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1 | INTRODUCTION

| Marjolein Y. Berger! |

Abstract

Introduction: Traditionally, follow-up of colorectal cancer (CRC) is performed in sec-
ondary care. In new models of care, the screening part care could be replaced to pri-
mary care. We aimed to synthesise evidence on the diagnostic accuracy of commonly
used screeners in CRC follow-up applicable in primary care: carcinoembryonic antigen
(CEA), ultrasound and physical examination.

Methods: Medline, EMBASE, Cochrane Trial Register and Web of Science databases
were systematically searched. Studies were included if they provided sufficient data
for a 2 x 2 contingency tables. QUADAS-2 was used to assess methodological qual-
ity. We performed bivariate random effects meta-analysis, generated a hypothetical
cohort, and reported sensitivity and specificity.

Results: We included 12 studies (n = 3223, median recurrence rate 19.6%). Pooled
estimates showed a sensitivity for CEA (< 5 pg/l) of 59% [47%-70%] and a specificity
of 89% [80%-95%]. Only few studies reported sensitivities and specificities for ultra-
sound (36-70% and 97-100%, respectively) and clinical examination (23% and 27%,
respectively).

Conclusion: In practice, GPs could perform CEA screening. Radiological examination
in a hospital setting should remain part of the surveillance strategy. Personalised algo-
rithms accounting for recurrence risk and changes of CEA-values over time might add

to the diagnostic value of CEA in primary care.

KEYWORDS
Colorectal cancer, follow-up care, primary care, recurrences

improvements in staging and treatment have led to decreased mor-

tality (Arnold et al., 2017; Bray et al., 2018; Grossmann et al., 2014;

In Western Europe, colorectal cancer (CRC) is the third most di- Torre et al., 2015), which combined with a rising incidence, has led

agnosed cancer in males and the second most common in fe- to increasing numbers of CRC survivors (Arnold et al., 2017). This

males (Arnold et al.,, 2015; Bray et al.,, 2018). In recent decades, places organisational and financial burdens on follow-up care and
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necessitates that we re-evaluate what constitutes the most effec-
tive approach (Campbell et al., 2002; Rubin et al., 2015).

Currently, most patients treated with curative intent enter a
5-year hospital-based follow-up program that aims to detect re-
currence, monitor late effects of cancer treatment and provide
psychological support (Marijnen CAM et al., 2014). Many countries,
including the Netherlands, are currently debating whether follow-up
can be moved from secondary to primary care (Nekhlyudov et al.,
2017). The Dutch College of General Practitioners now supports this
position, provided that evidence-based protocols can be provided
(The Dutch College of General Practitioners (Nationaal Huisartsen
Genootschap), 2014). Timely detection of recurrences, in particular,
is thought to be a challenge for GPs. Most guidelines support the use
of several tests to detect recurrences, including the carcinoembry-
onic antigen (CEA) blood test, ultrasound, radiological examinations
and colonoscopy (Spronk et al., 2017; Steele et al., 2015), in which
blood tests and imaging is mostly used for screening purposes, and
colonoscopy for definitive diagnosis. These screening tests may
be performed in primary care, to assess which patients to refer for
further diagnostic workup in hospitals. CEA is because of its appli-
cability and low costs a possible candidate. Possibly, echography,
physical examination or some radiological examinations could be
performed or ordered by general practitioners (GPs). Therefore, to
assess feasibility of performing CRC follow-up in primary care, it is
important to assess the diagnostic performance of these diagnos-
tic routines. Earlier systematic reviews evaluated the role of CEA in
CRC follow-up, but these included all available studies (Nicholson
et al., 2015). Improved treatments and better staging of the disease
may lead to lower recurrence rates, which in turn can effect diagnos-
tic test outcomes.

In this systematic review and meta-analysis, we aimed to syn-
thesise available evidence since 2010 on the diagnostic accuracy
of tests commonly used in CRC follow-up. For that, we considered
synthesised available evidence on the diagnostic accuracy of CEA,
echography and physical examination to detect CRC recurrence in
patients curatively treated for CRC.

