa-
tients, the kinetics ofCEA decline were determined after
surgery,'6-'8 and it was concluded that "elevated CEA
levels postoperatively seem to be a prognostic ominous
sign."4

It was the purpose of this study to evaluate the prog-
nostic significance of pre- and postoperative serum CEA
levels. We used data prospectively documented in 166
patients undergoing hepatic resection for colorectal me-
tastases to answer the following questions. Can elevated
CEA serum levels before surgery serve as a prognostic
criterion in comparison with patients with normal CEA
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levels? Are CEA levels before and after surgery of prog-
nostic significance in multivariate analysis? Do postop-
erative CEA levels correlate with the the time to tumor
recurrence and the median survival rate?

PATIENTS AND METHODS

Patients

From October 1, 1981 to September 30, 1991, we per-
formed hepatic resections in 99 (59%) men and 67 (41%)
women. Their median age was 59 years (range, 30 to 79
years). In all of them, the primary tumor had been re-
sected for cure.
The indication for resection of hepatic metastases was

made ifthe patient fulfilled the following criteria: (1) the
metastases seemed to be restricted to one hepatic lobe
(maximum number, three) and were estimated to be
amenable to surgical resection and (2) there were no
signs of extrahepatic disease in preoperative diagnostic
procedures (x-ray of the chest, abdominal ultrasonogra-
phy, bone scintiscan, computed tomography (CT) ofthe
abdomen, and CT scan of the pelvis in the case of pri-
mary cancer ofthe rectum). Surgery was done in another
three patients with solitary lung metastases scheduled for
subsequent lung resection; these patients were excluded
from the analysis.
At laparotomy, the percentage of liver replacement

(PLR) by the tumor was estimated and documented by
bimanual palpation and intraoperative ultrasonography.
Twenty-three patients had metastases invading to adja-
cent organs. Ofthem, the tumors in 14 patients could be
resected with no evidence of residual disease (RO resec-
tion, no macroscopic tumor, and negative resection mar-
gins). Nine patients underwent resection with positive
margins and were excluded from this analysis; the details
were published elsewhere.'9 Three patients had discon-
tinuous intra-abdominal spread. Two of them had
lymph node metastases at the hepatoduodenal ligament,
and one patient had a locoregional recurrence after ante-
rior resection. They all underwent radiotherapy after sur-
gery and were omitted from the study. Another five pa-
tients with metastases confined to the liver also were ex-
cluded from analysis because of positive resection
margins. Six patients died after the operation; one of
them had positive resection margins (operative mortality
rate, 3.6%). Thus, the study group consisted of 141 pa-

Ann. Surg. * February 1994



CEA Determinations in Colorectal Metastases

Table 1. PATIENT SELECTION
(EXCLUSION) CRITERIA FOR THE STUDY

No. of patients who underwent liver resection
Resection specimen margins positive

Metastases confined to the liver
Metastases invading to adjacent organs

(one postoperative death)
Discontinuous extrahepatic tumor treated by

additional radiotherapy
Postoperative mortality
Synchronous lung metastases
Study group/RO-resection*

alive and were with or without evidence of disease (all
r patients). The date ofdeath was known in all 89 patients

(61%) who died. The cause of death was tumor depen-
Number dent in 85 patients, not related to the tumor in 2, and

unknown in another 2 patients.
166
14

5/140

9/23

* No residual tumor macroscopically and according to the pathologist report.

tients who underwent hepatic resection with no evidence
of residual tumor (Table 1).

CEA Determinations

Serum CEA levels were determined before and after
surgery. Blood samples were obtained within 1 week be-
fore the operation and at the end of the first postopera-
tive week. We used a commercially available enzyme-

linked immunosorbent assay (Abbott, Wiesbaden, Ger-
many). The interassay variance was between 3.2% and
8.8% in the linear range of the assay between 1 and 90
ng/mL of CEA. CEA values greater than 5 ng/mL were

considered abnormal.
In the case of abnormal postoperative values, further

blood samples were taken at 1- to 2-week intervals, and
the minimum CEA value underwent statistical analysis.
In four patients, no postoperative CEA values were ob-
tained. The median postoperative in-hospital stay ofthe
patients was 12 days (range, 6 to 73 days).

All data on patients and CEA values were pros-

pectively documented and recorded on the main-frame
computer ofthe German Cancer Research Center.

