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Abstract

Objectives: Accurate quantification of M-proteins is 
important for clinical management of monoclonal gammo-
pathies. Reliable assessment of trueness on M-protein 
quantification in External Quality Assessment (EQA) 
schemes is difficult due to the lack of reference methods and 
materials for target value assignment. We propose a strategy 
to produce targeted synthetic M-protein EQA materials by 
spiking known amounts of human(ised) therapeutic mono-
clonal antibodies (t-mAb) into null serum. This paper vali-
dates homogeneity, commutability, and stability of these 
materials.
Methods: Homogeneity was assessed on two aliquoted 
synthetic M-protein EQA materials comparing within-vial 
variation with between-vial variation for sodium, total 
protein, IgG and M-protein quantification. Commutability 
was assessed by comparing between-method differences in 
51 patient-derived and nine synthetic M-protein EQA mate-
rials among various M-protein quantification methods. Sta-
bility was checked by reanalysis of two previously 
distributed synthetic M-protein EQA materials.
Results: Within- and between-vial variation were similar in 
both samples, and therefore homogeneity criteria were met.

Commutability was observed for eight out of nine samples, 
whereas one hypergammaglobulinemic sample was non-
commutable. Long-term storage stability at −80 °C was 
found acceptable in both samples.
Conclusions: Due to their proven homogeneity, commut-
ability, and stability, targeted synthetic M-protein EQA ma-
terials are suitable for use in M-protein EQA schemes. This 
allows for the assessment of laboratory performances based 
on target values, and opens the way for harmonisation and 
exchangeability of M-protein diagnostic methods. Addition-
ally, it provides a new source for the production of M-protein 
EQA materials, alleviating the demand for large volumes of 
patient material needed to organise M-protein EQA schemes.
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M-protein diagnostics; therapeutic monoclonal antibodies

Introduction

Monoclonal protein (M-protein) diagnostics play an impor-
tant role in the diagnosis, monitoring and management of 
patients with monoclonal gammopathies [1–3]. Monoclonal 
gammopathies are characterised by monoclonal prolifera-
tion of plasma cells in the bone marrow. These plasma cells 
produce monoclonal antibodies, which can be detected by 
serum protein electrophoresis (SPE) or capillary zone elec-
trophoresis (CZE). Both methods for M-protein diagnostics 
allow for the detection and quantification of an M-protein 
[4]. Accurate M-protein quantification is crucial for reliable 
therapy response monitoring both in clinical studies and 
routine clinical care of individual patients [5]. Disease-
defining thresholds, such as serum M-protein >30 g/L for 
smoldering multiple myeloma, require not only precision, 
but also trueness of M-protein quantification [5, 6].

M-protein diagnostics is challenging as every patient 
produces a unique M-protein [7]. The analysis of M-proteins 
is a semi-automated procedure, where dedicated software 
supports in M-protein detection and quantification. How-
ever, this is a procedure in which the technician must also 
provide subjective manual input. One of the major decisions 
all laboratories make, is whether M-protein quantification
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(M-spike) occurs through perpendicular drop (PD) or tangent 
skimming (TS) [8]. The size of the M-protein, its migration 
pattern and the extent of polyclonal background have a huge 
impact on the detection and quantification of M-proteins [8– 
10]. The challenging nature of M-protein diagnostics is also 
reflected in high interlaboratory variation in external 
quality assessment (EQA) schemes [11].

In EQA schemes, it is difficult to reliably assess labora-
tory performance due to the lack of internationally accepted 
reference materials and methods for target value assign-
ment [3]. Furthermore, the current lack of value assignment 
of EQA samples makes it challenging to assess which tech-
niques for M-protein quantification provide the best esti-
mates of true values in patient samples.

Apart from that, it is becoming increasingly difficult to 
obtain a sufficient amount of material from patients with 
monoclonal gammopathies to distribute in (inter)national 
M-protein EQA schemes. This effect can be attributed to 
more timely diagnosis and improved treatment opportu-
nities that have evolved over the years. In particular, major 
advancements have been made in the implementation of 
monoclonal antibody therapy in multiple myeloma [7, 12]. 
These improvements in patient care have resulted in 
decreasing numbers of apheresis procedures, which are a 
common source of M-protein EQA materials.

