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ABSTRACT

This is the protocol for a review and there is no abstract. The objectives are as follows:

To determine the accuracy of single-measurement blood CEA as a triage test to prompt further investigation for CRC recurrence after

curative resection.

To identify sources of between- and within-study heterogeneity to inform potential subsequent analyses.

BACKGROUND

International guidelines recommend that blood carcino-embry-
onic antigen (CEA) levels are measured to detect recurrent col-
orectal cancer (CRC) as part of an intensive follow-up regimen
(Duffy 2013a; Labianca 2010; Locker 2006; NCCN 2013; NICE
2011).

These guidelines are derived from non-randomised studies, and
later randomised controlled trials (RCTs) investigating the opti-
mal follow-up strategy following curative CRC resection. Follow-
up strategies have been broadly classed as intensive and minimal,
but the investigative modalities included in each strategy have var-
ied greatly, with similarities in the composition of intensive and
minimal regimens between studies. Jeffery’s 2007 Cochrane re-
view (Jeffery 2007) of eight RCTs (Kjeldsen 1997; Makela 1995;
Ohlsson 1995; Pietra 1998; Rodriguez 2006; Schoemaker 1998;

Secco2002; Wattchow 2006) showed that when compared to min-
imal follow-up, an intensive regimen reduces five-year all-cause
mortality (odds ratio (OR) 0.73 95% confidence interval (CI)
0.59 to 0.91). As direct comparison of CEA measurement versus
no CEA measurement was only possible for recurrence rates us-
ing two of these RCTs (OR 0.85 95% CI 0.58 to 1.25) and data
on overall mortality were only available from one trial (OR 0.57
05% CI 0.26 to 1.29), the results were not conclusive due to the
small numbers. The aim of intensive follow-up is to detect asymp-
tomatic recurrences more amenable to a resection with clear mar-
gins. Jeffery’s review demonstrated no significant difference in the
recurrence rate between investigative strategies, but significantly
more curative surgical procedures were conducted for recurrence
in the intensive group (OR 2.41 95% CI 1.63 to 3.54) (Jeffery
2007).
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The between-study heterogeneity, and the fact that many of
the RCTs included in the Cochrane review predate modern ap-
proaches to cancer care lead many to caution when applying the
meta-analysis to modern-day practice. For others, the advances in
chemotherapy, hepatic resection, and multidisciplinary CRC fol-
low-up has led to assertions that the clinical benefits of intensive
follow-up will be even greater today (Labianca 2010). Published
in 2014, the FACS pragmatic factorial RCT followed 1202 par-
ticipants from 39 NHS hospitals reporting that those followed up
with an intensive regimen had three times the odds of detecting
a recurrence amenable to curative resection, that monitoring with
CEA combined with a single computed tomography (CT) scan at
12 to 18 months was equally as effective as undertaking regular
CT scanning, and that concurrent CEA and CT does not improve
accuracy (Primrose 2014).

The absence of a difference in cancer-specific mortality between
follow-up approaches has led to suggestions that the psychological
support gained from regular medical follow-up, and the associated
modifications of diet, lifestyle, and chronic disease management
account for the improvement seen in all-cause mortality (Tjandra
2007).

Whilst the optimal combination and frequency of clinic visits,
blood tests (including CEA), endoscopy and imaging included in
an intensive follow-up regimen remains unclear (Scheer 2009),
there is evidence that most recurrences will occur in the first 30
months after primary tumour resection, with almost all occur-
ring within the first five years (Guthrie 2002), that CEA mea-
surement is the most sensitive modality for detecting early re-
current disease (especially liver metastasis) (Duffy 2013a; Tsikitis
2009), that there are an increasing number of well-tolerated ef-
fective chemotherapy regimens for recurrent CRC in older popu-
lations (Cunningham 2010; Locker 2006), and that primary care
follow-up results in similar outcomes to surgical outpatient follow-
up (Wattchow 2006). Economic analyses have shown intensive
follow-up to be cost-effective (Renchan 2004) and that CEA is
the most cost-effective way of detecting recurrent CRC in primary
care detecting (Primrose 2014).

