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ARTICLE

Quality Assurance for Multiplex Quantitative
Clinical Chemistry Proteomics in Large Clinical
Trials

Esther Reijnders ®,** Fred P.H.T.M. Romijn,® Figen Arslan,? Julien }.J. Georges,®

Mervin M. Pieterse,? Edwin R. Schipper,® Sonja Didden-Buitendijk,?

Machteld C. Martherus-Bultman,® Nico P.M. Smit,® Nina M. Diederiks,? Maxim M. Treep,?
J. Wouter Jukema (@ ,P Christa M. Cobbaert,? and L. Renee Ruhaak (2

Background: To evaluate the clinical performance and effectiveness of a multiplex apolipoprotein panel in the
context of cardiovascular precision diagnostics, clinical samples of patients with recent acute coronary syndrome
in the ODYSSEY OUTCOMES trial were measured by quantitative clinical chemistry proteomics (qCCP). The
ISO15189-accredited laboratory setting, including the total testing process (TTP), served as a foundation for this
study. Consequently, tailored quality assurance measures needed to be designed and implemented to suit the
demands of a multiplex LC-MS/MS test.

Methods: Nine serum apolipoproteins were measured in 23 376 samples with a laboratory-developed multiplex
apolipoprotein test on 4 Agilent 6495 LC-MS/MS systems. A fit-for-purpose process was designed with tailored
additions enhancing the accredited laboratory infrastructure and the TTP. Quality assurance was organized in
3 steps: system suitability testing (SST), internal quality control (IQC) evaluation with adjusted Westgard rules to
fit a multiplex test, and interpeptide agreement analysis. Data was semi-automatically evaluated with a custom
R script.

Results: LC-MS/MS analyses were performed with the following between-run CVs: for apolipoprotein (Apo) (a)
6.2%, Apo A-l 2.3%, Apo A-ll 2.1%, Apo A-IV 2.9%, Apo B 1.9%, Apo C-l 3.3%, Apo C-Il 3.3%, Apo C-lll 2.7%, and
for Apo E 3.3% and an average interpeptide agreement Pearson r of 0.981.

Conclusions: This is the first study of its kind in which qCCP was performed at this scale. This research
successfully demonstrates the feasibility of high-throughput LC-MS/MS applications in large clinical trials.
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IMPACT STATEMENT

Quantitative clinical chemistry proteomics allows for the in-house development of multiplexed laboratory-

developed tests for protein measurands. Quality assurance measures of these multiplex tests are challenging.

We established a laboratory-developed apolipoprotein test to address residual cardiovascular risk. To deter-

mine the clinical performance and clinical effectiveness of this test in a large randomized controlled clinical

trial, we developed and evaluated a custom quality assurance strategy. The strategy ensured generation of

high-quality data. This study shows the feasibility of LC-MS/MS applications in clinical trials, a step towards car-

diovascular precision diagnostics.

INTRODUCTION

There is an unmet clinical need to address re-
sidual cardiovascular risk beyond optimal
lipid-lowering therapy (1). Even after low-density
lipoprotein cholesterol (LDL-C) targets are met, a
substantial risk of 70% of major adverse cardiovas-
cular events (MACE) remains present (2). To ad-
dress this residual risk, a molecularly defined
status of cardiovascular health and disease (CVD)
is needed. The current lipid panel, including
LDL-C, high-density lipoprotein cholesterol, total
cholesterol, and triglycerides, is lacking this mo-
lecular definition and is not fit for purpose any-
more (3, 4). For example, LDL-C cannot be
accurately measured (direct or indirect) at its low
clinical target levels (5, 6). Apolipoproteins, the
functional proteins of lipid metabolism, are consid-
ered potential candidates to fulfill this unmet clinic-
al need as they are molecularly defined and can be
measured directly with mass spectrometry (3, 7).

In 2016, we developed a quantitative clinical
chemistry proteomics (QCCP) multiplex apolipopro-
tein panel test (8). The test now comprises quantita-
tion of apolipoprotein (Apo) (a), A-l, A-ll, A-IV, B, C-,
C-ll, C-lIl, and E, as well as phenotyping of Apo E,
and has been analytically validated with stable per-
formance over a longer period of time (8-10).
According to the test evaluation framework from
the European Federation of Clinical Chemistry and
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Laboratory Medicine Working Group Test
Evaluation (11), implementation of a new medical
test requires assessment of the clinical perform-
ance and clinical effectiveness of the apolipoprotein
panel for diagnosing and monitoring patients with
CVD.

