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Summary

Background. In recent years, monoclonal antibody therapy
has become increasingly important in the treatment of multi-
ple myeloma in Lithuania. Even it is known that low levels of
these medicines can interfere electrophoresis assays and this
problem is widely discussed, laboratories do not have any
recommendations and often misinterpretation or inability
to measure therapeutic responses happens. The aim of this
article is to demonstrate the migration pattern of serum sam-
ples from patients treated with daratumumab and isatuximab
in SPE and immunofixation, to describe a simple and effective
method to remove daratumumab from patients' serum and to
propose the use of reflex tests regarding this problem.

Methods. Data from 2 patients were retrospectively ana-
lysed. Capillary electrophoresis, immunofixation and Hy-
drasys 2/4 daratumumab procedures were performed.

Results. In all cases, the interference of monoclonal an-
tibodies was established and visualised. Migration pattern
was determined: isatuximab migrates to the fast gamma
region in SPE, but to the mid gamma region in immuno-
fixation, while daratumumab migrates to the slow gamma
region in both assays.

Conclusion. This report highlights the importance of
the ability to recognize possible interference of monoclo-
nal antibodies by the visual electrophoresis images, which
is crucial for the clinical outcome measures. It suggests in-
cluding a reflex testing as a mandatory in the multiple mye-
loma patients who are treated with mAbs testing guide-
lines. Reflex testing should be performed on all patients for
whom a new IgG kappa monoclonal protein is observed as
well as for patients whose M-protein shares the same SPE
migration as mAb.

Keywords: multiple myeloma, reflex testing, monoclo-
nal antibody, electrophoresis, immunofixation.

INTRODUCTION

In recent years monoclonal antibody (mAb) therapy has
become increasingly important in the treatment of multi-
ple myeloma in Lithuania. Daratumumab (Darzalex) and
isatuximab (Sarclisa) are the two main drugs, which were
registered in Lithuania in 2016 and 2020 respectively. Al-
though the registration date of the drugs goes several years
back, their active use in clinical practice in Lithuania started
just at the end of 2021. Even it is known, that low levels of
these medicines can interfere electrophoresis assays and this
problem is widely discussed, laboratories do not have any
recommendations and often misinterpretation or inability
to measure therapeutic responses happens.

The aim of this paper is to demonstrate that daratumumab
and isatuximab can be detected as a monoclonal protein in
serum protein electrophoresis (SPE) and immunofixation
(IF) and to describe a simple and effective method to re-
move daratumumab from patients' serum and to propose
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usage of reflex testing regarding this issue. Moreover, it is
important to emphasize the need of general awareness de-
velopment among clinicians and laboratory specialists that
these drugs can lead to a false positive M-protein interpreta-
tion in routine clinical practice.

Therapeutic monoclonal antibodies

Daratumumab and isatuximab are humanized IgG1 kap-
pa derived mAbs, produced from a Chinese hamster ovary
(CHO) cell line. They bind with high affinity to CD38 mole-
cules expressed on the surface of multiple myeloma cells [1].
Daratumumab treatment is administered to patients who do
not have access to autologous stem cell transplant or patients
who are resistant to proteasome inhibitors and immunomodu-
latory therapies [2]. Treatment with isatuximab is initiated
for patients resistant to proteasome inhibitors and immu-
nomodulatory therapies [3]. The principle of mAbs action is
the death of tumour cells via Fc-dependent immune effector
mechanisms: apoptosis, complement dependant cytotoxicity,
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antibody-dependant cellular phagocytosis, and cytotoxicity
[4]. The main difference between these two drugs is that isa-
tuximab binds to a specific epitope on CD38 and selectively in-
duces death of multiple myeloma cells [5]. Isatuximab induces
direct apoptosis in the absence of cross-linking agents, and
daratumumab induces apoptosis with secondary cross-linking
[6]. Consequently, CD38 enzymatic activity is inhibited more
efficiently by isatuximab than by daratumumab [4].

