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ABSTRACT
Introduction: After colorectal cancer (CRC) treatment, patients undergo five-year follow-up involving carcinoembryonic anti-
gen (CEA) tests, imaging, and colonoscopies. This retrospective cohort study explores adherence to the CRC follow-up guideline 
in the Netherlands until 2021 and its association with treatment of recurrences with curative intent.
Methods: Stage II/III CRC patients with recurrent disease within 3 years after diagnosis were selected from the Netherlands 
Cancer Registry (n = 430). Adherence to CEA tests, imaging, and colonoscopy was classified as ‘according to/more follow-up’ or 
‘less follow-up’ than recommended. Logistic regression analyses examined factors associated with receiving less follow-up and 
the relationship between ‘follow-up adherence’ and ‘treatment with curative intent’, potentially mediated by ‘mode of detection’ 
(symptomatically vs. routine test).
Results: In total, 18.3% patients had fewer CEA tests, 41.4% fewer imaging, and 56.1% fewer colonoscopies than recommended. 
Factors associated with fewer follow-up moments were tumor localization, age (≥ 75 years), comorbidities, tumor differentia-
tion and adjuvant chemotherapy. Patients receiving fewer CEA tests faced 4.8 times higher odds (95% CI: 2.9–8.1) of symptom-
detected recurrence and were less likely to be curatively treated (OR = 0.5; 95% CI: 0.3–0.9). Mediation analysis indicated a 
significant average causal mediation effect (p = 0.003), emphasizing the mediating role of mode of detection. Receiving fewer 
imaging and colonoscopies showed insignificant total effects on treatment with curative intent.
Conclusion: Our findings offer insights into follow-up adherence, detection mode, and treatment with curative intent. The 
discovery that adherence was highest for CEA, along with the correlation between CEA adherence and treatment with curative 
intent, aligns with the recent adaptation of guidelines emphasizing CEA measurement over imaging.
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1   |   Introduction

The cure rate of colorectal cancer (CRC) has increased in the last 
decade due to the implementation of screening programs and 
better treatment options, but approximately 20%–30% of patients 
with stage II/III CRC develop a recurrence [1, 2]. A general as-
sumption is that early detection of a recurrence increases the 
chance that the recurrence can be treated curatively, which is 
the rationale for follow-up of patients after resection. Although 
follow-up is recommended in the guideline, benefits of intensive 
follow-up have not been unequivocally established.

In the Netherlands, stage II/III CRC patients are recommended 
5 years of follow-up after surgical resection, as most recurrences 
occur within that time period [1, 2]. This follow-up is usually or-
ganized within the hospital [3]. Until the end of 2020, the proto-
col included a colonoscopy 1 year after surgery, an ultrasound or 
CT-scan from the abdomen twice per year for the first two years 
after surgery and carcinoembryonic antigen (CEA) measure-
ments every 3–6 months for the first three years and every half 
year thereafter. In 2021, the guideline for the ultrasound or CT 
were changed to only one CT-scan performed 1 year after surgery.

The revision of the guideline in 2021 was based on an on-
going debate in the literature about the ideal frequency and 
intensiveness of follow-up of stage II/III colon cancer [4–6]. 
A Cochrane systematic review from 2016 concluded that in-
tensive follow-up strategies did not show a significant benefit 
in terms of Overall Survival (OS) (Hazard Ratio (HR) = 0.91, 
95% Confidence Interval (CI): 0.80–1.04) for patients with 
non-metastatic colorectal cancer compared to less intensive 
or standard follow-up approaches [7]. A recent meta-analysis 
also showed no significant impact of intensive follow-up on 
OS for CRC (HR = 0.99, 95% CI: 0.92–1.06) based on 8 studies 
with a low risk of bias [8]. However, when considering all 33 
included CRC studies, it suggested improved OS (HR = 0.82, 
95% CI: 0.73–0.91) and higher rates of curative intent treat-
ment for colorectal cancer (CRC) recurrences (RR = 1.60, 
95% CI: 1.21–2.11) [8]. Additionally, a review by the National 
Institute for Health and Care Excellence (NICE) has reported 
a significant difference in OS between “more intensive ver-
sus less intensive follow-up” interventions (HR = 0.89, 95% CI: 
0.80–0.99) [9].

