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Abstract: To ensure reported laboratory results are of 
adequate quality, it is paramount that the set analytical 
performance specifications (APS) are tailored to the inten-
ded uses of the measurand. For measurands with a pivotal 
position in the clinical pathway, APS should be set based on 
clinical outcome. This paper, written as a result of an 
outcome-based-APS-summit in Prague, gives practical guid-
ance on how to set outcome-based APS. Two approaches are 
mentioned with distinct starting points of the required 
performance (how much clinical misclassification do we 
allow, and which APS fulfils that premise) or the current 
performance (what is the effect of the current analytical 
performance characteristics (APC) on how much misclassi-
fication occurs). Importantly, APS should not just be set, but 
also requires monitoring, which method depends on the

utilization of the test in clinical practice. The laboratory can 
monitor APS for so-called mother-daughter systems, indi-
vidual analysers or a virtual-analyser system. This paper 
discusses the pros and cons of these approaches.

To highlight the scope of clinically consequential out-
comes for which APS can be set and monitored, the Faecal 
Immunochemical Testing for human haemoglobin (FIT), used 
for the Dutch Colorectal Cancer Screening programme (CRC-
Screening), is used as an example. Here, APS were based on a 
clinically consequential intermediate outcome, i.e. analytically 
induced variability in colonoscopy referral rate (±0.5 %), and 
implemented as a virtual analyser system, dividing the APS 
budget of 10 % equally across four sources of FIT variation: 
reagent/calibrator lot variation, sampling buffer lot variation, 
within-analyser variation, and between-analyser variation.
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Introduction

Setting analytical performance specifications (APS) is para-
mount for the correct implementation and monitoring of 
analytical quality to ensure adequate interpretation of 
requesters.

In accordance with Milan models, three kinds of inputs 
can be used to set APS, which are (indirect) outcome, bio-
logical variation, and state-of the art performance [1]. 
Although the models are not mutually exclusive and can be 
used for different purposes alongside each other, an 
outcome-based approach is needed to set an APS at a level 
that does not hamper clinical classification [2].

Based on this premise, many measurands for which a 
measurement result pivots the clinical pathway should have
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APS based on (indirect) outcome or on clinically conse-
quential intermediate outcomes. Examples include hs-cTnT 
testing for rule-in or rule-out decisions with regard to 
myocardial infarction [3], HbA1c for diagnostic or thera-
peutic thresholds in diabetes [4, 5], infectious disease testing 
where predictive values determine action [6], and FIT in 
population-based colorectal cancer screening [7]. The con-
sequentialist and value-based laboratory medicine per-
spectives are helpful here, because they ask which actions, 
benefits, harms and resource consequences are triggered by 
the result, rather than treating analytical performance as an 
isolated property [8, 9]. Although guidance documents have 
become available over the past years [10] and this guidance 
or a similar approach has already been applied to some 
measurands [10–13], there are many more applications of 
laboratory measurands for which indirect outcome-based 
APS have yet to be set.

Therefore, the EFLM committee on clinical and analyt-
ical performance specifications (C-CAP) initiated the estab-
lishment of an inventory of currently available approaches 
to apply indirect methods to establish outcome-based APS 
[14]. In addition, the effect of current analytical performance 
on contemporary clinical performance was checked. In the 
spring of 2025, during a closed meeting in Prague, ideas were 
exchanged by authors of recent publications of indirect 
outcome approaches. As a part of this meeting, we presented 
how to determine and use clinical utility to establish 
outcome-based APS for FIT testing in the Dutch colon cancer 
screening programme.

The Dutch CRC-Screening setting is used here as a 
motivating example for two reasons. First, the pathway 
connects a single numerical FIT result to a defined down-
stream action, colonoscopy referral. This allows the APS to 
be derived from a concrete clinical need, provided that 
referral rate is framed precisely as a clinically consequential 
intermediate outcome rather than as a final patient health 
outcome such as colorectal cancer mortality. Second, the 
setting illustrates how a virtual analyser approach can 
support durable attainment of this performance when 
multiple laboratories and analysers must deliver equivalent 
interchangeable results.