2 | MATERIAL AND METHODS
GRONINGEN

21 |
sources

Design, search strategy and information

This systematic review was registered in PROSPERO (number
CRD42018096662) and performed according to the PRISMA guide-
lines (Moher et al., 2009) and Cochrane Handbook for Systematic
Reviews of Diagnostic Test Accuracy (Macaskill, Gatsonis, Deeks,
Harbord, & Takwoingi 2010; Reitsma et al., 2009). Up to March
2020, we searched the Medline, EMBASE, Cochrane Trials Register,
Web of Science and Trial register databases from 2010 onward,
using terms based on ‘colorectal cancer’, ‘curative’, ‘follow-up’ and

‘recurrence’. The search strategy was first focused on diagnostic

accuracy studies; however, this did not result in actual studies as
the focus of the studies in this field are more clinical orientated. A li-
brarian was consulted to develop the search strategy. All references
were exported to RefWorks (ProQuest, Bethesda, MD, USA) and
duplicates were removed. Reference lists were then hand searched
for additional studies.

2.2 | Eligibility criteria

Studies were eligible for inclusion if the following criteria were met:
1) patients were >18 years, enrolled in follow-up and had completed
CRC treatment with curative intent in any care setting; 2) the num-
ber of recurrences during the study period was reported; 3) suffi-
cient data were available to construct or derive a 2 x 2 contingency
table for CEA, echography and physical examination as follow-up
tests (index test); 4) the reference standard was tumour recurrence
by histological, radiological, clinical follow-up or repeated measure-
ments; 5) a randomised controlled trial, clinical trial, cohort or case-
control design was used; and 6) full-text articles were available in
English, Dutch, German, French or Spanish.

We defined recurrence as loco-regional or distant recurrence
during follow-up following previous complete remission. Disease-
free survival was defined as no recurrence (negative test result)
at the end of follow-up. Tumour stage was based on the TNM
Classification of Malignant Tumors, 7th edition, produced by the
American Joint Committee on Cancer. Studies reporting Dukes
classification were converted into the TNM classification (Marijnen
CAM et al., 2014).

2.3 | Data extraction
Two researchers (GBL and DB) independently screened titles and
abstracts for eligibility. For full-text appraisal, GBL screened all pa-
pers and DB, JCK and SFAD shared the role of second assessor. An
independent researcher (AJB) was contacted in case of disagree-
ment. Agreement (percentage) and reliability (Cohen's k) were calcu-
lated to measure interrater reliability (Sim & Wright, 2005).
Predefined data collection forms were used to extract data on
study design, setting, patient characteristics, disease and treatment
details, follow-up and index tests (with reference standard details),
and outcome measures. We used the cut-off values for a positive
test result as defined by the authors of the respective studies. All
available data were extracted from studies reporting more than one

set of data, and authors were contacted to obtain missing data.

2.4 | Risk of bias assessment

Study quality was assessed independently by two researchers (GBL
and DB), using the Quality Assessment of Diagnostic Accuracy
Studies 2 (QUADAS-2) (Reitsma et al., 2009). Ratings were given on
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(Continued)

TABLE 1

Age (years)
mean £SD

Therapy received

n (%)

Tumour staging (TNM)

n (%)

Type of cancer

n (%)

Author
year

/ median (range) % male

Study design

N

Surgery: 404 (100%)

177 (43.8%)
227 (56.2%)

Colon 199 (49%)
Rectum 205 (51%)

59.7

Mean 64.6

Prospective cohort

404

Rodrigues 2017

Chemotherapy and/or

(range 25-80)

study

radiotherapy:

Rectum: Neoadjuvant: 175

(85.4%)

Rectum: Adjuvant 196

(95.6%)
- Colon: Adjuvant 86 (43.2)

Surgery: 582 (100%)

110 (18.9%)
282 (48.5%)

61.3 Subtype not specified

<65 years: 185 (31.8%)
65-79 years: 339 (58.2%)

80+ years: 58 (10.0%)

Randomised Controlled

582

Shinkins 2017

Trial

166 (28.5%)
24 (4.1%)

LIEMBURG ET AL.

Abbreviations:: TNM classification =Tumour, node and metastasis. U = unknown.

*Tumour stage was expressed according to the Dukes classification and is converted into the TNM tumour stage.

four domains: Patient selection, index test, reference standard, and
flow and timing. The signalling questions are enclosed in Supplement
2. Discrepancies were resolved by consensus, with a third researcher
(AJB) contacted if needed.

2.5 | Statistical analysis for meta-analysis

Datawereimportedto Review Manager 5.3 (RevMan, Copenhagen,
The Cochrane Collaboration, 2014) to calculate the sensitivity,
specificity and corresponding 95% confidence intervals (95%Cls)
for each test and for each study separately. Heterogeneity was
explored by visual examination of forest plots, not by statistical
analysis (Macaskill et al., 2010). If heterogeneity was observed,
we visually evaluated the following possible explanations: study
design, methodological quality, sample size, mean age, gender,
CRC subtype, percentage of recurrences, follow-up duration, fol-
low-up protocol, tumour recurrence site, testing frequency, test
threshold and the reference standards. Bivariate random effects
models were used to calculate pooled estimates of sensitivity and
specificity if at least five studies were included for a diagnostic
test (Diaz, 2015; Reitsma et al., 2009), using the METANDI mod-
ule in STATA version 15 (College Station, Texas, USA). Subgroup
analyses were performed in which we included prospective stud-

ies only.