For prognostic biomarkers such as our apolipo-
protein panel, clinical performance and effective-
ness should ideally be proven in prognostic
studies, in which a large number of individuals
are followed over a longer period of time, until suf-
ficient events have occurred to evaluate the prog-
nostic and predictive value of a new test (12).
However, such a dedicated study is expensive,
time-consuming, and impractical (11, 13). As an al-
ternative, we leveraged an existing study, the
ODYSSEY OUTCOMES trial (14), which is a rando-
mized controlled trial initially designed to evaluate
the clinical efficacy of a proprotein convertase sub-
tilisin/kexin type 9 (PCSK9) inhibitor, alirocumab, in
patients with recent acute coronary syndrome.
Measurement of our apolipoprotein panel in
23376 samples of individuals from the ODYSSEY
OUTCOMES trial allows evaluation of the clinical
effectiveness of this panel. In addition, 12 other
biomarkers in the context of CVD were measured
on Cobas and Diazyme analyzers.

The analysis of large numbers of samples using
tests and technology that is not yet implemented
in routine patient practice is challenging. In our
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general clinical chemistry laboratory setting, a total
testing process (TTP) is in place comprising an
ISO15189-accredited quality management system
(QMS), standard operating procedures (SOPs), a la-
boratory information management system (LIMS),
and track-and-trace registration. This ensures ac-
curate test results and fulfillment of predefined
quality performance indicators, including total
turnaround times, analytical precision, accuracy,
and sensitivity (15). However, the apolipoprotein
multiplex test is a research-based test originally
not covered in the TTP. Therefore, concepts of
the TTP were adapted and adopted for this test.
Here we describe the design and implementation
of the study process within our laboratory, with
special attention for the evaluation of the quality
assurance of LC-MS/MS analyses. Quality assur-
ance in multiplex proteomics is challenging,
prompting numerous published efforts (16-20)
and the development of various tools (21-24).
However, at the start of the current study, publi-
cations addressing this, in particular in the con-
text of classic clinical chemistry applications,
were scarce. Even in the most recent clinical
chemistry guidelines there is no clear consensus
on quality assurance rules for multiplex tests (25).
Consequently, we designed our own quality
assurance procedure tailored to our multiplex
test. The presented study process may serve as
an example for the implementation of high-
throughput LC-MS/MS applicationsin large clinic-
al trials.

MATERIALS AND METHODS

Apolipoprotein Panel Analyses

In total, 23 376 serum samples were received on
dry ice, thawed, mixed, centrifuged, mixed, and di-
vided into aliquots. Samples for LC-MS/MS ana-
lysis were stored at —80°C and thawed prior to
analysis (see online Supplemental Information
and Supplemental Fig. 1 for more details). The trial

November 2024

(NCT01663402) was approved by the institutional
review board of each site, and all patients provided
informed consent.

Serum apolipoprotein levels for Apo (a), Apo B,
Apo A-l, Apo A-ll, Apo A-IV, Apo C-I, Apo C-Il, Apo
C-Ill, and Apo E including Apo E phenotypes were
determined as published earlier for 7 apolipopro-
teins (8, 26). In brief, serum samples were 20x di-
luted in 96-well plates and stable isotope-labelled
(SIL) peptides were added as internal standard
(IS). Serum proteins underwent denaturation,
reduction, alkylation, and tryptic digestion.
Subsequently, the reaction was quenched, and
peptides were concentrated through solid-phase
extraction and measured on an 6495 QQQ-MS
(6495A or 6495C) (Agilent). Sample preparation
was performed semi-automated on a 96-channel
BRAVO automated liquid handling platform
(Agilent).

A single lot of sequencing grade trypsin (V5111)
(Promega) was used. Additionally, one lot of 5 na-
tive serum calibrators, traceable to a WHO-IFCC
reference material, and one lot of IS mix contain-
ing SIL peptides were utilized. Bilevel, internal
quality control (IQC) native serum samples were
measured in triplicate per batch. IQC target con-
centrations (online Supplemental Table 1) were
determined following CLSI protocols (27). Two
lots of IQC samples were used for this study.

