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Abstract.
BACKGROUND: For lung cancer, circulating tumor markers (TM) are available to guide clinical treatment decisions.
To ensure adequate accuracy, pre-analytical instabilities need to be known and addressed in the pre-analytical laboratory
protocols.
OBJECTIVE: This study investigates the pre-analytical stability of CA125, CEA, CYFRA 21.1, HE4 and NSE for the
following pre-analytical variables and procedures; i) whole blood stability, ii) serum freeze-thaw cycles, iii) electric vibration
mixing and iv) serum storage at different temperatures.
METHODS: Left-over patient samples were used and for every investigated variable six patient samples were used and
analysed in duplicate. Acceptance criteria were based on analytical performance specifications based on biological variation
and significant differences with baseline.
RESULTS: Whole blood was stable for at least 6 hours for all TM except for NSE. Two freeze-thaw cycles were acceptable
for all TM except CYFRA 21.1. Electric vibration mixing was allowed for all TM except for CYFRA 21.1. Serum stability
at 4◦C was 7 days for CEA, CA125, CYFRA 21.1 and HE4 and 4 hours for NSE.
CONCLUSIONS: Critical pre-analytical processing step conditions were identified that, if not taken into account, will result
in reporting of erroneous TM results.
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1. Introduction

Serum tumor markers (TM) are molecules used to distinguish healthy from non-healthy and to
monitor treatment response [1]. Often, these TMs are proteins derived from the tumor that are released
into the blood stream [2]. Since TMs are found in the sera of patients, they provide a rather non-invasive
way to monitor treatment. Serum carcinoembryonic antigen (CEA), cytokeratin 19 fragment (CYFRA
21.1), serum neuron-specific enolase (NSE), cancer antigen 125 (CA125), and human epididymis
protein 4 (HE4) have demonstrated diagnostic value in lung cancer [3–8]. These TMs tests are marketed
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by several in vitro diagnostic (IVD) suppliers and offered as a clinical diagnostic test by clinical
laboratories.

The clinical laboratory testing process can be divided into three phases: the pre-analytical, analytical
and post-analytical. The pre-analytical phase includes patient identification, sample labelling, sample
transport and sample preparation. In the analytical phase the laboratory analysis is performed. The
final phase of the laboratory process, the post-analytical phase, includes the data processing resulting
in the final test report, interpretation and annotation to support clinical decision-making. It is generally
accepted that the pre-analytical phase accounts for up to 40–70% of the errors made in the total testing
process [9, 10]. These errors can either be using incorrect blood collection tubes, sample or patient
mix-up, incorrect handling and transport of samples or be introduced and compromised by inadequate
sample storage conditions [11]. More specifically, analyte instability at various temperatures or under
specific laboratory procedures, such as centrifugation or electric vibration mixing, can be critical.
Furthermore, storage of blood samples at room temperature can induce cell lysis, which can affect
levels of several proteins. It has been well established that hemolysis in the blood sample causes an
increase in NSE concentration [12].

Thus, to enable clinical application of any analyte, it is essential to investigate the biomarkers’
pre-analytical stability and determine the operational requirements to control for these in the lab-
oratory protocol, since these can potentially markedly influence the test results. Generally, these
investigations are performed by the IVD suppliers, and pre-analytical criteria are presented in the
instructions for use. However, data presenting the exact effect of a pre-analytical variable are often
missing, the experimental design is questionable, or the criteria used are unclear or debatable. This
study aims to assess the effects of pre-analytical variables, including storage stability of whole blood
and serum at different temperatures, electric vibration mixing and freeze-thawing of serum on the
concentrations of TMs, using a statistically powered experimental design. Furthermore, pre-specified
performance criteria based on TM biological variation will be used to set pre-analytical requirements
for the TMs.

2. Material and methods

2.1. Patient samples

A total of 184 serum samples of cancer patients from routine laboratory testing between March and
July 2021 at the Netherlands Cancer Institute, Amsterdam, The Netherlands, were included. Sera were
collected in either Rapid Serum Tubes ((RST368774, Becton Dickinson International (BD), Erem-
bodegem, Belgium) or Serum Separator Tube (SST) (367983, BD). The samples were routinely spun
down (2500 g, 10 min (RST)); 1700 g, 10 min (SST)), at room temperature (RT). Only serum sample
left-over after measurements for clinical purposes was collected and used for validation experiments.
Blood samples collection and analysis for the whole blood stability experiment was performed at Rad-
boud UMC hospital in Nijmegen and did not include elevated TM results. The study was approved by
the Institutional Review Board (IRB21-150).

