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ABSTRACT

Objective New screening tests for colorectal cancer
(CRC) are rapidly emerging. Conducting trials with
mortality reduction as the end point supporting their
adoption is challenging. We re-examined the principles
underlying evaluation of new non-invasive tests in view
of technological developments and identification of new
biomarkers.

Design A formal consensus approach involving a
multidisciplinary expert panel revised eight previously
established principles.

Results Twelve newly stated principles emerged.
Effectiveness of a new test can be evaluated by
comparison with a proven comparator non-invasive test.
The faecal immunochemical test is now considered the
appropriate comparator, while colonoscopy remains the
diagnostic standard. For a new test to be able to meet
differing screening goals and regulatory requirements,
flexibility to adjust its positivity threshold is desirable. A
rigorous and efficient four-phased approach is proposed,
commencing with small studies assessing the test's
ability to discriminate between CRC and non-cancer
states (phase /), followed by prospective estimation of
accuracy across the continuum of neoplastic lesions in
neoplasia-enriched populations (phase /i). If these show
promise, a provisional test positivity threshold is set
before evaluation in typical screening populations. Phase
/Il prospective studies determine single round intention-
to-screen programme outcomes and confirm the test
positivity threshold. Phase /V studies involve evaluation
over repeated screening rounds with monitoring for

missed lesions. Phases IIl and IV findings will provide the
real-world data required to model test impact on CRC
mortality and incidence.

Conclusion New non-invasive tests can be efficiently
evaluated by a rigorous phased comparative approach,
generating data from unbiased populations that inform
predictions of their health impact.

INTRODUCTION

New non-invasive screening tests for colorectal
cancer (CRC) and its precursor lesions are rapidly
emerging as novel technologies to identify new
biomarkers for detecting these neoplasms, using a
range of biological samples." An Expert Working
Group (EWG) convened by the World Endoscopy
Organisation (WEO) CRC Screening Committee,
which published recommendations for practical
evaluation of new tests in 2016,” has considered
that the principles now warrant updating in view
of recent technological developments together with
major global differences in the nature and goals of
population CRC screening programmes.” * New
sample options, new biomarkers and new approaches
to working with a panel of biomarkers provide
opportunity to improve CRC screening. These new
principles discuss in greater detail the complexities
of validation of new non-invasive screening tests
and set forth an efficient stepwise strategy for eval-
uating them and bringing them to clinical practice.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= In 2016, a practical guide for evaluation of new non-invasive
screening tests for colorectal cancer (CRC) suggested that
comparing test accuracy with a proven comparator such as
the guaiac-based faecal occult blood test was the minimum
standard to provide evidence for use in practice.

= That guide proposed eight principles that underpinned a four-
phase test evaluation, with a brief rationale for each.

WHAT THIS STUDY ADDS

= This expert-based consensus process has expanded the
principles to 12 in view of the necessity to now consider new
technology, screening as a multistep process, the use of the
quantitative faecal immunochemical test for haemoglobin
as the current comparator, to allow for algorithms based
on biomarker panels, to undertake prospective evaluation
in unbiased intended-use screening populations, to include
precursor lesions for CRC as legitimate targets, to provide
capacity to adjust a new test’s positivity threshold to
facilitate screening programme goals and to model findings
to provide evidence supporting a likely benefit in reducing
CRC mortality and incidence.

= A detailed rationale for each principle is now provided.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= By providing a dynamic evaluation framework which is
flexible yet rigorous and allows for broad application given
the wide global variation in how CRC screening is conducted,
it is expected that this will guide researchers, practitioners,
regulatory authorities, policy makers and screening
programme providers in the development and validation of a
new non-invasive test.

= It will ensure a test’s suitability for the context of its use,
no matter how the screening programme is implemented,
without requiring randomised trials with CRC mortality as the
end point.

= New and effective tests with improved capacity to detect
advanced CRC precursor lesions should emerge within a
manageable timeframe.

The need for this was emphasised by an expert consensus
conference held by the American Gastroenterological Association
(AGA), which stressed that overcoming the multiple barriers to
screening will require efficient use of available screening modal-
ities, continued development of non-invasive screening tests and
improved personal risk assessment to best risk-stratify patients.’
The AGA Executive Committee on the Screening Continuum has
highlighted the need to anticipate new and evolving strategies.®

Recently, the WEO CRC Screening Committee has defined
two main screening programme contexts’: population-based
organised screening (PBOS) based on a WHO-style public health
model” and structured opportunistic screening (SOS) based on
jurisdictional standards for practitioner practice.® The differences
between these contexts demand consideration when establishing
recommendations for new test evaluation. There is consider-
able global variation in test regulatory approval processes and
how screening programmes are funded. While CRC is a global
disease, a ‘one-size-fits-all’ approach to CRC screening is not

necessarily practical—flexibility, even within jurisdictions, is
required if programmes are to meet public health goals.’

What is considered an acceptable level of evidence to justify
the use of a new test in population CRC screening varies around
the world.”™®? Thus, the guiding principles of test evaluation
must be universally applicable and flexible.

The goal of the revision has been to provide an efficient,
feasible and rigorous approach to evaluate emerging ‘new’ non-
invasive tests for use in the two main screening contexts of PBOS
and SOS. This recognises that using CRC mortality as the end
point, while the ultimate goal, may be challenging due to the
large study size required, the time involved and cost.” The use of
non-invasive tests in non-screening scenarios (eg, surveillance,
evaluation of symptomatic individuals) is beyond the scope of
the revision and requires a different approach from population
screening.

This revision presents revised and expanded guiding princi-
ples that emerged from a rigorous consensus process, together
with explanatory text addressing each principle’s importance, its
rationale and what needs to be accomplished. The intention has
been to provide a framework that allows a dynamic process that
has broad application. It is not bound by any one specific test.

METHODS

To revise the existing guiding principles, we established a
consensus process based on the Glaser and Delphi approaches'®
that was adapted to be undertaken by a combination of webinars
and voting via virtual platforms due to the constraints of the
COVID-19 pandemic.

The membership consisted of experts (gastroenterologists,
endoscopists, GI surgeons, public health physicians, epidemiolo-
gists, clinical biochemists and tumour biologists) with knowledge
or experience in practice or research relevant to screening for
CRC. Forty-seven experts were involved. Participants confirmed
the problem being addressed as that of the goal as stated above.

A series of specific questions (each of which was a draft prin-
ciple to be critiqued) was initially expanded from the original
8% to 10 and then, after the first consensus round of voting,
further increased to 12. The 12 principles were progressively
redrafted in response to specific feedback: webinars, conference
seminars addressing specific issues and semi-structured discus-
sions were held and members voted and commented on each
principle using a spreadsheet. After four rounds of voting, the
consensus goal of >80% agreement (agree or strongly agree on
a 5-point scale) was achieved for all 12 principles. The 12 prin-
ciples were then circulated to a panel of 7 industry representa-
tives (who volunteered for this task from all the industry groups
associated with the WEO CRC SC), seeking their feedback on
how they would view these principles in light of the regulatory
processes that they face. Principles were not altered based on
this feedback.

The explanatory text for each principle was developed from
the feedback received during the consensus process and from the
extensive comments received during the consultation of experts
and industry representatives. Multiple drafts of the explana-
tory text were circulated to the expert panel over a period of
6months, and feedback has been incorporated into the final
manuscript.