In this paper, we summarise and elaborate on these 
concepts, and add a practical use case from the setting of 
the Dutch Colorectal Cancer Screening Programme (CRC-
Screening). This use case illustrates both how clinical needs 
can be translated into APS and how the concept of the virtual 
analyser can be used to durably monitor whether the APS is 
met by monitoring the performance of different sources of 
analytical variation within their assigned sub-budgets.

Indirect-outcome-based APS in 
clinical practice

Adoption of indirect outcome-based APS in clinical practice 
can be achieved via multiple routes, but always starts with the 
description of the clinical setting wherein testing takes place 
(Figure 1, [15]). The clinical setting consists of the clinical 
pathway: which circumstances prompt the execution of the 
analysis, how is the obtained result compared to a clinical 
decision limit (CDL) and which (medical) actions are under-
taken as a result of this comparison? A correct execution of 
the steps in the clinical pathway should result in the desired 
outcome: the diseased patient is treated, or the correct follow-
up is carried out. Medical professionals always aim to 
perform the correct action, as doing so incorrectly can have 
detrimental consequences on the outcome of the patient, 
healthcare system or setting. The aim of outcome-based APS is 
to limit the effects of the analytical uncertainty on the 
consequent (correct) action and/or outcome achieved within 
predefined limits of acceptability, referred to as clinical per-
formance specification (CPS) [16].

The Dutch CRC-Screening example represents a relatively 
well-defined result-action pathway, because a single FIT 
result is compared with one clinical decision limit and directly 
determines colonoscopy referral. In many other laboratory 
pathways, the position of the test result is less sharply defined 
and the relevant clinical performance specification may need 
to be based on a broader dialogue, composite outcomes, or 
intermediate outcomes that are clinically consequential for 
the patient, population, or healthcare system.

Request-initiated APS

A request-initiated outcome-based APS evaluation starts 
from the setting of the requester of the test result (Accept-
able CPS, Figure 1).

This starts with a dialogue about the acceptable clinical 
performance (CPS) in terms of misclassification or other 
factors that are important for the clinical setting (e.g. per-
centage of patients referred, test-treatment decisions, diag-
nostic delay, use of scarce downstream capacity, or other 
clinical markers). Such CPS may represent direct patient 
outcomes, or clinically consequential intermediate out-
comes when these determine downstream medical actions 
and their benefits, harms and opportunity costs. The 
magnitude of CPS depends heavily on the clinical setting and 
the consequences of aberrant action on the system it serves.

2 Van Schrojenstein Lantman et al.: Using indirect-outcome-based APS on a virtual analyser system



Here, multiple CPS can be established based on minimal, 
desirable and optimal scenarios.

Next, we can establish at which analytical performance 
characteristics (e.g. measurement uncertainty (MU) or bias 
and imprecision [17]) the CPS are met or exceeded by 
executing a simulation exercise. A routine patient dataset 
can be used as input, as, on a population level, the distri-
bution will reflect a distribution of ‘true values. When un-
certainties are simulated 10.000 times per patient result, a 
set of results are obtained that are subject to this degree of 
uncertainty. Then, an in-silico execution of the clinical 
pathway results in in-silico actions and outcomes, which can 
be compared with the original ‘true outcome’ to reveal the 
percent of results that are misclassified. When multiple 
simulations are executed, one can plot the percentage of 
misclassifications as a function of the uncertainty and find 
the point at which the CPS is met by APS.

Performance-initiated APS

A second option is to originate the outcome-based APS 
evaluation from a performance perspective, where the 
starting point is the current analytical performance char-
acteristics (APC, Figure 1). In this instance, the current lab-
oratory performance is applied to a simulation dataset in the 
same fashion as the requester-initiated APS method to 
establish the impact of the current uncertainty on the 
outcome of interest, the clinical performance characteristics

(CPC). Now, the current clinical misclassification rate related 
to the current analytical performance is read from the plot 
and consequently communicated with requesters to estab-
lish whether this performance fits the need of the clinic and 
the expectation of its stakeholders. If the performance is 
adequate, the cycle is complete and the current APS are fit 
for use and routine monitoring can continue as-is. If the 
performance is inadequate, the cycle of setting outcome-
based APS via the request-initiated route can be initiated 
from the viewpoint of the requesters.