There is no consensus on the interpretation of blood CEA results,
with substantial variability in clinical practice.

Target condition being diagnosed

Colorectal cancer is globally the third most common cancer ac-
counting for 9.8% of all detected cancers. In 2008, the age-stan-
dardised incidence rate was 17.3 cases per 100,000, 30.1 in more
developed regions, and 10.7 in less developed regions (Ferlay
2013).

Colorectal adenocarcinoma arises in the colonic mucosa and pro-
gressively invades through the layers of bowel wall into surround-
ing structures leading to peritoneal, neural, lymphatic and haema-

tological metastasis (Gore 1997). This process provides the ba-
sis of the internationally recognised TNM staging system (Sobin
2009) and earlier Dukes classification (Dukes 1932). The first site
of haematological metastasis is the liver via the portal vein, af-
ter which distant metastasis occurs most commonly to the lungs
but also the bones and brain (Guthrie 2002). Prognosis is closely
related to stage, with higher grade more invasive metastatic tu-
mours having poorer prognosis (Maringe 2013). Approximately
two-thirds of patients will present with a primary CRC amenable
to radical surgery (+/- adjuvant therapy) (Jeffery 2007).
Following surgery (+/- adjuvant therapy) however, 30% to 50%
of patients will develop recurrence (Labianca 2010). The most
common site for recurrence is the liver followed by the lungs but
can also occur in the abdomen and pelvis (Cunningham 2010;
Jeffery 2007). Patients undergoing secondary surgery with curative
intent have substantially improved five- and 10-year survival rates
with a median survival time of 35.8 to 84.8 months. Surgery for
isolated hepatic metastasis improves five-year survival by 36% to
58%, for isolated lung metastasis by 27% to 41%; chemotherapy
can prolong life by one to two years, and improve quality of life
(Arriola 2006; Cunningham 2010; Tsikitis 2009).

Index test(s)

CEA is a relatively simple and low-cost biomarker that can be
detected by a blood test. The analysis of CEA in clinical studies
utilises the technique of immunoassay in a variety of forms and
from a number of different manufacturers. Earlier methods were
manual immunoassays such as radio-immunoassay but most lab-
oratories now utilise fully automated non-isotopic methods. The
reproducibility of these fully automated methods are, in general,
superior to the older manual methods. Unfortunately, the details
of the methods used in clinical studies and their analytical perfor-
mance is often lacking in publications (Wild 2013).

Data from external quality assessment schemes have repeatedly
shown good precision for most methods at low CEA concentra-
tions. In 2010 the mean within laboratory precision over a 12-
month period at a concentration of 3 pg/L (equivalent to 54 U/L)
was < 9% for all major methods. A greater analytical challenge is
the difference in method bias (Wild 2013). Despite the availabil-
ity of an international reference preparation (IRP 73/601) since
1975 and its widespread use in commercial assays since the early
1990’s, method bias may be +/-20% and the degree of this bias
may be sample-dependent (Bormer 1991; Laurence 1975). CEA
has a complex molecular structure and the antibodies used in the
immunoassays recognise different epitopes of the molecule and
this is considered to be a major source of the method bias (Bormer
1991). Consequently, the interpretation of data from clinical stud-
ies, in particular the use of any particular threshold, whether that
is 3, 5 or 7 pg/L, needs to consider the actual method utilised.
Due to the good reproducibility but significant method-depen-
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dent bias, it is advised that the same assay technique should be
used throughout any follow-up period (Duffy 2013a).