THE PRINCIPLES

The topics addressed in each principle are listed in table 1.
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Table 1 The topics addressed in each of the principles established by
the consensus process

Principle number  Topic

1 Desired outcome of CRC screening.

2 Screening is a multistep process.

3 A screening test identifies individuals with an increased
likelihood of CRC and/or advanced precursor lesions.

4 Nature of precursor lesions most important to detect.

5 New biomarkers might detect lesions with a different natural
history.

6 Outcomes to be estimated in a screening population.

7 Expectations of a new non-invasive test.

8 An adjustable test positivity threshold accommodates
different programme goals.

9 Predicting value by paired comparison with a proven non-
invasive screening test.

10 Evaluation proceeds through increasingly complex phases.

1" Accuracy required for evaluation in a screening population.

12 Analytical specifications, standards and performance.

EXPLANATORY TEXT FOR EACH PRINCIPLE

1. Desired outcome of CRC screening

Screening for CRC aims to reduce CRC mortality and/or
incidence by detecting readily treatable CRC and advanced
precursor lesions without adversely affecting the health status or
overly burdening those who participate in screening.

Explanatory text
Criteria that justify population-based screening were initially
defined by WHO” and revisited in 2008."

The ultimate goal of a CRC screening programme is to reduce
CRC mortality and burden of CRC in the target population’
through application of a test® * that facilitates the detection of
CRC and precursor lesions at a sufficiently early stage for treat-
ment to be successful.

The International Agency for Research on Cancer has empha-
sised that PBOS programmes, as opposed to opportunistic ad
hoc screening, provide greater protection against many of the
harms of screening, including overtesting, poor quality, compli-
cations of screening and poor follow-up of those who test posi-
tive.* Ensuring an effective population outcome, dependent
initially on test uptake (screening participation), is of consider-
able importance.*’ ?

Screening programmes vary around the world.> '* PBOS
programmes operate in many European countries as well as
Canada, Taiwan, Australia and New Zealand,” * '* while SOS
operates in countries such as the USA.? It needs to be shown how
a new test provides benefit in the context for which it is intended
without adversely affecting the health status or overly burdening
those who participate.* '

2. Screening is a multistep process

The screening test is just one step in a coordinated multistep
process that includes initial and repeated participation by the
intended-use population, quality-assured testing, diagnostic
follow-up, treatment and referral to high-risk surveillance
programmes when appropriate, together with monitoring of key
indicators along the screening pathway. Goals for each step in
the process should be defined and agreed on by providers.

Define population and goals (1)

Initiate invitation process

Onestep screening  Tworstep screening

Offer Colonoscopy (2) Offer Noninvasive test (2,12)

Participate (6] Participate (6)

Positive (3,6,8,11)  Negative (3, 6,8, 11)

Colonoscopy (6]

Histopathology (6) Histopathology (6)

Treat diagnosis

Outcomes (1,6) Monitor Ogtcomes (1,6)

Figure 1 The multistep screening pathway characteristic of organised
screening programmes and demonstrating the one-step and two-step
strategies as discussed in principle 2. How the principles relate to steps
and outcomes are identified by the numbers in parentheses. Colours
identify important outcomes relevant to detection.

Explanatory text
Performing a screening test is just one event in a complex process
that starts with an invitation to get tested and proceeds through
diagnostic follow-up, and treatment for identified lesions, with
further screening and surveillance as indicated. Key aspects of the
multistep screening process necessary to ensure population and
individual benefit have been described® and are shown diagram-
matically in figure 1. The main, but not only, test-dependent
components of the screening pathway are test accuracy and test
participation (willingness of invited individuals to do the test).
Demonstrating the value of a screening test must be rigorous and
demonstrated at all relevant steps of the screening pathway.'?
How different countries go about screening and set standards
varies widely.’ Established standards will depend on the nature
of a healthcare system, what it wants to achieve and what is
feasible. For instance, limitations in colonoscopy capacity could
lead providers to set the positivity threshold (‘analytical specifi-
cation’), to match colonoscopic capacity, even though test sensi-
tivity might be compromised (see principle 8). Consequently, it
will be essential to demonstrate how a new test meets programme
goals at each step in these different healthcare settings. The target
population should be informed of estimated test accuracy and its
expected benefit using well-designed communication strategies
to empower individuals to make their own decision.’ * How the
principles established in this consensus process relate to steps in
the screening pathway are shown in figure 1.

3. A screening test identifies individuals with an increased
likelihood of CRC and/or advanced precursor lesions

In two-step screening, based on first performing a non-invasive
test followed by colonoscopy if positive, the non-invasive test
should identify participants with an increased likelihood of CRC
or advanced precursor lesions.

Explanatory text

Globally, the traditional ‘two-step screening’ approach, where
a relatively simple, usually non-invasive screening test is used
to identify a subpopulation more likely to have neoplasms of
interest’ ©° is more commonly used.> Only those participants
returning a positive test result are invited to follow-up colo-
noscopy as they are more likely to have colorectal neoplasia.
Identifying the population subgroup more likely to have CRC or
advanced precursor lesions substantially reduces the number of
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colonoscopies undertaken in individuals unlikely to benefit from
colonoscopy.

Neoplasia of interest includes likely curable CRC (stages I
and II although S-year survival in stages IIIA and IIIB is >60%
in some countries'®) and advanced precursor lesions (discussed
further in principle 4).

It is possible that the number of people to undergo colonos-
copy because of a positive test might differ based on the intend-
ed-use population. The prevalence of colorectal neoplasia in a
population may differ, for example, based on age and gender,"”
and a non-invasive test’s performance should be relevant to the
population in which it is employed.

In ‘one-step screening’, more common in jurisdictions under-
taking SOS, age is the sole risk-identifying factor that determines
who gets colonoscopy.

4. Nature of precursor lesions most important to detect

The precursor lesions currently considered to be of sufficiently
high risk to be important to detect are advanced adenomas and
advanced serrated lesions. More research is needed to clarify
how best to characterise the most important precursor lesions to
detect and remove.

Explanatory text
A screening test that identifies individuals with an advanced
precursor lesion, that is, a non-invasive neoplasm that carries a
risk for progression to CRC, is likely to reduce CRC incidence, as
evidenced by a range of studies in which precursor lesions were
removed at sigmoidoscopy or colonoscopy.'* % Precursor lesions
comprise a range of adenoma types and serrated lesions (polyps),
each with different and sometimes uncertain risks for progres-
sion to CRC. The characteristics of those currently considered
important are detailed in online supplemental material 4.1. How
best to detect and characterise these precursor lesions, especially
serrated lesions (or polyps) but even conventional adenomas,
remains poorly defined.”® ** Identifying advanced precursor
lesions (advanced adenoma and advanced serrated lesions)
depends on subjective characteristics (endoscopist description
of size and histopathology) that are open to observer error and
subject to variation in professional opinion. In addition, differ-
entiation between advanced serrated lesions and other serrated
(hyperplastic) polyps, based on the architectural distortion of
crypts, is crucial but often inconsistent between pathologists.”

While there is a large body of knowledge regarding the natural
history (ie, prognosis and responsiveness to treatment) of CRC,
the natural history is much less clear for specific morphological
features of precursor lesions, because patients with these lesions
are usually asymptomatic and the natural history of precursor
lesions, when detected, is interrupted by polypectomy. We lack
an objective means of identifying risk, and information on the
distribution of transition times from small to advanced lesions
and, most importantly, from advanced precursors to CRC.
Unfortunately, very little research is available that addresses
this.”> More research is needed to establish characteristics that
objectively identify those characteristics of the lesions that are
most important to detect in screening; wuseful characteristics
could be biomarkers of a molecular nature® *” rather than the
current characterisers based on assessments of morphology with
their limited reproducibility. Future research seems likely to lead
to a change in definition of what is an advanced precursor.