For example, for hs-cTnT testing, a laboratory network 
can apply its current EQA or routine analytical performance 
characteristics to historical patient results around the ESC 
rule-in and rule-out thresholds [3]. The simulated rate of 
analytically induced discordant classifications can then be 
communicated with cardiologists and other stakeholders as 
the current CPC. If this current CPC is clinically acceptable, 
the observed APC can be used as APS for routine monitoring; 
if not, request-initiated APS setting can be used to define the 
performance needed to meet the agreed CPS.

Managing compliance to APS in practice

To manage compliance to APS, laboratories need to first 
identify the feasibility whether these APS can be met at all. 
The feasibility depends on how the systems are used in 
current practice, the sources of variability that are present 
and how the lab aligns these systems: i.e. the laboratory

Figure 1: Establishing outcome-based APS. First, one must define the clinical pathway to establish APS either by establishing the desired clinical 
performance specification (CPS) to establish APS via the request-initiated simulation, or use current analytical performance (APC) in a simulation to 
establish current clinical performance. If performance-initiated APS is acceptable, these APS can be used, otherwise, acceptable CPS have to be 
established via the request-initiated route.
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setting. The laboratory setting is explained in more detail in 
from the perspective of the Dutch colon cancer screening 
programme. The laboratory setting. In general, if the APS are 
feasible, they can be implemented as mentioned in from the 
perspective of the Dutch colon cancer screening programme. 
However, if these APS are not (yet) feasible, and CPS cannot 
be met, these APS become analytical performance goals 
(APGs) that are to be communicated with the IVD-industry so 
they can further develop their systems and consumables to 
meet these APGs. Meanwhile, a dialogue with the requesting 
physician is needed to establish which combination of APS 
and CPS are sufficient to be used in the meantime, and which 
additional efforts are required in order to mitigate potential 
patient harm.

The laboratory setting

The laboratory setting is relevant both for establishing 
whether APS can be met and for adopting APS on the systems 
in place. This consists of understanding the sources of un-
certainty that will ‘eat up the APS budget’ that is available 
[18, 19], and how the laboratory manages samples from pa-
tients and reports results in the healthcare information 
systems and patient health records [20]. This does not imply 
that measurement uncertainty has to be displayed along 
every individual patient result; rather, the relevant issue is 
whether results from different analysers or laboratories are 
interpreted and acted upon as interchangeable in practice. 
This practical interpretation helps determine how APS sub-
budgets should be distributed across the distinct sources of 
uncertainty that contribute to the uncertainty of the system. 
Based on these technical and practical considerations, lab-
oratories can adopt different kinds of settings, as shown in 
Figure 2.

The first kind of setting presented in Figure 2 is the 
‘Mother-Daughter’ system, where a singular analyser is 
chosen as a model for all other analysers, ‘the daughters’, 
that are to behave as the mother would. Both in terms of 
precision and bias, the mother is taken as the example, and 
the daughters are recalibrated to align with their mother. 
Here, between-analyser variation is taken as ’bias’, which 
may or may not be taken into consideration when evaluating 
overall bias. A further limitation of the mother-daughter 
approach is that it relies on an assumed superiority in 
analytical performance of the mother over the daughter, 
which is hard to make operational in practice.

The second setting presented in Figure 2 is the ‘indi-
vidual’ system, where each analyser is maintained individ-
ually. In this setting, the same APS is applied to each analyser 
individually. Here, laboratories can either assume or verify

that systems are aligned. However, between-analyser vari-
ation is often not included in the formal monitoring of APS in 
the ‘individual’ system setting.