Follow-Up

The patients were followed every 3 months during the
first 2 postoperative years. The checkup consisted of a

physical examination, chest x-ray study, ultrasonogra-
phy of the liver and abdomen, and a determination of
the CEA level. After the first 2 years, 6-month intervals
for follow-up were used up to postoperative year 5, and
thereafter, yearly checkups were performed. All patients
were followed for at least 1 year. The median follow-up
time was 47 months (range, 12 to 108 months). By Sep-
tember 30, 1992, it was known whether the patients were

Statistical Analysis

Survival rates were estimated according to the method
of Kaplan and Meier.20 To calculate significant differ-
ences between subgroups by univariate analysis, we used
the log-rank test.2' By multivariate regression analysis
(Cox proportional-hazards testing22), we assessed the in-
dependent prognostic significance of different factors.
The following factors that possibly influence survival un-
derwent analysis: (1) location (colon vs. rectum), (2) the
Dukes' stage of the primary tumor (Astler-Coller modi-
fication), (3) tumor differentiation (grading), (4) syn-
chronous versus metachronous metastases, (5) the time
interval from the primary to metastases in metachronous
disease, (6) PLR (classified as up to 25%, 25% to 50%,
and more than 50%), (7) unilobar or bilobar disease, (8)
the number of metastases resected (single, two to three,
and four and more), (9) the patient's sex, (10) the pa-
tient's age (younger than 40, 41 to 50, 51 to 60, 61 to 70,
and older than 71 years), (1 1) preoperative CEA levels
(less or more than 5 ng/mL), and (12) postoperative CEA
levels (less or more than 5 ng/mL). Cox regression anal-
ysis was performed twice with survival and disease-free
survival as dependent variables. All statistical evalua-
tions were done by use of the SAS package (SAS Insti-
tute, Cary, NC).

RESULTS

Survival After Hepatic Resection

The median survival rate of our patients was 30
months (range, 3 to 108 months), including the operative
mortality rate of 3.6%, and was 34 months without cal-
culating postoperative deaths. Tumor recurrence was de-
tected in 104 patients (71%), and the median recurrence-
free time interval was 1 1.6 months (range, 2 to 104+
months).

Survival Rate Distribution for Different
Strata

Univariate analysis revealed the postoperative CEA
level (p = 0.002), time interval from the primary tumor
to hepatic metastases (p = 0.016), PLR (p = 0.019), pa-
tient's sex (men in favor ofwomen, p = 0.031), and pa-
tient's age (p = 0.047) as significant prognostic factors
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Table 2. RESULTS OF MULTIVARIATE
ANALYSIS FOR PROGNOSTIC FACTORS

Variable Beta p value z:ph Ratio

Dependent variable survival
Postoperative CEA 1.311 0.0002 1.46
Sex 0.802 0.0032 2.02
PLR 0.47 0.029 0.71
Time interval to primary tumor 0.019 0.047 0.22

Dependent variable disease-free survival
Postoperative CEA 1.433 0.0000 1.71
No. of metastases resected 0.274 0.013 1.92
Synchronous vs. metachronous mets 0.057 0.034 0.65

for survival. All other factors did not reach the p = 0.05
level.

In regard to the recurrence-free survival, again, the
postoperative CEA level resulted in the highest p value
(0.00006); furthermore, the nodal status of the primary
tumor (p = 0.0004), unilobar versus bilobar disease (p
= 0.006), the time interval from the primary tumor to
hepatic metastases (p = 0.008), and synchronous versus
metachronous disease (p = 0.018) were statistically sig-
nificant factors.

Multivariate Analysis of Independent
Prognostic Factors

Multivariate analysis detected only four independent
prognostic factors that influenced survival (the postoper-
ative serum CEA level, patient's sex, PLR, and time in-
terval to the primary tumor). Only three independent
criteria that influenced disease-free survival were found
(the postoperative serum CEA level, number of metasta-
ses resected, and synchronous vs. metachronous disease;
Table 2). The postoperative serum CEA level was the one
with the highest beta and p value in both analyses. All
other factors did not significantly contribute to prog-
nosis.