To evaluate diagnostic accuracy for advanced precursors, colo-
noscopy is the best reference standard since it is the most sensitive
diagnostic procedure for detecting these lesions throughout the

colon and rectum.? The sensitivity of the faecal immunochem-
ical test for haemoglobin (FIT) for precursor lesions is limited as
outlined in online supplemental material 4.2. The non-invasive
multitarget stool test (mtsDNA), which tests for faecal haemo-
globin (ie, incorporates FIT technology) and neoplasia-derived
DNA, is more sensitive than FIT.?

5. New biomarkers might detect lesions with a different
natural history

Non-invasive tests targeting new biomarkers might detect
lesions that differ in their natural history from those detected
by established tests. In theory, CRC detected using a new
biomarker might be more or less responsive to treatment than
those detected by an existing test, although any screen-detected
CRC is considered to be worth treating. Differences in risk
profiles (genotype or phenotype) of precursor lesions detected
solely by new tests are possible. Exploring concordance between
the new and comparator test results will identify if differences
in neoplasia-related biology should be considered, especially for
precursor lesions.

Explanatory text

The analytical target (or analyte or ‘measurand’) of a new
test—especially a test targeting DNA alterations, proteins other
than haemoglobin or other molecules—might reflect neoplasia-
related biology (clinical phenotype) that is not shared by
neoplasms without that analyte. While this does not necessarily
mean that the natural history of the new test detected lesion is
different from that of those detected by existing tests such as FIT,
if such a difference does exist, then the benefit from detection
and treatment of a lesion detected solely by the new test might
be different.” '

It is theoretically possible that a CRC detected solely by the
new test might be more resistant to current treatment, be more
likely to recur or even be relatively indolent (although any
screening-detected CRC is considered to be harmful and worth
treating). Such a difference or ‘shift’ in treatability might not be
reflected in conventional assessment for the appropriate treat-
ment regimen, based primarily on histopathology and stage.
Considering that endoscopic detection of cancers and precursor
lesions leads to a reduction in CRC mortality” regardless of
genotype, then a shift in treatability of cancer based on genotype
might not be a major concern.

Concerning precursor lesions, rather than a shift in treat-
ability, the new test might identify lesions at lower or higher risk
of progressing to CRC even if morphologically similar. It has
been suggested that efforts should be made to characterise the
phenotypes of lesions detected solely by a new test.'> However,
because of our limited understanding of the natural history and
the fact that polypectomy interrupts observations of natural
history, we lack a way of determining the relative benefit of
detecting one precursor lesion over another. For example, at
this time, we do not know the relative CRC incidence-reducing
merits of removing advanced serrated lesion compared with
advanced conventional adenomas.

Despite these uncertainties, exploring concordance between
the new and comparator tests will be informative since detection
by one test but not the other will identify whether a shift in treat-
ability might need consideration.

There is a possibility of gender specificity with new biomarkers,
for example, lesions detected at older age in females can arise
from the progression of a proximal serrated lesion.
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6. Outcomes to be estimated in a screening population

If a non-invasive test is to be widely used in screening programmes
and fully supported in guidelines, its application at key points
along the multistep screening pathway should be assessed in the
intended-use population. In addition to diagnostic sensitivity
and specificity, measures would include acceptability to invitees,
technical test failure rates, subsequent colonoscopy workloads,
cost-effectiveness and surrogate measures for reduction in CRC
mortality and incidence. Comparative effectiveness randomised
controlled trials (RCTs) are ideal for such purposes. Alterna-
tively, modelling studies mimicking such RCTs based on high-
quality observational data can also be informative.

Explanatory text

The value of a non-invasive screening test is determined by how
well it detects CRC and advanced precursors and by how well
it improves elements of the screening pathway (principle 2) that
are directly dependent on the test. Such improvements, espe-
cially in screening participation rates, can only be confidently
demonstrated in a screening population in which the test is
intended to be used.

Screening programme objectives

Three simple, readily determined indicators of screening

programme quality®® are:

1. Positivity rate: number of tests positive/number of tests done.

2. Detection rate: number of cases with a specific neoplastic
lesion/number of tests done, either relative to those undergo-
ing follow-up colonoscopy or to those invited.

3. Positive predictive value: number with a lesion of interest/
number of colonoscopies done for a positive test.

These can be used to compare tests when applied to a screening
population but do not comprise all of the measures commonly
used in organised screening programmes. Performance indica-
tors and quality measures drawn from existing programmes®! 32
that are aimed at monitoring each step of the pathway can be
used to estimate the benefit of a new test when applied in a
screening context (table 2). These variables typically include test-
relevant data pertaining to programme type, invitation, test
outcomes, lesion detection and adverse events, including test
failure rates. These are the basis for deciding whether a new test
can meet the goals of a screening programme. Test-independent
outcomes, such as the quality of colonoscopy and wait times,
are not directly relevant to the current consideration of new test
evaluation.

Itis acknowledged that the epidemiology of CRC will undoubt-
edly change over time and alter the nature of the targetted popu-
lations as screening becomes more widespread, the population
ages and lifestyle risk factors change. Lesion treatability is likely
to improve over time and so comparative studies described
below (principle 7) must be undertaken in equivalent popula-
tions at the same time.

Accuracy estimates are most reliable when all cases undergo
colonoscopy, regardless of the test result. But population detec-
tion rates can be ascertained on an intention-to-screen (ITS)
basis, which take into account differences in test participa-
tion rates due to logistic and other considerations inherent in
obtaining and performing the test.

Acceptability of the screening test is demonstrated by the
participation rate, a major performance indicator for PBOS
programmes. Parallel comparison of new and comparator non-
invasive tests in phase III (separate randomised cohorts) will
demonstrate if the new test is likely to deliver better outcomes.

See online supplemental material 6.1 for further variables that
might be test dependent.

Programme goal considerations

With a quantitative test, it will be possible to construct receiver
operating characteristic curves to estimate how different posi-
tivity thresholds affect sensitivity and specificity.”> However,
screening programmes vary in the degree to which of colo-
noscopy workload, cost, sensitivity or specificity (for varying
combinations of cancer and/or advanced precursor lesions)
drive programme goals. Defining specificity can be challenging
depending on what classes of neoplastic lesion are considered to
be prime targets.** It might be advantageous to employ a strategy
in which the threshold is first set according to test results in a
large number of cases that lack cancer and/or advanced precursor
lesions but are otherwise typical of the target screening popula-
tion.> However, laboratory medicine’s population-based refer-
ence limits are not well established for faecal haemoglobin levels,
and non-neoplastic lesions also bleed.

Modelling the value of fine adjustment of the test positivity
threshold will be facilitated by using the lowest threshold to
trigger colonoscopy in trials and then modelling the ideal posi-
tivity threshold that is feasible for colonoscopy resources while
also considering any compromise in sensitivity for cancer and/or
advanced precursor lesions. Most screening programmes rely on
repeated rounds of screening, so a test of limited sensitivity can
be compensated for by acceptable programme detection rates
over multiple rounds.*

An improved non-invasive screening test should detect CRC
at a curable stage; hence, sensitivity for stages I and II CRC will
inform the likelihood of mortality benefit as will demonstration
of a shift to earlier stage at diagnosis.’” Comparing the stage
distribution of detected cancers between tests will be useful as
the test detecting the higher proportion of early cancers may
likely lead to improved survival. However, some caution must
be exercised when estimating mortality benefits based on stage.*®

When aiming for higher diagnostic sensitivity, there is a poten-
tial for overdiagnosis (detection of indolent lesions that in the
absence of screening would not have led to morbidity during
that person’s lifetime). The consequences of overdiagnosis are
overtreatment and cost. The 20-year follow-up results of the
Nottingham RCT?’ suggest that overdiagnosis of CRC might not
be a major problem, although the guaiac-faecal occult blood test
(gFOBT) used was not as diagnostically sensitive as current FIT.