CEA is a glycoprotein involved in cell adhesion produced during
foetal development. Production usually ceases at birth, but ele-
vated levels can be detected in colorectal, breast, lung and pancre-
atic cancer, in smokers, and in benign conditions such as cirrhosis
of the liver, jaundice, diabetes, pancreatitis, chronic renal failure,
colitis, diverticulitis, irritable bowel syndrome, pleurisy and pneu-
monia (Newton 2011; Sturgeon 2009). It is produced in 90% of
CRC and is known to contribute to the malignant characteristics
of the tumour, and to have an important role in CRC metastasis
(Dallas 2012). CEA levels may rise four and a half to eight months
prior to the development of cancer-related symptoms (Goldstein
2005). Depending on the threshold used, the sensitivity of CEA
varies depending on the stage of disease; Dukes type A, B, C, and D
tumours are reported to be associated with levels of CEA > 5Spg/L
in 3%, 25% 45% and 65% of cases respectively (Sturgeon 2009).
Furthermore, CEA is most sensitive for hepatic and retroperitoneal
metastases and least sensitive for local recurrences and peritoneal
or pulmonary disease (Scheer 2009).

Because of the variable sensitivity and expression in benign con-
ditions CEA (and all other existing serum biomarkers), fails to
meet gold standard criteria for biomarker use and so CEA is not
recommended for screening purposes in the general population
(Newton 2011). However, it is recommended for use as a preoper-
ative prognostic marker, as a marker of response to chemotherapy
(especially for liver metastasis), and as a triage test for diagnosing
recurrent CRC (where a rise should lead to further investigation
rather than initiation of therapy) (Duffy 2013a; Sturgeon 2009).
Although serial CEA measurements are taken, centres take action
on a single CEA level above an absolute threshold level, but there
is lack of agreement on the threshold above which action should
be taken, or the extent of concentration change that constitutes
a clinically significant rise. A threshold between 3 and 7 pg/L is
commonly used, some centres look at the difference a pre-oper-
ative or post-operative baseline level, some repeat the test before
acting, and no guidelines recommend taking into account trend
information based on longitudinal CEA measurements.

The most recent meta-analysis includes 20 studies combining di-
agnostic accuracy data for a range of threshold values (3 to 15
pg/L) measured by a variety of test-kits to investigate the diag-
nostic value of the absolute level from a single test (Tan 2009).
The pooled estimates of diagnostic accuracy were: sensitivity 64%
(95% CI 61% to 67%); specificity 90% (89% to 91%); diagnostic
OR 18 (12 to 28); and area under the curve (AUC) 0.79 (stan-
dard error 0.054). There was a significant degree of heterogeneity
reported between studies (Q-value 80.83, P < 0.001) (Tan 2009).
When limited to four studies using the 3 pg/L threshold, sensitiv-
ity (73% (69 to 77)) increased at the expense of specificity (68%
(65 to 72)). Through meta-regression the authors suggest that a
cut-off of 2.2pg/L provides the ideal balance between sensitivity
and specificity for use in clinical practice (Tan 2009), but this level

generates a high level of false-alarms and is implemented by few
clinicians: the COST trial used a CEA cut-off of 5pg/L (Tsikitis
2009), and the FACS trial used a threshold of 7pg/L (Primrose
2014). We propose an update of the Tan study (the search was
performed in July 2007) using a less conservative search strategy
and conducting analyses following the latest Cochrane DTA guid-
ance.

Clinical pathway

Following radical surgery (+/- adjuvant therapy), there is variation
in the recommended intensive follow-up regimen (Duffy 2013a;
Labianca 2010; Locker 2006; NCCN 2013; NICE 2011).

The European Society of Medical Oncology (ESMO) recommend
history, physical examination, and CEA determination every three
to six months for three years, and every six to 12 months at years
four and five, colonoscopy at one year then at every three to five
years looking for metachronous adenomas and cancers, a CT scan
of the chest and contrast-enhanced ultrasound scan (USS) or CT
scan of the abdomen every six to 12 months for the first three
years in patients considered higher risk, advising against the use
of other laboratory and radiological examinations unless patients
have suspicious symptoms (Labianca 2010).