Preoperative CEA Examinations (Table 3)

The individual CEA values ranged between 1 and
4053 ng/mL (mean, 135.7 ng/mL; confidence interval,
95%, 48.8 to 469.7 ng/mL; median, 16 ng/mL). Neither
univariate nor Cox regression analysis detected preoper-
ative CEA levels as a prognostic factor for survival or dis-
ease-free survival. There was no significant difference
with regard to the different amounts of elevated CEA.
Patients who had "negative" CEA levels (range, 0 to 2
ng/mL) had a median survival of 37 months; patients
with CEA levels from 3 to 5 ng/mL had a survival time

Table 3. MEDIAN SURVIVAL AND
DISEASE-FREE SURVIVAL RATES AFTER
HEPATIC RESECTION DEPENDENT ON

PRE- AND POSTOPERATIVE CEA VALUES

No. of Disease-Free
Patients Survival Survival

CEA Preoperative
0-2 ng/mL 20(14.2%) 37 mo 11 mo
3-5 ng/mL 17 (12.1%) 35 mo 7 mo
6-20 ng/mL 44 (31.2%) 29 mo 13 mo
21-50 ng/mL 23 (16.3%) 32 mo 12 mo
> 50 ng/mL 37 (26.2%) 25 mo 6 mo

p = 0.12 p = 0.14
0-5 ng/mL 37 (26.2%) 36 mo 12 mo
> 5 ng/mL 104 (75.8%) 30 mo 10 mo

p = 0.21 p = 0.82
CEA Postoperative

0-2 ng/mL 73 (53.3%) 37 mo 15.5 mo
3-5 ng/mL 32 (23.4%) 34 mo 10.2 mo
6-20 ng/mL 18 (13.1%) 29 mo 7 mo
21-50 ng/mL 7 (5.1%) 25 mo 4 mo
> 50 ng/mL 7 (5.1%) 14 mo 5 mo

p = 0.0007 p = 0.0001
0-5 ng/mL 105 (77.7%) 37 mo 12 mo
> 5 ng/mL 32 (22.3%) 23 mo 6.2 mo

p = 0.0001 p = 0.0001

of 35 months; and the survival of patients who presented
with CEA levels of 6 to 20 ng/mL was 29 months. Those
with a CEA concentration between 21 and 50 ng/mL had
a survival of 32 months, and patients with CEA values
exceeding 50 ng/mL had a 25-month median survival (p
=0.12, Fig. 1).

Predictive Value of Postoperative CEA
Values (Table 3)

After surgery, the individual CEA values ranged be-
tween 1 and 236 ng/mL (mean, 9.1 ng/mL; confidence
interval, 95%, 3.5 to 13.2 ng/mL; median, 3 ng/mL).
By contrast with preoperative determinations, it was

obvious that the normal postoperative CEA values were
correlated with better survival rates and higher median
time lapses to recurrence. One patient only with an ele-
vated postoperative CEA had a disease-free interval of
more than 15 months (median, 6.2 months). By contrast,
the median time to recurrence was 15.5 months in pa-
tients with postoperative CEA levels of0 to 2 ng/mL and
10 months in patients with CEA levels of 3 to 5 ng/mL
(p = 0.0001). None of the patients with abnormal post-
operative CEA levels survived for more than 35 months
(Fig. 2). At that time, 17 patients (32.8%) in the group
with normal postoperative CEA values were alive.
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Figure 1. Survival after hepatic resection, according to preoperative CEA values. A, preoperative CEA levels
up to 5 ng/mL; B, preoperative CEA more than 5 ng/mL. The censored observations are listed (p = 0.21, by
log-rank test).

CEA Decline After Surgery and Predictive
Value (Table 4)
Of 104 patients with preoperative abnormal serum

CEA levels, in 68 patients, the CEA level after surgery
returned to normal. Their median survival rate and dis-
ease-free interval was significantly better (p = 0.0002 and
0.0001, respectively) than those of patients whose CEA
values remained elevated (Figs. 2 and 3).

In an attempt to evaluate whether the extent of the
decrease in the CEA level after surgery was ofprognostic
importance, the postoperative CEA levels were divided
by the preoperative ones, resulting in a per cent CEA de-
crease. Hence, 14 patients had a more than 97% de-
crease, and this was followed by a 17-month survival
rate. In 26 patients, a drop in the CEA level of 90% to
97% was followed by a 32-month median survival.
Twenty-nine patients had a decline of CEA of 75% to
90% and a median survival of 40 months; 30 patients

had a decrease ofCEA of 75% or less, and their survival
rate was 24 months. These differences were statistically
not significant (p = 0.17, by the Wilcoxon test; p = 0.14,
by the log-rank test).