A high diagnostic sensitivity is required when the goal is to
increase the detection of precursor lesions, to reduce CRC inci-
dence. Overtreatment then becomes a critical issue as, when
increasing diagnostic sensitivity, the increased detection of
precursor lesions may lead to the excision of lesions that are not
clinically relevant, especially if not advanced (see principle 4).
High diagnostic sensitivity may also result in a higher burden of
surveillance colonoscopies.*® See online supplemental material
6.2 for further discussion on the challenges of predicting inci-
dence reduction from precursor detection.

Modelling outcomes

Not all relevant questions are directly answered by phases I-IV
studies (as defined in principle 10). Simulation modelling can
estimate the long-term clinical and economic impact of screening
in the population based on screening test performance charac-
teristics, testing interval, complication rates, costs and partici-
pation rates using data obtained at each step of the screening
process in phases III and IV studies. Where modelling is needed
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Table 2 Screening programme performance indicators and quality measures that are primarily dependent on the test and which can be estimated

at specific phases of the evaluation process

Category of screening

outcome Phase Measure Comment
Initial performance I
indicator
Invitation Participation (uptake) Fraction of invitees who complete a test.
Non-participation Fraction failing to complete a test. Ascertain reasons why refused.
Sample laboratory analysis Positivity fraction Fraction of test results that are positive.
Determines colonoscopy workload.
Test failures Degree to which samples are unsuitable for, or otherwise fail, in the measurement
whether due to collection, storage, transport or measurement difficulties.
Detection rate* Number of CRCs detected in the Fraction of participants doing the test, where CRC is diagnosed at follow-up
population colonoscopy (per-protocol analysis).
OR
Fraction of invitees in whom CRC is diagnosed (intention-to-screen analysis).
Stage distribution of detected CRCs to also be determined.
Cancer stage distribution and/or Shift to more favourable stage at diagnosis points to a likely benefit on CRC
detection rate by stage mortality.
Number of stage | and stage Il CRCs
detected in the population
Advanced precursor lesions detected in  Shift to more favourable stage at diagnosis points to a likely benefit on CRC
the population mortality.
Any adenoma or serrated lesion detected = Shift to more favourable stage at diagnosis points to a likely benefit on CRC
in the population mortality.
Non-neoplastic pathology in the This will inform the variables associated with false positivity for CRC or advanced
population precursor lesions.
Predictive values Positive predictive value for each The efficiency of detection: the proportion of positive tests with CRC or advanced
category of neoplasia precursor lesions.
Test accuracy Estimates of sensitivity and specificity Only obtainable if all participants undergo colonoscopyt
Estimates of sensitivity, specificity relative Obtainable by comparing true and false positives of new and comparator test (does
to a comparator not require all participants to undergo colonoscopy)#.
Burden of detection Number needed to colonoscope to detect Inverse of the fraction of all those colonoscoped who have CRC or advanced
one lesion of interest precursors.
A simple indicator of cost-effectiveness.
Subsequent performance Il Interval cancers®' 2 Best ascertained with follow-up time equal at least to the recommended screening
indicator interval.
This may include lesions missed by the screening tests (interval lesions among
subjects with a negative non-invasive test result) and lesions missed at
colonoscopy (ie, among subjects with a negative follow-up colonoscopy).
Identify the optimal retest interval.
v Cumulative detection rates over multiple  Such can also be expressed as a fraction of all test-positive participants.
rounds®' 2
Detection and burden of detection Further inform the optimal retest interval.
according to interval between tests
Cumulative colonoscopy workload Over subsequent rounds, more and more people will require diagnostic assessment.
11l and/or Modelling of efficacy and effectiveness ~ CRC mortality and incidence modelled from the above indicators.
v Stage distribution at diagnosis will be crucial.

Modelling of cost-effectiveness
Unexpected adverse events®?

Each measure can be compared between the new and a comparator non-invasive test.

Costs will be specific to the jurisdiction of application of the test.
Include mortality and 30-day hospital readmission rates following colonoscopy.

*Detection rates will depend on the threshold chosen for positivity. It will be possible to estimate rates across a range of thresholds depending on the trial design (see principles

8 and 10).

tSensitivity is the proportion of cases with a given neoplastic lesion type(s) that return a positive test. Specificity is the proportion of cases without CRC or advanced precursor

who return a negative test.

$Note that biases referred to in principle 10 will mean that the actual estimates are not necessarily reliable. These are best determined when all cases undergo colonoscopy.

CRC, colorectal cancer.

to inform policy, it is highly desirable to use model inputs that
have been ascertained with relatively high confidence in RCTs or
large prospective studies. The latter includes the phase Il and IV
studies outlined under principle 10.

As discussed in online supplemental material 6.3, use of
proxies/surrogate measures (eg, accuracy, positive predictive

value) to predict long-term benefit should be interpreted with
caution.

7. Expectations of a new non-invasive test
RCTs with CRC mortality and/or incidence reduction as the
primary outcome have set the expectations for performance
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of new tests. The effectiveness of a new test may be predicted
when compared with a standard (ie, comparator or index
test) where the comparator’s effectiveness has been previously
demonstrated.

Explanatory text

Multiple population-based controlled trials of two-step screening
analysed on an ITS basis have established the reductions in CRC
mortality and/or incidence achievable through early detection
of lesions exhibiting a bleeding phenotype (ie, positive gFOBT
result) and of those visualised at screening flexible sigmoidos-
copy.*?’ The gFOBT initially set the standard expected of a new
non-invasive test in mass population screening® due to multiple
controlled trials demonstrating its efficacy (see online supple-
mental material 7.1).

The main test-dependent components of the performance of
a screening programme are test participation and test accuracy.
The decrease in CRC mortality and incidence depends on the
participation rate, a test’s diagnostic sensitivity and the quality of
treatment, while specificity influences feasibility of a programme
(colonoscopy capacity and cost-effectiveness). If a new non-
invasive screening test leads to improvement in one or more of
these components, compared with a screening test with RCT-
documented decrease in CRC mortality and/or incidence, then
an even more significant population benefit could be obtained
with limited risk of error, especially if this test is based on the
same biological principle.

For FIT, the analyte is the globin moiety of haemoglobin
rather than the chemical properties of haem (as for gFOBT), but
both detect the bleeding phenotype. FIT has proved to be supe-
rior to gFOBT.**' The improved diagnostic sensitivity without
compromising specificity (depending on the positivity threshold
chosen), the availability of automated development and reading
of some commercial FIT and their relative ease of use and supe-
rior population participation, as well as fewer interval cancers in
FIT compared with gFOBT screening** ** have been established
in many studies.*!

In view of the evidence supporting the use of FIT (see online
supplemental material 7.2), and even though FIT has not been
evaluated by RCT against no screening, the FIT technology
is now almost universally used in place of gFOBT in PBOS
programmes throughout the world.® * FIT is widely recom-
mended in professional guidelines as the preferred technology
to be used in SOS." FIT has also been the obligatory compar-
ator used in trials designed to obtain regulatory approval of new
non-invasive tests.”® The FIT technology, therefore, at this time
stands as the main option for a comparator test against which
new non-invasive tests can be judged.