The third setting presented in Figure 2 is the ‘virtual 
analyser’ (VA) that comprises multiple physical machines, 
which assumes that patient samples are presented to a 
random analyser and the results of each system are presented 
interchangeably to clinicians. For the Dutch CRC-Screening 
setting, the VA is the model of choice because samples are 
distributed across laboratories and reported FIT results 
should be independent of time and place. In fact, all analysers 
are considered to operate as ‘one’. Consequently, the total 
uncertainty budget at the level of clinical sample measure-
ment should be divided among all sources, including between-
analyser variability [19]. The VA operates from the viewpoint 
that result variation ought to be independent of time and place 
[17, 21]. The APC of the VA can be established by calculating the 
long-term uncertainty (uRw) for each component (e.g. analy-
ser, reagent lot, IQC lot), calculating the between-analyser 
variation by determining the bias between the analysers for 
each set of components, determining the standard deviation 
across these biases, and taking the sums of squares of all found 
uRws, as mentioned in ISO/TS 20914:2019 [22]. At the virtual 
analyser level, sources of within-analyser variability are still 
present (between-reagent lot, calibration and calibrator, and 
day-to-day variability), and affect each individual analyser. As 
there are more sources that take up the uncertainty budget as 
opposed to the individual and mother-daughter systems, it is 
advisable to streamline lot changes and use consistent batches 
of control material in order to adequately monitor and 
maintain VA performance [17, 19, 23].The VA is most inter-
pretable and robust when the following conditions are met; 
partial non-adherence does not invalidate the VA concept by 
itself, but increases the measurement uncertainty and there-
fore requires explicit inclusion in the MU budget and moni-
toring strategy.
1. All analysers adopt identical measurement procedures, 

consisting of
a. Identical analysers
b. Identical reagents and calibrators at the same time
c. Identical work process

2. All analysers are monitored identically, consisting of
a. Identical QC material, with identical target values 

and tolerance limits
b. Using identical QC protocols
c. Analyser-transcending monitoring of IQC and EQA 

results
3. All within-analyser sources of variation are considered

a. Synchronised changes in reagent and calibrator lots 
on all analysers is advisable. If reagent lots and/or 
calibrator lots are not synchronized, there is increased
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risk of missing relevant change in performance which 
requires routine adaptation of IQC that is proven to be 
commutable [17, 24].

b. Analyzer transcending, pre – production acceptance 
testing of all reagents and calibrators

c. Identical handling, and maintenance, similar work-
load in terms of samples applied

Depending on the used laboratory system setting, the 
APS can be subdivided into budgets that can be allocated 
to the distinct components, and monitored in a way that 
is in line with the execution of the quality management 
programme of the laboratory.

From the perspective of the Dutch 
colon cancer screening programme

Many countries have implemented population-based colo-
rectal cancer (CRC) screening programmes using faecal 
immunochemical testing (FIT), to reduce CRC incidence and 
mortality [7]. The Dutch colon cancer screening programme 
(CRC-Screening) showcases how outcome-based APS can be 
applied in a laboratory setting that benefits from the virtual 
analyser approach. This example is relatively unique because 
a single test result determines the next medical action, colo-
noscopy referral. Although referral rate is not itself the final 
patient health outcome, it is a clinically consequential inter-
mediate outcome because it determines access to colonoscopy

and thereby affects individual participants, the screened 
population and downstream care capacity.

In the Netherlands, the CRC-Screening has been used 
since 2014 to screen residents between the age of 55–75 years 
for the presence of haemoglobin in faeces using a faecal 
immunochemistry test (FIT). Samples are randomly distrib-
uted by the Dutch postal services between four participating 
laboratories. All laboratories use identical analysers (Bio-
Majesty, DiaSys, Germany) and identical reagents and cali-
brators (FOB GOLD, H-calibrator, Sentinel, Italy), and changes 
in lot numbers of reagent and calibrator are synchronised 
between laboratories. Participants that exceed the threshold 
of 47 µg fHb/g are referred for colonoscopy for further 
investigation, whereas participants with negative results are 
reinvited after two years. This specific cut-off has been 
established by balancing risk of adenomas and advanced 
cancers vs. screening capacity and costs of missing and 
overtreating [25]. Over the past years, it has been established 
that about 4.5 % of participants are referred to colonoscopy, 
which allows for adequate follow-up of risk patients. Next to 
being cost-effective, this specific referral rate results in a 
sufficient utility of the screening capacity, without hindering 
or straining other care pathways. In a consequentialist view 
of laboratory medicine, such downstream effects are clini-
cally relevant because the value of the measurement is 
determined by the actions and outcomes it causes in the 
clinical pathway [8, 9]. In 2023 the Dutch screening organi-
sation BVO-NL started a tender for an IVD provider and lab-
oratories to perform the FIT assays and their application