2.6 | Hypothetical cohort

If possible, we will construct a hypothetical cohort with the aim of
showing what the pooled estimates mean in practice for missed
recurrences and false positives. We will calculate the median re-
currence rate based on the included studies. We will apply the cal-
culated pooled sensitivity and specificity from our meta-analysis, to
devise 2x2 tables for 100 patients.

3 | RESULTS

3.1 | Article selection

The initial search yielded 3232 articles. After removing duplicates
and screening titles and abstracts, full-text assessment of 73 stud-
ies led to the inclusion of 37 articles. Contingency tables could
initially be generated for 12 studies (Supplement 1), but authors
did provide data for one additional study upon request. Thus, 12
studies were included (Augestad et al., 2014; Bhatti et al., 2015;
Chang et al., 2017; Gilardoni et al., 2015; Guo et al., 2018; Hara
et al., 2011; Jones et al., 2015; Kim & Lee, 2013; Moloney et al.,
2019; Nicolini et al., 2010; Rodrigues et al., 2017; Shinkins et al.,
2017). Agreement between researchers was ‘very good’ for title
and abstract selection (98%; k, 0.889) and ‘good’ for the full-text
assessment (86%; k, 0.703).
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3.2 | Patients

Overall, 3223 patients (males, 58.8%; age range 25-95 years) were
included (Table 1). All studies were from secondary care and in-
cluded 108-569 patients. Most patients were diagnosed with colon
cancer (62.6%); although this was typically stage Il or lll, two studies
included patients with stage IV cancer who were considered cured
after resecting liver metastases. The central tendencies for the re-
ported follow-up durations ranged from median 17 to 99 months,
and the median recurrence rates based on all included studies was
19.6% (4.3%-51.7%), which appeared independent of follow-up
duration.

3.3 | Index tests and reference standards

The most commonly reported follow-up tests were CEA (9 studies),
ultrasound (2 studies) and physical examination (1 study). For CEA,
all but one (Rodrigues et al., 2017) study used a cut-off value of
5 g/l for all patients and one study did not report their threshold
(Moloney et al., 2019). Reference standards varied widely, consist-
ing mostly of different radiological and histopathological exami-
nations. Multiple reference standards were used in seven studies
(Table 2).

3.4 | Methodological quality of included studies
Risk of bias was highest in the patient selection (5 studies) and refer-
ence standard (6 studies) domains

(Figure 1). However, risk of bias was unclear in the index test
domain. Issues in the patient selection domain resulted from inap-

propriate exclusions, while issues with the flow and timing domain

resulted from variations in the reference standards (Bhatti et al.,
2015; Chang et al., 2017; Guo et al., 2018).

3.5 | Diagnostic accuracy
Forest plots are shown for the different follow-up tests in Figure 2.

For CEA (9 studies, 2,801 patients), the sensitivity and specificity
for detecting CRC recurrence were 33-83% and 58%-97%, respec-
tively. The pooled sensitivity was 59% (95%Cl: 47%-70%), and the
pooled specificity was 89% (95%Cl: 80%-95%) (Figure 3). For sen-
sitivity, we observed two outliers, reporting a lower sensitivity with
broad confidence intervals (Augestad et al., 2014; Moloney et al.,
2019). Also, two outliers were observed for specificity (Guo et al.,
2018; Hara et al., 2011), reporting a lower specificity. A subgroup
analysis without retrospective cohort studies (6 studies, 2149 pa-
tients), showed a pooled sensitivity of 62% (95%Cl: 48%-74%) and a
pooled specificity of 90% (95%Cl: 80%-96%) (data not shown).

For ultrasound (2 studies, 901 patients), the ranges for sensi-
tivity and specificity were 36%-70% and 97%-100%, respectively.
Although the forest plots showed narrow Cls for specificity, they
were wide for sensitivity. For clinical examination (one study, 118
patients), the sensitivity was 23% and the specificity 27%.

3.6 | Hypothetical cohort

We were able to construct a hypothetical cohort based on the 9
studies on CEA. The overall median prevalence of tumour recur-
rence was 21% given a median follow-up between 2 and 5 years.
Using CEA to detect recurrence misclassified 18 cases, with 9 of the
21 recurrences being missed and 9 of 79 patients receiving unneces-

sary follow-up testing (Table 3).