The effects of abovementioned reviews suggest at best a small 
survival benefit of intensive follow-up regardless of statistical 
significance. It should be noted that it is challenging to evaluate 
the impact of follow-up intensity on survival due to the small 
expected effect size and high sample size requirements. In ad-
dition, the populations in the trials included in the abovemen-
tioned reviews do not reflect the general population of patients 
outside of the context of trial-based research. The general pop-
ulation tends to be older and have more comorbidities than the 
population participating in trials, so intensive follow-up strate-
gies may result in lower adherence. Therefore, it is essential to 
study the adherence to follow-up in population based observa-
tional data such as cancer registries.

In this study, we determined adherence to the follow-up guide-
line in place before 2021 using the observed patterns of follow-up 

testing. We subsequently investigated which factors are associ-
ated with receiving less follow-up than the guideline recom-
mends. Lastly, we assessed the association between adherence 
to follow-up and the possibility to treat a recurrence with cura-
tive intent.

2   |   Methods

2.1   |   Design and Study Population

In this retrospective cohort study, we used data from the 
Netherlands Cancer Registry (NCR) on stage II/III CRC pa-
tients who were diagnosed in Q1 and Q2 from 2015 with a 
primary tumor in the colon (C18.0, C18.2–7) or rectum (C19.9, 
C20.9). The NCR contains data from all cancer patients in the 
Netherlands and data are registered by well-trained data man-
agers. The Q1 and Q2 2015 cohort consisted of 3204 stage II 
or III CRC patients of which 690 patients developed recurrent 
disease within 3 years. Not all necessary patient-level data on 
follow-up visits is routinely registered in the NCR. Additional 
data was collected from electronic health records following a 
highly structured protocol to ensure consistency. We sampled 
500 patients with recurrent disease from hospitals across the 
country, as much as funding allowed. We only included patients 
who developed recurrent disease within 3 years after surgical 
resection of their primary tumor. We excluded patients with a 
recurrence within 6 months of follow-up as we considered this 
time period too short to accurately determine whether they ad-
hered to recommended follow-up. For the selected patients, data 
on follow-up (visits, test) was collected in 2021 from electronic 
hospital patient files.

2.2   |   Available Data

For each patient, the type and date of each test during follow-up 
was recorded. Also, mode of detection of recurrence was re-
corded, indicating whether a recurrence was identified based 
on a test that was scheduled due to symptoms (referred to as 
interval recurrence) or through diagnostic testing following 
abnormalities observed at a routine test during follow-up. Data 
managers from the NCR retrospectively reviewed patient files to 
check whether the recurrence was detected through a scheduled 
follow-up test or whether an additional consult was requested 
due to symptoms.

The primary outcome of this study is the intent of treatment of 
the recurrence, since finding the recurrence early enough to 
be able to curatively treat it is an important goal of follow-up. 
Treatment is considered to have a curative intent if resection 
and/or local treatment of all recurrent disease has taken place. 
Patients who had no resection of the recurrent tumor(s) were 
classified as receiving non-curative treatment.

The 7th edition of the UICC TNM (tumor-node-metastasis) clas-
sification was used as reference for pathological tumor stage 
[10]. Pathological stage was used, except for patients who under-
went neoadjuvant treatment or lacked pathological staging data, 
for whom clinical staging was used instead.
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2.3   |   Operationalization of Follow-Up Adherence

The start of the follow-up period was defined as the day on 
which resection of the primary tumor was performed. The end 
of the follow-up period coincided with the date of recurrence, as 
all patients included in the study experienced recurrence. The 
date of recurrence was determined by confirmation through 
testing in the hospital.

Follow-up adherence for CEA, ultrasound/CT imaging, and 
colonoscopy was assessed per patient. Due to difficulties in dis-
tinguishing between scheduled routine versus additional diag-
nostic tests, we combined the ‘according to guideline’ category 
with the ‘more than guideline’ category for analysis, simplifying 
adherence classification to ‘according to or more than guideline’ 
and ‘less than guideline’. Categories were made separately for 
each test and for all three tests together, based on the guideline 
and expert consultation.

For the CEA measurements, the guideline recommended an av-
erage of 2 to 4 tests per year for the first 3 years. Because the 
period of time-to-recurrence differed between patients, the total 
number of tests during follow-up did not provide an accurate 
estimation of whether tests were done according to guideline 
recommendations. We therefore calculated rates per test, divid-
ing the total number of tests by the patients' time in years in 
follow-up, to obtain the average number of tests per year. If a 
patient had less than 2 CEA tests annually, the follow-up was 
categorized as ‘less CEA than guideline’.

