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ABSTRACT

KEY WORDS:

Background: Multiple myeloma (MM) accounts for approxi-
mately 10% of hematological malignancies. The monoclonal
immunoglobulin G kappa (IgG-k) daratumumab can bind to
CD38 on MM cells and be detected in serum immunofixation
(IF), causing pitfalls in M-protein quantification.
Objectives: To determine the efficacy of mitigating the interfer-
ence of IgG MM treated with daratumumab.
Methods: Levels of Ig, free light chains (FLC) kappa (k) and
lambda (M), serum protein electrophoresis (SPE)/IF, and Hy-
drashift 2/4 assays were assessed following manufacturer's
instructions in three patients.
Results: Patient 1 was a 70-year-old male diagnosed with IgG-A
MM. The IF distinguished two monoclonal bands (IgG-k and
IgG-A). With the Hydrashift assay, the daratumumab-anti-da-
ratumumab immune complex shifted the IgG-k to the a zone,
suggesting that the monoclonal IgG-k band corresponded to
daratumumab. Patient 2 was a 63-year-old male with IgG-kx MM
who was receiving daratumumab once every other week. SPE/
IF assay revealed a faint monoclonal IgG-k band in the y zone.
A stronger monoclonal band was observed after administration.
The 1gG-k band disappeared on the Hydrashift assay, while the
daratumumab-anti-daratumumab complex appeared as a broad
smear in the a-region. Patient 3, a 63-year-old male diagnosed
with 1gG-AMM, was receiving daratumumab once every other
month. The IF assay showed two distinct bands (IgG-k and IgG-A)
post-daratumumab administration. The shift to the a zone of the
IgG-k bands on the Hydrashift assay confirmed that the addition-
al band observed post-infusion was due to the daratumumab.
Conclusions: The Hydrashift assay can help distinguish dara-
tumumab from endogenous M-spike.
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ultiple myeloma (MM) is the second most prevalent he-
matological malignancy, accounting for approximately
10% of all cases of cancer. It is characterized by the prolifer-
ation of neoplastic plasma cells in the bone marrow leading to

excessive production of monoclonal protein (M-protein) [1].

The most typical clinical manifestations are hypercalcemia,
renal failure, anemia, and bone disease (commonly summarizes
by the acronym CRAB) [2].

Most MM cases evolve from an asymptomatic pre-malignant
stage termed monoclonal gammopathy of undetermined signif-
icance (MGUS). It is characterized by the presence of a serum
M-protein concentration lower than 3 g/dl and less than 10%
clonal plasma cells in bone marrow as well as by the absence of
MM-related end-organ damage [3].

MGUS could progress to a more advanced, but still asymp-
tomatic, phase known as smoldering multiple myeloma (SMM)
characterized by the presence of a serum M-protein level higher
than 3 g/dl and/or up to less than 60% of bone marrow plas-
ma cell infiltration, with no clinical CRAB criteria [3,4]. SMM
could subsequently transform into active MM with a rate of
10% per year over the first 5 years following diagnosis, and 1%
to 3% per year thereafter [5].

According to the International Myeloma Working Group
(IMWG), the detection, quantification, and typing of the
M-spike by serum protein electrophoresis (SPE) and immu-
nofixation (IF) methods are critical for the evaluation and fol-
low-up of patients with MM [5].

Over the past decade, treatment options for MM have evolved
substantially, resulting in improved survival rates among MM pa-
tients. In relation to patient characteristics, disease biology, and
tumor burden, most newly diagnosed MM patients can achieve
durable responses with known novel drug combinations, result-
ing in prolonged duration of responses and improved control of
symptoms and quality of life [4]. Nevertheless, MM remains an
incurable disease despite improved treatment options [1].

In 2015, the U.S. Food and Drug Administration (FDA)
approved daratumumab, a therapeutic monoclonal antibody
(t-mAb), for the treatment of relapsed or refractory MM. Da-
ratumumab is a fully human immunoglobulin G kappa (IgG-«)
t-mAb that can bind to the highly expressed glycoprotein CD38
on MM cells [6]. It is thought to induce MM cell death through
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several mechanisms, including direct cellular apoptosis, com-
plement-dependent cytotoxicity, antibody-and cell-mediated
cytotoxicity, and antibody-dependent cellular phagocytosis [6].
Given its potent anti-myeloma activity, daratumumab-based
combinations are being tested in front line settings [7].

