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Immunotherapeutic strategies are emerg-

ing as promising therapeutic approaches in

multiple myeloma (MM), with several mono-

clonal antibodies in advanced stages

of clinical development. Of these agents,

CD38-targeting antibodies have marked

single agent activity in extensively pre-

treated MM, and preliminary results from

studies with relapsed/refractory patients

have shown enhanced therapeutic effi-

cacy when daratumumab and isatuximab

are combined with other agents. Further-

more, although elotuzumab (anti-SLAMF7)

hasnosingleagentactivity inadvancedMM,

randomized trials in relapsed/refractory MM

have demonstrated significantly improved

progression-free survival when elotuzumab

is added to lenalidomide-dexamethasone

or bortezomib-dexamethasone. Importantly,

there has been no significant additive toxic-

ity when these monoclonal antibodies are

combined with other anti-MM agents, other

than infusion-related reactions specific to

the therapeutic antibody. Prevention and

management of infusion reactions is impor-

tant to avoid drug discontinuation, which

may in turn lead to reduced efficacy of anti-

MM therapy. Therapeutic antibodies inter-

fere with several laboratory tests. First,

interference of therapeutic antibodies with

immunofixation and serum protein electro-

phoresis assays may lead to underestima-

tion of complete response. Strategies to

mitigate interference, based on shifting the

therapeutic antibody band, are in devel-

opment. Furthermore, daratumumab, and

probably also other CD38-targeting anti-

bodies, interfere with blood compatibility

testing and thereby complicate the safe

release of blood products. Neutralization

of the therapeutic CD38 antibody or CD38

denaturation on reagent red blood cells

mitigates daratumumab interference with

transfusion laboratory serologic tests.

Finally, therapeutic antibodies may com-

plicate flow cytometric evaluation of nor-

mal and neoplastic plasma cells, since

the therapeutic antibody can affect the

availability of the epitope for binding of

commercially available diagnostic anti-

bodies. (Blood. 2016;127(6):681-695)

Introduction

In the last decade, survival of multiple myeloma (MM) patients has
markedly improved.1 However, despite this progress, patients with
disease refractory to both immunomodulatory drugs (IMiDs) and
proteasome inhibitors have a median overall survival (OS) of only 9
months,2 highlighting the need for additional agents with novel
mechanisms of action in this setting.3,4 Monoclonal antibodies (mAbs)
are an important new class of agents, and results from recent clinical
trials are very promising in MM.5-7

In this review, we will specifically focus on daratumumab (anti-
CD38), which was approved in November 2015 by the US Food and
Drug Administration (FDA) for treatment of MM patients who have
received $3 prior therapies including a proteasome inhibitor and an
IMiDorwho are double-refractory to these drugs.Wewill also focus on
other antibodies that have entered advanced stages of clinical testing
including elotuzumab and the CD38-targeting antibodies isatuximab
and MOR202. We will not discuss CD38-specific antibodies in
preclinical development, such as Ab79 and Ab19 (Takeda). With the
increased application of antibody-based therapies in MM, clinicians
will now have to manage antibody-related adverse events, such as

infusion-related reactions (IRRs). Furthermore, because many labora-
tory tests arebasedonspecificantibody-antigen interactions, interference
of therapeutic antibodies is increasingly being recognized. This includes
interference of therapeutic antibodieswith serum protein electrophoresis
(SPEP), immunofixation electrophoresis (IFE), flow cytometric
detection ofminimal residual disease (MRD), and blood compatibility
testing.

We will first review the mechanisms of action and clinical activity
of these antibodies and then describe the management of clinically
relevant adverse events, as well as the handling of interference of
therapeutic antibodies with laboratory tests.

Mechanism of action of mAbs in MM

mAbs against target antigens expressed onMM cells can induce tumor
cell killingvia a variety ofmechanisms includingFc-dependent effector
mechanisms including complement-dependent cytotoxicity (CDC),

Submitted October 1, 2015; accepted November 26, 2015. Prepublished

online as Blood First Edition paper, December 2, 2015; DOI 10.1182/blood-

2015-10-646810.

© 2016 by The American Society of Hematology

BLOOD, 11 FEBRUARY 2016 x VOLUME 127, NUMBER 6 681

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/127/6/681/1394263/681.pdf by guest on 22 M

ay 2024

https://crossmark.crossref.org/dialog/?doi=10.1182/blood-2015-10-646810&domain=pdf&date_stamp=2016-02-11


antibody-dependent cell-mediated cytotoxicity (ADCC), and antibody-
dependent cellular phagocytosis (ADCP) (Figure 1).5,8,9 Importantly,
they may also have direct effects via modulation of the activity of the
targeted antigen.