For the imaging techniques, the guideline recommended CT-
scans and ultrasounds of the abdomen, or CT thorax-abdomen 
for rectal cancer patients. We calculated the rates, again by sum-
ming all the abovementioned tests and dividing them by time 
in follow-up. For the initial 2 years of follow-up, abdominal im-
aging should have been conducted twice annually, and subse-
quently, once per year. Therefore, having fewer than two tests 
per year was considered ‘less imaging than guideline’. Since all 
patients developed a recurrence within 3 years, imaging during 
the third year was not considered.

Lastly, the guideline stated that a colonoscopy should be per-
formed 1 year after surgery. For patients who were not eligible to 
receive a total colonoscopy, the guideline recommended a CT-
colonography as an alternative. A three-month buffer range was 
used; thus, it was assessed whether patients had a colonoscopy 
or CT-colonography within the recommended timeframe of 9 to 
15 months. Patients who did not undergo one of those tests within 
this period were labeled as ‘less colonoscopies than guideline’. For 
patients who developed a recurrence before 15 months, some may 
not have received a colonoscopy because their follow-up ended be-
fore the procedure could be performed. Consequently, all patients 
diagnosed with a recurrence within 15 months were excluded 
from the analyses related to colonoscopy and overall adherence, as 
accurate classification for these patients was not possible.

2.4   |   Statistical Analysis

Firstly, descriptive statistics were used to give an overview of the 
population characteristics, including percentages and median 

estimates with the first and third quartile (Q1–Q3). Follow-up 
adherence was graphically described in histograms. This was 
done for CEA, colonoscopy, and imaging tests separately, as well 
as for an ‘overall’ category for all three tests in which patients 
were categorized as receiving ‘less follow-up than guideline’ if 
they were categorized as ‘less than guideline’ for at least one test.

Secondly, the association between patient characteristics and 
receiving less follow-up than the guideline was analyzed by 
means of logistic regression models. The following variables 
were added to the models for each test, based on literature and 
input of clinical experts in the team: age, number (No.) of comor-
bidities, tumor location, stage, tumor differentiation and having 
received post-surgical systemic chemotherapy [11].

Thirdly, logistic regression models were used to study the re-
lationship between ‘follow-up adherence’ and ‘treatment with 
curative intent’. Less follow-up than the guideline may delay 
recurrence diagnosis, affecting curative treatment eligibility. 
Mode of detection is therefore tested as a mediator between fol-
low-up adherence and treatment with curative intent for recur-
rence. More explanation about the method and interpretation of 
the mediation analyses can be found in file S1.

The “medflex”-package in R was used to calculate the aver-
age causal mediation effects (ACME) and the average direct 
effects (ADE). We calculated the indirect effect using non-
parametric bootstrapping procedures, because it does not 
assume specific distributions for the data, and it helps quan-
tifying potential uncertainty around the mediation effect es-
timates. Unstandardized indirect effects were computed for 
each of the bootstrapped samples, and the 95% confidence in-
terval was computed by determining the indirect effects at the 
2.5th and 97.5th percentiles. The analyses were corrected for 
age and comorbidities as confounders based on the literature 
and clinical expertise [11].

Lastly, we performed a sensitivity analysis to assess the impact of 
a less strict classification of follow-up adherence to CEA-tests and 
imaging on the association between ‘follow-up adherence’ and 
‘treatment with curative intent’. We classified patients who had on 
average less than 1 CEA test per year and on average less than 0.5 
imaging test per year as having less follow-up than the guideline 
recommended. This would address potential misclassification into 
‘less than guideline’ in situations where a patient has for example 
1 CEA-test in 9 months and could have had a second test in month 
11 or 12 (if they were followed longer e.g. if no recurrence was 
found). All analyses were performed with R version 4.0.3.

2.5   |   Multiple Imputation

Multiple imputation was used to reduce potential bias due to 
missingness in the variables number of comorbidities and dif-
ferentiation grade. We assumed that the data was missing at 
random (MAR) based on expert judgment, on how data was 
collected by data managers from the NCR and the lack of dis-
cernible correlations between the missing data and the observed 
data  [12]. Multivariate imputation by chained equations was 
performed using the “mice” package in R. We created 10 im-
puted datasets with 20 iterations each. The logistic regression 
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analyses and mediation analyses were performed on these data-
sets. Results were pooled according to Rubin's rule.