DISCUSSION

Serial determinations ofCEA are used to assess treat-
ment effects in different tumors. It is accepted that the
production and excretion ofCEA by tumor cells is a lin-
ear function of cell number, and CEA can be used to
calculate the doubling time of tumors and to define a

semiquantitative relationship between CEA levels and
the tumor volume.23 Recently, monitoring of CEA was

used to assess whether a complete destruction had been
reached by cryosurgical treatment of hepatic metasta-
ses.24 All investigators assume that posttreatment ele-
vated CEA values indicate residual tumor.
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Survival Function Estimates
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Figure 2. Survival after hepatic resection, according to postoperative CEA values in patients with preoperative
abnormal levels. C, postoperative CEA levels up to 5 ng/mL; B, postoperative CEA levels more than 5 ng/mL.
The censored observations are listed (p = 0.0002, by log-rank test).

In colorectal hepatic metastases, most authors found
the majority of patients had elevated CEA levels before
surgery. 10,12,16,18,25 Among our patients, 73.7% had an ab-

normal preoperative CEA level. It is controversial
whether there is a cutoff level ofCEA that indicates non-
resectable metastases. 16,26 Decision rules using cutoff
values in symptomatic patients to predict tumor recur-

rence were found inadequate for asymptomatic pa-
tients.26 By contrast, slope analysis was found to be help-
ful to discriminate patients with recurrence.27 Recently,
simplified plans, using CEA as a monitoring tool during
the follow-up ofpatients, were proposed28 and have been
accepted as the basis for the indication to perform a he-
patic resection.'6 Consequently, postoperative CEA val-
ues should indicate residual tumor.

Preliminary analysis ofCEA values indicated that patients
cured by hepatic resection may be distinguishable from
those with a high probability of residual disease and subse-
quent high risk for tumor recurrence.4 29 To investigate this
in a larger number ofpatients was the aim ofour study.

The median survival time ofour patients and their dis-
ease-free interval after surgery were in the same ranges as

those reported by other authors.24"4"'430 Also, the prog-
nostic factors found in our univariate analysis were sim-
ilar to those in other studies. '4'30

Preoperative values ofCEA were not significantly cor-

related with survival or disease-free survival in our pa-
tients. Several other authors who investigated this ques-
tion also reported no prognostic significance.'2'141'6
Younes et al.'5 divided CEA values into less than 5 ng/
mL, less than 50 ng/mL, and more than 50 ng/mL and
performed both univariate and multivariate analyses.
Besides the number ofhypotensive episodes, the number
of metastases resected, and the site ofthe primary tumor,
the preoperative CEA level was part ofan equation used
to predict the relative risk of recurrence after hepatic re-

section. In another series, CEA also was called an impor-
tant factor for survival, but no statistical analysis was

given.3'
Although the preoperative CEA value, when elevated,
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Table 4. MEDIAN AND DISEASE-FREE
SURVIVAL DEPENDING ON COMPARISON

OF PRE- AND POSTOPERATIVE
CEA VALUES

No. of Disease-Free
Patients Survival Survival

CEA preoperative
Normal 37 36 mo 9 mo
CEA preoperatively

abnormal
Postoperatively normal 68 37 mo 14 mo
Postoperatively abnormal 32 23 mo 6.2 mo

p = 0.0002 p = 0.0001
CEA-Decrease

postoperatively
>97% 14 17mo 9mo
90%-97% 26 32 mo 6mo
75%-90% 29 40 mo 13 mo
<75% 30 24 mo 8mo

p = 0.13 p = 0.14

seems to be of limited prognostic significance, the me-

dian survival of our patients with normal preoperative
CEA values was not significantly different from that of
patients whose CEA values returned to normal after he-
patic resection. Similarly, in patients undergoing second-
look procedures because of rising CEA levels, the sur-

vival rate was best in patients with CEA values less than
10 ng/mL.25 This may be the result oftwo factors. First,
a minimal tumor burden was detected and removed dur-
ing surgery. Second, in addition to treatment effects, in-
herent biologic variables may be reflected by CEA serum

values. The capacity of human cell lines to grow and to
form metastases when injected into the spleens of nude
mice was reported to be associated with CEA produc-
tion.32 The cell lines that secreted the highest amounts of
CEA produced the highest tumorigenicity. Cell lines that
secreted no detectable CEA produced neither splenic tu-
mors nor hepatic colonies.

In colorectal primary tumors, postoperative CEA lev-
els predicted recurrence and survival, independent oftu-
mor stage. '0 In a multivariate analysis, this was the most
predictive factor (postoperative CEA level, p = 0.0001;
preoperative CEA level, p = 0.01). The authors con-

cluded that postoperative CEA levels can indicate pa-
tients who may benefit from adjuvant treatment. How-
ever, as in our series, the CEA level at recurrence was not
predictive ofpostrecurrence survival.