When these mAbs were added at clinically relevant con-
centrations to the serum of a healthy person, the specific capi-
llary electrophoresis migration pattern was determined: both
agents have cathodal migration [7]. However, isatuximab mi-
grates in the fast gamma region in SPE but in the mid gamma
region in IF, while daratumumab migrates in the slow gamma
region in both SPE and IF [8]. Therefore, it was observed that
even low levels of mAb agents can be detected as a monoclo-
nal protein and lead to a false positive SPE result and the IgG
kappa monoclonal protein in IE. Futhermore, an interference
is seen in the total IgG quantification measurement, especia-
lly in those patients with non-IgG monoclonal proteins [2].
The recommended doses of daratumumab and isatuximab
are 16 and 10 mg/kg of body weight, respectively, and there
are several dosing regimens depending on the combination
with auxiliary drugs chosen. The serum half-life of daratu-
mumab is 15-23 days and isatuximab 28 days, thus an addi-
tional monoclonal protein will remain visible during patient
treatment and several weeks after the medication had been
stopped. However, clearance of the drug can vary between pa-
tients due to differences in weight and renal function [7, 8].

For a patient to be classified as having a complete response
(CR) according to the criteria of the International Myeloma
Working Group (IMWG), the serum and urine electrophoresis
results, and the immunofixation results must be negative for
the monoclonal protein (M-protein) [9]. This is a serious chal-
lenge for accurate diagnosis when differentiating a CR influ-
enced by interference of mAb therapy, since the most common
type of multiple myeloma is IgG kappa [10]. mAb interference
can be confused with the endogenous M-protein of the patient
and lead to false positive or misleading results and can affect
treatment choices. Furthermore, differentiation of endogenous
M-proteins from mAb is challenging, especially in cases where
both molecules co-migrate or migrate closely in the electro-
phoresis field [11]. Accurate identification of monoclonal pro-
teins is essential for good patient management. If during the
patient’s treatment a new M-protein is detected in a different
position and is identified as a new M-protein, the current treat-
ment could be evaluated as not effective, suggesting the need
for a therapy modification [12]. However, if a new M-protein is
identified as daratumumab or other therapeutic mAb interfe-
rence, then the current treatment should be maintained. There-
fore, regarding treatment it is important to use a mAb specific
IF assay for ruling out a drug interference. It is especially useful
when patient’s M-protein has the same isotype and migration
pattern as the mAb based drug. In this case, distinguishing the
two only using SPE or IF is impossible [7]. Antibodies which
bind the mAb drug and separate endogenous M-protein are
necessary to confirm the interference.
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MATERIALS AND METHODS

There were 2 cases of different patients’ data retrospectively
analysed. SPE (Minicap Flex Piercing platform (Sebia, France)),
IF (Hydrasys 2 Scan (Sebia, France)) testing procedures, mi-
gration and staining protocols were performed according to
the manufacturer instructions. In the market there are only
two manufacturer that offers commercial kits for serum elec-
trophoresis — Sebia (France) and Helena (UK). The authors
chose to use Sebia, because majority of assay in Europe is done
with this manufacturer kits. Furthermore, the second reason is
that at the moment Helena do not have any solutions available
in Europe that deals with mAb interference and Sebia's Hy-
drashift 2/4 is the only commercially available method that is
FDA (Food and Drug Administration) approved.

The new Hydrasys 2/4 daratumumab (Hydrasys 2 Scan
(Sebia, France)) method was used. Hydrashift 2/4 daratu-
mumab assay uses anti-daratumumab antibodies and enables
the migration of a daratumumab/anti-daratumumab complex
towards the a-globulin fraction on IE. Based on its charge, the
daratumumab antibody migrates faster than the endogenous
M-protein, and when the anti-daratumumab reagent binds
to the therapeutic IgG, a complex is formed. The testing pro-
cedures, migration and staining protocols for this assay were
performed according to the manufacturer’s instructions.