A test’s capacity to detect precursor lesions considered to be
at high risk of progressing to CRC will identify its capacity to
reduce incidence of CRC'*** and so estimates of the diagnostic
accuracy of a new test for advanced precursors are desirable.
However, there is no consensus on what constitutes an adequate
sensitivity, except that it should be at least as good, if not better,
as a high-quality FIT applied with a low positivity threshold (ie,
faecal haemoglobin concentration) (see principle 11). Detection
of precursor lesions will require a relatively high positivity rate
and hence a higher rate of follow-up colonoscopy™ than would
be needed if the primary focus were to be on CRC.

Flexible sigmoidoscopy might be an expeditious comparator
for evaluating new tests targeting precursor lesions (see online
supplemental material 7.3). However, it is not used in many
countries as it is relatively invasive and has been supplanted

by colonoscopy as the primary option for an invasive CRC
screening test in many countries.

Colonoscopy serves dual purposes in two-step screening:
as the best means of diagnostic verification of a positive non-
invasive test in two-step screening for CRC and as a therapeutic
procedure for removing detected neoplastic lesions. While colo-
noscopy is an invasive test, high-quality colonoscopy should be
used as the standard against which a new non-invasive test is
compared, when test accuracy, rather than ITS performance, is
the main aim, where it is necessary to provide absolute estimates
of diagnostic accuracy and when missed lesions require detection
and characterisation.” While a recent RCT documented benefit
for screening colonoscopy (see online supplemental material
7.4), few countries apply colonoscopy as the primary screening
test in organised screening.

FIT is a suitable standard by which to judge a new non-invasive
screening test in the context of organised two-step popula-
tion screening, provided that the FIT selected for comparison
is one with well-established diagnostic accuracy supported by
large reference data sets from screening practice. Screening
programme variables associated with FIT, particularly partic-
ipation rates, diagnostic accuracy (sensitivity and specificity),
the efficiency of detection (number needed to colonoscope to
detect a lesion and predictive values), the interval cancer rate
and earlier stage at diagnosis, all serve to demonstrate if a new
test will be likely to meet programme expectations.” Based on
these variables, modelling impact on CRC mortality and inci-
dence (see principle 6) will further demonstrate the value of a
new non-invasive test.

8. An adjustable test positivity threshold accommodates
different programme goals

A non-invasive screening test with an adjustable positivity
threshold (‘cut-off’) or algorithm, enables the choice of test
accuracy parameters (diagnostic sensitivity and specificity) and
test positivity rate that best match the desired goals of a screening
programme. Regulatory approval processes for a new test should
consider the capacity for quantitative reporting of test results.
This enables screening programme providers or policymakers to
choose the desired test performance characteristics.

Explanatory text
The test positivity threshold determines the test positivity
rate, which in turn determines the colonoscopy workload, the
number needed to colonoscope to detect one case with CRC or
an advanced precursor lesion (a potential surrogate measure for
cost-effectiveness) (see principle 6), the detection rates of target
lesions and the positive predictive value.*® Thus, the threshold
chosen for test result positivity is a crucial variable in screening
for determining the likelihood of neoplasia (related to test accu-
racy and prevalence) and for the feasibility of performing all the
necessary colonoscopies, and to determine diagnostic accuracy,
mortality and incidence benefits and cost-effectiveness

Many simple non-invasive screening tests, such as gFOBT
or qualitative FIT, have a fixed threshold for positivity set by
the manufacturer based on initial clinical studies.** *’ Screening
programme outcomes using such tests will be constrained to the
accuracy determined by the positivity threshold. As programme
goals vary around the world, many organised programmes
now use quantitative FIT,® which provide the capacity to adjust
the test positivity threshold. If a new test does not possess the
desired accuracy in a qualitative format that meets the goals of
a programme, then another test that allows the programme to
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choose a positivity threshold corresponding to the desired colo-
noscopy workload capacity, sensitivity, predictive values and/or
specificity is likely to be preferred.

Studies based on FIT show that lower thresholds lead to a
higher sensitivity and an increased chance of detecting precursor
lesions*’; this will reduce CRC incidence but reduce specificity
and increase costs. Screening programme providers vary in
which are the most important of these variables. For example,
PBOS programmes often choose a test positivity threshold that
results in colonoscopy workloads in a single screening round
ranging from only a few per cent of the population to as high as
10%-20%.

Capacity to adjust the test threshold enables management of
costs associated with colonoscopy, workforce availability, treat-
ment costs and public expectations inherent in equity-focused
programmes. For example, if a target specificity is decided for a
programme, then comparing the sensitivity when the threshold
for each test is set at the same specificity is simple and informa-
tive.** Similar approaches can be undertaken when setting equiv-
alent test positivity rates, when the burden of detection, or the
feasibility of colonoscopy workload, is a prime consideration of
the screening programme.

Providing an adjustable end point does present challenges for
regulatory assessment, test invention and manufacturers. These
manageable challenges are discussed further in online supple-
mental material 8.1.

9. Predicting value by paired comparison with a proven non-
invasive screening test

The performance of a new non-invasive screening test can be
assessed in parallel or paired with an existing non-invasive
screening test of proven effectiveness at any step in the screening
process, from population engagement to key outcomes. Inter-
mediate end points known to reliably and consistently predict
the potential for reducing CRC mortality and/or incidence can
be used to compare new with existing screening tests. Such end
points include estimates of diagnostic accuracy.

Explanatory text

It has been argued that when an RCT has established that a non-
invasive screening test is effective in reducing CRC mortality,
then a new non-invasive test does not need to be evaluated in
an RCT with CRC mortality as the outcome, provided it is
compared with a proven test (an existing non-invasive screening
test with known effectiveness)” ' in well-designed studies appro-
priate to the context of its use. Consequently, comparing a new
test with an existing test of proven effectiveness will be highly
informative and efficient for initial evaluation, as proposed for
phases I and II evaluations (see principle 10 for the phases of
evaluation). Proceeding to larger-scale, more definitive studies
in typical screening populations will depend on the findings in
these early simpler studies. It is acknowledged that the compar-
ator test used may change over time, based on evolving data.
Ongoing studies such as the CONFIRM trial*’ *° will assist in
understanding whether projections based on modelling assump-
tions for tests such as FIT are indeed correct.

How initial studies evaluating a test can be planned in rela-
tively small neoplasia-enriched populations to achieve a direct
head-to-head comparison of a new test with a proven compar-
ator using an efficient comparative design is shown in figure 2.*
Table 3 shows how to compare test accuracy (see online supple-
mental material 9.1 for further discussion).

Original research

Population
(paired testing or parallel cohorts)

Comparator New
non-invasive test non-invasive test

Neg Pos Pos Neg
~ &S -
~_ 2 \ / 2 -7
" Colonoscopy’

1 For comparing true-positive and false-positive fractions.
2 For comparing sensitivity and specificity (depending
on biases due to population selection).

Figure 2 Diagrammatic outline of a trial design appropriate for
comparing non-invasive tests in the initial phases of test evaluation.
Paired testing is conducted in a single cohort where an individual does
both the new and the comparator test, whereas parallel testing is
where study participants are randomised to one or the other test. Neg,
negative result; Pos, positive result.

Comparing tests using either approach will identify if the new
test has promise, and whether more rigorous and costly evalu-
ation in the unbiased screening context would be worthwhile.
Results are unlikely to be sufficient in themselves for acceptance
by regulatory authorities, policy-makers, payers and professional
guideline-making bodies.

Comparing test sensitivity for CRC and advanced precursor
lesions infers mortality and incidence benefits of the new test
relative to the known benefits of the comparator test, as sensi-
tivity can be considered an intermediate/surrogate end point for
mortality benefit.!>**

Outcomes of importance in the typical screening context
(see principle 6) in addition to specificity and sensitivity will be
determined in larger-scale unbiased studies with longitudinal
follow-up (see phases Il and IV studies in principle 10).

