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Abstract

Background Carcinoembryonic Antigen (CEA) is a se-
rum tumor marker that fun ctions as an early warning for 
the presence of recurrent disease (RD) in the follow-up of 
colorectal cancer (CRC) patients.
Objective Aim of this study was to find the sensitivity 
and specificity of a bimonthly CEA measurement schedule, 
where a 20% CEA rise was indicative for the presence of RD, 
during follow-up of patients included in  the randomized 
CEAwatch follow-up trial (Netherlands Trial Register 2182).
Patients and Settings Patients with AJCC stage I-III 
in eleven Dutch hospitals were included after curative resec-
tion and followed between October 2010 and October 2012.
Design The intervention follow-up schedule consisted of 
routine bimonthly CEA measurements and yearly routine 
imaging. The threshold was a  20% rise after two months 
followed by a confirmative CEA-rise four weeks later. If the 
threshold was passed, imaging was advised in search for RD.
Main outcome measures The sensitivity and specific-
ity of this schedule were calculated based on  all patients 
that had at least two consecutive CEA measurements 
(n = 1,893).
Results RD was detected in 105 patients (5.5%). Median 
follow-up time was 34 months (range 2–71 months). In 58 
patients, the pre-defined consecutive rise was observed. 
This schedule had a sensitivity of 55% and a specificity of 
92% regarding the presence of RD. The sensitivity for this 
schedule was 68% if only patients with elevated preopera-
tive CEA levels were considered.
Limitations Some protocol violation with the interven-
tion follow-up protocol
Conclusions The proposed schedule of 20% rise / two 
months confirmed by further rise after four weeks has an 
acceptable sensitivity and high specificity and is suitable for 
use as a first-line screening in follow-up.
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Introduction

Carcinoembryonic Antigen (CEA) was identified in 1965 as a tumor-specific anti-
gen present in adenocarcinoma of the human digestive tract [1]. Serum CEA is produced 
physiologically during fetal development, but it is unusual in the blood of healthy adults 
unless it is produced by  inflammation or malignancies from endodermal tissues, such 
as in colorectal cancer (CRC). Various assays for its quantification have been developed 
and studied [2,3]. Nowadays, CEA is cheap and widely available and inter-laboratory 
variations are small [4].

The use of CEA in follow-up after resection of colorectal cancer is of great im-
portance since measurement of CEA is an efficient way to detect recurrent disease (RD). 
Follow-up schedules including CEA measurements are associated with higher curable 
recurrence rates than schedules without CEA [5–9]. Several comparative trials have stud-
ied outcomes of follow-up schedules containing frequent, minimal and no CEA measure-
ments. Although older studies have found that follow-up schedules including frequent 
CEA measurements are associated with better overall survival [5,9–11], recent publica-
tions do not confirm this finding [12]. CEA measurements are recommended in both 
American and European follow-up guidelines [13,14].

The most accurate way to use CEA in  follow-up remains a  challenge. Not all 
patients display a  rise in  CEA prior to recurrence detection. Follow-up protocols dif-
fer per study and mostly the accuracy of an assembled protocol with CEA and imaging 
instead of only CEA has been tested [15]. In an old retrospective series, slope analysis of 
CEA rises was identified to correlate with the extensiveness of recurrent disease [16] and 
consequently the rise in CEA is known to have a better sensitivity in detecting recurrent 
disease than the absolute value [17–19]. However, using rise as a  threshold value has 
not before been evaluated in randomized clinical studies and the diagnostic accuracy of 
CEA therefore is not exactly known. Hereby, it is unknown how preoperative CEA values 
influence the value for CEA as follow-up tool.

A randomized trial by our group, the CEAwatch trial (Netherlands Trial Register 
2182), has led to the insights that a  follow-up program of bimonthly CEA testing and 
performing imaging in case of two subsequent CEA rises leads to the detection of 35% 
curable recurrences, compared to a curable recurrence rate of 22% in the group undergo-
ing regular follow-up (p = 0.02) [20].

The aim of the current analysis is to establish the diagnostic accuracy of CEA 
when a 20% rise in CEA in two months followed by confirmative rise four weeks later 
is applied as a threshold or trigger for further investigation in the search for recurrent 
disease. Analyses were done for the whole study group, as well as separately for patients 
with low and high preoperative CEA levels.
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Methods

Clinical study

Between October 2010 and October 2012, a  randomized-controlled trial (CEAwatch) 
comparing intensified, CEA-based follow-up with usual follow-up care was conducted 
in the Netherlands. Included were patients from eleven Dutch hospitals in follow-up after 
curatively resected AJCC stage I-III colorectal cancer operated from January 2007 and 
on without signs of recurrence disease at October 2010 [20]. A stepped-wedge cluster 
design (SWCD) was applied. In the SWCD, all patients in two or three non-matched hos-
pitals form one cluster. All clusters cross over from the control protocol to the interven-
tion protocol. The date at which a cluster crosses over is randomly assigned per cluster. 
Analyses of the new design showed that it is both practical and efficient [21].