The production of synthetic M-protein EQA materials 
offers a promising solution to address these challenges. 
Here, we propose a strategy to produce synthetic M-protein 
EQA materials by spiking null serum with human(ised) 
therapeutical monoclonal antibodies (t-mAb, Figure 1). This 
provides a practical and sustainable way of producing tar-
geted M-protein EQA materials. The introduction of syn-
thetic M-protein EQA materials with target values allows for 
the evaluation of laboratory and method trueness, and for 
the identification of factors that contribute to bias. This has 
become increasingly important because of the rapidly 
evolving field of M-protein diagnostics in the past decade 
[13]. Additionally, these targeted samples open the way to 
harmonisation of M-protein quantification, which could 
further improve quality of diagnosis, monitoring and 
decision-making, as well as exchangeability of results be-
tween hospitals.

The current study describes the production and vali-
dation of these synthetic M-protein EQA materials. To vali-
date the use of these samples in M-protein EQA schemes, we 
describe an assessment of their homogeneity, commutability 
and stability (Figure 1). Homogeneity is essential to ensure 
that all participants receive samples with a similar content. 
In addition, EQA materials must resemble clinical samples 
and thus show similar performance across diagnostic 
methods (i.e. commutability). For practical implementation,

it is advantageous that EQA materials remain stable during 
storage at −80 °C. This study focusses on validating these 
three key characteristics of EQA materials.

Materials and methods

Sample preparation

Synthetic M-protein EQA materials were prepared by 
spiking a known concentration of t-mAb into approximately 
100 mL of null serum. The final concentration of t-mAb in the 
EQA materials ranged from 1 g/L to 8 g/L (Supplementary 
Table 1). To ensure the null serum contained no M-protein, 
we used batches of null sera that were previously distributed 
via the Dutch Foundation for Quality Assessment in Medical 
Laboratories (SKML), and were unanimously found to have 
no M-protein. Prior to spiking, adalimumab was first 
concentrated by centrifugation using a centrifugal filter with 
a 10 kDa cut-off (Amicon), after which the purity was deter-
mined by HPLC. Final concentrations were determined by 
absorption measurements on a Nanodrop (ThermoFisher). 
Stock concentrations of the other t-mAb ranged from 20 g/L 
to 200 g/L and were high enough to be used as such. Details 
on the source and formulation of the t-mAb can be found in 
Table S1. As a quality check on each new batch of synthetic 
M-protein EQA materials, serum protein electrophoresis 
(SPE) and immunofixation electrophoresis (IFE) analyses 
were performed on a Hydrasys-2 device (Sebia, Evry, France) 
according to manufacturer’s guidelines. Samples stored 
at −80 °C were aliquoted and temporarily stored at −20 °C 
before distribution at room temperature via SKML’s EQA 
scheme.

Data analysis

EQA data including participant number, sample code, 
M-protein isotype, and its quantification were gathered from 

2015 to 2026 from SKML. Data were analyzed and visualised 
using R studio version 2025.5.0.496. Results originated from a 
total of 88 unique participating laboratories. One laboratory 
submitted two results per sample, which were treated as 
independent measurements. Results reported as ‘smaller 
than’ (i.e. <) values were excluded.

EQA results were summarised for each quantification 
technique (PD or TS), electrophoresis technique (SPE or CZE), 
and analyzer (Helena or Sebia) and expressed as the median 
result, between-laboratory SD, and the number of reported 
results. EQA results for synthetic M-protein EQA materials
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are provided in, results for patient-derived EQA materials 
are provided in Supplementary Table S2.