The American Society of Clincal Oncology (ASCO) recommends
that CEA is performed every three months for three years in pa-
tients with stage II or III disease if the patient is a candidate for
surgery or systemic therapy, and that raised CEA levels (> 5Spg/
L, confirmed by a repeat test) warrants further evaluation for
metastatic disease (Locker 2006). Unlike ASCO, ESMO does not
specify a threshold nor limit testing to tumour stage but the Eu-
ropean Group on Tumour Markers (EGTM) specify CEA mea-
surement at baseline and then every two to three months for three
years, then six-monthly for five years in patients with stage II-I1I
disease who would tolerate further surgery or systemic therapy.
EGTM recommend that any increase in CEA (confirmed by a
repeat test) should trigger further investigations (Duffy 2013a).
NICE recommend follow-up from four to six weeks following
curative treatment, for all patients who could tolerate and accept
the balance of risk and benefits of further treatment, including
CEA measurement at least every six months in the first three years,
two CT scans of the chest and abdomen in the first three years,
and colonoscopy at one year and five years (NICE 2011).

Once recurrence is suspected patients then undergo further di-
agnostic testing with usually CT or USS to confirm recur-
rence (Duffy 2013 ), although the modality used to confirm
recurrence varies and can alternatively be clinical assessment,
colonoscopy, flexible sigmoidoscopy and barium enema, CT
colonography, positron emission tomography-computed tomog-

raphy (PET-CT), or magnetic resonance imaging (MRI).

Prior test(s)
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As detailed above, CEA is often the first investigative modality to
be used within an intensive follow-up regimen.

Role of index test(s)

Asa triage test to prompt further investigation for CRC recurrence.

Alternative test(s)

Circulating tumour cells and cytokeratins have been examined as
possible biomarkers of CRC recurrence but the studies are few
and limited. Cal25 is regarded as an emerging biomarker for use
in postoperative follow-up but as yet evidence is limited (Duffy
2013a; Newton 2011). CT imaging is the only other test that
meta-analysis suggests has potential to detect metastatic recurrence
amenable to resection but CT is less cost-effective than CEA.
FACS suggested that concurrent CEA and CT does not improve

accuracy (Primrose 2014).

Rationale

CEA alone is potentially the most cost-effective option to detect
CRC recurrence. This DTA review aims to clarify the accuracy
of single-measurement blood CEA as a triage test for CRC recur-
rence. We propose this in the knowledge that serial CEA mea-
sures are commonly taken as part of a postoperative monitoring
schedules, but have chosen to evaluate the diagnostic accuracy of
a single CEA measurement because the clinical decision to inves-
tigate further for recurrent CRC is most often based on a single
measurement alone.

OBJECTIVES

To determine the accuracy of single-measurement blood CEA as
a triage test to prompt further investigation for CRC recurrence
after curative resection.

Secondary objectives

To identify sources of between- and within-study heterogeneity to
inform potential subsequent analyses.

METHODS

Criteria for considering studies for this review

Types of studies

We will include cross sectional diagnostic test accuracy studies,
cohort studies, and RCTs in the setting of follow-up after CRC
resection using direct comparisons between CEA and the reference
standard from which data for a 2 x 2 table can be extracted. We
will exclude case-control studies as they are inherently biased in
this setting.

Participants

We will limit the review to studies of blood CEA measurement to
detect recurrence of colorectal cancer in adults with no detectable
residual disease after primary treatment with surgical resection (+/
- adjuvant therapy).

Index tests

Blood carcino-embryonic antigen (CEA).

Clinical guidance and Tan 2009 demonstrate that the CEA thresh-
olds most commonly used in clinical practice are 3, 5,7, and 10pg/
L (Locker 2006; Tan 2009). We will primarily investigate the ac-
curacy of these thresholds, using subgroup analysis to investigate
the accuracy of others.

Target conditions

Recurrence of CRC following curative resection, including locore-

gional recurrence, and metastatic disease.

Reference standards

1. Imaging done per protocol or to investigate for suspected
recurrence (usually CT, MRI or PET-CT, but also endoscopy,
CT colonography, ultrasound, and barium enema).

2. The histological confirmation of recurrence following
surgery or tissue biopsy.

3. Routine clinical follow-up used as a reference standard to
confirm negative index test values where imaging is not indicated
as part of the follow-up schedule (standard protocols run for
three to five years).

