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Background: Daratumumab, a monoclonal antibody used to treat relapsed or refractory multiple myeloma, can
interfere with protein electrophoresis and immunofixation assays. False-positive immunofixation results due to dara-
tumumab can cause uncertainty regarding the status of a patient's disease and lead to potential misclassification of
their response to therapy. The Hydrashift 2/4 Daratumumab assay (Sebia) was recently cleared by the Food and Drug
Administration for resolvingdaratumumab interferenceon immunofixation.Here,weevaluate theperformanceof the
Hydrashift assay in multiple myeloma patients receiving treatment with daratumumab-based regimens.
Methods:Waste serum samples frommultiplemyeloma patients (n = 40) receiving daratumumabwere analyzed
by standard immunofixation and the Hydrashift assay. Results from these tests were compared and were evalu-
ated along with pretreatment serum protein electrophoresis and immunofixation results, if available.
Results: TheHydrashift assay shifted themigration of daratumumab in patient samples. In 27 cases, the patient's
M protein was distinguishable from daratumumab by standard immunofixation. In these cases, the Hydrashift
assay confirmed that the IgGκ band was daratumumab and helped identify the presence of treatment-related
oligoclonal bands. There were 11 instances in which the patient's IgGκM protein comigrated with daratumumab.
In all 11 cases, the Hydrashift assay confirmed the presence of residual M protein. Finally, in 2 patients whose
pretreatment immunofixation resultswere not available, theHydrashift assay confirmed that the IgGκband visible
on immunofixation was due to daratumumab alone.
Conclusions: The Hydrashift 2/4 Daratumumab assay is a useful tool to clarify the source of an IgGκ band on
immunofixation and allow a patient's M protein to be viewed without interference.

IMPACT STATEMENT
This manuscript presents results from the Hydrashift 2/4 Daratumumab assay, a commercially available,

Food and Drug Administration-cleared kit that distinguishes daratumumab from disease-related M proteins

on immunofixation. Application of the Hydrashift assay in patients receiving thismonoclonal antibody therapy

allows the source of an IgGκband to be confirmed and a patient'sMprotein to be viewedwithout interference.

This will benefit myeloma patients who are receiving daratumumab therapy through more accurate monitor-

ing of their disease status.
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Daratumumab, a fully human IgG1κmonoclonal
antibody (mAb) that binds CD38, gained Food and
Drug Administration (FDA)4 approval in 2015 for
the treatment of relapsed or refractory multiple
myeloma. Because of its potent antimyeloma activ-
ity, daratumumab is being considered for inclusion
as part of frontline therapy in several clinical trials.
However, daratumumab and othermAb therapeu-
tics can cause a false-positive interference on
serum protein electrophoresis (SPEP) and immu-
nofixation (IF) assays (1–4), which are routinely
used to monitor myeloma patients. If daratu-
mumab is misinterpreted as the patient's disease
biomarker on SPEP/IF studies, clinical decisions
may be affected and the patient's response to
therapy based on International Myeloma Working
Group uniform response criteria (5) may be mis-
classified. Therefore, laboratory tools that can
discriminate between the false-positive interfer-
ence and disease-related paraprotein (M protein)
are greatly needed.
The Hydrashift 2/4 Daratumumab assay (Sebia)

was recently cleared by the FDA to distinguish
daratumumab from disease-relatedM proteins on
IF. The Hydrashift assay is a commercial version of
the Daratumumab Interference Reflex Assay (6, 7)
and can be performed with existing instruments
and standard supplies. A monoclonal murine
antiidiotypic antibody against daratumumab (an-
tidaratumumab antiserum) is used to shift the
migration of daratumumab on the gel, which al-
lows the presence of the drug to be confirmed
and the patient's M protein to be viewed without
interference. In this study, we evaluated the perfor-
mance of the Hydrashift assay in 40 multiple my-
eloma patients who were receiving daratumumab-
based therapy.

METHODS

Patient samples

The study was conducted with the approval of
the Institutional Review Board at Memorial Sloan
Kettering Cancer Center under protocol number
17-376. A clinical database search was performed
to identify patients who had routine SPEP and IF
studies when receiving a daratumumab-based
treatment regimen.Waste clinical samples from40
patients were collected on the basis of sample
availability and sample volume. Samples were
obtained from the Clinical Chemistry Laboratory
at Memorial Sloan Kettering Cancer Center ac-
cording to institutional guidelines and were
stored at −20 °C until analysis. Clinical patient
characteristics, including the isotype of the pa-
tients' endogenous M protein, date of last dara-
tumumab infusion, daratumumab cycle number,
doses administered, and concurrent medication
use, were collected through chart review (Table
1). If available, results from pretreatment SPEP
and IF were collected to evaluate the migration
pattern of the patient's original disease-related
M-protein band.

IF and Hydrashift 2/4 Daratumumab assays

Patient sampleswere run onboth theHydrashift
assay and a standard IF gel for comparison. Both
assays were performed on the Hydrasys 2 system
(Sebia) using the Hydragel 4 IF kit (Sebia). The
Hydrashift procedure is similar to that of a normal
IF, except that the antidaratumumab antiserum is
applied to the gel with an additional applicator. A
positive control sample was run daily. Both assays
were performed according to the manufacturer's
instructions.