A system suitability sample (SSS) containing syn-
thetic peptides reflecting both endogenous (endo)
and SIL peptides was prepared. Five replicate
measurements of an SSS, followed by one blank,
were run before and after sample measurement.
Overall, 2 lots of SSS were used for this study.

Data Validation and Data set Creation

LC-MS/MS data were processed using Agilent
MassHunter Quantitative Analysis. Concentrations,
peak areas, ion ratios, relative responses, retention
times, full width half maximum values, and peak
symmetry results were exported as one CSV file
per batch for further data evaluation using a custom-
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made R-script (R version 4.2.2) (28) with RMarkdown
and Knitr (version 1.33) (29) in RStudio (version
2023.6.1.524) (30). Data was reported weekly semi-
automated to the local principal investigator.
Patient results were evaluated on 3 levels: the first
line was the technical evaluation by a laboratory tech-
nician in Excel templates including monitoring of sys-
tem suitability test (SST) results and IQC levels on a
single-batch level;, second-line evaluation was per-
formed, using R-script, by the project leader who
evaluated the data over multiple batches: and third-
line evaluation and authorization was performed by
the local principal investigator who evaluated the
data from a clinical chemistry perspective on its clin-
ical soundness. Results were transmitted to LIMS
upon approval by all 3 lines. After completion of the
full data set, datavalidation comprised of consistency
evaluation of retention times, ion ratios, and IS areas.
The LC-MS/MS data set was set up using R.

RESULTS

This section describes the process, including the
applied quality measures for multiplex gCCP test-
ing, followed by an analysis of the results obtained
from these measures.

Total Testing Process to Support the
ODYSSEY OUTCOMES Trial

The laboratory infrastructure with the TTP, oper-
ating under 1SO15189 standards, including QMS,
LIMS, and a team of proficient laboratory techni-
cians, was extensively utilized with a carefully
planned approach from sample receipt to data
management (Supplemental Fig. 1) (15). This infra-
structure was essential for the LC-MS/MS analyses.

Quality Assurance. To ensure high-quality data, qual-
ity measures were applied. Because LC-MS/MS ana-
lysis is rather complex with semi-automated sample
preparation and independent analytical instrumen-
tation, special care was given to the quality assur-
ance process. Specifically, a flow chart for data
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evaluation was constructed in collaboration with la-
boratory technicians involving: (a) SST, (b) IQC evalu-
ation, and (¢) interpeptide agreement (Fig. 1). In
addition, a responsibility-accountability-support-
consultation-informed (RASCI) matrix was con-
structed to delineate the different roles throughout
the process (www.rascimethode.nl). Data folders
were organized following findable, accessible, inter-
operable, and reusable (FAIR) principles to allow
track-and-trace (31).

SST. SST evaluated the performance of the LC-MS/
MS instruments (Fig. 2) (19, 32). Analytical sensitiv-
ity was assessed through a minimum threshold for
both the IS and endo area of 20 000 counts. The
variability of ion ratios and relative responses,
which ensures analytical specificity and precision,
respectively, was limited to 10% within 5 replicates
and 15% between the SSS set before and after the
run. Additionally, the maximum deviation of reten-
tion times from the average within-run retention
time was 12s to ensure that the full peak was
being detected. The maximum allowable carryover
for both endo and IS peptides is 1% and is deter-
mined by dividing the peptide area of the blank
by the peptide area of the last SSS. If any of these
criteria were not met for the first SSS set, the in-
strument was checked before running the clinical
samples. Depending on the nature of the issue, ei-
ther the HPLC or the MS underwent maintenance
procedures, which might involve tasks such as
cleaning the ion source or replacing the inlet filter
of the HPLC (19).

IQC. Bilevel native serum 1QC samples were
measured in triplicate per batch. Concentrations
of all 22 peptides were evaluated with Levey-
Jennings plots (33, 34). Adjustments to the
Westgard rules were needed to fit a multiplex
test (35, 36). The LC-MS/MS test includes 22 pep-
tides yielding 132 1QC data points per batch for
which the application of Westgard rules is too re-
strictive. For instance, for one analyte the 1 x3SD
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tions; and in diamond shapes, the decisions or
criteria. Abbreviations: SST, system suitability
testing; 1QC, internal quality control; TE,, total
allowable error; LIMS, laboratory information
management system; csv, comma separated
value.