For those studies where it is possible to identify the individual
reference standard, these data will be used in sensitivity analyses.
However, we anticipate that studies will report on a composite
reference standard by following a prespecified clinical pathway as
described above, and so the reference standard may vary between
patients in the same study. Without individual patient data, iden-
tifying the exact investigative modality may not be possible as sum-
mary diagnostic accuracy data will be presented.

We will therefore determine whether the chosen reference standard
(or composite reference standard) is “appropriate” (1 to 3 above),
“inappropriate” (a reference standard notincluded in 1 to 3 above),
or “not stated” for further subgroup analysis.
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If the data are available, deaths during follow-up will be recorded as
“death from CRC”, “death with CRC”, “death from other causes”,

or “death unspecified”.

Search methods for identification of studies

Electronic searches

Our information specialist NR (trained in Cochrane DTA
methodology) designed our search strategy.

We will search for related reviews in MEDIONdatabase (htep://
www.mediondatabase.nl), the DARE database (7he Cochrane Li-
brary, Wiley), MEDLINE (OvidsSP)[1946-current, In-process)
and Embase (OvidSP)[1974-current] using the Reviews Clinical
Query. Primary studies (including conference abstracts) will be
searched for in MEDLINE (OvidSP)[1946-current, In-process],
Embase (OvidSP)[1974-current], Cochrane Central Register of
Controlled Trials (7he Cochrane Library, Wiley) and the Science
Citation Index & Conference Proceedings Citation Index - Science
(Web of Science, Thomson)[1945-current]. Ongoing studies will
be identified by searching WHO ICTRP (http://apps.who.int/
trialsearch/) and ClinicalTrials (http://clinicaltrials.gov). An ad-
ditional search for conference abstracts will be conducted on the
ASCO meeting library (http://meetinglibrary.asco.org/)

No language limits will be applied to the search, non-English
manuscripts will be translated to assess suitability for inclusion.
An example search strategy for use in MEDLINE was piloted in
December 2012 and is shown in Appendix 1. This strategy will be
translated for the other databases using the appropriate controlled
vocabulary and free-text terms.

Searching other resources

Following the search of bibliographic databases, we will browse
reference lists of retrieved reviews and all included studies. In ad-
dition, we will perform a 'Related articles” search on PubMed on
all included studies. The principal investigators of included stud-
ies will be contacted to identify further relevant literature, clarify
methodological queries if they exist and ask for any unpublished
data relevant to this review. The details of searches for conference

abstracts and ongoing studies are detailed above.

Data collection and analysis

Selection of studies

To identify relevant studies one review author will scan all titles
and exclude those studies clearly not relevant to the topic of CEA
in detection of CRC recurrence. Secondly, two review authors will

independently assess the remaining titles and abstracts retrieving
the full-text of relevant articles and of those for which a decision
cannot be made on the basis of title and abstract alone. A third re-
view author will resolve any disputes over which references should
be included. All full-text articles will be first scrutinised for data
sufficient to allow population of 2 x 2 table. Following confir-
mation of 2 x 2 data, full data will be extracted. Reasons for any
exclusions will be detailed in a flow diagram.

Data extraction and management

Full data extraction will be guided by a background information
sheet describing how each item should be interpreted. This form
will be piloted by two review authors using three initial studies
and refined if necessary. Any disagreement over extracted data will
be discussed and if consensus is not achieved moderated by a third
author.

Data will be extracted or calculated from data provided and col-
lated in an Excel spreadsheet under the following headings: Au-
thor, year, country, population (n), included participants (n), set-
ting of follow-up, age, smoking status, stage/grade of primary tu-
mour, primary treatment received, investigations done to ensure
no residual disease, definition of follow-up schedule, CEA thresh-
old, timing of CEA measurement, reference standard, site of re-
currence, timing of CEA versus reference standard, cases of recur-
rence (n), True Positives (TP), False Positives (FP), True Negatives
(TN), False Negatives (FN), sensitivity, specificity, Positive Pre-
dictive Value (PPV), Negative Predictive Value (NPV), Positive
Likelihood Ratio (PLR), Negative Likelihood Ratio (NLR), AUC,
QUADAS-2 items (including CEA laboratory technique).