Follow-up care during the intervention protocol consisted of bi-monthly CEA 
measurements after curative resection and a yearly Computed Tomography (CT) scan of 
thorax and abdomen in year 1–3. A significant rise in CEA was the trigger for additional 
imaging in  the search for recurrent disease. This intervention follow-up schedule was 
compared with “care as usual” follow-up (Dutch guideline, www.oncoline.nl). A total of 
3,223 patients were included; median follow-up was 34 months (range 0–71 months). 243 
recurrences were detected (7.5%).

Recurrent disease (RD), either local or distant, was defined as the radiological or 
histological confirmation of disease. The follow-up schedule was defined “positive for 
detection of RD” if recurrent disease was confirmed by any sort of imaging or histology 
within 12 weeks of the latest CEA measurement.

Definition of rise in CEA and statistical analyses

Patients in the CEAwatch intervention protocol had their CEA checked every two months 
during follow-up. For the current analysis, patients included in the intervention protocol 
who did have their CEA checked at least twice consecutively with an interval of two 
months were included.

In case of a 20% rise in CEA compared to the previous value two months earlier, 
with CEA exceeding the threshold value of 2.5 ng/mL, a CEA measurement was repeated 
four weeks later. In case of any second rise (confirmative rise), imaging of thorax and 
abdomen was recommended. The combination “20% rise in CEA after two months fol-
lowed by any rise four weeks thereafter, with a lower limit of 2.5ng/ml” is called “CEA 
Rise” in this manuscript. The patient’s own medical specialist decided whether and how 
to perform further investigations in case of a CEA Rise. Compliance of the CEA measure-
ments was monitored using software support [22].
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In case of several CEA Rises in one patient, only the first one was analyzed. If a sub-
stantial rise in CEA was seen after two months and the medical specialist decided not to wait 
for a confirmative rise four weeks later, these patients were considered positive for CEA Rise.

The sensitivity, specificity, positive and negative prediction value of a  CEA 
Rise in  the intensified follow-up protocol for the detection of recurrent disease were 
calculated. These calculations were repeated for patients with high ( > 5 ng/mL)  
and low ( < 5  g/mL) preoperative CEA levels (if available). SPSS 20.0 was used.

Results

Between October 2010 and July 2012, a  total of 2,041 patients participated in  the in-
tensified CEA-based follow-up protocol. Of these, 1,893 patients had their CEA levels 
measured at least twice with an interval of two months. 105 of these patients (5. 5% ) were 
diagnosed with recurrent disease (RD) during the study period. A total of 8,310 evaluable 
intervals between two consecutive CEA measurements were observed (Table 1).

Table 1. Patient’s and tumor characteristics

Total 1,893
Male (%) 1,112 (58.7)
Median age at diagnosis 67.9 (27–93)
Location of primary tumor

Colon 1177 (62.2)
Rectum 716 (37.8)

AJCC stage (%)
I 562 (29.7)
II 737 (38.9)
III 594 (31.4)

Highest preoperative CEA level (ug/mL)
 < 5 871 (46.0)
≥5 393 (20.8)
Unknown 629 (33.2)

Recurrent Disease (%) 105 (5.5)
Follow-up time in months (median, range) 34 (2.0 – 70.0)
Number of CEA measurements per patient (mean, range) 4.4 (2 – 16)
Number of evaluable CEA measurement intervals 8,310

Diagnostic characteristics of the follow-up schedule

In all 8,310 evaluable intervals, a 20% rise in CEA compared to the last CEA [with an 
absolute CEA lower limit of 2.5 ng/mL] was observed 536 times (6. 5% ) in 438 patients.

A consecutive rise four weeks after the first rise was observed in 196 patients. Of 
these patients, 58 did have recurrent disease including seven patients with a substantial 
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rise in  CEA after two months at which the medical specialist decided not to wait for 
a confirmative rise four weeks later with recurrent disease. A  total of 105 recurrences 
were detected. The schedule “20% rise after two months followed by any confirmative rise 
four weeks thereafter” has a sensitivity of 5 5% and a specificity of 9 2% for the detection 
of recurrent disease (Table 2).