Homogeneity

A homogeneity assessment was performed on samples F and 
G (Table 1, these samples were included for practical rea-
sons). Sodium, IgG and total protein were measured and SPE 
analysis was performed in duplicate for six vials of each of 
the two samples. The samples were treated as patient sam-
ples, ensuring proper mixing. Sodium, IgG and total protein 
were measured at Radboudumc on a Cobas Pro 503 platform 

(Roche Diagnostics, Almere, the Netherlands); SPE was per-
formed on a Hydrasys-2 device (Sebia, Evry, France). Data 
analysis was performed as described in ISO 13528:2022 annex 
B, where proficiency assessment criteria were based on 
method-specific inter-laboratory CV as observed in SKML 
schemes of 2024. Next to our multi-parameter homogeneity 
assessment in samples F and G, the Dutch EQA organiser 
independently performs routine homogeneity assessments 
on a random selection of all their EQA samples by measuring 
sodium in duplicate in three randomly selected vials. Sam-
ples A, C, D and H were selected for this routine check on 
homogeneity.

Commutability

Commutability was assessed from EQA results of 51 patient-
derived and nine synthetic M-protein EQA materials as

distributed by the SKML in the timespan of 2015–2026. Most of 
the patient-derived M-protein EQA materials consisted of 
decoagulated plasma from individual patients who have un-
dergone a plasmapheresis procedure. Therefore, these 
patient-derived EQA materials have a composition which was 
considered representative for routine clinical samples for the 
goal of commutability assessment. Patient-derived EQA ma-
terials with more than one M-protein or exclusively mono-
clonal light chain M-proteins were excluded from the analysis.

To investigate whether between-method biases were 
similar between synthetic and patient-derived M-protein 
EQA materials, method comparison plots were prepared 
comparing PD to TS, SPE to CZE and Sebia analyzers 
to Helena. Each comparison involved the median, standard 
deviation (SD) and individual results of reported 
M-protein concentrations by approximately 50 partici-
pating laboratories (median: 48, range: 18–53). A synthetic 
M-protein EQA material was considered commutable if it 
fell within the 95 % prediction interval of the patient-
derived EQA materials in each method comparison plot, 
according to the Clinical & Laboratory Standards Institute 
(CLSI) prediction interval method following IFCC recom-
mendations [14, 15].

Stability

To examine stability of synthetic M-protein materials upon 
storage at −80 °C, six laboratories using different diagnostic 
methods were asked to perform SPE on samples A (storage 
time: eight years) and C (storage time: one year, Table 1). The

Figure 1: Visualisation of the aim, production 
concept and validation parameters of synthetic 
M-protein EQA materials. Created in https:// 
BioRender.com.
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newly determined fraction percentages and M-spike were 
compared to their previous report. Data analysis was per-
formed as described in ISO 13528:2022 annex B, where pro-
ficiency assessment criteria per fraction were based on 
inter-laboratory CV as observed in the SKML M-protein 
scheme of 2024.

Results

Nine unique synthetic M-protein EQA materials were pre-
pared and distributed in our EQA scheme (Table 1). SPE and 
IFE analyses were performed as part of the quality check of 
each newly synthesised EQA batch. Figure 2 illustrates that 
both daratumumab and adalimumab migrated to the 
cathodal end of the γ-region, ravulizumab to the anodal 
end, and belimumab migrated to the middle of the γ-region. 

Homogeneity was assessed in two different exemplary 
samples. Between-vial CV was not significantly different 
than within-vial CV for both samples for all of the measur-
ands (sodium, total protein, total IgG, M-protein), indicating 
sufficient homogeneity (Supplementary Table S3). Samples 
A, C, D and H were selected by the Dutch EQA organiser for a 
routine check on homogeneity, which all four passed

(Supplementary Table S4). In addition, the EQA organisers’ 
checks on abnormal between-participant variation as per-
formed on all samples and for all measurands did not show 
any abnormalities.

Next, we assessed commutability by comparing 
between-method biases in synthetic and patient-derived 
M-protein EQA materials (Figure 3). In all method compari-
sons, all synthetic M-protein EQA materials fell within the 
95 % prediction interval of patient-derived M-protein EQA 
materials, except for sample D. Strikingly, this was the only 
synthetic EQA material spiked with polyclonal IgG to simu-
late a sample from a patient with hypergammaglobulinemia. 
We also observed high between-laboratory variation in this 
sample (Table 1). The degree of between-laboratory varia-
tion was similar between patient-derived and synthetic 
M-protein EQA materials (mean CV (SD/median): 46 and 37 % 

respectively, Supplementary Figure S1).
Stability of synthetic M-protein EQA materials was 

tested by redistribution of a sample from 2017 and a sample 
from 2024 to six laboratories, comparing their previous and 
new analyses. Fraction percentages and M-spike were sta-
tistically similar between the initial and new analyses 
(Supplementary Table S5). The densitogram overlays con-
firms this observation; showing the same pattern in sharp-
ness and intensity of the M-spike as well as all other fractions