Daratumumab is given as a weekly infusion in cycles 1-2
(weeks 1 to 8), every 2 weeks in cycles 3—6 (weeks 9 to 24),
and every 4 weeks from cycle 7 until disease progression. Its
half-life is concentration and time-dependent with a linear elim-
ination time of 18 + 9 days [1].

The administration of a t-mAb can be detected as a distinct
monoclonal band in serum IF. Moreover, IgG-k M-proteins
may co-migrate with daratumumab, generating pitfalls in the
M-protein quantification, since pharmacokinetic studies show
that peak plasma concentrations of daratumumab reach up to |
g/L [8]. That result may lead to misinterpretation and may affect
response assessment according to the IMWG criteria.

Hydrashift 2/4 is a commercial kit from Sebia (France),
which was recently approved by the FDA. It was designed to
overcome this possible interference by forming a specific com-
plex anti-daratumumab—daratumumab and shifting the daratu-
mumab band to the alpha zone in IF gel.

We report our results using the Hydrashift assay in three
cases of IgG-k MM treated with daratumumab at different
time intervals.

PATIENTS AND METHODS

The study was approved by the ethics committee of the Samson As-
suta Ashdod University Hospital, protocol number AAA-0071-19.

Whole blood samples were collected from three patients with
IgG-x MM, who were receiving daratumumab in relapsed/re-
fractory settings. Samples were collected prior to daratumumab
administration and on days +1, +7, and +20 after infusion. Se-
rum was separated from cells by centrifugation at 3500 RPM for
10 minutes within 1 hour of collection, and then stored at -20°C.
Before analysis, the aliquots were thawed and mixed well.

Levels of 1gG, IgM, IgA, and free light chains (FLC) kappa
(x) and lambda (1) were assessed following manufacturer's kit
instructions ((Roche Cobas 6000® and Freelite® Roche Co-
bas® C system [Switzerland], respectively).

SPE, IF, and Hydrashift 2/4 assays were tested with Sebia
hydrasys 2 according to manufacturer's instructions.

RESULTS

PATIENT 1

A 70-year-old male patient with a previous diagnosis of IgG-
AMM was admitted to our clinic for daratumumab treatment.
The drug was already being administrated intravenously once a
week at a dose of 16 mg/kg.

At admission, serum levels of immunoglobulins were be-
low normal and those of FLC-k were within the normal range.
FLC-x concentration was above normal values, with a conse-
quently low FLC-/A ratio [Table 1].

SPE assay revealed a single band in the gamma (y) zone at
baseline and one day post-daratumumab infusion [Figure 1A,
lines 2 and 3, respectively].

The IF distinguished two monoclonal bands (IgG-k and a
weak 1gG-)) [Figure 1B, left panel]. At the Hydrashift assay, the
daratumumab-anti-daratumumab immune complex shifted
the IgG-« to the o zone, while the monoclonal 1gG-A band
remained in the o zone [Figure 1B, right panel].

These results suggest that the monoclonal 1gG-k band
corresponds to daratumumab, identifying the presence of
the treatment-related oligoclonal band.

PATIENT 2
A 63-year-old male with IgG-xMM and hypogammaglobulin-
emia was admitted to our institute. He was already receiving
daratumumab once every other week.
At admission, IgG and IgM levels were below the reference val-
ues, while IgA and FLC levels were within normal ranges [Table 1].
Before the first daratumumab infusion at our center, the SPE
assay revealed a faint monoclonal band in the y zone [Figure 1B,
line 2]. A stronger monoclonal band was observed immediately
after the administration [Figure 2A, line 3]. It was attenuated
again a week later [Figure 2A, line 4].

Figure 1. Serum protein electrophoresis (SPE)

[A] Patient 1. A single band is observed in the g zone (highlighted with
a box) both before (line 2) and a day after daratumumab administration
(line 3). Line 1 corresponds to normal control.