Figure 2: Implementing APS depends on the laboratory setting and the manner in which the ‘system’ is used. Three kinds of systems are shown and 
explained: “Mother-Daughter”, “individual” and “virtual analyser” (VA).
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starting from 2026. In order to define performance re-
quirements, it was considered that a referral rate of 4.5 % and 
the current degree of variation around that value should not 
be different with new methods or laboratories. Due to the 
current lack of standardisation of FIT assays, a possible 
change of the FIT assays means that the cut-off to achieve the 
intended referral rate must be calculated from known 
mathematical relationships between FIT assays, confirmed or 
corrected with verification in harmonisation materials, and 
followed by confirmation of the intended referral rate in the 
target population.

Variation around the referral rate can be either the 
result of variations in the screened population or of varia-
tion in components of the FIT measurement system. 
Analytical variation can move participants across the clin-
ical decision limit. This can lead to additional colonoscopy 
referrals among participants whose true result would be 
below the threshold, or missed referrals among participants 
whose true result would be above the threshold. In this 
manuscript, the clinical performance characteristic (CPC) is 
therefore the variation in referral classification and referral 
rate that is attributable to total analytical variation. The 
model does not aim to estimate the full long-term pathway of 
cancer incidence, mortality, or colonoscopy diagnostic yield; 
rather, it focuses on the first clinically consequential 
downstream action triggered by FIT, i.e. referral for colo-
noscopy. Since the Dutch screening organisation required 
the CPC to be constant, the CPC from the current programme 
was set as the CPS for the new programme and therefore 
feasible by design.

Simulating FIT APS for the Dutch CRC-
screening

The starting point for setting these APS was request-induced. 
Historic data showed a referral rate of 4.52 %, and expert 
opinion led to the consensus that an approximately ± 0.5 
percentage point deviation around this historic rate, 
i.e. roughly 4.0–5.0 %, could result in clinically and opera-
tionally relevant tolerance range for the CRC-Screening 
programme and/or other care pathways. Treating ± 0.5 ab-
solute percentage point as an approximate 95 % interval 
gives a one-standard-uncertainty target of approximately 
0.25 percentage point. To avoid cancellation of participants 
moving in opposite directions across the threshold, the CPS 
was expressed conservatively as 0.25 % total analytical 
misclassification on the screened population, corresponding 
to 99.75 % agreement in referral classification. Misclassifi- 
cation was defined as a discordant classification around the 
FIT threshold caused by simulated analytical variation:

either a simulated result changing from below to above the 
threshold, or from above to below the threshold. For the 
simulation, participant data of 2021 were used, consisting of 
1,699,619 results, of which 4.52 % of participants were above 
the threshold of 47 µg fHb/g faeces. For each result, 100 
simulations were executed using different coefficients of 
variation (i.e. 1, 2, 3, 4, 5, 7.5, 10, 15 and 20 %) to establish 
the CV where an agreement of 99.75 % was reached. This 
exercise resulted in a CV of 9.47 %. Verification in results 
above absolute zero was done by simulating a random 

sample of 10,000 results 1,000 times, resulting in CVs of 9.4– 
11 %. These simulations were executed analogously to the 
APS calculator [10]. Based on these results, the final APS was 
rounded to 10 %. Additional calculation details are provided 
in Supplementary Material.

Implementing FIT APS for the Dutch CRC-
screening

For implementation of the APS on the CRC-Screening, it is 
important to look at the systems in place to assess the sam-
ples and how results are reported. In the new situation, 
multiple laboratories operate multiple analysers each. On 
the individual analyser, the measurement procedure is
carried out using different lots of reagents, and is subject to 
periodic calibration. For the clinical pathway in the Dutch
programme, results are interpreted and acted upon inde-
pendent of the time (when is the sample analysed) and place 
(on which analyser of which participating laboratory is the
sample analysed), and as such results need to be inter-
changeable. This requirement for interchangeability is
aligned with the Calibration 2.000 philosophy of maintaining 
equivalence of test results through metrological traceability 
and commutable EQA-based verification [21]. Consequently, 
the virtual analyser method of quality assurance and EQA
adoption is most appropriate [17]. Thus, the APS of 10 %
should be equally distributed among the sources of variation 
at the virtual analyser level, ensuring the root of the sum of 
squares of all sources of variation does not exceed the APS. 