November 2024

rule provides a 0.27% chance of a false rejection.
Translated to our multiplex test, the probability of
abatch beingfalselyrejected basedona3SDalarm
within 132 data pointsis approximately 30%, which
is too stringent. Therefore, 3 rules were applied to
our multiplex test: (a) 2 x 25D within the same 1QC
lot for the same peptide, (b) 10 x 2SD for the whole
batch, and (c) 1 x 3SD for the quantifying peptides
only. All 3 rules were established based on our ex-
perience with this multiplex test and were applied
per batch. The theoretic false rejection rate of the 3
rules was calculated in an independent manner:
the 2 x 2SD rule would result in a false rejection
rate of 23%, while the 10 x 2SD rule and the 1 x
3SD rule both result in a 13% false rejection rate.
The 2 x 2SD rule identifies issues with specific pep-
tides, potentially impacting reported concentra-
tions of clinical samples as these concentrations
cannotbe confirmed. The 10 x 2SD rule wasimple-
mented to monitor overall data dispersion within
the batch. The 1 x3SD rule adheres to a classic
Westgard rule but is solely applied to quantifying
peptides to make it more suitable for a multiplex
test. The 2 x 2SD violation resulted in an immedi-
ate rejection of the batch and all samples were re-
processed. Inthe case ofa 10 x 2SD violationthere
were 2 options: (a)in the case of violation of >15 x
2SD within the batch, all samples of this batch were
reprocessed, or (b) in the case where it was <15 x
2SD within the batch, results were confirmed by re-
processing 4 samples of this batch that were ran-
domly selected as representative of the affected
batch. Concentrations of all 4 samples of all pep-
tides from the second measurement were plotted
against the concentrations of the original meas-
urement and compared with Deming regression
(online Supplemental Fig. 2). A Deming slope be-
tween 0.95 and 1.05 was acceptable; otherwise,
the entire batch was rejected, and all samples
were reprocessed. In the case where the final
rule, 1 x 3SD, was violated, 4 samples of that batch
were randomly selected for reprocessing following
the same procedure as described above.
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Interpeptide agreement. The final step of quality
assurance involves the interpeptide agreement
assessment between the concentrations of quanti-
fying and qualifying peptides. Disagreement could
indicate sample preparation errors, such as incon-
sistent digestion kinetics, resulting in unreliable
results. However, biological variations due to muta-
tions onthe measured peptide may also resultin dis-
cordant concentrations between quantifying and
qualifying peptides. Individual samples were repro-
cessed based on 2 criteria: () a concentration differ-
ence between quantifying and qualifying peptide
exceeding the total allowable error (TE,) for more
than one protein and/or (b) a concentration differ-
ence of >35% between quantifying and qualifying
peptide to identify possible mutations that affect
protein quantification. The 35% rule was empirically
established based on typical discrepancies ob-
served for heterozygous and homozygous muta-
tions, leading to biases of approximately 50% and
approximately 100%, respectively. TE, was defined
based on biological variation for Apo (a), Apo A-,
and Apo B resulting in 24.1%, 9.1% and 11.6%, re-
spectively. For the other apolipoproteins, a TE; of
20% was selected based on the state of the art
(19). To assess batch performance, a Pearson’s r of
>0.975 was applied as the criterion. A coefficient
<0.975 could suggest a potential batch effect. In
such cases, all samples in that batch were
reprocessed.

Data Verification and Validation.

Daily/weekly data verification. First-line evaluators
processed the measurement data in Agilent
MassHunter Quantitative Analysis, conducted the
evaluation of SST and IQC results with Excel tem-
plates, and exported the raw data to a designated
folder. A tailor-made R-script was run weekly on
the CSV files. This R-script was developed for semi-
automated quality evaluation, generating reports in-
cluding SST, IQC evaluation, and interpeptide agree-
ment plots, as well as the concentrations of the
apolipoproteins for weekly review and discussion
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by second- and third-line evaluators (15).
Conclusions were automatically generated based
on the predefined criteria. Inconsistencies in individ-
ual samples (e.g., caused by improper peak integra-
tion) were identified based on visual inspection and
corrected if possible after which the sample results
underwent the same process and review as other
samples. Upon approval by second- and third-line
evaluators, results were transmitted to LIMS.