Elotuzumab is a humanized immunoglobulin (Ig)G1-k antibody
targeting signaling lymphocytic activation molecule F7 (SLAMF7,
also called CS1). SLAMF7 is expressed on MM cells, natural killer
(NK) cells, and a subgroup of other immune cells. The mechanisms
of action by which elotuzumab exerts its antitumor effects include
ADCC10 and inhibition of the interactions between MM cells and
stromal cells,11 but not CDC.11 In addition, elotuzumab directly
enhances NK cell cytotoxicity via SLAMF7 ligation.12

Daratumumab (IgG1-k; fully human), isatuximab (SAR650984;
IgG1-k; chimeric), and MOR202 (IgG1-l; fully human) are CD38-
targeting antibodies. CD38 is highly and ubiquitously expressed on
MM cells and at low levels on normal lymphoid and myeloid cells.13

CD38 is a transmembrane glycoprotein with ectoenzymatic activity in
the catabolism of extracellular nucleotides.14,15Other functions include
receptor-mediated adhesion by interacting with CD31 or hyalunoric
acid, regulation of migration, and signaling events.15-18 The CD38-
targeting antibodies kill MM cells via CDC, ADCC, ADCP, direct

induction of apoptosis, and modulation of CD38 ectoenzyme
function.19-28 Interestingly, although these antibodies target the same
antigen and induce similar amounts of ADCC,marked differences in
other effector functions such as CDC, ADCP, direct induction of
apoptosis, and inhibition of CD38 ectoenzyme activity were ob-
served when comparing different CD38 antibodies.19,20 It is currently
unknown whether these differences in mechanisms of action translate
into differential clinical activity.

Summary of the clinical results

Activity of mAbs as single agent

Elotuzumab is well tolerated, with adverse events primarily infusion
related, but has no single agent activity in advancedMM.29This contrasts
with the CD38-targeting antibodies daratumumab and isatuximab,
which have significant activity as monotherapy, although thus far
the same degree of activity is not seen withMOR202 (Table 1).29-34

In the first-in-human study with daratumumab (GEN501), the
maximum tolerated dose (MTD)was not reachedwith dose levels up to

Figure 1. Mechanisms of action of monoclonal antibodies targeting surface antigens on MM cells. Monoclonal antibodies against target antigens expressed on MM

cells can induce tumor cell killing via Fc-dependent effector mechanisms including CDC, ADCC, and ADCP. The process of ADCC is achieved through activation of Fc

receptors on myeloid and NK effector cells by tumor cell-attached immunoglobins. Subsequent cytotoxicity is mediated through $2 different mechanisms; one involving the

release of perforin and granzymes from effector cells and the other involving death ligands FasL and tumor necrosis factor–related apoptosis-inducing ligand. In ADCP,

phagocytosis of tumor cells is mediated by macrophages. CDC is dependent on the interaction of the antibody Fc domains with the classic complement-activating protein C1q

leading to activation of downstream complement proteins, which results in the assembly of the membrane attack complex (MAC), that punches holes in the tumor cells. An

additional result of this cascade is the production of chemotactic complement molecules C3a and C5a, which recruit and activate immune effector cells. There is also evidence

that uptake of antibody-opsonized tumor cells and cellular fragments by antigen-presenting cells is associated with enhanced antigen presentation leading to tumor-specific

T-cell responses. Monoclonal antibodies that target antigens on MM cells may also have direct effects via modulation of the activity of the targeted antigen.
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24mg/kg. In the phase 2 part of this study, at least a PRwas achieved in
36% of extensively pretreated patients (median, 4 prior therapies) who
received daratumumab at a dose of 16 mg/kg.30 The median PFS was
5.6 months and 1-year OS was 77%. The Sirius study (median, 5 prior
therapies) confirmed these results with at least a PR in 29% and
stringent CR in 3% of patients treated with 16 mg/kg daratumumab.
Importantly, at least a PR was achieved in 21% of patients who were
refractory to bortezomib, lenalidomide, pomalidomide, and carfilzo-
mib.31 This suggests that mechanisms of resistance toward prior
therapies do not affect the susceptibility of MM cells to daratumumab.
In the Sirius study, themedian PFSwas 3.7monthswith a 1-year OS of
65%.31 Daratumumabwaswell tolerated, with infusion reactions as the
most frequent adverse events.30,31 Based on these data, the FDA
granted, in November 2015, accelerated approval for daratumumab to
treat MM patients who have received$3 prior treatments including a
proteasome inhibitor and an IMiD or who are double-refractory to a
proteasome inhibitor and an IMiD.