10. Evaluation proceeds through increasingly complex phases
Evaluation of a new test should follow a four-phase (sequen-
tial) evaluation. This would start with limited-scale cohort or
case-control studies in populations with and without neoplasia,
possibly enriched for the neoplastic outcomes of interest. Initial
estimates of diagnostic accuracy and test positivity threshold
will be obtained in phases I and II studies. If results suggest that
the test might achieve the desired diagnostic accuracy, evalua-
tion should proceed to screening pathway evaluation requiring
larger intended-use screening populations (phases III and IV).
The latter studies should be prospective and will identify the
most suitable threshold for test result positivity, among other
important outcomes.

Explanatory text

Phased (ie, sequential) evaluation in a stepwise manner is an
efficient way first to establish the potential value of a new test
and then to subsequently gather the evidence that will lead to its
acceptance by professionals, healthcare providers and regulatory
bodies.”***! There are four main phases (figure 3).
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Table 3 The relationship between direct, practical measures of a non-invasive screening test's accuracy, how each measure informs assessment of
diagnostic accuracy (sensitivity and specificity) and the consequence of the result for a screening programme

Test result Diagnostic verification* Result of diagnostic verification Related accuracy characteristic Programme consequence
Positive Yes True, hence TP (TP, TP,)t Relative sensitivity; TP, /TP, Detection of neoplasia
Positive predictive value; Efficiency of detection
TP /(TP +FP)
TP,/(TP,+FP,)
False, hence FP (FP,, FP)) Relative FP rates; FP./FP, Burden associated with detection
Negative No
Test result Diagnostic verification*® Result of diagnostic verification Related accuracy characteristic Programme consequence
Positive Yes True, hence TP Sensitivity; Detection of neoplasia
TPI(TP+FN)
Positive predictive value; Efficiency of detection
TP/(TP+FP)
False, hence FP Burden associated with detection
Negative Yes True, hence TN Specificity; TN/(TN+FP) Accuracy of detection
Negative predictive value; Exclusion of neoplasia
TN/(TN-+FN)

False, hence FN

Miss rate (missed lesions)

The upper section shows relationships when paired testing is undertaken and only test-positive cases undergo colonoscopy while the lower section refers to the situation when

all cases undergo colonoscopy.

*Verified by colonoscopy.

TP, TP,—TP by tests 1 and 2; FP,,FP,—FP by tests 1 and 2.

FN, false negative; FP, false positive; TN, true negative; TP, true positive.

Prescreening evaluation (phases | and I1)

Phases I and II evaluations are intended to be relatively simple
and demonstrate whether a test can discriminate between cases
with CRC and non-neoplastic states (phase I) before proceeding
to gather initial estimates of diagnostic accuracy and identify
likely confounders (phase II). Comparative studies using an
existing proven non-invasive test, as proposed in principle 9, can
provide a strong indication of the potential of a new test and its
suitability to advance to ohase III studies. Phase II studies are
essential for the initial establishment of test positivity criteria
that best discriminate between neoplastic and non-neoplastic
states. Design strategies are shown in figure 2 (principle 9).

In phases I and II, limited-scale cohort or case-control
studies in populations with and without colorectal neoplasia
are conducted. Participants in phases I and II studies need not
be sourced from typical screening populations and may be
enriched for clinical states of interest, especially cancer.? Further
important design considerations are presented in online supple-

mental material 10.1.

Evaluation in the screening context—phase IlI

Phase III screening trials provide the minimum level of evidence
required to justify use in large-scale screening programmes to

Phase Goal(s) Context Approach and measures Hurdle for progression
Main: Differentiates between CRC Prescreening Distribution of test results in cohorts e Test result must differ
1 and non-neoplastic states? cohorts — limited | with and without CRC significantly in cancer cases.
M
|
[ |
¥ Main: Detects early cancer and Distribution of test results in cohorts *  Preliminary (although biased)
precursor lesions? with CRC relevant precursor lesions, estimates of accuracy are shown
2 Others: Initial positivity Prescreening other colorectal diagnoses and no to be promising.
threshold? cohorts - extensive | disease. * ROC analysis identifies a suitable
Accuracy relative to comparator? Parallel or paired testing of new and positivity threshold.
Causes of false positives. comparator tests will be informative.
| |
l Main: Test accuracy in a typical Apply test prospectively to a typical *  Asignificant improvement in
screening evaluation? unbiased intended-use population. some aspect of screening.
Test acceptance? S . Choose study design appropriate to ¢ Non-inferior in accuracy to a
Others: Test failure rate? crleelj\mg program goal and jurisdictional context: comparator test, OR
3 Other variables for modelling pc.>pul atlonsd— e.g., colonoscope all for estimating test |+ Accuracy likely delivers benefit.
effectiveness and cost- single roun accuracy, parallel testing for comparing |+  Feasible colonoscopy workload.
effectiveness. non-invasive tests and intention-to- * Modeled effectiveness and cost-
screen outcomes. effectiveness are satisfactory.
|
| |
L 2 Main: Missed lesions or adverse . Apply the test prospectively to an
events? Screejlng intended-use screening population over
4 | others: Participation rates over p°f’“|at'°” ~ | multiple rounds, with careful monitoring
time and retest intervals? multiple rounds | 5¢ population program outcomes.

Figure 3  Goals, context and approach for each phase of evaluation, together with the hurdle identifying justification to advance to the next phase.
Note that clinical status must be ascertained by colonoscopy. CRC, colorectal cancer; ROC, receiver operating characteristic.
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A. Unbiased Screening Population willing to
undergo screening colonoscopy
(paired tests in single cohort, or parallel cohorts
doing a single test)

/ \ Comparator New
i ive tes ive test

" :
Comparator New
invasive test invasive test \ /
I | Refused

B. Unbiased Screening Population

Invitation, once randomized to test

Participated Participated

Neg Pos Pos Neg
Neg Pos Pos Neg
S -
Colonoscopy SN2 J 1 g -

~ .
Colonoscopy

1 For ing test true-positive and false-positive proportions.
2 For ti i itivity and i

Figure 4 Study design frameworks applicable to phase Il studies.

(A) Design appropriate to determine test accuracy where all cases
undergo colonoscopy, but intention-to-screen outcomes cannot be
ascertained (comparison of a comparator with the new test can be
paired in a single cohort or parallel in separate cohorts). (B) Design
appropriate for estimating intention-to-screen outcomes and where the
accuracy of the new test can be compared with that of a non-invasive
comparator either when colonoscoping only test-positive individuals
(compare true-positive and false-positive fractions) or all participants
(sensitivity and specificity). Neg, negative result; Pos, positive result.

satisfy applicable regulatory pathways, any need for health tech-

nology assessment and the goals of screening in a jurisdiction.

Such studies seek to confirm the value of the new test when

applied in the screening context as a one-time event (a single

screening round). They must be undertaken in a typical intend-
ed-use screening population and be prospective. There is an obli-
gation to have ensured in phase II that diagnostic accuracy is

likely to be suitable for screening before offering such tests to a

screening population in a research context, and the study popu-

lation should be appropriately informed. Study design options

are shown in figure 4.

Phase III studies will commence using a provisional test
positivity threshold. The options for setting this value will be
jurisdiction-dependent and are:

1. One that is most discriminatory between those with cancer
or advanced precursor lesions and those who are normal or
with other pathologies (eg, non-advanced precursors), or

2. One aiming to detect most cancers, or

One aiming to detect most advanced precursor lesions or

4. One aiming to minimise the chance of returning a positive
result in a person without CRC or an advanced precursor
lesion.