3   |   Results

A total of 430 patients were included in this study, after applying 
the exclusion criteria to the 500 sampled individuals (Figure S1). 
Median age of the patients was 68 years (Q1–Q3: 62–75) and the 
majority was male (62.1%), had their primary tumor in the colon 
(58.6%) and were diagnosed with stage III (71.6%) (Table  1). 
Median follow-up time until recurrent disease was 15.7 months 
(Q1–Q3: 10.7–23.6).

3.1   |   Follow-Up Adherence

Follow-up adherence is shown in Figure 1. In total, 18.3% of the 
patients had fewer CEA measurements than recommended by the 

guideline. For the imaging, 41.4% of the patients had fewer scans 
than recommended by the guideline. A total of 202 patients expe-
rienced a recurrence within 15 months. Consequently, they were 
excluded from the adherence assessment of colonoscopy, resulting 
in a subset of 228 patients. For this subset of patients, 56.1% did not 
undergo a colonoscopy according to the guideline, that is, between 
9 to 15 months after surgery. In total, 28.1% of the patients had 
CEA, imaging, and colonoscopy according to or more frequently 
than the guideline. Most patients (71.9%) had less follow-up than 
the guideline recommended for at least one modality (e.g., CEA, 
imaging, or colonoscopy). When considering all three modalities 
simultaneously, 26 patients (10.0%) received less follow-up than 
the guideline recommended. File S2 provides a more detailed de-
scription of the adherence across the three modalities.

3.2   |   Factors Associated With Receiving Less 
Follow-Up Than the Guideline

Factors associated with having fewer CEA measurements, im-
aging, and colonoscopies than the guideline recommended are 
shown in Table 2. Patients aged 75 years or older (OR = 2.4; 95% 
CI: 2.0–2.8), having ≥ 2 comorbidities (OR = 2.0; 95% CI: 1.6–2.5) 
and patients having received post-operative systemic therapy 
(OR = 1.4; 95% CI: 1.03–1.8) had fewer CEA tests than recom-
mended by the guideline. Furthermore, patients with colon cancer 
(OR = 0.71; 95% CI: 0.57–0.89) and patients with good/moderate 
differentiation grade (OR = 0.47; 95% CI: 0.38–0.58) are less likely 
to have fewer CEA tests than recommended by the guideline.

Forf imaging, colon cancer (OR = 1.5; 95% CI: 1.3–1.7), age 
75 years or older (OR = 1.3; 95% CI: 1.1–1.4) and adjuvant sys-
temic chemotherapy (OR = 1.2; 95% CI: 1.05–1.5) are associated 
with receiving fewer imaging tests than recommended by the 
guideline. Patients having ≥ 2 comorbidities are however less 
likely to have fewer imaging than the guideline compared to pa-
tients without comorbidities (OR = 0.69; 95% CI: 0.59–0.82).

Lastly for the colonoscopy, patients of age 75 years or older 
(OR = 1.8; 95% CI: 1.4–2.3) and patients having two or more co-
morbidities (≥ 2 vs. 0: OR = 2.7; 95% CI: 1.7–4.3) are more likely 
to not receive a colonoscopy. Colon cancer patients (OR = 0.72; 
95% CI: 0.54–0.97) and patients who received post-operative 
systemic chemotherapy (OR = 0.49; 95% CI: 0.35–0.69) are less 
likely to not receive a colonoscopy.

3.3   |   Follow-Up Adherence and Recurrence 
Detection

In total, 109 (25.3%) of the patients had an interval-recurrence, 
thus detected through symptoms. Patients who had less CEA 
tests than the guideline recommended had 4.8 times higher 
odds (95% CI: 2.9–8.1) to have their recurrence detected through 
symptoms instead of a regular follow-up test compared to pa-
tients who had their CEA follow-up according to guideline 
(Figure 2). Patients who had their recurrence detected through 
symptoms instead of follow-up, had 0.3 times higher odds (95% 
CI: 0.2–0.5) to have their recurrence treated with curative intent 
compared to patients who had their recurrence detected by fol-
low-up (Figure 2).

TABLE 1    |    Population characteristics.