A phase 1 dose-escalation study with diverse CD38-positive
hematologic malignancies, including 34 relapsed/refractory MM
patients, evaluated the safety and efficacy of isatuximab. The MTD
was not reached with dosing up to 20 mg/kg. In the subgroup ofMM
patients (median of 6 prior lines of therapy, n5 18), isatuximab at a
dose of $10 mg/kg was well tolerated and induced at least a PR in
33% including CR in 11%.32,33

MOR202 is currently being evaluated in an ongoing phase 1 dose-
escalation study with relapsed/refractory MM patients with a median
of 4 prior treatments. MOR202 was well tolerated, and the MTD has
not been reached. In early cohorts, long-lasting tumor control was
observed.35,36

Combination therapy in relapsed/refractory MM

Because mAbs have a favorable toxicity profile and distinct mecha-
nisms of action, when compared with established anti-MM agents,
mAbs are attractive partners in combination regimens.5

Combinations with IMiDs. Preclinical evidence shows that
lenalidomide enhances anti-MM activity of elotuzumab and CD38-
targeting mAbs via activating the effector cells of ADCC,11,22,26,37-41

which formed the rationale for the clinical evaluation of these
combinations (Table 2).42-47

Elotuzumab plus lenalidomide-dexamethasone was well tolerated
with encouraging response rate in a phase 1 study and phase 2
study.48-50 This led to the initiation of a randomized phase 3
trial (ELOQUENT-2) in relapsed/refractory MM (1-3 prior
therapies), which showed that elotuzumab (10 mg/kg) combined
with lenalidomide-dexamethasone improved median PFS com-
paredwith lenalidomide-dexamethasone alone (19.4 vs 14.9months).42

This PFS benefit was consistent across key subgroups, including
patients $65 years of age, with del(17p), or with a creatinine
clearance of ,60 mL/min.42 Also, the overall response rate was
higher in the elotuzumab group compared with the control group
(79% vs 66%).42 After adjustment for drug exposure, rates of
infection were equal in the 2 treatment arms. However, there was an
increased rate of herpes zoster infection in the elotuzumab group
(incidence per 100 patient-years, 4.1 vs 2.2). The underlying cause
is currently unknown, but the increased herpes zoster frequency
may be related to the more frequent grade 3/4 lymphopenia in
elotuzumab-treated patients (77%vs 49%).42 Change frombaseline for
diverse lymphocyte subgroups has not been reported. Rates for grade
3/4 anemia, thrombocytopenia, neutropenia, cardiac disorders,
and renal disorders were similar between both groups.42 Based
on these data, the FDA approved in November 2015 elotuzumab

in combination with lenalidomide and dexamethasone for the treat-
ment of patients with MM who have received 1-3 prior therapies.

Preliminary results from an ongoing phase 1/2 study of daratumu-
mab with lenalidomide-dexamethasone in relapsed/refractory MM
showed a high response rate that improved over time (phase 2 part
with 16 mg/kg daratumumab, $PR: 88%; CR: 25%).44 Based on
these results, a phase 3 randomized study, whose enrollment is now
completed, compares lenalidomide-dexamethasone with or with-
out daratumumab in the relapsed/refractory setting (Pollux trial).
Similarly, preliminary data from a phase 1 trial showed that isatuximab
in combination with lenalidomide-dexamethasone is effective and
has a favorable toxicity profile.47 Interestingly, response was also
achieved in lenalidomide-refractory patients ($PR: 48%), which
suggests that the immune system of these patients could still respond to
the immunomodulatory effects of lenalidomide.47 MOR202 will also
be evaluated in combination with lenalidomide-dexamethasone.35,36

Because pomalidomide has potent immune stimulating activity,51 it
is another interesting partner drug for therapeutic antibodies.28 A phase
1b study is currently enrolling patients to evaluate daratumumab
combined with pomalidomide and dexamethasone in relapsed/
refractory MM. Preliminary data show high efficacy with at least a
PR in 58% of double-refractory patients and little added toxicity.46,52

The combination of pomalidomide-dexamethasone with isatuximab or
MOR202 will also be evaluated in relapsed/refractory MM.36

Combinations with bortezomib. Preclinical studies showing
that the efficacy of elotuzumab and CD38-targeting antibodies was
enhanced by bortezomib formed the rationale for the clinical eval-
uation of the combination of bortezomib and a therapeutic antibody
(Table 2).11,37,38,53,54