Subsequent findings in phase III can be modelled to show
how the adjustment of the test positivity threshold would affect
colonoscopy workloads, detection efficiency, sensitivity and
specificity.

Two main study designs require consideration for phase IIL
The first is when a jurisdiction requires absolute estimates of
sensitivity and specificity (common for the SOS context). It
requires that all participants must perform the non-invasive test
and undergo screening colonoscopy regardless of test result. The
second is when a jurisdiction requires ITS outcomes (expected
in PBOS contexts). Here, the new and comparator tests are
compared, thus allowing for determining the respective partic-
ipation rates and how the relative detection of lesions depends
on participation with each test. Important design considerations
are presented in online supplemental material 10.2 including an
approach to achieving the ideal positivity threshold.

These studies, conducted as a one-time event (a single
screening round) will confirm the value of the new test in the
intended screening context according to what is required in

[S¥)

that jurisdiction. Sensitivity and specificity (or true-positive
and false-positive rates if not all cases are colonoscoped) will
have been estimated. The positivity threshold options, the stage
distribution of detected CRCs as well as the participation rates
to be expected will be apparent for the new test. Certain other
screening programme outcomes presented under principle 6 will
also be apparent.

Evaluation in the screening context—phase IV

Phase IV evaluation involves the application of the new test to
a large typical screening population over multiple rounds of
screening to allow postimplementation monitoring, including
comparative evaluation, particularly where the comparator is
the usual screening strategy applicable in that environment. Only
test-positive cases undergo follow-up colonoscopy. Referring all
persons to colonoscopy irrespective of the test result would lead
to a situation that no longer reflects the repeated application of
the non-invasive test in many screening settings.

Screening with simple non-invasive tests involves repeated
screening at an appropriate interval.’> When monitoring cases
over multiple rounds, the frequency of unexpected adverse
events will be apparent, while the characterisation (stage distri-
bution and biological characteristics) of missed interval cancers
and of incident CRC (new CRC at subsequent rounds) will
provide additional evidence about the performance of the new
test. Results will facilitate the selection of the interval between
screening tests and provide real-world data for observational
analysis using target trial emulation®® and for inclusion in effec-
tiveness and cost-effectiveness modelling (see principle 11). A
critical and unresolved issue after phase III evaluation concerns
assumptions about round-to-round test performance. How inde-
pendent is sensitivity for a given type of lesion in subsequent
rounds? Is a missed lesion more likely to be detected or not?

Further design considerations are presented in online supple-
mental material 10.3.

11. Accuracy required for evaluation in a screening
population

The desired diagnostic accuracy considered sufficient to proceed
to intended-use population evaluation in phase III will be subject
to a range of considerations that vary between jurisdictions.
Nonetheless, it is considered ideal if phases I and II studies
demonstrate that the accuracy of a new test is at least compa-
rable to that of non-invasive tests accepted for use in existing
screening programmes.

Explanatory text

The consensus process considered that the accuracy of a new
non-invasive test should be ‘at least comparable to that of non-
invasive tests accepted for use in existing public-health screening
programmes’. Ideally, it would improve on the current FIT stan-
dard. Test-dependent outcomes such as higher participation or
lesser cost might justify using a new test even if it has no accu-
racy advantage. These outcomes cannot be assessed in phases I
and II. Thus, the key question to be answered by phases I and
II studies—before proceeding to phase IlI—focus on diagnostic
accuracy and whether the new test exhibits non-inferiority of
sensitivity and specificity for CRC and advanced precursor
lesions.

When comparing a new test with a comparator non-invasive
test (typically FIT), the configuration of the positivity threshold
for the comparator test must be set to deliver an accuracy consid-
ered appropriate for the screening programme in which the new
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test will be used. There is no universally agreed accuracy stan-
dard, but by configuring the comparator test (such as a quantita-
tive FIT) to meet the accuracy recommendations of bodies such
as the United States Preventive Services Task Force (USPSTF),
comparison studies should give confidence in the potential of the
new test. Based on published trials, the USPSTF has suggested
that an acceptable sensitivity for CRC is at least 70%, and speci-
ficity for cancer plus advanced precursor lesions is at least 90%"*
using a one-time test. The US Centers for Medicare Services
guidance on the performance of new tests is comparable (74%
sensitivity and 90% specificity).” The positivity threshold and
sample number combination that achieve these standards are
now established for several quantitative FIT.*

It must be recognised, however, that while FIT is an appro-
priate comparator, in recent years, a plethora of new FIT tests
have emerged with a wide variation in accuracy.”®*> Most are
qualitative with the positivity threshold set by the manufacturer
and have not been subjected to large population studies,’® but
several are quantitative, allowing for adjustment of the positivity
threshold, and have been extensively studied.’”’

Setting analytical specifications of a new test where the tech-
nology incorporates new biomarkers or biomarker combinations
will initially depend very much on phases I and II evaluations,
where positivity criteria are usually based on the combination
that best discriminates between CRC and non-CRC states. Typi-
cally, these generate diagnostic sensitivities that are not main-
tained in validation studies undertaken in phase III studies
(typical screening populations) and positivity thresholds might
need adjustment. Investigators should clearly state whether
reported test performance is derived from discovery or valida-
tion data and where feasible, this should be disclosed to study
volunteers. It must also be recognised that adjusting the posi-
tivity threshold will change sensitivity and specificity.

12. Analytical specifications, standards and performance
Before assessing the diagnostic value of a new test in an ‘intend-
ed-use’ population, the analytical performance characteristics of
the test must be formally documented according to relevant stan-
dards, such as those of the international Clinical and Laboratory
Standards Institute (CLSI) or the Quality System Requirements
(QSR) of the USA. The test manufacturer should provide this
information in their instructions for use. Evaluation of analytical
characteristics should ideally conform to recommended proto-
cols described by standards such as those of the CLSI and QSR.
Researchers undertaking the development of a new test should
abide by such protocols and undertake appropriate verification
processes to ensure that prescribed standards are attained or
surpassed. Requirements for competence and quality that apply
to medical laboratories will be set by bodies such as QSR or the
international standard ISO 15189. Laboratories that perform
tests should ideally be accredited to applicable standards, such as
specified by these bodies

Explanatory text

Recommendations for the evaluation of new screening tests have,
so far, focused on diagnostic performance—specifically how well
they meet the clinical goals of a screening programme. But it is
important that new screening tests need to meet the analytical
performance characteristics required for their widespread use.®
When an approved clinical laboratory performs a test, it is essen-
tial that it provides accurate, reliable and reproducible results
under a range of conditions applicable to sampling, handling,
transport, measurement and reporting of results.®’ Test failures

must be reported. This applies regardless of whether the spec-
imen is faeces, blood or another biological origin.

It is important that researchers undertaking development and
evaluation of a new test are aware of the required standards
including those recommended in their region (see online supple-
mental material 12.1 for specific sources). Researchers should
follow the detailed evaluation protocols for test development
and undertake the verification processes required in their regu-
latory and practice context to ensure that standards are attained
or surpassed. It is likely that during the early phases of eval-
uation, the final test format will not have been defined, and
measurement procedures and criteria for positivity may not be
determined and await completion of phase II and/or III studies.
Nonetheless, it is essential that the highest analytical standards
are met,*® especially when proceeding to phase III evaluations.
In the USA, for example, the Food and Drug Administration
requires that analytical validation be completed before screening
validation, such as would occur in phase III or IV studies.

