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Abstract

Background The follow-up of patients treated for 
colorectal liver metastases (CRLM) is not standardized. 
The accuracy of Carcinembryonic Antigen (CEA) rise for 
finding recurrences after treatment for CRLM is compared 
in this retrospective cohort study with the accuracy of rou-
tine imaging modalities of liver and chest.
Methods All patients in follow-up after intentionally cura-
tive treatment for CRLM from 1990–2010 were analyzed. All 
underwent the same follow-up schedule. The way in which 
recurrences became apparent (i.e., CEA rise, routine imag-
ing, or both) was registered. The specificity and sensitivity of 
rises in CEA prior to finding of recurrent disease were calcu-
lated using ROC curves. An economic evaluation of the costs 
per resectable tumor recurrence was performed.
Results ROC curves showed that a significant CEA rise 
was defined as a  25% rise compared with the previous 
value. Recurrences were detected in 46% of the procedures 
through CEA rise concomitant with positive imaging, 
in 23% through CEA rise without positive findings on rou-
tine imaging, and in 31% through positive imaging without 
rise in CEA. The resectability of recurrences did not differ 
between triggers. Costs per curable recurrence are €2,196 
for recurrences found only with CEA, and €6,721 for recur-
rences found with imaging and CEA.
Conclusion In the follow-up of patients after liver sur-
gery for CRLM a 25% rise in CEA serum level can detect 
recurrences accurately, but routine imaging is indispens-
able. In patients with CRLM we advocate both CEA moni-
toring and imaging in the follow-up after liver surgery.
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Introduction

The follow-up of patients after resection of colorectal cancer (CRC) is controversial. The 
aim of surveillance is to detect recurrent disease for which a treatment with a fair cure 
rate is available. More intensifying follow-up schedules show a slightly lower rate of mor-
tality compared to minimalist follow up; however the best protocol is not defined yet [1]. 
With the continuously expanding possibilities and indications for surgical treatment of 
liver metastases, follow-up will become increasingly important [2].

For colorectal liver metastases (CRLM), partial hepatectomy is the treatment of 
choice with 5-year and 10-year survival rates of 30 to 40% and 17 to 33%, respectively 
[3–9]. Whereas in the past liver surgery was only considered in patients with liver-only 
metastases, nowadays limited –resectable– extrahepatic disease is no longer a contrain-
dication for surgery [10]. When partial hepatectomy is not possible, or not able to render 
the liver tumor-free, neo-adjuvant chemotherapy or local strategies using thermoablation 
(RFA) have been adopted with good results [11–13].

Recurrent disease after partial hepatectomy for CRLM is seen in about 60% of 
patients [14–16]. Also, resection of limited extrahepatic metastases and reresection of 
hepatic recurrences is associated with a 5-year survival of 38 – 64% in selected patients 
[17,18]. New techniques broaden the therapeutic spectrum and are associated with im-
provement of prognosis [19].

Surveillance of patients after CRLM treatment is, therefore, of growing impor-
tance. The optimal schedule for follow-up of patients after surgical treatment of CRLM 
in terms of frequency and interpretation of laboratory (Carcinoembryonic Antigen, CEA) 
and radiological diagnostic modalities is not yet defined. Rise in tumor markers is known 
to indicate hepatic recurrences after CRC in half of the cases [20]. Current Dutch guide-
lines only state that some follow-up of these patients is recommended without mentioning 
frequency or methods (www.oncoline.nl); according to British guidelines, follow-up con-
tinues for five years according to local protocol using CT chest and liver and CEA. Follow-
up schedules should ideally have a high degree of sensitivity with a low false-positive rate, 
and should be associated with low costs. As such there might still be a role for the cheap 
and easy-to-measure tumour marker CEA, functioning as a trigger for further and more 
expensive radiologic imaging. The use of CEA is likely to improve since the relative rise 
rather than the absolute value is important in finding recurrent disease [21].