RESULTS

Case 1

A 78-year-old man with a history of resistant anaemia
treatment was admitted to the Vilnius University Hospital,
Santaros Clinics. SPE and IF were performed and showed
a 41.8 g/L IgG lambda M-protein (Figure 1, A). Therefore,
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Fig 1. Detection of daratumumab by serum protein
electrophoresis (SPE) and serum immunofixation (IF).
(A) The SPE and IF of patient 1 demonstrated IgG-A
M-protein of 41.8 g/L. (B) After six doses of daratumumab
treatment, the endogenous M-protein decreased to 6.8 g/L
and a second IgG-k monoclonal protein appeared (black
arrows). (C) Hydrashift 2/4 daratumumab assay confirmed
that the second IgG-x monoclonal protein is present due to
daratumumab interference.
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the admission diagnosis was Multiple myeloma, IgG lamb-
da type, Revised Multiple Myeloma International Staging
System (R-ISS) stage II. The patient received daratumum-
ab treatment for one month. Daratumumab was combined
with VMP (bortezomib, melphalan, and prednisone) in the
pre-specified schedule at a dose of 16 mg/kg. After six doses
of daratumumab the M-protein had decreased significantly to
6.8 g/L. However, the second M-protein, which could have
been caused by daratumumab interference, did not appear
in the SPE test. The new kappa monoclonal protein was vis-
ible only in the IF assay (Figure 1, B).

As the original IgG lambda M-protein from this patient mi-
grated into exactly the same region as a possible daratumum-
ab-band, in this situation it was impossible to characterize this
band without using a specific assay. Therefore, another Hy-
drashift 2/4 daratumumab assay confirmed the co-migration
of daratumumab and endogenous M-protein (Figure 1, C). The
result was reported as an IgG lambda monoclonal protein with
the note about daratumumab interference.

Case 2

A 57-year-old man with a 9-year history of IgG lambda
multiple myeloma. Throughout the years of disease, the pa-
tient received CTD (cyclophosphamide, thalidomide, dexa-
methasone) therapy, two autologous stem cell transplants,
VTD (bortezomib, thalidomide, and dexamethasone) thera-
py and bendamustine with dexamethasone therapy. After all
these treatments, partial remissions were reached, but after
some time, relapses occurred. Three years later, disease pro-
gression was observed and LenDex (lenalidomide and dexa-
methasone) treatment along with cyclophosphamide was
started. After two years, carfilzomib with dexamethasone was
prescribed and later PomCyDex (pomalidomide, cyclophos-
phamide, and dexamethasone) were prescribed. The durable
response was not achieved in eight years.

In December 2021 as isatuximab became available in Lithu-
ania, treatment with isatuximab alongside with pomalidomide
and dexamethasone was started immediately. Before mAb treat-
ment, M-protein was 32.93 g/L and monoclonal IgG lambda
was observed (Figure 2, A). Unfortunately, after six doses of
isatuximab, the M-protein peaked at 47.2 g/L. However, the sec-
ond isatuximab peak was not seen in SPE or in IF (Figure 2, B).
This could be explained by the fact that isatuximab and the en-
dogenous patients paraprotein comigrate at the same level. As
this patient was the first and yet the only one who received isa-
tuximab treatment, no further Hydrashift 2/4 isatuximab assay
could be performed because the laboratory did not have specific
antiserum. The result was reported as the IgG lambda monoclo-
nal protein with a note about a possible isatuximab comigration.

With progression of myeloma bone marrow aspiration
was performed and the V600E mutation of the BRAF gene
was determined. Treatment with BRAF and MEK inhibitors -
dabrafenib and trametinib — which act by inhibiting kinases
further downstream of BRAF in the MAPK signaling path-
way was started and after 6 months the M protein decreased
to 3.3 g/L and no second M protein was visible in SPE, nor
in IF (Figure 2, C). Therefore, it substantiates the hypothesis
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that when the endogenous paraprotein is comigrating with
isatuximab, the only option is to run a Hydrashift 2/4 isatux-
imab analysis.
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Fig 2. Detection of isatuximab by serum protein
electrophoresis (SPE) and serum immunofixation (IF).
(A) SPE and IF of patient 2 demonstrated IgG-A M-protein
0f 32.93 g/L. (B) After six doses of isatuximab treatment,
the endogenous M-protein peaked at 47.2 g/L, but no
second IgG-k monoclonal protein appeared. (C) After fur-
ther treatment with BRAF and MEK inhibitors, no second
monoclonal IgG-« protein was visible in SPE and IE

DISCUSSION

In the future many more patients will be treated with the
various combinations of mAb therapy, and thus the evalua-
tion of M-protein by electrophoresis assays will become more
challenging. The incorrect interpretation of the response to
treatment in the SPE / IF analysis due to interference usually
ranges from a misclassification between CR and a very good
partial response [9]. However, there exists no established
standard practice for determining the necessity of distin-
guishing between multiple myeloma disease and mAb thera-
pY, thus decision is usually laboratory depending.

