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Abstract

Aim The study CEAwatch (Netherlands Trial Register 
2182) has shown that an intensified follow-up schedule 
with more frequent CEA measurements but fewer outpa-
tient visits detects more curable recurrences compared with 
the usual follow-up protocol in colorectal cancer patients. 
Aim of this study is to compare costs and cost-effectiveness 
between the follow-up programs.
Methods 3,223 patients with stage I-III CRC were fol-
lowed between October 2010 and October 2012. Direct 
medical costs were calculated per patient adding the costs 
for all visits, CEA measurements and imaging. Productivity 
losses and travel expenses were calculated using answers 
from questionnaires. The cost-effectiveness displayed the 
additional costs per additional patient with recurrent dis-
ease (RD) and uses an Incremental Cost Effectiveness Ratio 
(ICER) to compare those.
Results Mean yearly costs per patient were € 548 in the 
intensified protocol and €497 in the control protocol. The 
ICER was €94 (9 5% CI € 76–€ 157) per percent; to detect 
one additional patient with a recurrence in the intervention 
protocol compared to the control protocol, an additional 
amount of €9,400 should be paid. For curable recurrences, 
the ICER was €607 (CI: -€ 5695 to € 5728). Annual patient-
reported costs were € 509 per year in the intervention pro-
tocol and € 488 in the control protocol.
Conclusions The current study demonstrates that the 
direct medical and patient-reported costs of a newly intro-
duced, safe and effective way of CRC follow-up had com-
parable costs as the standard care. The ICER per curable 
recurrence is considered acceptably low.
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Introduction

Follow-up programs for colorectal cancer (CRC) consist of regularly scheduled physical 
examination, radiological imaging and measurement of tumor markers. More inten-
sive follow-up regimens are correlated with better survival than standard or minimal 
follow-up strategies, an effect which is ascribed to the higher rate of recurrences detected 
in earlier, curable stage [1–3]. However, more recent research does not show a survival 
improvement of more intensive follow-up regimens [4]. The most effective follow-up 
program in terms of the exact frequency and combination of laboratory measurements, 
imaging and doctor’s visits in  follow-up for is still unknown [5]. A  systematic review 
has shown that measurement of the tumor marker Carcinoembryonic Antigen (CEA) 
identified the most recurrences [6]. 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 undergoing regular follow-up (p < 0.05) [7].

If the clinical use of an intensive regimen is approved through safety and efficacy, 
the balance between the additional effect and associated costs has to be assessed in order 
to justify broad implementation of the new regimen [8]. Within intensive follow-up, CEA 
is known to generate low costs in follow-up relative to its diagnostic yield as compared 
to other diagnostic tools such as imaging. Korner et al performed a population-based 
audit of the Norwegian follow-up program and found that serial CEA measurements 
detected recurrent disease in 17% of all recurrences for $4.70 per CEA test, Computed 
Tomography (CT) scan detected 25% of all recurrences for $215 per scan and ultrasound 
detected 11% of recurrences for $45 per test. [9]. Graham et al aimed to examine the costs 
of CEA, physical examination, chest X-ray and colonoscopy in detecting recurrences and 
found the lowest costs for CEA; however, serial liver ultrasounds or CT scans were not 
performed. [10]. The fact that these studies are old combined with the perspective from 
which the costs were calculated (hospital charges) supports that there is need for more 
and better evidence about the cost-effectiveness of CRC follow-up programs including 
CEA measurements from a societal perspective.

In the current study we report on the economic evaluation that was conducted 
alongside the CEA Watch trial. This study aims to compare the costs of the usual Dutch 
follow-up care with the costs of the intensified follow-up strategy and to calculate the 
incremental cost-effectiveness ratio of the new follow-up protocol with regard to the de-
tection of curable recurrent disease.
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Methods

Clinical study

Between October 2010 and October 2012, a randomized-controlled trial (CEA Watch) 
comparing intensified, CEA-based follow-up with usual follow-up care was conducted 
in the Netherlands in eleven Dutch non-academic teaching hospitals. The study is ap-
proved by  the Medical Ethical Committee; Netherlands Trial Register 2182. 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 recur-
rence disease at October 2010 [7]. A stepped-wedge cluster design (SWCD) was applied. 
In the SWCD design, all patients in  two or three non-matched hospitals formed one 
cluster. All clusters crossed over from the control protocol to the intervention protocol. 
The date at which a cluster crosses over was randomly assigned per cluster. Analyses of 
the new design showed that it is both practical and efficient [11].