In the current study, we hypothesized that a rise in CEA would be a reliable and 
sensitive marker for detection of recurrent disease after liver surgery for CRLM. To 
this end, we retrospectively analyzed any 25% rise in CEA serum level above a mini-
mum value of 2.5 ng/mL as a potential trigger for further imaging investigations for 
the detection and localization of recurrent disease; this percentage is based on ROC 
curve analyses. The detection of recurrences based on  this rise in  CEA serum levels 
was compared with the detection of recurrences using routine radiological imaging. 



62

Follow-up after treatment for colorectal liver metastases

An economic evaluation was performed of the associated costs in relation to potentially 
curable recurrences in patients who underwent a repeat surgical procedure following 
previous surgical treatment for CRLM.

Patients and Methods

This is a retrospective cohort study in a tertiary care center of consecutive patients with 
CRLM treated by partial hepatectomy or thermoablation.

Patients with CRLM referred in the period from 1990 to 2010 for surgical treat-
ment to our tertiary care hospital were entered in a prospective database. Partial hepa-
tectomy was considered the standard treatment, and where partial hepatectomy was not 
able to render the patient tumor-free, thermoablation was applied. Patients with CRLM 
who underwent primary or repeat partial hepatectomy, primary or repeat ablation, or any 
combination were included. The database provided a comprehensive dataset on patient 
characteristics such as primary tumor characteristics, CEA levels before liver surgery, 
CRLM treatment, follow-up data including consecutive CEA serum levels and results of 
imaging, and location and subsequent treatment of recurrent disease. The endpoint of 
follow-up was the finding of recurrent disease or termination of the follow-up period. 
Patients who died postoperatively and patients lost to follow-up were excluded.

Follow-up schedules

Follow-up for all patients after partial hepatectomy was performed according to a strict 
protocol consisting of patient history, physical examination, CEA serum level, ultrasound 
of the liver, and thoracic X-ray every 3 months for the first two years, and every 6 months 
for the following three years. In patients treated with thermoablation, patients with he-
patic steatosis and obese patients, ultrasound was replaced by a multislice Computed To-
mography (CT) scan. In patients with a high suspicion of recurrence based on ultrasound, 
thoracic X-ray, or CEA rise, a CT scan was performed to confirm recurrent disease, and 
if this was inconclusive, a 18Fluorodeoxyglucose Positron Emission Tomography (FDG-
PET) scan was performed from 1998. After every thermoablative treatment, a  control 
CT scan was performed to investigate completeness of ablation. The best possible treat-
ment for recurrent disease was then discussed in a multidisciplinary team. Patients were 
discharged from further control after five disease-free years. Adjuvant chemotherapy 
after partial hepatectomy or RFA is not standard care in the Netherlands. Colonoscopies 
were performed before every repeat surgical procedure for metastases in order to rule out 
anastomotic recurrence and metachronous colon cancers.
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Rise in CEA serum level

The cut-off value of CEA was 2.5 ng/mL, and values or rises beneath this value were 
considered not clinically relevant. The rise in CEA serum level with the best combination 
of sensitivity and specificity was calculated using ROC curves and was considered a sig-
nificant rise in this analysis. Because we wanted to obtain a low threshold for detection 
of possible recurrent disease, we considered all CEA values above the cut-off value of 
2.5 ng/mL with a significant increase -compared to the previous measured CEA level- 
as a warning sign for possible recurrences. A rise in CEA was considered an indicator 
(trigger) for additional imaging if the routinely performed liver ultrasound and thoracic 
X-ray were normal. All CEA assessments were performed with the same kit, (Architect, 
Abbott, Canada) in accordance with the manufacturers’ recommended procedures.