Total (n = 430)

Age, median (Q1–Q3) 68.0 (62.0–75.0)

Sex, n (%)

Male 267 (62.1)

Female 163 (37.9)

Site, n (%)

RCC 117 (27.2)

LCC 135 (31.4)

RC 178 (41.4)

Disease stage, n (%)

II 122 (28.4)

III 308 (71.6)

No. of comorbidities

0 211 (49.1)

1 107 (24.9)

≥ 2 65 (15.1)

Unknown 47 (10.9)

Tumor differentiation, n (%)

Poor 7 (1.6)

Moderate 329 (76.5)

Well 51 (11.9)

Unknown 43 (10.0)

Number of evaluated lymph nodes, 
median (Q1–Q3)

16.0 (12.0–22.0)

Adjuvant chemotherapy, n (%)

No 213 (49.5)

Yes 217 (51.5)
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The indirect effect from CEA adherence to treatment with cu-
rative intent was OR = 0.7 (95% CI: 0.6–0.9) (Table 3). Thus, the 
average causal mediation effect (ACME) was statistically signif-
icant (p = 0.003). The direct effect of CEA adherence on treat-
ment with curative intent was OR = 0.7, (95% CI: 0.4–1.3), which 

was not significant (p = 0.27) (Table 3). Thus, the effect of CEA 
follow-up adherence on the likelihood of a recurrence being 
treated with curative intent was fully mediated via the mode of 
detection. Both for the imaging and colonoscopy tests, the total 
effects of the relationship between follow-up adherence and 

FIGURE 1    |    Follow-up adherence for (A) CEA measurements, (B) imaging tests, (C) colonoscopies and (D) all three modalities combined. Note 
that histogram C and D represent a subpopulation (n = 228) of patients who developed a recurrence after 15 months.

TABLE 2    |    Parameter estimates for variables associated with receiving less follow-up.

CEA-tests Imaging Colonoscopy

OR 95% CI p OR 95% CI p OR 95% CI p

Site (colon vs. rectum) 0.71 [0.57–0.89] 0.003 1.45 1.26–1.65 < 0.001 0.72 0.54–0.97 0.032

Age (≥ 75 vs. < 75) 2.39 [2.02–2.83] < 0.001 1.26 1.12–1.41 < 0.001 1.79 1.38–2.32 < 0.001

Pathological stage (III vs. II) 0.86 [0.71–1.04] 0.129 0.90 0.80–1.01 0.076 0.83 0.68–1.01 0.066

No. of comorbidities (1 vs. 0) 0.87 [0.71–1.06] 0.162 0.96 0.86–1.06 0.413 1.12 0.87–1.45 0.389

No. of comorbidities (≥ 2 vs. 0) 2.02 [1.62–2.53] < 0.001 0.69 0.59–0.82 < 0.001 2.74 1.74–4.32 < 0.001

Tumor differentiation (good/
moderate vs. poor/no)

0.47 [0.38–0.58] < 0.001 1.11 0.93–1.31 0.237 1.18 0.75–1.85 0.473

Adjuvant systemic 
chemotherapy (yes vs. no)

1.4 [1.03–1.79] 0.029 1.24 1.05–1.47 0.013 0.49 0.35–0.69 < 0.001

Statistically significant associations are highlighted in bold.
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treatment with curative intent were insignificant (p > 0.05) and 
the effect-sizes were small. Also, there was no significant me-
diation in the relationship (Table 3, Figures S2 and S3). Results 
of the sensitivity analyses for CEA adherence and imaging ad-
herence with a less strict cut-off value are shown in Table S1. 
The total effect (OR = 0.37; 95% CI: 0.15–0.95) and indirect effect 
(OR = 0.69; 95% CI: 0.53–0.92) of the association between receiv-
ing fewer CEA tests than the guideline and receiving treatment 
with curative intent remained significant with a stronger effect 

size than in the main analysis. The results for the association 
between imaging adherence and curative treatment remained 
insignificant (p > 0.05).

4   |   Discussion

This study showed that almost half of the patients had fewer im-
aging and no colonoscopy according to the guideline. Roughly 1 

FIGURE 2    |    Relationship between CEA adherence and treatment intent of the recurrence (A), mediated by mode of detection (B).

TABLE 3    |    Relationship between guideline adherence and receiving treatment with curative intent, mediated by mode of detection.