If data are not available we will first contact the authors to request
the missing data.

Assessment of methodological quality

Assessment of methodological quality

QUADAS-2 is a generic set of criteria for assessing diagnostic
accuracy studies consisting of four key domains: patient selection,
index test, reference standard, and the flow of patients through
the study and timing of the index test in relation to the reference
standard. Signalling questions are included to allow judgement of
the risk of bias across the four domains (Whiting 2011).

We have modified QUADAS-2 excluding items not applicable to
this review (Whiting 2011). A guide to the operational definitions
for the modified QUADAS-2 items can be found in Appendix 2.
We have included additional questions regarding CEA laboratory
technique (2.A.2-2.A.4) to detail variability in laboratory tech-
nique over time, and index test repetition (4.A.1) as some cen-
tres repeat CEA before conducting the reference standard, which
conflicts with our objective to assess singular CEA measurements.
We have modified “Was there an appropriate interval between in-
dex test(s) and reference standard?” (Yes/No/Unclear) to instead
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read “4.A.2. Was the timing between index test(s) and reference
standard ascertainable?” (Yes / Unclear). We have modified “DId
all patients receive a reference standard?” to instead read “Did
all included patients who had at least one CEA measurement re-
ceive a reference standard?” to make specific to our study. We have
removed “was a case-control design avoided?” from the original
QUADAS-2 template as we are excluding all case-control stud-
ies, and we have removed “Were the index test results interpreted
without knowledge of the results of the reference standard?” as
CEA is an objective test (Whiting 2011).

Two review authors will assess quality of all articles independently,
will discuss any disagreements, and if consensus cannot be agreed a
third author will act as a moderator to reach consensus. The results
of the quality assessment will be used for descriptive purposes to
provide an evaluation of the overall quality of the included studies
and to investigate potential sources of heterogeneity.

Statistical analysis and data synthesis

Descriptive statistics will be used to present a summary of each
included study. Tables will detail the patient sample, study design,
CEA technique, follow-up characteristics and the CEA thresh-
old(s) at which accuracy was reported. Binary diagnostic accuracy
data will be extracted from all included studies as 2 x 2 tables. The
low, high or unclear risk of bias for each of the four domains of the
QUADAS-2 assessment will be presented graphically as described
by Whiting 2011.

Inferential statistics will be guided by Chapter 10 of the Cochrane
Handbook for Systematic Reviews of Diagnostic Test Accuracy (
Macaskill 2010). RevMan 5 will be used to produce forest plots
showing the variability of sensitivity and specificity across primary
studies, with corresponding 95% confidence intervals, for visual
comparison. We will present forest plots per CEA threshold used
and per CEA technique used (Macaskill 2010).

To overcome the methodological limitations of the Moses-Litten-
berg SROC approach, we will conduct a bivariate meta-analysis.
We will be using the xtmelogit command in Stata, which will give
us the flexibility to explore the influence of covariates (Takwoingi
2013).

A key objective of this meta-analysis is to explore possible CEA
thresholds to identify CRC recurrence, but we anticipate many
studies will not present data on multiple thresholds. If sufficient
data are available we will use the multivariate random-effects meta-

analysis approach described by Hamza 2009.

Investigations of heterogeneity

To investigate heterogeneity, we will use a meta-regression ap-
proach to add covariates to the Rutter and Gatsonis HSROC mod-

els (Leeflang 2008). For continuous variables, we will categorise
data into clinically meaningful groups if a linear association is not
found, or if feasible we will add polynomial terms to the model
(Royston 2008). We will use likelihood ratio tests to determine
statistical significance.

We will investigate heterogeneity as far as is possible from the pri-
mary study data, and as a minimum attempt analysis using study
date (data gathering pre-1995, post-1995), laboratory method,
and reference standard used.