2.2. Experimental design and tumor biomarker analysis

The sample size for each variable of the study was determined by analysing preliminary data using the
pwr package [13] within R [14], using a significance of 0.05 and a power of 0.80, a maximum allowable
effect size of 10% and analytical variation of the analytes based on Quality control (QC) performance.
The obtained sample size was six individual patient samples per TM. To include potential TM level-
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dependent stability effects in the experimental design, the stability was investigated in 3 arbitrary TM
levels: low (i.e., within the reference range), medium (i.e., just above the reference range) and high
(i.e., largely exceeding the reference range) based on TM results from routine practice. Altogether, a
total of 2 low, 2 medium and 2 high patient samples were used to study each pre-analytical variable.
Also, to reduce the analytical variation component and to avoid any potential random error as well as
systematic errors introduced e.g. by calibration, every obtained and generated sample was measured
in duplicate and samples within an experiment were always analyzed within one analytical run (i.e.,
on the same day on the same analyzer system). Thus, all samples within an experiment were frozen
and thawed just prior to analysis within one analytical run.

The concentrations of CEA, CYFRA 21.1, NSE, CA125 (2nd generation) and HE4 were all deter-
mined on a Roche Cobas Pro analyzer system (F. Hoffman - La Roche, Basel, Switzerland).

2.3. Stability testing

Serum samples were collected and divided into the necessary number of aliquots of 150 �l each. For
the freeze-thaw stability of serum, serum samples were stored at –20◦C for two hours before thawing.
This procedure was repeated twice, and the results were compared to those in an aliquot sample without
a freeze-thaw cycle.

To determine the effect of electric vibration mixing, all serum sample aliquots were frozen and stored
at –80◦C. Next, all aliquots were thawed and then homogenized by either gentle inverting the sample 5
times or electric vibration mixing on the highest setting (10), for 20 seconds (Vortex-genie 2, Scientific
Industries, New York, US). For CYFRA 21.1 an additional experiment was performed investigating
the manufacturer’s instructions of electric vibration mixing for a maximum of five seconds. The gentle
inverting of the aliquots was used as the baseline measurement.

To determine the stability of serum at various storage conditions, analyte stability was investigated
at room temperature (20◦C) and at refrigerated temperature (4◦C) for both 2 and 7 days after blood
sample collection and serum preparation. All samples obtained within an experiment were stored
at –80◦C until measurement of TMs in one analytical run. For NSE an additional experiment was
performed to determine the serum stability after 4, 8 and 24 hours at both storage temperatures (RT and
4◦C).

Whole blood stability experiments were performed at Radboud UMC hospital in Nijmegen, the
Netherlands. Here, the whole blood samples were processed immediately after blood collection and
six hours later.

2.4. Statistical analysis

Stability was assessed using the TM recovery, which was calculated using the baseline measurement
as reference and expressed as percentage of baseline. The Shapiro-Wilk normality test was used to test
for normal data distribution. The difference of TM values compared to baseline was assessed using
a paired T-test and a multivariate general linear model with a Bonferroni post-hoc test using SPSS
Statistics for Windows version 27.0 (IBM, Armonk, New York, US). The criteria for the (in)stability
of the TMs were based on the total allowable bias, which was determined using the TM biological
variation data determined by the EFLM working group (Table 1) [15, 16]. Moreover, to determine the
stability based on the total allowable bias (TBa) criterion (Table 2) all 6 recovery observations for a
certain variable were required to fall within the TBa criterion and no significant difference with the
baseline was allowed.
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Table 1

Total allowable bias criteria based on within-subject (CVi) and
between-subject variation (CVg) [16]

Marker CVg (%) CVi (%) Total allowable bias (%)

CEA 45.3 17.9 12.2
CYFRA 21.1 22.5 38.1 11.1
NSE 16.6 10.9 5.0
CA125 15.8 13.3 5.2
HE4 9.7 16.4 4.8

The total allowable bias (TBa) calculation is based on: TBa = 0.25*(CVg2+

CVi
2)1/2.