Definition of clinical scenarios

Based on the results of routinely performed imaging or the previously defined CEA rise, 
three scenarios are possible during each outpatient visit during follow up. Firstly, CEA 
rise and imaging simultaneously indicated the possibility of recurrent disease. Secondly, 
CEA rise indicated the possibility of a recurrence without signs of recurrences on routine 
imaging. Thirdly, routine imaging revealed recurrent disease but without a  CEA rise. 
These possibilities represent three clinical scenarios: CEA rise simultaneous with imaging 
as the indicator or trigger, CEA rise alone as the indicator and imaging alone as the indi-
cator. In case of negative CEA rise in combination with negative imaging, but a physical 
indication of possible recurrent disease, further investigations were planned.

Economic evaluation

A cost-effectiveness analysis was performed by calculating the costs of two scenarios of 
scheduled follow-up: -1- based on a CEA rise only and -2- based on CEA rise in combi-
nation with routine imaging, or as a result of additional workup for any suspected recur-
rence. These were as-if scenarios, while in reality all patients underwent the same follow-
up protocol. These costs were calculated on a per patient level, and based on Dutch tariffs 
[www.nza.nl]. Costs per resectable tumor recurrence in both scenarios were calculated. 
The time horizon for the economic evaluation was 5 years. Costs for the whole study 
period were based on the price level of 2011.
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Statistics

SPSS for Windows was used for statistical analyses. We constructed a  receiver operating 
characteristic (ROC) curve with true-positive rate and false-positive rate for the variable 
CEA rises to detect recurrent disease, in order to find the rise with the best combination of 
these values. A ROC curve is a plot which illustrates the outcome of the follow-up (in this 
case, no evidence of disease or recurrent disease) for varying rises in CEA.

For this ROC curve, the true-positive rate of indicating recurrences with varying 
CEA rises is plotted against the false-positive rate. So, for different rises of CEA, the accuracy 
for indicating recurrent disease is made visible in the curve.

The Chi Square test and Fisher’s exact test were used to compare triggers between differ-
ent outcome groups, and the Log rank test was performed to compare the outcome per trigger.

Results

From 1990 to June 2010, 334 patients underwent 417 intentionally curative procedures for 
CRLM. Eleven patients (3%) died within 30 days after surgery and 9 patients (2.7%) were lost 
to follow-up, leaving 314 patients who underwent 392 procedures. Forty-one patients had 
2 procedures, 9 patients had 3 procedures, 5 patients underwent 4 procedures, and 1 patient 
underwent 5 procedures.

Median age at the time of liver surgery was 61 years (range 29–80). Synchronous liver 
metastases were present in 118 patients (38%), and in 35 of these patients (30%) simultane-
ous liver surgery and resection of the primary colorectal carcinoma were performed. Patient 
and primary tumor characteristics are shown in Table 1.

Table 1. Patient characteristics. 

Total
Number of patients (%)

314

Female (%)
Male (%)

132 (42)
182 (58)

AJCC staging (%)

I
II
III
IV
Unknown

16 (5)
50 (16)

110 (35)
118 (38)

20 (6)

Location primary tumor

Colon (%)
Rectum (%)

181 (58)
133 (42)

AJCC: American Joint Committee on Cancer. 38% of patients initially presented with synchronous (stage IV) disease.
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Procedures and outcome of follow-up after treatment for 
colorectal liver metastases

A variety of surgical procedures for CRLM were performed. In one procedure, no tumor 
was found intra-operatively. Procedure characteristics are shown in  Table 2. CEA values 
before liver surgery were measured in 342 of the 392 procedures (87%); the median value 
was 86.3 ng/mL (range 0.5–4144.0). CEA serum levels before liver surgery were normal 
( < 2.5 ng/mL) in 63 of the 392 procedures (16%), elevated in 279 procedures (71%), and 
missing in 50 procedures (13%).