Table 2. Characteristics of CEA in follow-up of colorectal cancer

Recurrent Disease 
(N)

No Recurrent 
Disease (N) Total

CEA Rise * (N) 58 138 196
No CEA Rise * (N) 47 1684 1731
Total 105 1822 1927
Sensitivity (%) 55,2
Specificity (%) 92,4
* CEA Rise: 20% rise in CEA after two months followed by any rise four weeks later, with a lower limit of 2.5ng/ml

For the patients showing CEA Rise, the mean confirmative rise of those with re-
current disease was twice as high as for those without recurrent disease. Figure 1 shows 
the relationship between the height of the confirmative rise and having recurrent disease; 
area under the curve (AUC) is 0.729. With a confirmative rise of 25%, the sensitivity for 
detection of recurrent disease is 59% with a specificity of 89%.

Tables 3 and 4 show the patient’s and tumour characteristics for patients with 
and without CEA Rise, respectively. In case of recurrent disease, the location of RD was 
not different between those showing CEA Rise and those who did not. A higher AJCC 
stage was correlated with higher chances of developing recurrent disease, but this did not 
depend on the presence of CEA Rise.

Figure 1. ROC analysis showing the relationship between sensitivity and specifity for the value of the confirmative rise in CEA.
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Table 3. Characteristics of patients showing CEA Rise

N = 196 Recurrent Disease 
n = 58

No Recurrent 
Disease n = 138 Difference (p-value)

Median Confirmative Rise (%)
(IQR)

60.88
(71.79)

31.91
(30.57)  < 0.0001

AJCC stage  < 0.0001
I 3 (5.26%) 31 (22.46%)
II 18 (31.58%) 54 (39.13%)
III 34 (59.65%) 43 (31.16%)

Unknown 2 (3.51%) 10 (7.25%)
Median Age
(IQR)

67
(17.00)

70
(14.75) 0.69

Gender (%) 0.90
Male 37 (61.59%) 85 (63.79%)
Female 21 (38.41%) 53 (36.21%)

Table 4. Characteristics of patients not showing CEA Rise

N = 1731 Recurrent Disease 
n = 47

No Recurrent 
Disease n = 1684 Difference (p-value)

Median Confirmative Rise (%)
(IQR)

25.00
(50.56)

18.03
(26.67) 0.009

AJCC stage 0.01
I 6 (12.77%) 496 (29.61%)
II 16 (34.04%) 629 (37.55%)
III 22 (46.81%) 477 (28.48%)

Unknown 3 (6.38%) 73 (4.36%)
Median Age
(IQR)

66
(12.5)

68
(13) 0.13

Gender (%) 0.06
Male 34 (72.34%) 970 (57.60)
Female 13 (27.66%) 714 (42.40)

Value of preoperative CEA

In 1264 of 1893 patients a  preoperative CEA value was available (66.8%). For this 
group, calculations were repeated for patients with elevated (≥5.0 ng/mL) and normal  
( < 5.0 ng/mL) preoperative levels. Table  gives characteristics for patients with elevated 
preoperative levels and non-elevated preoperative CEA levels.

For the group with elevated preoperative levels, 34 recurrences were detected, 
and RD was preceded by the predefined rise in 6 8% . For the group with non-elevated 
preoperative CEA levels this was 3 8% .
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Table 5. Characteristics of patients with normal and with elevated preoperative CEA levels

Elevated 
preoperative CEA

Normal 
preoperative CEA Difference (p-value)

Patients 393 871
AJCC stage

I 91 285  < 0.05
II 165 323
III 137 263

Location primary tumor colon (%) 234 (59.5) 533 (61.2) 0.31
Recurrent Disease (%) 34 (8.7) 50 (5.7)
CEA Rise * 53 69 (7.9)
CEA Rise and Recurrent Disease 23 19

Sensitivity (%)** 68 38
Specificity (%)** 92 94
*CEA Rise: 20% rise in CEA after two months followed by any rise four weeks later, with a lower limit of 2.5ng/ml
** Sensitivity: the sensitivity of the intensified follow-up schedule

Discussion

The current study gives new insights in the value of CEA in colorectal cancer follow-up. If 
CEA is measured every two months, the pattern “20% rise in two months followed by any 
confirmative rise four weeks later” has an overall sensitivity for the detection of recurrences 
of 55% and a specificity of 92%. In case of a single, highly elevated CEA value, awaiting a con-
secutive rise is not needed but imaging can instantly be performed in search for recurrences. 
The sensitivity of the schedule increased to 68% if only patients with elevated preoperative 
CEA levels are considered. These results have to be seen in the light that with the CEAwatch 
trial it has become clear that the time between the primary resection and the detection of 
recurrent disease can be shortened when looking at relative CEA elevations and that shorten-
ing of this interval leads to the detection of a higher rate of curable recurrences [22].