†K.L. Thoren and M.J. Pianko contributed equally to this work.
DOI: 10.1373/jalm.2018.026476
© 2018 American Association for Clinical Chemistry
4Nonstandard abbreviations: FDA, Food and Drug Administration; mAb, monoclonal antibody; SPEP, serum protein electrophoresis; IF,
immunofixation.
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RESULTS

We evaluated the performance of the Hydrashift
assay with 40 samples from multiple myeloma pa-
tients who were receiving daratumumab and who
had a variety of M-protein isotypes (Table 1). The
Hydrashift assay reliably shifted the migration of
daratumumab in patient samples. Shift of the
daratumumab-related band was most evident in
samples in which daratumumab was present at
sufficient concentration and was distinct from the

patient's M-protein band on IF. There were 27 in-
stances in which the patient's M protein and an
additional IgGκ band were distinguishable by IF
alone. Bands could be distinguished by IF alone if
theMproteinwas an isotypeother than IgGκ (n = 20)
or if theMprotein was an IgGκ (n = 5) or free κ (n = 2)
with a different migration pattern than daratu-
mumab. In 26 of these 27 cases, the Hydrashift
assay result confirmed that the additional band
was daratumumab. A representative example is
shown in Fig. 1A. In 1 case, after application of the

Table 1. Baseline characteristics.

Patient characteristics, n = 40
Age: median (range), years 72 (48–85)
Sex: Men: n = 26 (65%), Women: n = 14 (35%)
Diagnosis: Multiple myeloma: n = 35

Smoldering multiple myeloma: n = 1
Amyloid light-chain amyloidosis: 1
Amyloid light-chain amyloidosis and multiple myeloma: 1
Multiple myeloma & POEMS syndrome and CLL/SLLa: 1
Amyloid light-chain amyloidosis and Waldenstrom macroglobulinemia: 1

Isotype of endogenous paraprotein: IgGκ: 17
IgGλ: 9
IgAκ: 2
IgAλ: 4
IgMκ: 0
IgMλ: 1
Light chain κ: 3
Light chain λ: 3
IgAλ/IgGλ biclonal: 1

Prior lines of therapy: median (range) 2 (0–10)
Regimen at time of evaluationb: Daratumumab monotherapyc: n = 9

Daratumumab + bortezomib ± steroid: n = 7
Daratumumab + lenalidomide ± steroid: n = 7
Daratumumab + pomalidomide ± steroid: n = 14
Daratumumab + carfilzomib ± steroid: n = 1
Daratumumab + immunomodulatory imide drug + investigational mAb
clinical trial: n = 2

Days from last daratumumab infusion to
laboratory assessment: median (range)

12 (2–57)

Prior doses of daratumumab: median
(range)

10 (2–25)

a POEMS, polyneuropathy, organomegaly, endocrinopathy, monoclonal protein, skin changes; CLL, chronic lymphocytic leukemia; SLL, small
lymphocytic lymphoma.
b All daratumumab doses are 16 mg/kg administered intravenously.
c One patient received daratumumab as part of a clinical trial.
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antidaratumumabantisera, the additional IgGκband
remained and the daratumumab–antidaratumumab
complex was visible on the Hydrashift gel (Fig. 1B).
This indicates that thepatienthadanoligoclonal IgGκ
protein that comigrated with daratumumab.
For the remaining 13 cases, daratumumab

could not be distinguished from the patient's dis-
ease by IF alone because only a single IgGκ band
was visible, and these patients had a history of IgGκ
or free κ myeloma. Pretreatment SPEP and IF re-
sults depicting the migration of the original clone
were available for 11 of these patients; these re-
sults showed that their IgGκM protein comigrated
with daratumumab. The Hydrashift assay demon-
strated that the disease band was present in all 11
cases with baseline SPEP and IF results. Compared

to the standard IF, the IgGκ band did not shift after
application of antidaratumumab antisera, but the
daratumumab complex was observed (example
shown in Fig. 2A). Pretreatment IF results were not
available for 2 patients, one with IgGκ myeloma
and the other with κ light chain myeloma. The
Hydrashift assay demonstrated that the IgGκ band
visible on IF was due to daratumumab only and
that the patients' disease was not detectable (ex-
ample shown in Fig. 2B).

DISCUSSION

Several strategies have been suggested to help
properly interpret immunofixation results for pa-
tients who are receiving daratumumab or other