Follow-up care during the intervention protocol consisted of bi-monthly CEA 
measurements, yearly CT scan of thorax and abdomen in  year 1–3, and one doctor’s 
visit per year. A significant rise in CEA, defined as 20% rise compared to the last value 
with confirmation of this rise after one month, was the trigger for additional imaging 
in the search for recurrent disease. The intervention follow-up schedule was compared 
with “care as usual” follow-up of 2008, which advices half-yearly CEA measurements, 
ultrasound of the liver and thoracic X-ray in the first two years and yearly investigations 
in years 3–5. (Dutch guideline, www.oncoline.nl). The primary outcome measures were 
the number of recurrences per follow-up arm, the proportion of recurrences that could 
be treated with curative intent and the proportion of recurrences with definitive curative 
treatment outcome. A  total of 3,223 patients were included; median follow-up was 34 
months (range 0–71 months). 243 recurrences were detected (7.5%). The current study 
on cost-effectiveness was conducted alongside the CEA Watch trial.

Costs and cost effectiveness

For the cost-effectiveness analysis of the new follow-up protocol, all costs were based 
on 2012 prices in the Netherlands and given in Euros (Table 1). These costs were estimat-
ed by the Dutch Healthcare Authority (www.nza.nl), which is the supervisory body for 
healthcare markets in the Netherlands for both healthcare providers and insurers. Cost 
prices were based on the Dutch guidelines for cost studies [12]. Costs were calculated for 
each patient by adding the costs for all performed doctor’s visits, CEA measurements and 
imaging. Added to this, there was a survey by mail in which patients answered questions 
inventorying on travel manners, travel frequency and distance, and hours lost from work 
due to doctor’s appointments for follow-up; the questionnaire is added as Supplemental 
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File 1 (digital version). During the study, new patients were entered after their diagnosis 
and surgical treatment. So, new patients were included after the questionnaires were sent. 
The primary analysis on cost-effectiveness displayed the additional costs per additional 
patient with curative recurrent disease (RD) in  both follow-up protocols and uses an 
Incremental Cost Effectiveness Ratio (ICER) to compare those.

Table 1. Cost items and cost price

Type of costs Costs price (Euros)
Outpatient visit*
CT**
PET**
Additional Imaging**
CEA **
Travel costs -car*

133.00
190.00
995.00

Variable
10.36

0.21 /km + 3.16 parking costs
Travel costs -public transport*
Travel costs–taxi*
Productivity losses*

0.21/km
2.11/km + 3.69 (start tariff)

30.77/hr
* Based on guideline prices (1)
** Based on current Dutch charges, www.nza.nl
CT: Computed Tomography, PET: Positron Emission Tomography, CEA: Carcinoembryonic Antigen

The ICER is defined by  the equation {(Ci-Cc) / (Ei-Ec)}, in  which Ci are the 
costs in the intervention protocol, Cc are the costs in the control protocol, Ei is the ef-
fect in the intervention protocol and Ec is the effect in the control protocol. The results 
are presented as point estimates of the equation. The ICER can so be interpreted as the 
additional amount of money that should be invested to gain one unit of health (i.e. one 
curable recurrence) compared to the standard treatment.

Bootstrapping was performed on  the cost and effect pairs in  order to calculate 
alternative confidence intervals, based on  the 2,5th and 97,5th percentile. Sensitivity 
analyses were performed in which costs for additional imaging were excluded. In the CEA 
Watch trial, the follow-up protocols were used as a time-dependent variable since the time 
in follow-up was dynamic. As a result of this difference in time spent per follow-up pro-
tocol [7], sensitivity analyses in which costs were corrected for time spent per follow-up 
protocol were performed. Data were analyzed using SPSS 20.0 and Microsoft Excel (2003).

For the analysis of patient’s expenses as the result of being in a follow-up program, 
a societal perspective was adopted. For this analysis all patients who returned the ques-
tionnaire were included. Productivity losses and travel expenses were calculated for the 
control and intervention follow-up; these data were extrapolated to the real time spent 
in the study. Mean income costs (per hour) for the Dutch population were used to calcu-
late costs of lost productivity [12].
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Objectives

The primary objectives of the current study were to compare the follow-up costs per 
patient and the cost-effectiveness in detecting recurrent and curable recurrent disease 
for both follow-up protocols from a direct medical perspective. The societal costs of both 
follow-up protocols in which productivity losses and travel expenses were added to the 
direct medical costs were compared between the different follow-up protocols.