The mAb interference could be suspected from either the
distinct migration of the M-protein SPE (if the migration
profile is the same as the endogenous M-protein, then suspi-
cion is not possible) or the different isotype ascertained by IE.
However, the migration pattern alone is not strong enough
evidence that a band is formed by mAb interference [13].
Therefore, effective collaboration between clinicians and lab-
oratory medicine specialists is necessary for optimal moni-
toring of M proteins. In many cases, the clinical laboratory
specialists do not receive detailed clinical and medication
information, particularly about antibody therapy, and can
misinterpret the external mAb as the endogenous M-protein,
and thus report false positive results. Alternatively, if acces-
sible, authorised laboratory specialists should be able to search
electronic medical records of the patient’s treatment history.
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It is important to note that IF is not ordered routinely; there-
fore, it is necessary to establish a follow-up reflex test procedure,
especially for patients whose M—protein shares the same migra-
tion of SPE as mAb. The purpose of reflex testing is to provide
more efficient and accurate results by performing additional
tests that are relevant to the initial test results. This type of test
is carried out without the intervention of the ordering physician
when an initial test result is inconclusive without a follow-up
test. One of the most important points of reflex testing is that
no additional patient sample is needed. Furthermore, it further
identifies valuable diagnostic information and improves patient
care due to shorter turnaround times (TAT) and significantly
higher accuracy. Consequently, reflex testing can improve the
accuracy and efficiency of diagnostic testing and healthcare pro-
viders can quickly arrive at an accurate diagnosis and provide
appropriate treatment for patients. What is more important,
each laboratory creates its own criteria for reflex testing, but it
requires clinical judgment and experience of laboratory medi-
cine specialist. Also, physicians must know all protocols for per-
forming reflex testing and must be able to reject follow-up tests
at the time the initial test is ordered. However, reflex testing will
result in additional charges. Therefore, it should be considered to
start using IF and Hydrashift 2/4 tests as reflex testing, especially
for patients whose M-protein shares the same SPE migration as
mAb. In this way, it will be possible to distinguish external mAb
from the endogenous M-protein. This is well illustrated in our
case 2. Furthermore, according to the IMWG criteria of, a test
to distinguish between monoclonal protein and therapeutic an-
tibody should be mandatory in all clinical trial settings [9]. The
Hydrashift 2/4 method has a short turnaround time without the
need for additional instrumentation or a standardised and auto-
mated test and since there are other mAbs for the treatment of
multiple myeloma, this simple technique can be adopted for the
detection of other interfering mAb drugs using the respective
antibodies [10]. However, it has several drawbacks, such as be-
ing a nonquantitative assay; interpretations can be complicated
in cases of hypergammaglobulinemia [10]. In the future there
will be more and more newly approved therapeutic mAb and
the commercial kits will not be available as fast as it needed. An-
ti-CD38 can prevent interference and can be used with different
therapeutic mAbs. This antigen-specific therapeutic mAbs de-
pletion assay (ASADA) is based on magnetic beads coated with
specific antigens of the therapeutic antibodies, thus depleting the
mADbs in the sample [14]. The advantage of this method is that
it is not require for specific antisera for different mAbs. How-
ever, disadvantages, such as it is non standardized, non-FDA
approved and usually it is in-house method, outweigh the ad-
vantage. Another point of view is that more generalised method
such as matrix-assisted laser desorption ionisation-time of
flight mass spectrometry (MALDI-TOF MS) could be more
expedient [13]. On the other hand, limited by the economic
conditions, not all laboratories could use this technique.