During follow-up after the 392 procedures, recurrent disease was detected after 258 
procedures in 218 patients (66%). This turned out to be curable metastatic disease restricted 
to the liver (82 procedures in 57 patients), incurable metastatic disease in liver and/or other 
organs (172 procedures in 128 patients), or incurable other malignancies (n = 4). Thirteen 
patients had curable metastases in the lungs before relapsing with incurable metastases, and 
20 patients were treated for curable metastases other than in the liver and are now alive with-
out evidence of disease. The remaining 134 procedures reached the endpoint of no evidence 
of disease (34%). The median follow-up for these patients from the date of finding of liver 
metastases was 35 months (interquartile range 9–65 months); table 2.

Table 2. Procedure characteristics and highest preoperative CEA values in relation to outcome. 

Outcome Total

No Evidence 
of Disease 

Curable 
Recurrent 

disease 

Incurable 
other 

malignancy 

Incurable 
recurrent 
disease 

Procedures

Total 134 (34.3) 82 (20.9) 4 (1.0) 172 (43.8) 392
Liver surgery
(Extended) hemihepatectomy
Mono or bisegmentectomy
Tumor ablation
Partial hepatectomy and ablation
No resection

63 (40.0)
36 (44.4)
25 (24.0)

9 (18.8)
1 (100.0)

13 (8.2)
9 (11.1)

41 (39.4)
19 (39.6)

0 (0.0)

4 (2.5)
0 (0)
0 (0)
0 (0)
0 (0.0)

78 (49.3)
36 (44.5)
38 (36.6)
20 (41.6)

0 (0.0)

158 (40.3)
81 (20.7)

104 (26.5)
48 (12.2)

1 (0.3)

Highest CEA value shortly 
before liver surgery
≤ 2.5 mg/mL
 > 2.5 mg/mL
Unknown

22 (34.9)
91 (32.6)
21 (42.0)

15 (23.8)
59 (21.1)
8 (16.0)

0 (0.0)
4 (1.4)
0 (0.0)

26 (41.3)
125 (44.9)
21 (42)

63 (16.1)
279 (71.2)
50 (12.7)

The numbers between brackets represent row percentages, except in the column “Total” where the percentages 
represent the column percentage for the type of liver surgery and the highest CEA level before liver surgery. CEA: 
Carcino-Embryonic Antigen
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Rises of CEA

The median rise in CEA prior to finding of metastatic disease, either curable or incurable, 
was 57% (range 0–2600%) in three months; the average rise was 280%. We calculated true 
positive rates and false positive rates per measured CEA rise of patients with recurrent 
disease using ROC curves. CEA rises below the threshold value of 2.5 ng/mL were set 
on value “1” (i.e., no rise). For the rise in CEA prior to finding of metastases, a 25% rise 
had a false positive rate of 7% and a true positive rate of 61%, a positive predictive value 
of 90%, and a negative predictive value of 55%. The positive likelihood ratio (LR) and 
the negative LR for a 25% rise in CEA are 1.56 and 0.45, respectively. The area under 
the curve is 0.77 (95% CI 0.72–0.81), figure 1. The true positive rate in finding recur-
rent disease for a 25% CEA rise after six months instead of 3 months was 41%. A  > 25% 
rise in CEA not leading to the detection of recurrent disease, i.e., the false positive rate, 
was 7% (9/134 patients), with the final outcome no evidence of disease. From these nine 
patients, 5 rises were lower than 50% in  combination with CEA values below 5.0 ng/
mL. Additional scans did not lead to the finding of recurrences, and it was concluded 
that these rises were functional oscillations in CEA values. In one patient the rise was 
explained as a result of chemotherapy, and in one patient it was suggested that the rise 
was a result of cholestasis. In the remaining 2 patients, imaging became positive after the 
collection of data for this analysis.