Practically, there are four sources of variability among
which the APS budget is spread:
1) variability between production lots of reagents and 

calibrators, 
2) variation between production lots of tubes and sample 

buffers, 
3) variation between laboratories and/or analysers within 

a laboratory within the lot of reagent, calibrator, tube 
and buffer and 

4) variation at the level of the analyser, within a lot of 
reagent, calibrator, tube and buffer.
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̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅  
5% 2 + 5% 2 + 5% 2 + 5% 2

√ 
= 10%

Here, it is desired that the variability between analysers 
and reagent lots is not larger than variability within them [23]. 
Moreover, it is proposed that it is reasonable to reserve at least 
50 % of the APS budget for the executing laboratory and 50 % 

for the IVD manufacturer of the reagent, the value assignment 
of calibration materials and higher-order uncertainty [26]. 
Although other budget allocations can be chosen when 
needed, we deliberately chose equal allocation across the four 
identified sources rather than weighting by historic observed 
performance [23]. This keeps each source equally interpret-
able and independently manageable, prevents historically 
better or worse sources from consuming unequal parts of the 
APS budget, and avoids over-weighting sources for which less 
historic information is available, such as between-buffer lot 
variation. The equal distribution should therefore be read as a 
pragmatic prospective quality-management target, rather 
than as a claim that all sources are technically identical or that 
every source already performed below 5 % in the historic 
programme. Therefore, the total APS budget of 10 % can be 
attributed to these four sources equally, where 1) and 2) are 
considered long-term sources and 3) and 4) are considered 
short-term sources of uncertainty: 7.1 % for the long-term 

sources and 7.1 % for the short-term sources, and 5 % for each 
of the four sources individually [22].

How to manage the individual sources of MU

If the APS budget for every source is a MU of 5 %, that means 
that the long-term variation due to that source should stay 
within 5 %. To obtain that goal three indicators were set to be 
managed. 1. Calculation of the long-term average perfor-
mance of that source to meet the 5 % criterium. However, 
that indicator will grow to be less sensitive to change with 
time as new results will have decreasing impact on the 
growing number of old results. Therefore, this performance 
is also checked as 2. Calculation of the long-term moving 
average performance over the last 365 days or 3 last lot 
changes of that source to meet the 5 % criterium. To be short 
term sensitive for new shifts and trends that endanger 
compliance to those criteria short term performance is 
checked to meet within ± 2 SD (±10 %) and, incidentally, 
even ± 3 SD as long is this is not more often and larger than 
statistically explainable as random variation. 3. For new 
buffer, reagent and calibrator lots that means that they are 
accepted if their addition is not bringing total lot variation 
above 5 % and if the newly introduced lot does not deviate 
more than 10 % of a target value set by the mean of 3 lots 
offered for that purpose by the manufacturer. For reagent 
and calibrators performance is checked with a third-party

faeces-based control material. For the evaluation of sample 
buffer lots, experiments are performed with freshly pre-
pared control materials comparing the new with the previ-
ous lot, allowing between experiment comparisons to allow 

long term cross-lot comparisons. To be able to monitor the 
performance of the virtual analyser using the criteria as 
described above it is essential that, for the Dutch CRC-
Screening, the following conditions are met:
1. The use of identical measurement procedures in all 

participating laboratories, consisting of
a. Identical analysers
b. Identical reagents and calibrators

2. Identical QC material in all laboratories with identical 
target values and identical tolerance limits within an 
identical QC policy