Fortner et al."l reported that 84% oftheir patients who
underwent hepatic resection had elevated CEA levels at
the time ofthe diagnosis ofhepatic metastases. In 89% of
these patients in whom CEA was measured after surgery,
the value returned to normal, and the higher levels re-

quired longer returns to normal-up to 14 weeks post-
surgery. Later,4 there was evidence that a persistent ele-
vation in CEA levels after hepatic resection indicated a
residual tumor. Consequently, these patients were attrib-
uted to the least favorable postresectional stage of dis-
ease. In 63% ofthese patients, cancer was found at the re-
exploration.

Steele et al.,'6 in a multi-institutional trial, found pre-
operative CEA values to be a poor predictor ofresectabil-
ity. Also, patients who had undergone noncurative resec-
tions or had unresectable lesions showed a significant in-
crease in postoperative CEA levels. Their median CEA
value 61 to 180 days postsurgery was significantly higher
than the median value observed in the curatively re-
sected group, thus indicating residual tumor.

Before this, Steele et al.29 analyzed patients with recur-
rence after hepatic resection. Serial plasma CEA kinetics
indicated that cured patients may be distinguishable
from those with a high probability of minimal residual
disease, but the numbers were too small to draw definite
conclusions. Curative resection of hepatic metastases
leads to an increase in median survival; noncurative re-
section provides a limited benefit to patients.'6 Our data
indicate that, in cases of persistently elevated CEA val-
ues, the resection of hepatic metastases was not curative.
Under these circumstances, the resection cannot be clas-
sified RO, according to the terms of the International
Union Against Cancer. These patients should undergo
additional treatment.

Hepatic clearance of CEA may be a pitfall when re-
duced decomposition occurs because of restricted he-
patic function.33 After metastasectomy a two-phase dec-
rement of CEA decrease was reported.'7"'8 In a first
phase, up to 89% ofCEA is removed from the circulation
within a few hours. However, in individual patients, the
CEA half-life was measured and ranged from 0.8 to 25
days. After the resection ofmajor parts ofnormal hepatic
tissue (trisegmentectomy), this has to be taken into con-
sideration. In two ofour patients, after an extended right
hepatectomy (segments 4 to 8, according to Couinaud34),
minimal CEA values were obtained 16 and 23 days after
surgery.

Thus, a determination ofserum CEA levels before sur-
gery in patients with hepatic metastases is a must. It pro-
vides the basis for a postoperative judgment whether the
resection performed was curative or not. Within pros-
pective studies of adjuvant treatment, the postoperative
CEA levels should be used as a criterion for stratification.
This factor may be of equal significance with the pathol-
ogist's report. For further studies ofadjunctive treatment
in patients after resections of colorectal hepatic metasta-
ses, those with elevated CEA levels should no longer con-
sidered as being in an adjuvant situation of treatment.
Elevated CEA levels indicate residual and measurable
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Figure 3. Disease-free survival after hepatic liver resection, according to postoperative CEA values in patients
with preoperative abnormal CEA levels. C, postoperative CEA level up to 5 ng/mL; B, postoperative CEA level
more than 5 ng/mL. The censored observations are listed (p = 0.0001, by log-rank test).

disease.29 Further treatment studies should be designed
to include the group ofpatients with a high risk for tumor
recurrence (persistent elevation of CEA) and those with
a low risk (CEA returned to normal).
The significance ofpostoperative CEA determinations

resembles the situation in medullary thyroid carcinoma
in which serum pentagastrin-stimulated calcitonin is a
sensitive indicator of residual disease.35 For prostatic
cancer, prostate-specific antigen (PSA) levels also are of
undoubted value because "a detectable postoperative se-
rum PSA value after radical prostatectomy almost uni-
formly implies persistence oftumor, and small amounts
of residual prostatic tissue may been left behind."36
The cost effectiveness ofCEA determinations does not

only include CEA determinations but also other evalua-
tion tests prompted by abnormal CEA values.37 In terms
of adjuvant treatment after hepatic resection, the costs
might arise because ofchemo- or immunotherapy. Peri-

operative CEA determinations allow us to assign only
those patients to the adjunctive treatment arm who have
indications that are highly suspicious for residual disease.
This may help to select the right candidates for treatment
and save costs.
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