A phase 1 study in relapsed/refractory MM showed encouraging
activity of elotuzumab combined with bortezomib with at least a PR in
48% of patients and median PFS of 9.5 months.55 This study was
followed by a randomized phase 2 trial that compared elotuzumab
plus bortezomib-dexamethasone vs bortezomib-dexamethasone alone
in MM patients with 1 to 3 prior therapies.43 The median PFS was
significantly longer in the elotuzumab group compared with the group
of patients treatedwith bortezomib-dexamethasone alone (medianPFS,
9.7 vs 6.9 months). Moreover, there was limited added toxicity when
elotuzumabwas combinedwith bortezomib-dexamethasone compared
with bortezomib-dexamethasone alone.43

Several studies are ongoing that evaluate the combination of a
CD38-targeting antibody and bortezomib. This includes the phase 3
Castor study, which is enrolling relapsed/refractory MM patients to
evaluate bortezomib-dexamethasone with or without daratumumab.
Other ongoing studies in the relapsed/refractory setting will assess the
addition of isatuximab or daratumumab to carfilzomib.

Newly diagnosed MM

Several trials are now evaluating the incorporation of elotuzumab,
daratumumab, and isatuximab in backbone regimens for the treatment
of both transplant eligible and elderly patients with newly diagnosed
MM (Table 3). Furthermore, these antibodies alone or in combination
are also evaluated in high-risk smoldering MM (Table 4).

Resistance to antibody-based therapy

Therapeutic antibodies have impressive activity in MM, but there
is marked heterogeneity in response. Furthermore, the majority of
responding patients will eventually develop resistance tomAbs.5,56

Improved understanding of mechanisms that contribute to innate or
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acquired resistance, may result in the rational design of new
antibody-based combinations with higher anti-MM activity.

Preclinical experiments showed that daratumumab-mediated
ADCC and CDC are associated with CD38 expression on the tumor
cells.24 This presumably explains why patients who respond to
daratumumab monotherapy have higher CD38 expression on their
MM cells compared with nonresponders.57 Interestingly, all-trans
retinoic acid improves daratumumab-mediated ADCC and CDC
by upregulation of CD38 expression,24 suggesting that increasing
target expression levels with all-trans retinoic acid may be a novel
strategy to enhance the effectiveness of daratumumab. To what
extent target expression is associated with response to other mAbs
is currently under investigation. Downregulation of the target
antigen during antibody therapy, as has been demonstrated for
CD38, may contribute to development of acquired resistance.57

The presence of soluble forms of CD3858 and SLAMF711 may
also affect outcome of antibody therapy. Similarly, development of
anti-idiotype antibodies that neutralize the therapeutic antibody
may be associated with reduced biological activity. Antidrug
antibodies developed in 39% of patients treated with elotuzumab as
single agent.29 In the lower-dose groups, the development of these
antibodies was more common, and their impact on elotuzumab
serum concentrations was more pronounced.29 In the ELOQUENT-2
study, 15% of patients tested positive for antidrug antibodies
on $1 occasion.42 Until now, anti-daratumumab (Dr K. Sasser,
Janssen Pharmaceuticals, written communication, November 2,
2015) and anti-isatuximab antibodies were not detected.32

Furthermore, only 1 of 50 MOR202-treated patients developed
a transient anti-MOR202 antibody response.34

Subgroup analysis suggests that mAbs are also active in patients
withhigh-risk cytogenetics.Daratumumab inducedat least aPR in20%

of patients with high-risk cytogenetics.31 Furthermore, addition of
elotuzumab to lenalidomide-dexamethasone also improved the out-
come of patients with del(17p), t(4;14), and aml(1q).42 However, these
subgroups involve small numbers of patients, and further analysis is
needed to assess the impact of high-risk cytogenetics on outcome with
antibody-based therapies.

Other factors that may influence clinical activity of therapeutic
antibodies in MM include expression levels of complement-
inhibitory proteins on MM cells,57 frequency and activity of effector
cells,24 and immunogenetic factors contributing to effector cell
function such as Fcg receptor polymorphisms,5 as well asKIR and
HLA genotypes.59

Management of adverse events

General considerations

AlthoughCD38 and SLAMF7 expression is not restricted toMMcells,
thesemAbshaveavery favorable toxicityprofile,with IRRsas themost
common side effect. Importantly, tolerability of elotuzumab and

Table 3. Selected ongoing studies with elotuzumab- and CD38-targeting antibody-containing regimens in newly diagnosed MM

Study Phase Setting Treatment

NCT01335399

(ELOQUENT-1)

3 Nontransplant eligible Lenaldiomide-dexamethasone vs lenalidomide-dexamethasone with elotuzumab

NCT02420860 2 Transplant eligible Elotuzumab with lenalidomide as maintenance after auto-SCT