Results

In the intensified protocol, mean costs per year were € 548. Mean yearly costs per patient 
in the control protocol were € 497. The major cost drivers in both protocols were the out-
patient visits amounting up to € 287 per year in the control protocol versus € 279 in the 
intensified follow-up protocol. Yearly costs of routine and additional imaging were € 217 
in the intensified protocol and €191 in the control protocol (Table 2).

Table 2. Direct medical, mean yearly costs (€) per patient per follow-up protocol. 

Intervention 
protocol Control protocol Difference

Outpatient visits 279 287 -8
Imaging 217 191 26
CEA measurements 52 19 33
Total costs 548 497 51
Positive cost difference means higher costs in the intensified protocol

Cost effectiveness

The cost effectiveness analysis showed and ICER of € 94 (9 5% Confidence Interval (CI) 
€ 76–€ 157). This means that to detect one percent more recurrences in the intervention 
protocol compared to the control protocol, an additional amount of €94 should be paid. 
On a patient level this means that to detect one additional patient with recurrent disease, 
an additional amount of €9,400 should be paid compared to the control protocol.

With regard to the percentage of curable recurrences, the ICER was € 607  
(CI: -€ 5695–€5728); in order to detect one additional patient with curable recurrent dis-
ease, an additional amount of € 60,700 should be paid compared to the control protocol.
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Figure 1 and 2 show the cost-effectiveness planes for all recurrences and for cur-
able recurrences, respectively. In these planes the four quadrants represent four possible 
outcomes for the new protocol compared to the standard treatment: less effects against 
higher costs (north-west quadrant, indicating intervention never acceptable), less effects 
against less costs (south-west quadrant, indicating further analysis is necessary to decide 
on acceptability), more effects against less costs (south-east quadrant, indicating the in-
tervention to be acceptable) and more effects against higher costs (north east quadrant, 
indicating further analysis is necessary to decide on acceptability).

Figure 1. Cost-effectiveness plane of bootstrapped costs and effect pairs for direct medical costs and recurrences (all). Costs 

in Euros and effect in percentages.

Figure 2. Cost-effectiveness plane of bootstrapped costs and effect pairs for direct medical costs and curable recurrences. Costs 

in Euros and effect in percentages.
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A sensitivity analysis was performed in which costs for non-protocol additional 
imaging were excluded. Yearly follow-up costs were € 484 per patient in the intensified 
protocol with an ICER of € 44 for recurrences, and € 78 for curable recurrences.

To study the effect of this imbalance on the results of the ICERs, a sensitivity analysis 
was performed in which the costs were corrected for time spent in that period. The ICER 
for all detected recurrences changed from € 94 (CI € 76 to € 157) to € 65(CI € 45 to € 109). 
The ICER for curable recurrences changed from € 607 to € 121,- (CI -€ 1216 to € 1146).

A total of 1,591 patients (78.9%) returned the questionnaires. In Table 3, the costs 
made outside the health care sector are summarized per follow-up protocol. Travel ex-
penses amounted up to € 187 for patients in the intervention protocol versus € 150 for 
patients in the control protocol, and productivity losses were € 322 versus € 338. These 
direct non-medical costs were in line with the results from the direct medical costs.

Table 3. Patient’s costs (€) per from societal perspective. Positive cost difference means higher costs 
in the intensified protocol

Intervention 
protocol Control protocol Difference

Travel expenses 187 150 37
Productivity losses 322 338 -16
Total costs 509 488 21

Discussion and conclusions

The current analysis demonstrates that annual costs of two colorectal cancer follow-up 
protocols are comparable (€ 497 versus € 548). In order to detect one additional patient 
with curable recurrent disease, an additional amount of € 60,700 should be paid in a new, 
intensified protocol compared to the control protocol. These results should be seen in the 
light that the intervention protocol has shown to be more effective in detecting recur-
rences with a higher curable recurrence rate [7].