Final data validation. While quality assessment was
performed daily, final data evaluation was per-
formed after the study was completed. This in-
cluded retention time checks between endo and
IS peptides. If differences exceeded 0.1 min, data
was visually inspected for integration errors. In
addition, ion ratios of both endo and IS peptides,
as well as IS areas, were visually checked for out-
liers. If outliers were detected, integration was
manually checked and corrected if needed.

Process Performance

The entire process, spanning 74 weeks from sam-
ple reception to data set completion, was monitored
weekly using a dashboard constructed in RStudio
(online Supplemental Fig. 3). Although LC-MS/MS
throughput started relatively low, the expansion
from 2 LC-MS/MS systems to 4 and from one
BRAVO to 3 led to enhanced throughput. This re-
sulted in handling 16 batches per week, translating
to a total of 1280 clinical samples per week.

SST. After measurements were conducted, the
R-script generated an overview of the SST results
of all peptides per batch. An example for 5 batches
is presented in Fig. 2 to illustrate the weekly
R-output. Thirty-one (9.6%) of the 322 batches
were remeasured due to failed SST.

1QC. 1QC evaluation was semi-automated and re-
sults were reported weekly with the R-script. An
example of the 4 batches left, after one batch
failed the SST in the previous section, is depicted
in Fig. 3 (left panel).
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Fig. 3. Example of QC evaluation and interpeptide agreement evaluation for 4 batches generated with
R-script that was run weekly. Left panel: Bilevel IQC monitoring for Apo (a) (quantifying peptide LFLEP),
Apo A-l (quantifying peptide AKPAL), and Apo B (quantifying peptide TGISP) with 2SD (inner borders in
light-green), 3SD (middle borders in yellow), and outside 3SD (outer borders in red) borders and the tar-
get value is depicted as the center line. Right panel: Interpeptide agreement evaluation of the same 4
batches with Deming regression plots (left) with the quantifying peptide on the x axis and the qualify-
ing peptide on the y axis. On the right: Bland-Altman percentage plots: on the x axis the concentration
of quantifying peptide, and on the y axis the percent bias calculated as the difference between quan-
tifying and qualifying concentrations divided by the quantifying concentration times 100. A bias of 0%
is depicted as a solid line and mean bias is depicted as a dashed line. For mean bias calculations of Apo
(a), concentrations below the limit of quantitation (3.8 nmol/L) were excluded from the calculation.
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Table 1. Average between-run CV (%) per protein, per IQC lot (1A, 1B, 2A, and 2B) and per LC-MS/MS type
(Agilent QQQ-MS 6495A or Agilent QQQ-MS 6495C) for quantifying peptides.?
CV, %
1QC level 1A 1QC level 1B 1QC level 2A 1QC level 2B
Protein 6495A 6495C 6495A 6495C 6495A 6495C 6495A 6495C Overall (%)
Apo (a) 14.3 133 54 43 7.1 6.6 3.2 3.0 6.2
Apo A-| 3.5 2.0 3.9 2.0 3.8 1.5 3.5 1.6 2.3
Apo A-ll 3.2 2.0 29 2.1 2.6 1.7 24 1.6 2.1
Apo A-IV 4.6 2.3 52 2.2 4.5 2.1 4.2 1.9 29
Apo B 2.8 2.1 2.0 2.2 2.2 1.5 2.5 1.5 1.9
Apo C-I 5.2 2.8 5.8 3.1 4.0 24 43 2.7 33
Apo C-l 4.5 3.0 4.7 2.7 4.5 2.7 4.0 29 3.3
Apo C-IlI 3.1 2.6 4.0 2.6 33 2.0 4.0 2.3 2.7
Apo E 4.4 3.0 43 3.2 3.9 3.0 3.0 3.1 3.3
?Abbreviations: IQC, internal quality control; Apo, apolipoprotein; 6495A, Agilent QQQ-MS 6495A; 6495C, Agilent QQQ-MS 6495C.