[B] Patient 2. The monoclonal band in the g zone (highlighted with a
box) was faint before the daratumumab infusion (line 2), stronger a day
after administration (line 3, arrow), and attenuated a week later (line
4). Line 1 corresponds to normal control

[C] Patient 3. No evidence of M-spike was observed at SPE before (line
2). A faint band was then visible after a day (line 3, arrow), with no
evidence at 14-days (line 4), and 30-days (line 5) after daratumumab
administration. Line 1 corresponds to normal control.
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Table 1. Laboratory characteristics at baseline and after treatment

Total protein | 1gG (700-1600 | IgM (40-230 IgA (70-400 | FLC(3.3-19.4 |FLCk(5.7-26.5 K/ A Ratio
(6.4-8.3 gr/dl) mg/dl) mg/dl) mg/dl) mg/dl) mg/dl) (0.25-1.65)
Patient 1
Baseline 6.2 501 26 25 5.2 70.84 0.07
Post-treatment 5.7 500 24 23 3.85 62.1 0.06
Patient 2
Baseline 5.6 398 8 79 23.53 17.77 1.32
Post-treatment 5.9 466 9 86 n/a n/a n/a
7 days post- 55 388 7 74 215 16.03 1.34
Patient 3
Baseline 6.8 526 23 26 6.49 13.75 0.47
Post-treatment 6.5 559 22 25 6.54 13.59 0.48
15 days post- 6.7 513 19 23 732 14.07 0.52
30 days post- 63 517 25 21 6.73 134 05

At the same time points, the IF assay confirmed the pres-
ence of a monoclonal IgG-k band [Figure 2B, left panel]. When
the samples were run on the Hydrashift assay, the IgG-x band
disappeared and the daratumumab-anti-daratumumab com-
plex appeared as a broad smear in the o region. The results
confirmed that the patient was in complete remission, demon-
strating that the IgG-k band on the IF was due to daratumumab
[Figure 2B, right panel].

PATIENT 3

A 63-year-old male with a diagnosis of [gG-AMM was referred
to our institute while receiving a daratumumab once every other
month. Immunoglobulin levels were below the normal range,
while FLC levels were normal [Table 1].

No obvious evidence of M-spike was observed at SPE before
treatment [Figure 2B, line 2]. A faint band was then observed
after administration [Figure 2B, line 3] with no evidence of it
after 14 and 30 days from the daratumumab infusion [Figure 2C,
lines 4 and 5, respectively].

The IF assay showed a weak IgG-A band at baseline, two
distinct bands (IgG-k and [gG-A) post-daratumumab administra-
tion, and again only algG-A band detected after 14 and 30 days,
respectively [Figure 2B, left panel].

The shift to the o zone of the [gG-k bands on the Hydrashift
assay confirmed that the additional band observed post-infusion
was due to the daratumumab [Figure 2C, right panel].

DISCUSSION

This study was designed and conducted at the end of 2018, fol-
lowing the College of American Pathologists external quality
control. According to the results, more than half of the 900 par-

Figure 2. Immunofixation (left) and Hydrashift 2/4 (right) assays

[A] Patient 1

Left: IgG k and 1gG | monoclonal bands (arrows) were detected by
immunofixation both before (a) and a day after (b) daratumumab

administration.

Right: Daratumumab-anti-daratumumab complex appears as a band
smear in the A zone (highlighted with a box) both before (a) and a day
after (b) daratumumab administration, remaining only a monoclonal

IgGl band (arrow).
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[B] Patient 2

Left panel: IF showed a weak monoclonal IgGK band (arrows) before (1),
stronger a day after (2), and faint after 7 days of daratumumab infusion (3).
Right panel: Daratumumab--anti-daratumumab complex appears as a
smear in the A zone (highlighted with a box) both before (1), a day (2),
and a week after (3) the daratumumab administration.
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ticipating laboratories in the world were not aware of the in-
terference of the monoclonal t-mAb (such as daratumumab) in
quantification and typing of the M-spike by SPE and IF assays.

In the present study, we reported three cases of MM showing
different scenarios during treatment with daratumumab.