Table 2

Obtained pre-analytical processing restrictions for TM. TM processing restrictions are based on the requirement that all
observations are within the TBa criterion

Pre-analytical processing
step

CA125 CEA CYFRA
21.1

HE4 NSE

Whole blood stability
before processing

at least 6
hours

at least 6
hours

at least 6
hours

at least 6
hours

N.D.
Processing
immediately
after blood
collection

Number of serum
freeze-thaw cycles

at least 2 at least 2 at least
2∗∗

at least 2 at least 2

Electronic vibration
mixing of serum

at least
≤20
seconds

at least
≤20
seconds

≤5
seconds∗

at least
≤20
seconds

at least ≤20
seconds

Serum storage at 4◦C at least 7
days

at least 7
days

at least 7
days

at least 7
days

maximum of
4 hours

Serum storage at RT
(20◦C)

maximum
of 2
days∗∗∗

at least 7
days

at least 7
days

maximum
of 2 days

maximum of
4 hours

∗Although within the TBa (total allowable bias) criterion, a significant bias will be introduced by electronic vibration mixing
for 5 seconds therefore preferably electronic vibration mixing is avoided. ∗∗Although within the TBa criterion, all samples
decreased significantly after 2 freeze-thaw cycles, therefore depending on laboratory preferences freeze-thawing more than
once should be avoided. ∗∗∗Although within the TBa criterion, a significant increase in CA125 concentrations was observed
after 7 days of storage.

3. Results

3.1. Analyte stability in whole blood

The analyte stability in whole blood tested for the TMs 6 hours after storage at RT is presented in
Fig. 1. The recoveries of all TMs did not differ significantly from baseline measurements and, except
two NSE samples, fell within the TBa.
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Fig. 1. Whole blood stability. Tumor marker recovery in the whole blood after storage for 6 hours at RT.

3.2. Freeze-thawing stability

The recovery of the CA125, CEA, NSE and HE4 after two freeze-thaw cycles was not significantly
different to the baseline values (Fig. 2). However, for CYFRA 21.1 a significant average concentration
decreases of 5% were observed after two freeze-thaw cycles (p < 0.01). Although a significant decrease
was seen, it did not exceed the TBa criterion.

3.3. Electric vibration mixing stability

When serum was mixed by electric vibration mixing for 20 seconds after freeze-thawing, only
CYFRA 21.1 decreased significantly in comparison to the inverted baseline measurement (Fig. 3,
p < 0.001). This resulted in an average CYFRA 21.1 concentration reduction of 36%, which did exceed
the TBa criterion. When CYFRA 21.1 was mixed for five seconds, a mean decrease of 7% was observed,
but it was not statistically significant. The loss in recovery after electric mixing was independent of
the CYFRA 21.1 concentration.
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Fig. 2. Freeze-thaw cycle stability. The recovery of the TMs after 1 and 2 freeze-thawing cycles (∗∗p < 0.01).

3.4. Serum storage stability

The TMs serum stability was tested for two storage temperature conditions (4◦C and RT) and various
durations up to 7 days. CEA and CYFRA 21.1 did not show a significant increase or decrease when
stored at either 4◦C or RT for 7 days (Fig. 4). CA125 showed a significant increase in concentration when
stored at RT for 7 days (p < 0.01); which did not exceed the TBa criterion. HE4 significantly decreased,
on average by 21%, when stored at room temperature for 7 days (p < 0.001). No significant decrease
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Fig. 3. Electric vibration mixing stability. The analyte recovery for each TM after 20 seconds of electric vibration mixing
(vortex) (∗∗∗p < 0.001). For CYFRA 21.1 also the TM recovery after 5 seconds of electric vibration mixing was investigated.

was seen for HE4 when stored at 4◦C. NSE significantly decreased when stored for 2 and 7 days at RT
and at 4◦C (p < 0.01) with an average NSE decrease up to 33%. In a follow-up experiment, significant
NSE decreases were observed when serum was stored for 8 and 24 hours (p < 0.05), exceeding the
TBa.