1QC evaluation based on multiplex-adjusted rules for
LC-MS/MS. Violation of 2x2SD within the same

IQC lot for the same peptide was true for 25
batches (322 batches total study [7.7%]). Most of
these batches were immediately reprocessed ex-
cept 5, where upon visual inspection, it was
decided that the affected peptide LFLEP concen-
tration of this lot was so low (7 nmol/L) compared
with the clinical decision limit (30 nmol/L) that it
was clinically of limited importance. To prevent
clinically less relevant alarms, 1QC levels at more
suitable concentrations were implemented. To es-
tablish whether the 2 x 2SD rule was effective, du-
plicate measurements for the full batches were
compared retrospectively. For 16 of the 20
batches (5.0% of total study), concentrations be-
tween duplicate measurements were not compar-
able for at least one peptide as the Deming slope
was not between 0.95 and 1.05 and, therefore, re-
processing of the samples was a correct decision.

Additionally, 4 (1.2% of total study) batches vio-
lated the 10x2SD rule. Four random samples
were reprocessed for each of the batches.
Comparison between results of all peptides from
the 4 samples for the first and second preparation
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indicated equivalence (Deming slope 0.95 to 1.05)
and showed no clinically relevant differences in
concentrations between both measurements.
Therefore, all 4 batches retrospectively passed
IQC evaluation.

Violation of the 1 x 3SD rule for the quantifying
peptides occurred in 7 batches (2.2%). Four ran-
domly selected samples were reprocessed follow-
ing the same procedure as described for the 10 x
2SD rule. All 7 batches retrospectively passed 1QC
evaluation demonstrating equivalence through
comparison with a Deming slope ranging between
0.95 and 1.05 and showed no clinically relevant dif-
ferences in concentrations between both
measurements.

Overall 1QC results. 1QC concentrations were moni-
tored for all 22 peptides with Levey-Jennings plots
over a period of 14 months (online Supplemental
Fig. 4). After study data set completion, the average
between-run CV was calculated (Table 1). CVs vary
among different levels of IQC, proteins, and instru-
ments. The average CVs per apolipoprotein were
as follows: Apo (a) 6.2%, Apo A-l 2.3%, Apo A-ll
2.1%, Apo A-IV 2.9%, Apo B 1.9%, Apo C-l 3.3%,
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Apo C-113.3%, Apo C-111 2.7%, and for Apo E 3.3%, re-
sulting in an overall between-run CV of 3.1%.

Interpeptide Agreement. An example of the 4
batches left, after all example batches passed
IQC evaluation in the previous section, is depicted
in the right panel of Fig. 3.

Samples that were annotated to be remeasured
were gathered during the study. When 160 samples
were reached, an interim analysis was performed
by reprocessing these samples in 2 batches.
Concentrations from the original and second meas-
urement were compared with Deming regression.
Comparison of concentrations per peptide and per
sample led to the conclusion that second measure-
ments of 152 samples were similar to the original
measurements, confirming the observed discrepan-
cies. For 8 samples, no discrepancy was observed in
a second measurement, indicating a false result in
the first measurement. The most affected protein
was Apo A-lin 6 of the cases. Consequently, the
rule was adjusted from discrepancies in 2 or more
to 3 or more proteins, except when the discrepancy
is observed in Apo A-l as Apo A-l was overrepre-
sented in the 8 samples that were rejected correctly.
An overview of the rejected plates per evaluation
step is depicted in Fig. 5.

Overall interpeptide agreement. Interpeptide agree-
ment plots for the complete study were created
and the results for Apo (a), Apo A-l, and Apo B
are depicted in Fig. 4 (the other apolipoproteins
are in online Supplemental Table 2 and
Supplemental Fig. 5). Discrepancies of +50% or
+100%, as observed for Apo B, could indicate the
presence of a mutation on the measured peptide,
either heterozygous or homozygous, respectively.
There were no indications of batch effects for any
of the batches during the weekly evaluation.

Final Data Validation. After completion of the study
data set, final data validation was performed. Thirty
samples had a retention time difference between
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the endo and IS peak of >0.1 min, which could be re-
solved by signal reintegration.