Figure 1. True positive and false positive rates of different CEA rises in indicating recurrent disease
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Trigger for finding recurrent disease

The ways in which recurrent disease was found are summarized in Table 3. Recurrent dis-
ease occurred after 254 procedures of which 116 (46%) were detected through CEA rise 
concomitant with positive imaging, 58 (23%) through CEA rise without positive findings 
on routine imaging, and 80 (31%) through positive imaging without concomitant CEA 
rise. Patients with the endpoint “no evidence of disease” (i.e., no trigger) and patients 
with the endpoint “other malignancy” were excluded. The rate of (potentially) curative 
procedures performed for these detected recurrences revealed no differences between 
the triggers for detection (p = 0.73). In the cases with second and third recurrences after 
treatment for liver metastases, 64/79 (81%) of these recurrences were found with the 
same trigger as the recurrence was found initially.

Table 3. Trigger leading to the diagnosis of recurrent disease.

Recurrent disease, n = 254 Total (%)Incurable Curable 

Trigger

Positive routine imaging without 
concomitant CEA rise 52 (30.2) 28 (34.2) 80 (31)

CEA rise and positive routine imaging 78 (45.4) 38 (46.3) 116 (46)
CEA rise without positive routine imaging 42 (24.4) 16 (19.5) 58 (23)

Total 172 (100) 82 (100) 254 (100)
 The numbers between brackets represent the column percentages . CEA: Carcino-Embryonic Antigen. Patients 
with incurable other malignancies were denied.

The relationship between the CEA value before liver surgery and the way in which 
recurrent disease was found is shown in  Table 4. In patients with normal CEA levels 
before liver surgery, imaging without CEA rise was the trigger for detection of recur-
rences during follow-up in 70.7% of cases, versus 22.2% in patients with elevated CEA 
levels before liver surgery (p < 0.0001). Only 2% of recurrences was found solely by a rise 
in CEA in the group with a normal CEA value before liver surgery.

Time to the detection of recurrent disease

Median follow-up of all patients from the date of liver resection or ablation was 19 months 
(interquartile range 8–38 months). Recurrences were detected 154 times (61%) within 12 
months and 99 times (39%) later than 12 months after liver surgery. The time to finding 
recurrences (either local or distant) is shown separately for CEA, CEA plus imaging, and 
imaging alone. We constructed different Kaplan-Meier curves for the outcome “resect-
able recurrence” and “irresectable recurrence” in figure 2 and figure 3. There were no dif-
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ferences between the different triggers through which recurrent disease was found, either 
for curable disease (p = 0.28) or for incurable disease (p = 0.30). The economic analysis is 
summarised in Table 5.

Table 4. Relationship between the preoperative CEA value and the way in which metastases were found.

Highest preoperative CEA value 
before liver surgery (%) Total (%)

CEA ≤ 2,5 CEA > 2,5

Trigger

Positive routine imaging without 
concomitant CEA rise 29(70.7) 41(22.2) 70(31.0) 

CEA rise without positive routine imaging 10(24.4) 94(50.8) 104(46.0) 
CEA rise and positive routine imaging 2(4.9) 50(27.0) 52(23.0)

Total 41(100) 185(100) 226(100)
In 28 cases preoperative CEA serum level was missing, leaving 226 events for analysis. The numbers between 
brackets represent the column percentages.  CEA:Carcinoembryonic Antigen

Table 5. Economic analysis based on two scenarios: 1. costs per follow-up year in case of CEA rise 
and 2. costs per follow-up year with routine imaging and CEA

Total study population
Follow-up based on  

CEA rise > 25%
Follow-up based on  

CEA and routine imaging
Costs of follow-up scheme per patient (euros) 65 1406
Total costs for the study population (euros) 25480 551152
Recurrences found 174 254
Costs of follow-up per recurrence found (euros) 146 472
Curable recurrence 54 82
Costs of follow-up per curable recurrence (euros) 2196 6721
CEA: Carcinoembryonic Antigen

Figure 2.
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Figure 3.