(a)

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl) Sensitivity (95% Cl)  Specificity (95% CI)

Augestad 2014 3 6 4 97 0.43[0.10, 0.82] 0.94[0.88,098] — & —— -

Bhatti 2015 123 23 26 397 0.83[0.75, 0.88] 0.95[0.92, 0.96] = n

Chang 2017 44 59 23 231 0.66 [0.53, 0.77] 0.80 [0.75, 0.84] —— =

Guo 2018 66 36 26 50 0.72[0.61, 0.81] 0.58 [0.47, 0.69] —& —&

Hara 2011 31 31 15 50 0.67 [0.52, 0.80] 0.62 [0.50, 0.72] — —

Kim 2013 34 23 45 234 0.43[0.32, 0.55] 0.91[0.87, 0.94] — 2

Moloney 2019 2 5 4 127 0.33[0.04, 0.78] 0.96[0.91,0.99] — ®—— -

Rodrigues 2017 23 36 29 316 0.44[0.30, 0.59] 0.90 [0.86, 0.93] —— u

Shinkins 2017 51 12 53 466 0.49[0.39, 0.59] 0.9710.96,0.99] |, I_._I e — -.
0 020406081 0020406081

(b)

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl) Sensitivity (95% CI)  Specificity (95% CI)

Gilardoni 2015 4 5 7 180 0.36 [0.11, 0.69] 0.97[0.94,099] — ®—— u

Nicolini 2010 14 1 6 744 0.70 [0.46, 0.88] 1.00[0.99,1.00] |, | — n

0 0204060810 02040608 1

FIGURE 2 Forest plots displaying the diagnostic accuracy of different follow-up routines: CEA testing (a) and Ultrasound (b). Diagnostic
accuracy and the 2 x 2 table are displayed with true positives (TP), false positives (FP), false negatives (FN) and true negative (TN). Sensitivity
and specificity with the 95%-confidence intervals (Cl) are given.
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FIGURE 3 Hierarchical summary receiver operator curves
Pooled estimates are shown for CEA. Abbreviations: CEA,
Carcinoembryonic antigen; HSROC =hierarchical summary receiver
operating characteristic.

TABLE 3 Pooled estimates for CEA follow-up tests for detecting
recurrence in a hypothetical cohort

CEA
Number of studies 97
Prevalence (%)* 21%
Sensitivity (95%Cl) 59% (47-70)
Specificity (95%Cl) 89% (80-95)
Misclassified 18
Missed cancers 9
Unnecessary diagnostic follow-up testing 9

The hypothetical cohort comprised 100 survivors of colorectal cancer
and was based on the pooled diagnostic accuracy. Abbreviations: CEA,
Carcinoembryonic antigen.

“based on 2801 patients.

4 | DISCUSSION

4.1 | Main findings

Most of the included studies evaluated follow-up testing by CEA.
The pooled estimates showed a sensitivity for CEA of 59% and a
specificity of 89%. A hypothetical cohort of 100 patients, based on
the pooled characteristics of all included studies, revealed that CEA
misclassified 18 of 100 cases, with 9 of 21 recurrences being missed.
For ultrasound, sensitivity and specificity ranged from 36%-70% to
97%-100%, respectively. For clinical examination, the sensitivity
was 23% and the specificity 27%.

4.2 | Limitations

This comprehensive review provides an overview of the diagnostic
accuracy in secondary care of different follow-up tests for detecting

CRC recurrence that potentially can be applied in primary care.
Because we only included studies from the past ten years, the di-
agnostic properties of the tests we evaluated correspond to the
current recurrence rates. This focus also posed a limitation, how-
ever, the displayed meta-analysis (Figure 3) should be interpreted
with caution because, ideally, at least ten studies should be included
to achieve balance across the estimates (Diaz, 2015). Furthermore,
studies applied different reference standards, but this effect should
be negligible given that both histological and radiological standards
are used widely and considered reliable. In addition, included studies
showed different durations of follow-up, which may have influenced
recurrence rates. However, heterogeneity could not be explained by
this. Studies reporting a low sensitivity for CEA generally showed a
lower recurrence rate and less advanced cancer stages. In contrast,
studies reporting low specificity for CEA showed higher recurrence
rates and cancer stages. Finally, the overall methodological quality
of the included studies was low. However, it should be noted that
none of the studies aimed to evaluate the characteristics of the

index tests exclusively.