Cost-effectiveness analyses are getting more important in the light of the growing 
consciousness about healthcare costs and the shift towards improving quality of life rather 
than length of life. Several studies were performed to investigate the costs of recurrences, 
reporting amounts ranging from € 17,862 to € 31,700 per resectable recurrence [13–15]. 
However the convincement whether an effective treatment is cost-effective should not 
just be based on the actual costs but rather on the incremental cost-effectiveness ratio 
(ICER) reflecting the expenses of extra detected curable recurrences; if  more curable 
recurrences are detected against higher absolute costs, this might be acceptable. It is the 
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ICER that should be acceptably small, rather than the costs to be very small. The question 
should not only be how high the costs per curative recurrence are in absolute way, but 
also how much a resectable recurrence is acceptable to cost [16].

Two studies reported on ICERs of colorectal cancer follow-up, expressed in qual-
ity-adjusted life years (QALYs). By using QALYs to quantify the expected health benefits 
that might be gained by a given treatment regime combined with the costs of a treatment, 
the ICER allows comparison of the costs and benefits of a (new) treatment. As a guideline 
rule, National Institute for Health and Care Excellence (NICE) accepts as “cost effective” 
those interventions with an ICER of less than £30,000 (~38,174 Euros) per QALY [17].

Norum et al investigated the cost-effectiveness of the Norwegian follow-up pro-
gram. Assuming that the gain in life years from detecting resectable recurrences was 14 
months for 10% of the patients, the cost-effectiveness ratio was 11,476 Pounds (~ €14,620) 
per QALY; this was considered to be cost-effective [18]. Another study estimated the value 
of CEA monitoring in follow-up compared to no follow-up. As a result of the large number 
of possible follow-up strategies in combination with the long time horizon of follow-up, 
a Markov analysis was performed instead of using conventional statistical methods. The 
model obtained data by averaging variables (life expectancy and costs) found in literature 
and modeled CEA monitoring versus regular follow-up on the outcomes “no evidence of 
disease, cured recurrences, non-curable recurrences and dead”. The authors found only 
a  small influence of CEA monitoring on  quality-adjusted life expectancy against high 
costs with cost-effectiveness ratios varying from $22,963 to $4,888,200 (~ €18,181 to 
€3,870,800) per quality adjusted life year and concluded that CEA should not be used for 
routine follow-up [19]. Both these studies analyze data which are now more than 15 years 
old and analyses are based on data from even older literature. In the meantime diagnostics 
and possibilities for cure, especially for curing liver metastases, have largely expanded and 
life expectancy has been improved. Comparability between the current analyses and other 
studies is difficult because in  the current analyses, QALY’s were not measured and the 
question how much a curable recurrence may cost still remains.

For this study, detection costs were calculated and not costs of treatment. Most like-
ly a liver resection is cheaper then palliative chemotherapy but is was not studied; detection 
costs are only a part of the final cost calculations, in which treatment costs are also taken 
into account. Thereby, evidence that CEA is still a useful tumor marker has been estab-
lished [6,20]. A strong point of the current analyses is the prospective data collection from 
over 3,000 patients gathered from a pragmatic trial and thus based on common practice 
instead of modeling. The fact that the additional costs per (curable) recurrence decreased 
after correcting for time indicate that the presented estimates in the primary analysis are 
conservative and that even lower costs for the intensified protocol might be observed.

A mean of two annual doctor’s visits per patients was observed in the interven-
tion period but the protocol stated only one yearly visit; this was chosen because follow-
up schedules with reduced outpatient clinical visits during follow-up show no negative 
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correlation with survival nor with the finding of recurrent disease [3,5,21]. This can be 
seen as protocol violation and a weak point of the study; it proves that a change in habit 
might cost time and has to gain confidence before it is really implemented. An additional 
possible explanation is that in  the Netherlands, follow-up reimbursement is (amongst 
other factors) based on the number of visits to the outpatient ward, so more visits lead 
to more hospital’s income. Furthermore there could be protocol violation because medi-
cal specialists might have asked more radiological tests as the result of unfamiliarity or 
doubt with the intervention protocol. Altogether, a change in attitude from doctors to-
wards follow-up and another reimbursement system could very well lead to a CEA-based 
follow-up with lower costs.

Given these results, the authors advocate considering the implementation of the 
new protocol (bimonthly CEA checking with imaging based on rise in CEA) in practice 
of healthcare professionals, based on the health effects and the relative low costs to be 
invested to gain these health effects.
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