In the first patient (IgG-AMM), SPE results detected the
presence of a single monoclonal band both before and after the
daratumumab infusion. However, an additional IgG-« band was
then revealed by the IF. This situation may suggest that the M
protein co-migrates with daratumumab. The Hydrashift assay

[C] Patient 3

Left panel: IF showed a weak monoclonal IgGl band at baseline (arrow),
and a IgG k and a IgG | the day (marked by arrows). Only the IgG | was
still visible after 14- and 30-days of daratumumab infusion (arrows).
Right panel: Daratumumab-anti-daratumumab complex appears a day
after treatment as a smear in the A zone (highlighted with a box). The
bands were mainly visible a day after treatment (arrows).
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was helpful in identifying the presence of the treatment-related
band. Only the IgG-A protein had diagnostic relevance.

In the second case, a patient in complete remission, Hydra-
shift 2/4 was able to demonstrate in that the monoclonal band
detected even after 7 days after the last dose was a consequence
of daratumumab administration.

The last situation showed a disparity between the results of
the IF immediately after administration of daratumumab (two
different monoclonal bands) and those observed 14 and 30 days
later (only one IgG-A monoclonal band). Hydrashift 2/4 was
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helpful in confirming the presence of a treatment-related mono-
clonal band at the earlier time point.

We found that the Hydrashift assay was easy to performed
using existing laboratory instruments. The assay addresses
the false positive interference of daratumumab on IF. The test
may be most useful when M protein levels are approximately
equal to or less than the concentration of daratumumab (ap-
proximately 1g/L) [7].

Proper interpretation of SPE/IF results is crucial for monitor-
ing the treatment of patients with MM. Complete response, de-
fined by negative IF and less than 5% bone marrow plasma cells,
has been accepted as a relevant surrogate marker of survival [9].

Although MM remains incurable, management of the dis-
ease has been transformed during the last decade, with the in-
troduction of novel agents, such as proteasome inhibitors (bor-
tezomib, carfilzomib, ixazomib), immunomodulatory agents
(thalidomide, lenalidomide, and pomalidomide),and more re-
cently monoclonal antibodies (daratumumab, elotuzumab) [10].
The use of these frontline agents has resulted in 5-year survival
rates as high as 80% [11].

Daratumumab is a fully human anti-CD38 IgG1- kmAb.
Preclinical studies showed that daratumumab may kill myeloma
cells by complement-mediated cytotoxicity, by antibody-depen-
dent cellular cytotoxicity, and by antibody-dependent cellular
phagocytosis [12,13]. Since it was approved by the FDA in
2016, case reports identifying a new small y fraction abnormal-
ity in SPE and the identification of an IgG-k on IF have been
common. Daratumumab is given in high enough concentrations
that if a blood sample is drawn within a couple of days after
the infusion, it will appear as a band on SPE/IF. If the original
MM patient clone is of a different isotype, such as an IgA-A,
the finding of a new IgG-x during follow-up should prompt the
laboratory to report it as a potential t-mab (the appearance of a
new IgG-k disease close would be much rarer). The most chal-
lenging scenario would be when the endogenous [gG-k and the
t-mab co-migrate on SPE.

Several strategies have been suggested to help properly in-
terpret IF results for patients who are receiving daratumumab
[14,15]. The Hydrashift 2/4 daratumumab assay is a useful tool
to confirm the source of the IgG-x band on IF.

This assay also becomes critically important for patients re-
ceiving upfront therapy with daratumumab-based regimens, as
a significant proportion will be expected to achieve complete
remission [16,17].

CONCLUSIONS

The use of a Hydrashift 2/4-daratumumab kit could help suc-
cessfully distinguish daratumumab from endogenous M-spike.
It is essential to inform the laboratory of the treatment protocol
to avoid misinterpretations of SPE and IF results. Based on this
study, we recommend drawing a blood sample just before the
next infusion to decrease the possibility of seeing the therapeu-

tic monoclonal antibody t-mAbs in IF. Guidelines and recom-
mendations are necessary to properly implement the Hydrashift
assay into laboratory workflows and routine clinical practice.
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