4.3 | Comparison with existing literature
Authors of a systematic review in 2015 reported a slightly higher
pooled sensitivity (64.5%) and a comparable specificity (89.5%) for
CEA at a threshold of 5 pg/L (Nicholson et al., 2015) when com-
pared with our results (59% and 89%, respectively). The difference
in sensitivity may be explained by the higher prevalence of CRC, and
therefore difference in population when compared to our study.
Given the advance in treatments in recent decades, the population
of patient with recurrent CRC in our study period may be different
to that historically diagnosed with a CRC recurrence. Another sys-
tematic review from 2016 showing results comparable to Nicholson
et al. also included patients from before 2010 (Sorensen et al., 2016).
Interestingly, a recent randomised controlled trial, reporting a low
prevalence of recurrences (16.6%), suggests that frequent monitor-
ing of CEA is as good as intensified imaging with computed tomog-
raphy (CT) (Primrose et al., 2014). In that study, the patient's general
practice physician referred the patient urgently to the local hospital if
a patient's blood CEA level was 7 pg/L or more above the level at trial
entry, and a second test result was also greater than this threshold.
Although we only included a small number of studies based on
ultrasound, this follow-up test had a high specificity, but appeared to
be lacking sensitivity. Clinical examination did not seem feasible to
be used as a diagnostic strategy for detecting recurrences given the
low sensitivity and specificity. We found no systematic reviews of
ultrasound or clinical examination being used to detect recurrence
during follow-up.

4.4 | Implications

Ideal follow-up routines are cost-efficient, sensitive for detecting re-
currence and specific for identifying patients without recurrence. At
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present, the survival benefit of follow-up protocols remains a topic
of debate. Some studies indicate that intensified follow-up based
on CEA monitoring leads to earlier detection of recurrences and
to higher cure rates (Primrose et al., 2014; Verberne et al., 2015),
whereas others have shown that intensive follow-up routines confer
no survival benefits (Jeffery et al., 2016; Mant et al., 2017; Rosati
et al., 2016; Wille-Jorgensen et al., 2018). Only one study compared
follow-up using CEA or CT to the value of self-reported detection,
and this showed worse survival (Verberne et al., 2017). Furthermore,
recent studies suggest that individualised CEA levels, using multiple
measurements and accounting for pre-operative levels, increase the
sensitivity of CEA and therefore its use as a screening marker (Hida
etal., 2017; Jeon et al., 2013; Saito et al., 2017; Shinkins et al., 2018).
If this evidence proves to be robust, there is scope for involvement
of primary care in follow-up, since CRC survivors already consult
their GP more often (Brandenbarg et al., 2017).

The finding that 42% of all recurrences is detected during non-
scheduled follow-up visits, mostly based on clinical symptoms
(Duineveld et al., 2016), adds to the relevance of involving primary
care in CRC follow-up. In countries like the Netherlands, in which
the general practitioner acts as a gatekeeper to secondary care,
these patients are likely to present in primary care. Furthermore,
GPs already play a role in the other goals of follow-up care; pro-
vision of psychological support and monitoring treatment-related
side effects. To implement a possible shared care protocol between
settings, we must have a reliable and highly sensitive test strategy
that balances missing recurrences and producing false positives that
may cause psychological distress (van der Velde et al., 2017). We
recommend that future studies focus on evaluating the diagnostic
accuracy of test combinations, investigating strategies to increase
the accuracy of CEA (e.g. developing personalised algorithms that
account for recurrence risk factors and changes over time), and ex-
ploring the value of using reported clinical symptoms during check-

ups to increase accuracy (Rose et al., 2019).

5 | CONCLUSION

This systematic review and meta-analysis showed that none of
the investigated follow-up tests, applicable in primary care, was
adequate for detecting recurrence when used in isolation. The
use of CEA with a threshold of 5 pg/L results in missing about
half of the recurrences, and therefore lacks sensitivity to be used
as a single screener. The other diagnostic tests available in pri-
mary care, ultrasound and clinical examination, lack diagnostic
accuracy to be used as follow-up diagnostic tests, so radiological
and possibly endoscopic examination in a hospital setting should
remain part of the surveillance strategy. In practice, GPs could
perform CEA tests, so this might be implemented in primary
care in a shared care model as the target population with cura-
tive treated CRC stays the same. We suggest that our data can be
used to guide further review of test options for CRC recurrence
and before such an implementation is discussable, future studies
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should investigate the influence of using personalised algorithms
that account for recurrence risk factors and changes over time for

repeated measurements.
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