Fig. 1. Examples in which the patient's M protein and an additional IgGκ band (marked with an arrow)
are visible by IF.
The IF result (left) for a patient with an IgAλM-protein. When run on the Hydrashift assay (right), the IgGκ band disappears,
and the daratumumab–antidaratumumab complex appears as a broad smear in the α region (highlighted with box) (A). The
result indicates that the IgGκ band visible on IF was daratumumab. The IF result (left) for a patient with an IgGκMproteinwith
a different migration pattern than daratumumab (B). The Hydrashift result (right) shows the presence of 2 IgGκ bands and a
faint daratumumab–antidaratumumab complex (highlighted with box and *). This result indicates the presence of an oligo-
clonal IgGκ that comigrates with daratumumab.
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mAb drugs (1, 3, 8). Medication history and original
serum studies can aid laboratorians in properly
interpreting the SPEP and IF results. However, if
baseline serum studies showing themigration pat-
tern of the patient's original clone are not available
or if the patient's IgGκ M protein comigrates with
daratumumab, one cannot infer whether the IgGκ
band visible on immunofixation represents dara-
tumumab, the patient's M protein, or concurrent
presence of both monoclonal antibodies.
Ambiguous IF results related to the above sce-

narios are fairly common. Among 17 IgGκ patients
in our cohort, 65% (11/17) had M proteins that
comigrated with daratumumab. Comigration with
daratumumab was determined by a review of all
SPEP/IF results in conjunction with a record of the
patient's original disease clone. Review of current

SPEP/IF results alongside historical results is stan-
dard practice at our center, and wemaintain a dig-
ital library of all SPEP/IFs that is searchable by
medical record number. However, this approach
has its limitations andmay not be practical at other
institutions. Use of the Hydrashift assay at refer-
ence laboratories, for example, may be especially
important given their limited access tomedical his-
tory and prior laboratory results.
The Hydrashift 2/4 Daratumumab assay is a use-

ful tool to confirm the source of the IgGκ band on
IF. In cases in which the patient's M protein is al-
ready distinguishable from daratumumab on IF,
the Hydrashift assay is helpful in identifying the
presence of treatment-related oligoclonal band(s).
And, in cases in which the M protein comigrates
with daratumumab, the Hydrashift removes the

Fig. 2. Examples in which a single IgGκ band is visible by IF.
The IF result (left) for a patient with an IgGκ M protein that comigrates with daratumumab (A). The Hydrashift result (right)
shows the IgGκ band and the daratumumab–antidaratumumab complex in the α region (highlighted with box), indicating
that the patient's M protein is still present after daratumumab has been shifted. The IF result (left) from a patient with a
history of IgGκmyeloma but whose original serum studies were not available for comparison (B). TheHydrashift result (right)
shows the disappearance of the IgGκ band and appearance of the daratumumab–antidaratumumab complex (highlighted
with box). This indicates that the band visible on standard IF was due entirely to daratumumab and that the patient's disease
is not detectable.
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interference, allowing scientists and physicians to
properly interpret if the patient's disease is pres-
ent. This latter situation is when the Hydrashift
assay is most consequential because there is po-
tential to mistake daratumumab as the patient's
disease. We found that the Hydrashift assay was
easily performed using existing laboratory instru-
ments and only involves a simple modification of
the standard IF procedure.
There are some limitations to the assay, how-

ever. The Hydrashift assay is only specific for
daratumumab and will not work for other mAb
therapeutics. This limitation will become increas-
ingly problematic as several new therapeutic
mAbs are under investigation for use in multiple
myeloma. For example, 2 patients in this study
were receiving an investigational regimen includ-
ing daratumumab and another therapeutic mAb
drug. Although a monoclonal protein band rep-
resenting this additional drug was not visible by
IF for either patient, other mAb drugs could
cause a false-positive interference on IF (1, 4, 8).
Interference by other mAb drugs would not be
resolved by use of the Hydrashift assay without
the development of antisera specific for each
drug. Additional complementary diagnostics
with shift methods accompanying new mAb
drugs or a more universal approach, perhaps
such as mass spectrometry (4, 9), will be needed
in the future to mitigate the interference caused
by other mAbs. In addition, a solution to the in-
terference with SPEP is needed to provide accu-
rate quantification of the M protein. Currently,
the Hydrashift assay only addresses the false-
positive interference on IF.

With the need to distinguish drug from disease
on serum immunofixation and the recent FDA
clearance of the Hydrashift assay, it is likely that
this test will be rapidly adopted by clinical labora-
tories. The assay may be most useful when M-
protein levels are approximately equal to or less
than the concentration of daratumumab (approx-
imately 1 g/L) (2, 6, 7). Distinguishing drug from low
levels of disease is important for determining if
patients have achieved a complete response by
International Myeloma Working Group criteria (5)
and whether to perform minimal residual disease
testing via bone marrow aspirate sampling. Con-
sidering emerging data from ongoing clinical trials
(NCT02874742, NCT03290950, NCT02195479,
NCT01998971) (10, 11), regimens containing dara-
tumumab may gain FDA approval for use in newly
diagnosed multiple myeloma patients in the very
near future. TheHydrashift assaywill likely become
critically important and commonly used for patients
receiving potent daratumumab-based regimens as
upfront therapy, as a significant proportion of
those treated will be expected to achieve a com-
plete response with modern combination thera-
pies (12).
Guidelines for appropriate use are necessary to

properly implement the Hydrashift assay into lab-
oratory workflows and routine clinical practice.
Use of the assay will likely vary based on the setting
(i.e., reference vs hospital-based laboratory) and
whether medication history and pretreatment
SPEP/IF results are available. Future work should
focus on determining the optimal timing for best
use of this assay to help clinicians accurately as-
sess patients' disease status.
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