Figure 2: SPE and IFE analysis of one 
representative sample for each unique t-mAb 
included in this study (samples A, C, E and I, 
respectively). The difference between PD and 
TS is illustrated for each synthetic M-protein 
EQA material.
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Figure 3: Commutability of synthetic M-protein EQA samples. Method comparison plots of synthetic M-protein EQA materials (lettered white data points, 
referring to Table 1) and patient-derived M-protein EQA materials (black data points) in the SKML EQA scheme (2015–2026), comparing quantification by 
PD vs. TS, gel vs. capillary electrophoresis, and the use of Sebia vs. Helena analyzers. Data points represent the median reported value by laboratories 
participating in the EQA scheme for each specific method. Error bars represent the SD between reported values, and orange and blue data points display 
values reported by individual participants. The grey shaded area represents the 95 % prediction interval around the patient-derived M-protein EQA 
samples. Commutable synthetic samples fall within this shaded area; whereas non-commutable samples fall outside.

Figure 4: Stability of synthetic M-protein EQA materials. Overlay of initial (blue with spike) and new (orange) SPE analyses of samples A and C as 
performed at Radboudumc.
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of the SPE (Figure 4). We observed a minor non-stability in 
the γ-globulin fraction of sample A. However, this did not 
affect M-protein quantification.

Discussion

This study examined three key characteristics of EQA mate-
rials (homogeneity, commutability, and stability) to validate 
the use of synthetic M-protein EQA materials in EQA schemes. 
Homogeneity of aliquoted synthetic M-protein EQA materials 
was confirmed for sodium, total protein, total IgG and 
M-protein quantification in samples F and G. As homogeneity 
is a production characteristic rather than a product charac-
teristic, samples with similar preparation processes can be 
safely assumed homogeneous as well. This is confirmed by the 
absence of any alarms by the EQA organisers’ inter-laboratory 
variation assessment performed in all samples and for all 
measurands. Therefore, any differences observed between 
results of individual participants in the EQA scheme can be 
attributed to inter-laboratory analytical variation. It is how-
ever important to routinely keep testing the homogeneity of 
these samples when implemented in an EQA scheme.

In the commutability assessment, we compared between-
method differences in M-protein quantification for synthetic 
and patient-derived EQA materials. Here, both synthetic and 
patient-derived M-protein EQA materials were distributed via 
the same EQA scheme with participants unaware of the nature 
of the sample. The ability to incorporate results of approxi-
mately 50 participating laboratories improves the strength of 
commutability judgements compared to an experimental 
assessment involving only one laboratory for each method. 
Additionally, such a commutability assessment based on EQA 
data employs readily available data and therefore decreases 
burden on laboratory staff in gathering and analyzing samples 
for a separately designed experimental assessment.

In all of the three method pairs, the between-method 
differences were found to be similar between patient-
derived and synthetic M-protein EQA materials, indicating 
commutability. In the comparison of PD to TS, a positive bias 
was observed for PD in the quantification of both synthetic 
and patient-derived M-protein EQA materials, confirming 
the previously reported trend that M-spike quantification 
using PD results in significantly higher M-protein concen-
trations compared to TS [16–18]. The similarity in between-
laboratory variation for both synthetic and patient-derived 
M-protein EQA materials further confirms the commut-
ability of synthetic M-protein EQA materials.

The confirmed commutability of all synthetic M-protein 
EQA materials except sample D indicates their usefulness for 
clinically relevant trueness assessment of laboratory results.