We will contact study authors to request supplementary data if
they are not documented within selected publications.

Sensitivity analyses

For sensitivity analysis, we will remove each study from the pooled
estimate and recalculate; we will remove RCT data and recalcu-
late; we will examine the effect of reference standard by removing
studies in turn that have used “appropriate”/“inappropriate”/“not
stated” reference standards, or have used specific tests (e.g. com-
posite/ CT/MRI/colonoscopy); and we will use the QUADAS-2
assessment to restrict our analyses to only high-quality studies (de-
fined as overall low risk of bias, or low concern over applicability)
for each QUADAS-2 domain.

If sufficient data are available regarding laboratory technique, we
will assess whether laboratory technique influences the results by
excluding studies without sufficient data (those that score “no” or
“unclear” on any QUADAS-2 items 2.A.2-4), and analysing per

laboratory technique used.

Assessment of reporting bias

As described by van Roon 2011, investigation of publication bias
in DTA studies is known to be problematic because many studies
are undertaken without ethical approval or study registration and
so it is not possible to identify all studies until final publication.
Funnel plots used to detect publication bias in reviews of RCTs
have also been shown to be misleading for DTA reviews (Deeks
2005; Leeflang 2008; Song 2002). Assessment of reporting bias
will therefore not be included in this review.
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APPENDICES

Appendix |. MEDLINE search strategy

1 colorectal neoplasms/ or exp adenomatous polyposis coli/ or exp colonic neoplasms/ or colorectal neoplasms, hereditary non-
polyposis/ or exp rectal neoplasms/

2 (colorectal adj3 (neoplas* or cancer? or tumour? or tumor? or carcinoma?)).ti,ab

3 (colon* adj3 (neoplas® or cancer? or tumour? or tumor? or carcinoma?)).ti,ab
4 (bowel adj3 (neoplas* or cancer? or tumour? or tumor? or carcinoma?)).ti,ab
5 (rectal adj3 (neoplas* or cancer? or tumour? or tumor? or carcinoma?)).ti,ab

6 (rectum adj3 (neoplas® or cancer? or tumour? or tumor? or carcinoma?)).ti,ab

7 lor2or3or4or5orb6

8  Carcinoembryonic Antigen/

9 cea.ti,ab.

10 (carcinoembryonic adj3 antigen?).ti,ab.

11 (carcinoembryonic adj3 antibod*).ti,ab.

12 (carcino-embryonic adj3 antigen?).ti,ab.

13 (carcino-embryonic adj3 antibod*).ti,ab.

14 8or9orl0orllorl2orl3

15 Neoplasm Recurrence, Local/

16 Recurrence/

17  recur*.ti,ab.

18  relaps*.ti,ab.

19 treatment failure/

20 Reoperation/

21  Follow-Up Studies/ and Postoperative Care/
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(Continued)

22 reoperat*.ti,ab.

23 ((local or distant) adj2 failure).ti,ab.

24 ((therap* or treatment or surg®) adj3 fail*).t,ab.

25 ((therap* or treatment or surg*®) adj3 (respond* or response™)).ti,ab

26  ((postoperat* or post-operat* or postsurg® or post-surg* or posttreat* or post-treat* or posttherap* or post-therap*) adj5 follow
up).ti,ab

27  ((postoperat* or post-operat™ or postsurg™ or post-surg* or posttreat™ or post-treat® or posttherap* or post-therap*) adj5 surveil-
lance).ti,ab

28  ((postoperat® or post-operat™ or postsurg™ or post-surg* or posttreat® or post-treat™ or posttherap* or post-therap*) adj5 monitor*)
.ti,ab

29 150r16or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28

30 7and 14 and 29

Appendix 2. Operational guidance for modified QUADAS-2 tool

Unless otherwise specified, each item must be explicitly reported to achieve a “yes” answer.