DISCUSSION

For quality assurance of routine laboratory
tests Westgard rules are applied (36). However,
these rules cannot be transferred to a multiplex
LC-MS/MS test in which a multitude of IQC data
points is generated. Here, adjusted Westgard
rules were developed and tested. The applica-
tion of adjusted Westgard rules in a multiplex
test proved to be challenging. In the total study,
11.1% of the batches were rejected based on
the adjusted rules (Fig. 5). Of the 3 applied 1QC
rules, only the 2 x 2SD rule within the same pep-
tide of the same IQC lot rejected batches cor-
rectly. The other 2 rules had no additional
benefit as duplicate measurements yielded simi-
lar results.

An additional criterion for the Deming regres-
sion comparison in future applications could be
that the mean bias of the 4 reprocessed samples
must fall within twice the average CV of the IQCs.
Upon retrospective evaluation, we determined
that all batches we compared met this criterion,
except one. In future measurements, it could be
necessary to reprocess batches that do not meet
this criterion. An important note is that the applic-
ability of quality assurance rules in multiplex tests
depend on multiple parameters, for example, the
number of IQC samples measured in a batch, the
number of proteins, and therefore the number
of quantifying peptides measured in a batch, as
well as the total number of peptides measured.
These rules should be fit for purpose for a specific
multiplex test and cannot be universally applied to
any multiplex test.

An interim analysis as part of the interpeptide
agreement evaluation revealed that rejecting sam-
ples with discrepancies between peptides of at least
2 proteins was too strict. The rule was modified
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322 batches

System Suitability
Batch

Peptide 1| Pass
Peptide 2| Pass
Peptide 3| _FAIL
Pass

Transferred to

s B alternative MS

QC
o
) (<]
0 0600 o ° o
‘_'60"86 o5 "DEF‘W'_'G'
o
@ o

20 failed and reprocessed

5 passed
2x2SD: 25 batches (7.7%) Visual inspection based on low apo(a)
level of IQC
10x2SD: 4 batches (1.2%) Reprocessed 4 samples All batches passed
per batch
1x3SD: 7 batches (2.2%) Reprocessed 4 samples All batches passed
per batch
Interpeptide agreement
g} o i
s
g
8 samples failed:
[Quantifying peptide] 6x ApoA-|
160 samples All reprocessed 152 samples passed

Directly passed all checks:
255/322 batches

Fig. 5. Overview of results of quality measures per evaluation step. A total of 322 batches were measured of
which 31 failed the SST step. Batches were transferred to an alternative LC-MS/MS and remeasured. A total
of 36 batches failed QC initially, of which 20 were confirmed rejections upon further evaluation. A total of
160 samples failed the interpeptide agreement evaluation, of which 8 were confirmed rejections upon fur-
ther evaluation.

to evaluate discrepancies within the sample for more provides an additional layer of quality control at indi-
than 2 proteins instead of more than one, except for vidual sample level in quantitative proteomics
Apo A-l. Overall, the interpeptide agreement procedures.
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The presence of a routine general clinical chem-
istry laboratory as well as research laboratory facil-
ities within the same department was essential for
the successful execution of the study. The proced-
ure of the LC-MS/MS measurements required at-
tention to ensure high-quality data. Although the
flowchart (Fig. 1) seems complex, it was easy to ad-
here to and gave clear guidance to all stakeholders.

that make medical tests fit for clinical purpose.
Anchoring tailored additions to the TTP ensured the
generation of high-quality data. These achievements
would not have been possible without the dedication
of skilled laboratory technicians, whose contributions
were crucial to successful execution. In conclusion,
we successfully demonstrated the feasibility of em-
ploying high-throughput clinical chemistry LC-MS/

MS analyses in a large clinical trial setting.
CONCLUSION
Thisis the first gCCP trial at this scale performed in SUPPLEMENTAL MATERIAL
a diagnostic clinical chemistry laboratory, which

meets both the test process requirements as well
as the predefined analytical performance criteria

Supplemental material is available at The journal
of Applied Laboratory Medicine online.

Nonstandard Abbreviations: qCCP, quantitative clinical chemistry proteomics; TTP, total testing process; SST, system suitabil-
ity testing; 1QC, internal quality control; Apo, apolipoprotein; LDL-C, low-density lipoprotein cholesterol; LIMS, laboratory infor-
mation management system; IS, internal standard; SSS, system suitability sample; endo, endogenous.
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