In Sample D, purified IgG (Subcuvia) was added to increase 
polyclonal IgG background. This sample is therefore 
different than most clinical samples, as patients with a 
monoclonal gammopathy often show suppression of poly-
clonal IgG production. Therefore, we expected this sample to 
stand out as non-commutable in all method pairs, which was 
indeed observed. Thereby, this sample illustrates the effec-
tiveness of this approach to detect non-commutable samples. 
The non-commutability of sample D could be attributed to a 
larger effect of hypergammaglobulinemia to PD quantifica-
tion compared to TS. Retrospective analysis learnt that non-
commutability of sample D in the other method pairs (Sebia 
vs. Helena and SPE vs. CZE), could still be traced back to these 
differences between PD and TS quantification. Theoretically, 
we expect sample D to be commutable towards exclusively 
patients with hypergammaglobulinemia. Therefore, it is 
important to make design choices according to the intended 
use of the EQA material. In the future, EQA materials like 
sample D could help evaluate the ability of different quan-
tification approaches to distinguish the monoclonal compo-
nent from the surrounding polyclonal background.

Because of the stability of synthetic M-protein EQA 
materials upon long-term storage at −80 °C we observed in 
the tested samples, synthetic M-protein EQA materials need 
not to be prepared fresh, but rather can be prepared in 
advance for pooled shipment with other EQA materials later 
that year. Because the scope of the study was limited to the 
replaceability of patient-derived M-protein EQA materials 
with synthetic samples, the stability of these materials upon 
distribution at room temperature was not separately 
examined. Immunoglobulin stability is however reflected by 
the logistics of routine M-protein diagnostics, in which it is 
common practice to ship sera at room temperature and store 
sera at 4 °C prior to batchwise analysis.

As far as we are aware, this is the first description of the 
use of synthetic M-protein EQA materials in the value assign-
ment of an EQA scheme for M-protein diagnostics. In the 
metrological traceability era, target values are typically derived 
from a reference measurement procedure, which is traceable 
to an international standard. However, since each individual 
patient produces a unique M-protein, such a standard does not 
exist for a heterogeneous measurand such as the M-protein. 
The approach described in this paper enables the introduction 
of target values despite the lack of reference methods or in-
ternational standards. These target values enable future in-
depth analysis of EQA results to assess bias of M-protein 
quantification between different diagnostic methods.

The use of synthetic materials meets the growing need 
for new sources of M-protein EQA materials due to the 
decreasing occurrence of plasmapheresis procedures. The 
wide availability of numerous t-mAbs can sustain a long-
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term production chain of materials for M-protein EQA 
schemes. However, an important limitation concerns the 
representativeness of synthetic M-protein EQA materials 
for clinically relevant situations. Most t-mAbs are of the 
IgG-κ isotype and migrate in the gamma fraction [19]. 
Routine M-protein diagnostics covers a substantially 
broader scope, including for example IgA and IgM 

M-proteins, and M-proteins migrating in the β-region. All 
of these situations are not represented by the current 
validation set, highlighting an important limitation to the 
applicability of this approach to cover various situations 
routinely encountered in M-protein diagnostics. To the 
best of our knowledge, commercial availability of other 
monoclonal antibody isotypes is currently limited to 
research purpose antibodies sold in microgram or milli-
gram packages. Future availability of large volumes of IgA 
or IgM monoclonal antibodies or antibodies with different 
migration patterns would increase the value of EQA 
schemes employing synthetic M-protein EQA materials.

Conclusions

In conclusion, we have shown that synthetic M-protein EQA 
materials can be prepared by spiking known concentra-
tions of t-mAbs into null serum, thereby providing a new 
and sustainable source of targeted EQA materials. The 
materials can be prepared to provide homogenous samples 
that are stable upon long-term storage at −80 °C and which 
appeared commutable in the tested comparisons, except 
for one hypergammaglobulinemic sample. The scope of the 
presented synthetic M-protein EQA materials and their 
validation is currently limited to samples with an IgG 
M-protein that migrate in the γ-region, but could be 
expanded in the future upon availability of t-mAb with 
other isotypes or migration patterns. The introduction of 
target values allows assessment of laboratory and method 
trueness and helps identify factors that can be optimised to 
reduce bias in M-protein quantification. Furthermore, 
these targeted samples open the way for harmonisation 
and exchangeability of results between different diagnostic 
methods.
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