Since daratumumab or isatuximab interference electro-
phoresis tests, screening for every new IgG kappa monoclonal
protein is impractical and expensive, all laboratories should
request clinicians to state the antibody drug and rely on a sim-
ple protocol for patients treated with mAb [13, 15]:

124

1. It is recommended that the blood draw should be done
before the next mAb drug infusion and it is important to en-
sure that blood is not drawn proximal to an active infusion
site or right after the infusion;

2. It is crucial to inform a laboratory specialist about the
patient’s treatment with mAb;

3. If suspected interference is seen in SPE an IF, labo-
ratory reflex tests should be performed: Hydrashift 2/4 IF
should be performed to confirm that the new IgG kappa
monoclonal protein is from the drug;

4. If the mAD drug is present, the result should be given
with the appropriate comment about the interference;

5. If the band is not from the mAb drug, then clinicians
must be notified about the implications of a new clone.

CONCLUSIONS

Due to the increasing use of monoclonal antibodies,
such as daratumumab and isatuximab, for the treatment of
multiple myeloma, both laboratory specialists and clinicians
should be aware of possible interference of these drugs in
electrophoresis assays. Therefore, this report highlights the
importance of a careful and accurate interpretation of the re-
sults of SPE and IF, which is crucial for the clinical outcome
measures. Moreover, it suggests to include a reflex testing as
amandatory in the MM patients who are treated with mAbs
testing guidelines. Reflex testing should be done, if possi-
ble, for all patients for whom a new IgG kappa monoclonal
protein is observed as well as for patients whose M-protein
shares the same SPE migration as mAb. In order to facil-
itate selection of patients for whom reflex testing is need-
ed, the usage of laboratory software programme is recom-
mended. The majorities of laboratories have an opportunity
to check patient chart for each sample to see previous results.
Furthemore, the cooperation between laboratory specialists
and clinicians is crucial in order to pursue accurate results.
It is recommended that clinicians always inform laboratory
about patients who are receiving mAbs. On this wise labora-
tory specialists could evaluate results more carefully.
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Santrauka

TERAPINIY MONOKLONINIY
ANTIKUNU INTERFERENCIJA IR
PAPILDOMI DAUGINE MIELOMA
SERGANCIU PACIENTU TYRIMAI
Goda Aleknaviciaté-Valiené, Dalius Vitkus,

Dovilé Karc¢iauskaité, Jean Deenmamode,
Réda Matuzeviciené

Ivadas. Pastaraisiais metais monokloniniy antikany
terapija Lietuvoje tampa vis svarbesné gydant daugine
mieloma. Nors ir zZinoma, kad mazas $iy vaisty kiekis gali
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trukdyti elektroforezés tyrimams, ir §i problema yra placiai
aptariama, taciau laboratorijos neturi jokiy rekomendacijy
ir daznai pasitaiko klaidingy interpretacijy ar netinkamai
jvertinto terapinio atsako. Sio straipsnio tikslas — parodyti
pacienty, gydyty daratumumabu ir izatuksimabu, serumo
meéginiy migracijos modelj atliekant kapiliarine elektrofo-
reze ir imunofiksacija, aprasyti paprasta ir veiksminga da-
ratumumabo pasalinimo i§ pacienty serumo metodg bei
pasitlyti siuo tikslu naudoti papildomus tyrimus.
Metodai. Dviejy pacienty duomenys buvo analizuoja-
mi retrospektyviai. Atlikta kapiliariné elektroforeze, imu-
nofiksacija ir Hydrasys 2/4 daratumumabo procediros.
Rezultatai. Visais atvejais buvo aptikta ir vizuali-
zuota monokloniniy antikiiny interferencija. Nustatytas
migracijos modelis: izatuksimabas migruoja | greitaja
gama sritj atliekant kapiliarine elektroforeze ir j viduti-
ne gama sritj imunofiksacijos metu, o daratumumabas
migruoja j létaja gama sritj abiejuose tyrimuose.
I§vados. Sie klinikiniai atvejai jrodo terapiniy mono-
kloniniy antikiiny interferencijos svarba vizualiniams
elektroforezés tyrimy rezultatams. Papildomi privalomi
tyrimai, tokie kaip terapiniy monoklininiy antikiny
pasalinimas i§ méginio pacientams, gydomiems Siais
vaistais, turéty buti atliekami norint tinkamai jvertinti
gydymo atsaka. Ypac¢ didelé svarba turi bati teikiama
tiems, kam aptinkamas naujas IgG kapa monokloninis
baltymas, bei tiems, kuriy kapiliarinés elektroforezés
M baltymo migracijos profilis toks pat kaip terapiniy
monokloniniy antikany.
Reik$miniai Zodziai: dauginé mieloma, monoklo-
niniai antikinai, elektroforezé, imunofiksacija.
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