DISCUSSION

There is no simple universal approach to how evaluation of a
new test should be conducted as screening programmes vary
significantly around the world and the programme contexts of
PBOS or SOS have differing priorities. Some programmes seek
to ensure that colonoscopy workloads are feasible in constrained
systems and will be satisfied with efficient detection of curable
CRC, others will seek to maximise detection rates of CRC and
precursor lesions to reduce incidence as well as CRC mortality
and yet others will aim for maximising population participation
with whatever test is guideline-approved or policy-approved.

Thus, it is desirable that the positivity threshold of a new CRC
screening test can be adjusted to facilitate matching a programme’s
goals. If regulatory bodies that approve the marketing of tests
require that specific claims be made for test performance, then
a range of performance variables matched to a range of posi-
tivity thresholds could be provided for a threshold-adjustable
test. It is recognised, however, that this might provide challenges
for proprietary algorithms that generate a test threshold from
a marker panel. Doing so in the intended-use population will
also provide challenges for screening providers. Pilot studies
will be needed to determine if a preliminary positivity threshold
remains suitable for the programme’s goals

Over the past two decades, there has been an increasing desire
to reduce CRC mortality and its incidence. This requires detec-
tion of advanced precursor lesions, and a clearer understanding
of which precursor lesions are most important. The consensus
process agreed that precursor lesions are a legitimate goal of
screening. But it noted that efforts to improve precursor lesion
detection will very likely compromise specificity and increase
colonoscopy workloads, so screening programme goals should
consider what workload is feasible. As yet, there is no agreement
on a minimum detection standard for precursor lesions, and
more research is needed to better understand the natural history
of precursor lesions, particularly differences in their progressive
potential.

Current RCT evidence regarding CRC incidence reduction based
on non-invasive screening tests is dependent on detection of the
bleeding phenotype, notwithstanding serendipitous detection of
precursor lesions with lower specificity rehydrated Haemoccult.®
On the other hand, the sensitivity of FIT and the mtsDNA test—
both technologies that meet performance standard for detection of
colorectal neoplasia in the USA’—seem to be less than satisfactory
for the detection of serrated precursors and could be improved for
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adenomas. New biomarkers and technologies, that is, alternatives

to those identifying the bleeding phenotype, bear the potential to

improve precursor lesion detection. It is likely that biomarker panels,
and the algorithms that target the best combination of such markers,
will be needed.

The revised and expanded principles presented here address the
evaluation of new non-invasive CRC screening tests, and detail an
efficient feasible and rigorous strategy for gathering the evidence that
would justify a test’s use in screening programmes, without the need
to undertake RCTs with mortality as the main outcome measure.
They provide options for how to consider and address the practicali-
ties and demands of the PBOS or SOS contexts and so accommodate
the considerable differences, approaches, policies and regulatory
requirements that apply to screening programmes worldwide. Yet,
it is a demanding strategy as many jurisdictions require more than
evaluation of test accuracy as they see screening as a pathway with a
wide range of measured outcomes (principle 6). This is because the
screening test is offered to healthy people, where its acceptability,
feasibility within healthcare resources and cost-effectiveness must be
demonstrated.” '

What is desired of a new test? It can be seen from the discus-
sion of these principles that a new non-invasive test should
achieve at least some of the following, when compared with an
established test that has been demonstrated to have a positive
impact on CRC-specific mortality:

» Be flexible, thus enabling providers to achieve the desired
goals of a screening programme according to the demands
of the healthcare environment.

» Improve sensitivity for relevant neoplasia (curable CRC and
advanced precursor lesions) while maintaining acceptable
specificity. Fewer false negatives will enable increasing the
interval between tests.

» Improve precursor lesion detection and hence reduce CRC
incidence.

» Improve participation rates over initial and subsequent
rounds.

Thus, the phased approach to test evaluation is essential. Prom-
ising initial results will justify more complex and costly evaluation in
intended-use screening populations. The degree to which evaluation
proceeds will depend to a large extent on policymakers’ perspectives
and regulatory processes that apply to PBOS and SOS contexts. Test
developers will initially be focused on the results of phases I and 11
studies. In contrast, phase III data as a minimum will be needed for
regulatory and marketing approval applications and to enable health
policymakers, screening programme managers/funders and those
developing professional guidelines to decide on its usefulness. By
recognising that screening is a complex process that starts with the
invitation and proceeds through the delivery of the screening test,
the diagnostic follow-up and treatment of identified lesions, with
further screening and surveillance, when indicated, this revision of
the recommendations shifts the adequacy of the evidence in support
of a new test from phase II to phase III and phase IV and it provides
more detail on the expected outcomes assessed in these phases.

A quantitative FIT is currently used by most two-step organised
screening programmes around the world.” * The consensus process
considered FIT to be the ideal comparator for a non-invasive test as
its accuracy is preferable to gFOBT (the previous standard). It sets
the standard to which a new non-invasive test should be compared.

It will be important to be confident that a new test can reduce
CRC mortality and incidence. As conducting trials with mortality
reduction as the end point, modelling these outcomes is possible
provided that the parameters are ascertained in intended-use popula-
tions (phase III and phase IV studies). Measurement of missed cancer
rates and modelling of cost-effectiveness will also be necessary as

well as test failure rates. Most if not all PBOS contexts do not see
screening as a one-time event, given the importance of subsequent
screening rounds in the detection of missed and newly developed
lesions during the two to three decades of life during which popu-
lation screening is considered appropriate. While phase IV studies
might not be needed for regulatory approval, they will influence
acceptance by healthcare jurisdictions.

This consensus process has reaffirmed the view that compar-
ative evaluation of a new with a proven non-invasive comparator
test (ideally an appropriately configured quantitative FIT) with
well-established benefits for incidence and mortality reduction is a
powerful approach for new test evaluation. The choice of the most
appropriate study design for conducting such comparisons depends
on screening context and need. In the early phases (I and II), this is
achieved in a preliminary fashion by having participants complete
both the new and comparator tests, even when only test-positive cases
undergo colonoscopy. However, while the assessment of the absolute
accuracy of the new test might represent a requirement for market
approval in some jurisdictions, the results of early phase testing
must undergo rigorous scrutiny by undertaking unbiased designs in
intended-use populations (phase III studies), before the new test can
be considered for adoption in the context of the screening pathway.
The latter studies should be designed in order to provide more accu-
rate estimates of test accuracy, intention to screen outcomes (where
required), willingness to undergo follow-up colonoscopy for posi-
tive results and information about missed lesions, detection rates at
subsequent rounds and adverse events (including test failure). They
will also identify if a test’s positivity threshold needs to be adjusted.

In conclusion, the revised and expanded principles presented here
outline a phased strategy for evaluation of new non-invasive CRC
screening tests, irrespective of the type of biological sample studied.
They provide an efficient and manageable method of reaching a
clear understanding of the potential benefits and liabilities of new
screening tests essential to furthering the goal of minimising the
disease burden of CRC. The approach provides flexibility, allowing
for global variation in screening programmes, their conduct (such
as PBOS and SOS contexts) and goals. It also highlights challenges,
such as inclusion of adjustable test end points in order to achieve
a test configuration best suited for a range of programme goals,
uncertainty about how to define those precursor lesions most at
risk and the need for modelling parameters that enable prediction
of test impact on CRC mortality and incidence. Existing knowledge
gaps will ultimately need to be addressed through research aimed at
understanding the natural history of precursor lesions, what influ-
ences uptake and adherence to individual screening tests, improved
risk stratification, performance of screening tests over multiple
rounds of programmatic screening and factors impacting incidence
and mortality in specific intended-use populations.

It is expected that the information provided will guide researchers,
practitioners, regulatory authorities, policy makers and screening
programme providers in the development and validation of a new
test, as well as a test’s suitability for the context of its use.
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