DOMAIN 1: Patient Selection

A: Risk of Bias

1. Was a consecutive or random sample of patients enrolled? Yes/No/Unclear

2. Did the study avoid inappropriate exclusions?

Yes Patients are included in follow-up post radical CRC resection, OR
Exclusions was justified in the text and reviewers reached consensus on the appropriate-
ness of any exclusions. Exclusions based on patient characteristics allowing subgroup

analysis (e.g. tumour grade) should be deemed appropriate

No Criteria for “yes” not achieved.

Unclear  Exclusions not reported clearly.

OVERALL RISK OF BIAS: LOW/HIGH/UNCLEAR

B: Applicability
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(Continued)

1. Is there concern that the included patients do not match the review question?

Yes Patients are not undergoing follow-up post radical CRC resection including CEA mea-
surement

No Patients are undergoing follow-up post radical CRC resection including CEA measure-
ment

Unclear The included population is not defined.

OVERALL CONCERN REGARDING APPLICABILITY: LOW/HIGH/UNCLEAR

DOMAIN 2: Index Tests

A: Risk of Bias

1. If a threshold was used, was it pre-specified? Yes/No/Unclear

2. Is the same method and instrument used for all CEA measurements? Yes/No/Unclear

3. Is there an estimation of reproducibility of the method, for example the % coefficient of variation at specific concentrations? Yes/

No/Unclear

4. Is there an indication of method accuracy, for example, is there evidence of participation in an external quality assessment and

proficiency testing scheme? Yes/No/Unclear

OVERALL RISK OF BIAS: LOW/HIGH/UNCLEAR

B: Applicabilizy

1. Is there concern that the index test, its conduct, or interpretation differ from the review question?

Yes Blood CEA is not interpreted as a stand-alone test to trigger investigation for CRC
recurrence

No Blood CEA is interpreted as a stand-alone test to trigger investigation for CRC recur-
rence

Unclear It is unclear whether the index test differs from the review question

OVERALL CONCERN REGARDING APPLICABILITY: LOW/HIGH/UNCLEAR

DOMAIN 3: Reference Standard

A: Risk of Bias
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(Continued)

1. Is the reference standard likely to correctly classify the target condition?
- can we confidently exclude recurrence on the basis of no clinical detection of recurrence when we are assessing the utility of CEA
at detecting asymptomatic recurrence amenable to resection?

Yes An appropriate reference standard (as defined in the protocol) is used

No An inappropriate reference standard is used

Unclear  The reference standard used is not clearly specified.

2. Were the reference standard results interpreted without knowledge of the results of the index test?
- If tests are done as part of a follow-up regime it must not be assumed that the interpretation of each test is independent of another.
It must be clearly stated when reference test interpretation occurred

Yes The reference standard results were interpreted without knowledge of the index test(s)

No The reference standard results were interpreted with knowledge of the index test(s)

Unclear It is not clear whether interpretation was blinded or not.

OVERALL RISK OF BIAS: LOW/HIGH/UNCLEAR

B: Applicability

1. Is there concern that the target condition as defined by the reference standard does not match the review question? Yes/No/Unclear

OVERALL CONCERN REGARDING APPLICABILITY: LOW/HIGH/UNCLEAR

DOMAIN 4: Flow and Timing

A: Risk of Bias

1. Was the index test repeated prior to the reference standard? Yes/No/Unclear

2. Was the the timing between index test(s) and reference standard ascertainable?

Yes The timing was ascertainable.

Unclear  Not reported, variable or could not be clearly determined

3. Did all included patients who had at least one CEA measurement receive a reference standard? Yes/No/Unclear

4. Did patients receive the same reference standard?
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(Continued)

Yes >95% of patients received the same reference standard regardless of index test results
or place within a follow-up schedule

No >95% of patients did not receive the same reference standard regardless of index test
results, or place within the follow-up schedule

Unclear Itisunclear whether all the included patients received same reference standard regardless
of index test results

5. Were all patients included in the analysis? Yes/No/Unclear

OVERALL RISK OF BIAS: LOW/HIGH/UNCLEAR
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