Several studies on the value of CEA rise in follow-up have been performed. Carriquiry 
et al performed a retrospective study on the value of serial postoperative CEA measurements 
in CRC patients; it was found that 40 out of 52 patients showed a CEA elevation above the 
absolute threshold value of 5.0 ug/mL in combination with a further rise in 2 weeks, leading 
to a sensitivity of 77% for the detection of recurrent disease; in the 90 patients without recur-
rent disease, only 2 patients had elevated CEA levels (specificity 98%) [23]. A retrospective 
analysis by Irvine and colleagues showed that if CEA is measured routinely in follow-up, a rise 
of > 1 ng/mL compared to the last value leads to an overall sensitivity of 80% and a specific-
ity of 86% for detecting recurrences [19]. These findings have fed the need to prospectively 
reconsider slope analysis rather than absolute CEA value. In a phase-2 trial by our group the 
concept was confirmed to be potentially valuable; in a cohort of 241 patients with median 
follow-up time of 18 months, 28 recurrences were detected (12%) and the sensitivity of serial, 
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dynamic treshold CEA measurements of 79% and a specificity of 88% in a range between 2.5 
and 10 ng/mL [24]. Follow-up strategies using a  static CEA threshold have a  sensitivity of 
36%–90% (depending on the threshold used) [18,25–28] so the current sensitivity results are 
comparable. Several studies report on sensitivity and specificity of more than one threshold 
value and overall the results of the current analyses are in line with a used static threshold of 
10 ug/mL [18, 28]. As a substantial part of patients with recurrences does not reach this level 
before the diagnosis of recurrences, assessing the rise rather than the absolute value can be 
very valuable, hereby avoiding the risk of too low specificity in lower CEA ranges. The recently 
published, prospective FACS trial on colorectal cancer follow-up describes that regular CEA 
measurements as follow-up tool lead to the detection of more recurrences than no follow-
up; in this series a static threshold of 7 ug/mL was applied and imaging was advised in case 
of a higher CEA level [12]. When evaluating the rise-pattern, the inter-individual variation 
can be eliminated which might increase the specificity. The high specificity and high negative 
predictive value implicate that in case of no significant CEA-Rise, the chance of having recur-
rent disease is very low meaning that unnecessary additional diagnostic tools such as frequent 
CT scanning can be avoided. By using rise in CEA, the low specificity of the static threshold 
value for serum CEA due to its response to benign diseases, is now avoided. The current trial 
approved the concept of assessing each predefined rise in CEA; in this light it is important to 
realize that a general policy on what to do if CEA rises is lacking in all guidelines so far.

This is the first prospective randomized trial applying a  dynamic threshold value 
(CEA rise per time unit) with predefined consequences for further investigation in case of 
a suspected rise. With over 8,000 evaluable CEA measurements, the results of this large pro-
spective study are of great value. A strong point in this study is the high data integrity, as all 
data on patients’ and tumour characteristics were exported from a national audit which is 
known to be filled out for up to 97% of all colorectal cancer patients (www.clinicalaudit.nl). 
Data monitoring was performed through a secondary validation using the complete cancer 
registration in the Netherlands. Another strong point of this study was the uniformity of the 
intervention protocol. However, a drawback is that the number of evaluable intervals is much 
lower than the total number of CEA measurements performed; the main cause of this is that 
the interval between two subsequent measurements was longer than two months. This proto-
col violation does not lead to differences in outcome or to bias it proves that a change in habit 
might cost time and has to gain confidence before it is really implemented.

It is believed that a normal serum CEA value at initial preoperative presentation implies 
that the serum CEA value will also not rise in case of recurrent disease [29]; however, data from 
other studies also suggest that there is no correlation between preoperative and postoperative 
trends in CEA [19]. The current data confirm that there is indeed a tendency for serum-CEA 
negative tumours to less often show an increase in serum CEA value with recurrent disease; 
however controlling patients with low preoperative values with CEA remains a cornerstone of 
follow-up. The current analysis demonstrates that frequent CEA testing with acting on small 
rises in CEA can thus function as a first-line screening tool in colorectal cancer follow-up.
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