Discussion

We hypothesized that a  subtle but significant rise in  CEA serum level during the 
follow-up of patients after surgical treatment for colorectal liver metastases would 
be a reliable and accurate indicator of recurrent disease. In this study, all patients un-
derwent both CEA monitoring and imaging during the follow up after liver surgery. 
The analysis was performed as an “as-if ” scenario, thus, what would have happened 
if only CEA monitoring would have been performed versus what the outcome would 
be if imaging was added. A CEA rise of 25% with a threshold value of 2.5 ng/mL cor-
rectly identified recurrences in 69% of cases, of which 67% had concomitant positive 
routine radiologic findings. In the other 31% of patients, routine imaging techniques 
indicated the first signs of recurrent disease. The resectability of the recurrences and 
the time at which they were found did not differ between the different triggers. We 
believe that these findings are valuable in the search for the best follow-up of this co-
hort, and that the hypothesis that CEA alone is sensitive enough in finding recurrent 
disease has to be rejected.

High postoperative CEA levels ( > 5 ng/mL) as well as perioperative change 
in CEA are predictors of worse survival in patients undergoing liver resection for CRLM 
[22–24]. The role of CEA surveillance and CEA rise in  patients treated for CRLM 
and the frequency of CEA testing is not yet clear. In 2006, Bhattacharjya performed 
a follow-up study in 76 patients following CRLM resection to investigate the value of 
frequent CEA and CA 19–9 testing. Of the 37 recurrences, the detection of 12 was 
triggered by a rise in tumor markers without positive routine imaging, and another 6 
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recurrences were found through a rise in tumour markers in combination with positive 
imaging [25]. In contrast, Metcalfe described a series of 77 patients receiving follow-up 
after liver resection and found that the majority of recurrences (25/41) were initially 
detected through protocol CT, and that CEA alone did not enable curable recurrences 
to be detected. Metcalfe proposes not to use CEA in surveillance after CRLM resection. 
In these studies, relative rises in CEA were not described [17]. Relative rise instead of 
an elevated absolute value of CEA in colorectal cancer patients has long been known 
to be important [26]. As far as we know, the relative rise or slope of CEA has not yet 
been used in  the surveillance of treated CRLM patients. In our analysis, the rise of 
25% in CEA serum level compared with the previously measured value leads to a true 
positive rate of 61%, with a positive predictive value of 90%, which strengthens the idea 
that further diagnostic imaging is always required if a 25% rise is seen, even if routine 
imaging tends to be normal.

It is important to realize that only CEA measurements without routine imaging 
will miss a substantial proportion of patients with recurrences, especially those with 
normal CEA serum levels before liver surgery. Routine imaging in the surveillance of 
CRLM patients is known to be of great value in finding early recurrent disease [17]. 
Mann demonstrates that ultrasonography of the liver is effective in the surveillance of 
recurrence after partial hepatectomy for colorectal metastases, because ultrasonography 
in combination with thoracic X-ray finds all resectable recurrences [27]. Ultrasonog-
raphy has to be performed by specialists and the combination of CEA and imaging is 
not described in the aforementioned study. Nowadays, it is becoming more common to 
perform CT scans instead of ultrasonography. However, apart from the associated extra 
costs, radiation exposure of CT and the risk of radiation-induced cancer is a matter of 
concern [28,29]. This especially holds true if CT scanning is used for follow-up, as is the 
case in patients after liver surgery for colorectal metastases. Future studies still have to 
make clear if CT is indeed better than ultrasonography in finding recurrences.

CEA is cheaper than radiologic investigations and intra- and inter-laboratory 
variations are low. For patients treated for colorectal cancer, CEA measurement was the 
most cost-effective test in detecting potentially curable recurrent disease in a prospec-
tive analysis [30].

In conclusion, CEA monitoring can identify recurrent disease after surgical treat-
ment of CRLM in  69% of patients, provided that a  low threshold of CEA rise– > 25% 
increase above 2.5 ng/mL is used. Routine imaging is indispensable in detecting recur-
rences in the remaining 31% of patients, especially in patients with normal pre-liver-sur-
gery CEA levels.
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