CEA-tests Imaging Colonoscopy

OR 95% CI p OR 95% CI p OR 95% CI p

Total effect adh + mod➔ treata 0.50 [0.27–0.93] 0.029 0.90 0.58–1.39 0.66 0.85 0.47–1.55 0.673

Indirect effect
adh ➔ mod ➔ treata

0.72 [0.58–0.90] 0.003 1.05 0.95–1.16 0.32 0.96 0.83–1.13 0.650

Direct effect adh➔ treata 0.69 [0.36–1.37] 0.27 0.86 0.56–1.31 0.48 0.87 0.48–1.55 0.653

Abbreviations: adh = adherence (less vs. according to/more), mod = mode of detection recurrence (symptomatic vs. scheduled follow-up), treat = treatment (curative 
intent vs. palliative intent).
aCorrected for age and No. of comorbidities. Statistically significant associations are highlighted in bold.
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out of 5 patients had fewer CEA tests than recommended by the 
guideline. Receiving less follow-up was associated with tumor 
site, age, comorbidities and post-operative systemic chemother-
apy. Lastly, patients who had fewer CEA tests than the guideline 
recommended, were more likely to have a symptomatic detec-
tion of a recurrence and were less likely to receive curative treat-
ment for their recurrence. This relationship between adherence 
and curative treatment was not found for the imaging nor the 
colonoscopy modalities.

Few population-based studies have assessed guideline adher-
ence for CRC follow-up, potentially due to the extensive effort 
to collect follow-up data. One recent systematic review showed 
that guideline adherence was highest for colonoscopy (70%, 95% 
CI: 67%–73%), followed by imaging (63%, 95% CI: 47%–80%) and 
CEA tests (54%, 95% CI: 47%–80%) [11]. In our study, adherence 
was the highest for CEA tests (81.7%) followed by imaging (58.6%) 
and colonoscopy (43.9%). The majority of the studies included in 
the review were cross-sectional and conducted in Canada or the 
United States. Differences between healthcare systems in differ-
ent countries as well as in patient awareness, physician recom-
mendations, cultural beliefs, and socioeconomic factors make 
comparison difficult. A potential explanation for the low colo-
noscopy adherence in our study is the low risk of a locoregional 
recurrence compared to the risk of developing distant metasta-
ses, as a result of which colonoscopy could be seen by physicians 
as a less important part of the follow-up [13–15]. Also, colonos-
copy is perceived as an unpleasant procedure by patients, which 
could also contribute to low adherence rate if the patient's pref-
erences for follow-up are taken into account [16]. Lastly, it is also 
possible that colonoscopies were scheduled later in the follow-up 
based on physician- and patient preferences.

The current study found several risk factors for receiving less 
follow-up than the guideline recommended. First, colon cancer 
patients were more likely to undergo CEA testing and a colonos-
copy, but less likely to undergo imaging compared with rectal 
cancer patients. Also, patients with two or more comorbidities 
were more likely to undergo imaging but less likely to undergo 
CEA-tests and colonoscopies, compared to patients without 
comorbidities. Rectal cancer patients and patients with multi-
ple comorbidities have a higher recurrence risk [17, 18], which 
could have been considered by physicians. Literature suggests 
a greater sensitivity in imaging tests such as CT-scans than in 
CEA measurements [19, 20]. It could be hypothesized that these 
patients may have had more imaging to substitute CEA-tests 
and the colonoscopy at year 1. Age ≥ 75 years was associated 
with receiving less follow-up than the guideline recommended. 
Literature shows that being of older age is related to receiving 
less treatment and follow-up [21, 22], potentially because of the 
wish not to be treated anymore when a recurrence is detected. 
Lastly, it must be noticed that adherence to the guideline is inev-
itably associated with the potential preferences and needs of pa-
tients themselves. Therefore, non-adherence to follow-up is not 
necessarily undesirable clinical practice if patients are involved 
in the decision-making process.

Several systematic reviews concluded that more intensive fol-
low-up increases the detection of asymptomatic recurrences 
[8, 9, 23, 24]. Two important studies within these reviews are the 
COLOFOL- and FACS trials [25, 26]. In the COLOFOL trial, the 

high-frequency group received imaging and CEA-tests at 6, 12, 
18, 24, and 36 months after surgery. The FACS trial defined in-
tensive follow-up as receiving tests according to the guideline in 
place in our study, while the minimum follow-up group only re-
ceived testing if symptoms occurred. The COLOFOL and FACS 
trial concluded that patients who receive an intensive follow-up 
schedule were more likely to be eligible for curative treatment 
[25, 26]. This is in accordance with our finding that patients who 
developed a recurrence and had less CEA measurements than 
guideline were more likely to have their recurrence detected by 
symptoms instead of follow-up testing and were less likely to re-
ceive curative treatment. However, for imaging and colonoscopy 
no such relation was found. This can be seen as support for the 
revision of the Dutch guideline at the end of 2020, in which the 
role of CEA has increased compared to the role of imaging.