3. Identical QC protocols in all laboratories
4. Laboratory transcending monitoring of IQC and EQA 

results
5. Synchronised changes in reagent and calibrator lots on 

all analysers in all labs involved
6. Laboratory transcending, pre – production acceptance 

testing of all reagents and calibrators

In practice, for the case of the Dutch CRC-Screening, these 
conditions are checked through laboratory-transcending QC 
coordination by SKML. This includes harmonised IQC pro-
cedures, identical QC material with identical target values and 
tolerance limits, analyser-transcending review of IQC and 
EQA results, synchronised reagent and calibrator lot changes, 
and pre-production acceptance testing of reagents, calibrators 
and buffers. These checks are aligned with the principle that 
EQA and QC materials should be clinically relevant and sup-
port equivalent interpretation across laboratories [21, 27, 28].

Feasibility based of the FIT APS in the Dutch CRC-
screening

Because the APS was derived from clinical performance 
observed in the historic programme, i.e. the programme before 
transition to the newly tendered programme starting in 2026, the 
overall 10 % APS is feasible at system level by design. However, 
this does not prove that each of the four equal 5 % sub-budgets 
were already consistently met in historic routine data. What 
must be verified is whether the equal distribution across the 
four identified sources can be achieved and sustained in prac-
tice. Routine IQC data around the clinical cut-off (Table 1) show 

that monitored sources were close to the proposed sub-budget, 
but within-analyser variation (5.6 %) and between reagent/cali-
brator lot variation (5.1 %) slightly exceeded 5 %. Therefore, the 
equal sub-budget should be interpreted as a prospective man-
agement target/APG for durable monitoring and supplier/
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laboratory coordination, while the overall APS remains 
anchored in the clinical performance requirement. Between-
tube variation was not routinely assessed in the historic pro-
gramme and therefore requires prospective monitoring.

If variation of 5 % had been set as a long-term goal for 
between lot variation of reagents and calibrators 4 of the 30 
calibrators would not have been accepted. As in the prior pro-
gramme even more tight acceptance criteria were respected, 8 
of 30 have been rejected. As both the existing and the required 
value assignment of calibrator is within the acceptance criteria 
of the manufacturer, the rejected lots could be fixed by issuing 
new assigned values for the calibrators by the manufacturer. 
Notably, for other intended uses, the value-reassignment of the 
calibrator may not be necessary, depending on the outcome of 
interest. Buffer lots have not been checked for performance in 
the current programme. However, in a feasibility experiment 
for such performance (data not shown), between lot perfor-
mance of the sample buffer lots within 5 % was judged as 
feasible (and confirmed with clearance experiments).

Take home

The establishment of APS based on indirect clinical outcome 
studies can be an effective and efficient strategy to establish 
clinically relevant decision limits, facilitate the dialogue 
with result requesters and sketch the horizon with analytical 
performance goals to meet in the future. It is important 
to consider the clinical setting in which the test is used, 
including test application, the systems used and the sources 
of error that therein can occur. Here, the factual impact 
of the obtained result on the clinical pathway and its con-
sequences on individual and collective patient care and 
outcome drives the required clinical, and thereby analytical, 
performance specifications [8]. When such performance 
cannot be met with current state-of-the-art equipment, such 
specifications are to be set as goals, and temporary feasible 
specifications should be set as APS while informing the

requestors about the consequent clinical performance in 
terms of agreement between the reported estimate and po-
tential other estimates. To monitor whether the set APS is 
sustainably met, assignment of sub-budgets of the APS to 
different sources of variability is needed. A virtual analyser 
approach allows monitoring of at least the following sepa-
rate sources: random within-analyser variation, between 
reagent lot/calibrator lot variation and between-analyser 
variation within reagent/calibrator lot. Setting (indirect) 
outcome-based APS runs on the plan-do-check-act (PDCA) 
cycle; ‘to make the cycle turn, it needs fuel, and the best fuel 
for the PDCA cycle is discontent’. It is important to have a 
PDCA cycle together with laboratories, industry, EQA pro-
viders and guideline makers to make sure APS can be 
adequately set, met and monitored. The above-mentioned 
approach for determining APS for the Dutch CRC-Screening 
and the laboratory-transcending QC policy using a virtual 
analyser approach is a practical example of this.
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