4. Discussion

In order for laboratories and hospitals to use biomarkers in routine clinical practice, it is necessary to
determine the pre-analytical disturbances that may affect biomarker concentrations in whole blood and
serum. This study aimed to determine the pre-analytical variables and restrictions regarding storage
and preparation of the samples for the TMs CEA, CYFRA 21.1, NSE, CA125 and HE4. A number
of different pre-analytical processes were investigated and based on the results and the total allowable
bias criterion, final recommendations regarding pre-analytical conditions were defined (Table 2).

First, the effect of two freeze-thaw cycles on TM concentration was determined. The results show
that the CA125, CEA, HE4 and concentrations were not affected by two freeze-thaw cycles. For



S22 E. Canki et al. / Pre-analytical stability of the CEA, CYFRA 21.1, NSE, CA125 and HE4 tumor markers

Fig. 4. Serum storage stability. The effect of storage temperature and duration on the recovery of the TMs is presented.
For NSE an additional experiment investigating the recovery after 4, 8 and 24 hours of storage was performed (∗p < 0.05,
∗∗p < 0.01, ∗∗∗ p < 0.001).

CYFRA 21.1 however, a significantly lower concentration was seen after two freeze-thaw cycles when
compared to the baseline levels. This is in line with a study by Sandhu et al., who found that HE4
and CA125 concentrations were not affected when serum samples were subject to eight freeze-thaw
cycles [17]. However, a study by Gao et al. determined that while serum samples were not affected by
short freeze-thaw cycles, CEA and CA125 were affected when subjected to a long freeze duration of
10 months [18].
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Next, we examined the influence of electric vibration mixing, a pre-analytical process that induce
aggregation of certain proteins, and an increase in aggregation may, in rare cases, lead to a decrease
in concentration of proteins [19]. CYFRA 21.1 decreased significantly after electric vibration mixing
for 20 seconds compared to the baseline measurement. In contrast, the other TMs did not show any
significant decrease after electric vibration mixing when compared to their baseline measurements.
Shorter electronic mixing, 5 seconds, resulted in a lower decrease in CYFRA 21.1 concentration
compared to the decrease after 20 second mixing.

Last, the stability of the TMs was assessed when serum was stored for two and seven days at different
temperature conditions. Significant decrease was seen in both HE4 and NSE when compared to their
baseline measurements. A temperature dependent instability was observed for HE4; long-term storage
of HE4 sera at room temperature caused a decrease in HE4 concentration, but storage at 4◦C did
not. Serum storage for over 24 hours caused a significant decrease in NSE concentration, this effect
was minimized when a sample was stored for less than 24 hours. A study by Sandhu et al. found no
difference in HE4 concentrations between samples handled at 4◦C and room temperature; however, their
samples were stored for 72 hours only. Furthermore, in their study, CA125 showed a significantly lower
concentration in the samples handled at a lower temperature [17]. In this study, there was no significant
difference found in CA125 concentrations, following sample storage at ambient temperature and 4◦C.

In this study, an experimental design was used that included the selection of three levels of TMs
obtained from two independent blood samples. The idea was that this set-up should be able to detect
potential TM concentration-dependent instability, and the requirement of 6 samples was based on the
sample size calculation presented above. Furthermore, each sample was analyzed in duplicate, and each
experiment was performed in one analytical run, in order to mark outliers and reduce potential random
or systematic errors. The reason for self-designing the experiment was that, to our knowledge, there are
no guidelines on how to design and perform pre-analytical stability studies for patient materials. There
is a CLSI protocol (EP25) that describes the evaluation of stability of in vitro diagnostic reagents, and
although some aspects are useful, it does not include all issues relevant to patient samples, such as
those of different TM concentrations [20]. Also, the selected acceptance criterion used for defining
stability, that did not allow a single result to exceed the TBa criterion and no significant difference
with baseline, is debatable. As a start, the accuracy of the biological variation estimates for TMs is
rather limited [21]. However, this – in our view – rather stringent criterion for defining pre-analytical
stability, should avoid any potential clinical impact for the recommended tolerances of the individually
investigated pre-analytical processing steps.

5. Conclusion

Critical pre-analytical processing steps have been assessed for the TM CA125, CEA, CYFRA 21.1,
HE4, and NSE and the recommendations that should be taken into account when processing blood
samples for these TM analyses are given in Table 2.
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