Additionally, these findings can be used to explore the possi-
bilities for remote follow-up since CEA measurements can be 
performed at the general practitioner or even at home [27, 28]. 
Current trials, such as the FUTURE and DISTANCE studies, 
are investigating whether intensive, in-hospital postoperative 
surveillance strategies remain appropriate from both a patient 
well-being and societal standpoint [29, 30]. These home-based 
follow-up trials primarily focus on CEA testing. Our study indi-
cates that adherence to CEA testing was the highest, which may 
suggest a greater acceptance and support for this type of moni-
toring. It is likely that in-hospital, specialist-led colorectal can-
cer follow-up will no longer be the only viable and sustainable 
model in the near future. A more modern, home-based surveil-
lance approach could offer advantages in terms of both patient 
quality of life and healthcare costs.

A strong aspect of this study is the longitudinal design in 
which adherence to the guideline is assessed based on pop-
ulation based observational data. This provides a more ac-
curate reflection of general clinical practice than trials and 
is less prone to bias compared to adherence studies based on 
surveys. However, there are some limitations that should be 
mentioned. First, the study contains no qualitative informa-
tion about the reason behind deviation from the guideline. On 
the individual level, physicians can decide on patient-centred 
care delivery and therefore tailor the follow-up schedule to the 
patients' needs and preferences. A second limitation is that we 
could not distinguish additional diagnostic testing from tests 
performed in the regular follow-up. When CEA values slightly 
increase, or when a CT-scan or ultrasound is inconclusive, a 
physician can decide to monitor the patient more closely by 
repeating the tests in a shorter interval. For this reason, we 
combined the group ‘according to the guideline’ and ‘more 
than the guideline’ in the analyses and compared it to the 
group ‘less follow-up than the guideline’. Also, It is difficult 
to discern whether CT-scans are ordered specifically for CRC 
surveillance or for the management of other comorbidities. 
This ambiguity can lead to an overestimation in adherence 
to imaging. Thirdly, the categorization of ‘less CEA or imag-
ing than the guideline’ could be perceived as strict, especially 
compared to the categorization of the colonoscopy adherence. 
We acknowledge that some patients could potentially have 
developed a recurrence shortly before receiving their sched-
uled CEA-test or CT-scan, which may have placed them in the 
‘less follow-up than the guideline’ category. Nevertheless, our 
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sensitivity analysis in which we used a less strict classification 
for ‘according or more follow-up than the guideline’ showed 
that the associations between adherence and curative treat-
ment remain similar in strength for imaging and the associa-
tions for the CEA-tests become stronger. Therefore, we argue 
that this did not impact our results.

It is important to assure that providing less follow-up than rec-
ommended is based on patients' needs and the potential for 
health benefits, rather than unintended differences in health 
care provision. The relevance of follow-up is based on the as-
sumption that finding a recurrence earlier by follow-up leads to 
better chances of survival because the recurrence is detected at 
an earlier stage and can therefore still be treated curatively. It 
should be noted that although more intensive follow-up could 
increase the number of patients undergoing surgery with cura-
tive intent, its effect on overall survival is difficult to determine. 
This challenge arises from the potentially small numerical dif-
ferences between trial arms with different follow-up schedules. 
Trials require a large sample size to detect any significant differ-
ences in overall survival and are not being powered accordingly. 
Additionally, it's probable that patients with biologically favor-
able characteristics who develop metastases may still experience 
positive outcomes even without early detection. Further research 
should therefore focus on the survival benefit by adhering to the 
guideline in place, taking into consideration that adherence is 
influenced by age and comorbidities, and employing causal in-
ference methods to better understand these relationships.

5   |   Conclusion

This population-based study in the Netherlands revealed var-
ied adherence to the follow-up guideline among patients. Most 
patients adhered well to CEA tests but did not receive the rec-
ommended imaging tests and colonoscopies. Tumor site, age, 
number of comorbidities and adjuvant systemic chemotherapy 
were associated with follow-up adherence. Notably, receiving 
fewer CEA measurements than recommended was linked to 
recurrences being detected through symptoms rather than fol-
low-up visits, and was associated with not undergoing curative 
treatment. This is in line with the shift toward prioritizing CEA 
measurement over imaging in recent guideline adaptations.
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