NCT02495922 3 Transplant eligible Four study arms

A1: RVD induction–auto-SCT–RVD consolidation–lenalidomide and

dexamethasone maintenance

A2: RVD induction–auto-SCT–RVD with elotuzumab consolidation–lenalidomide

and dexamethasone with elotuzumab maintenance

B1: RVD with elotuzumab induction–auto-SCT–RVD consolidation–lenalidomide

and dexamethasone maintenance

B2: RVD with elotuzumab induction–auto-SCT–RVD with elotuzumab

consolidation–lenalidomide and dexamethasone with elotuzumab maintenance

NCT02375555 2a Transplant eligible Elotuzumab plus bortezomib, lenalidomide and dexamethasone (patients have

option to undergo auto-SCT)

NCT01668719 1/2 High-risk MM and

age $18 years

Phase 1: Elotuzumab plus bortezomib, lenalidomide, and dexamethasone

Phase 2: bortezomib-lenalidomide-dexamethasone vs bortezomib-lenalidomide-

dexamethasone with elotuzumab

NCT01998971 1b Irrespective of transplant

eligibility for VD and VTD,

and transplant ineligible for VMP

Daratumumab combined with VD, VTD, or VMP

NCT02252172 (Maia) 3 Nontransplant eligible Lenalidomide-dexamethasone vs lenalidomide-dexamethasone plus daratumumab

NCT02195479 (Alcyone) 3 Nontransplant eligible VMP vs VMP with daratumumab

NCT02541383

(Cassiopeia; IFM 2015-01;

HOVON 131)

3 Transplant eligible Randomization 1: VTD induction therapy–high-dose melphalan plus autologous stem cell

rescue–VTD consolidation vs VTD with daratumumab induction therapy–high-dose

melphalan plus autologous stem cell rescue–VTD with daratumumab consolidation

Randomization 2: daratumumab as single agent in maintenance vs observation only

NCT02513186 1 Nontransplant eligible Isatuximab in combination with CyBorD

auto-SCT, autologous stem cell transplantation; RVD, lenalidomide, bortezomib, and dexamethasone; VD, bortezomib-dexamethasone; VMP, bortezomib, melphalan

and prednisone; CyBorD, cyclophosphamide, bortezomib, and dexamethasone; VTD, bortezomib, thalidomide, and dexamethasone.

Table 4. Selected ongoing studies with elotuzumab- and
daratumumab-containing regimens in previously untreated
high-risk smoldering MM

Study Phase Treatment

NCT02316106

(Centaurus)

2 Daratumumab as single agent

NCT02279394 2 Elotuzumab and lenalidomide 6 dexamethasone

NCT01441973 2 Elotuzumab as single agent
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daratumumab in elderly patients seems to be acceptable, indicating
that advanced age does not preclude their administration. In
general, dose reductions of mAbs are not recommended, but dose
delay is the primary method for the management of side effects
(Table 5). Currently available data suggest that renal impairment
does not affect the pharmacokinetics of mAbs.60,61 Therefore, we
expect that in the case of renal impairment, dose reduction of
CD38- and SLAMF7-targeting antibodies will not be necessary.
However, until now, no data are available for patients with severely
reduced renal function. Importantly, studieswith daratumumab and
elotuzumab in patients with severe renal impairment are ongoing.

Infusion-related reactions

Characteristics of infusion-related reactions. In the phase 1 study
with single agent elotuzumab, IRRs occurred more frequently prior
to the introduction of premedication.29 Most infusion reactions with
elotuzumab were grade 1 or 2 and consisted of pyrexia, chills, nausea,
vomiting, flushing, dyspnea, cough, headache, dizziness, rash, and
hypertension. In elotuzumab-based combinations, infusion reactions
occurred in only 7% to 10% of patients with preinfusion prophylaxis
with dexamethasone, antihistamines, and acetaminophen.42,43,50 Across
all these studies, most infusion reactions (;70%) occurred with the first
dose of elotumzumab. Only 1% of patients in the ELOQUENT-2 study
and no patients in the elotuzumab-bortezomib-dexamethasone study

had to discontinue therapy because of infusion reactions.42,43 For
patients who tolerated the infusion at 2 mL/min, the flow rate was
progressively increased to a maximum of 5 mL/min (infusion time,1
hour) in both studies.

Regarding daratumumab infusions, after antihistamines, acetamin-
ophen, and corticosteroids as premedication, IRRs were recorded in
43% to 71% of patients in the monotherapy trials, with most reactions
during the first daratumumab infusion.30,31 Infusion reactions were
mainly grade 1 to 2 and characterized by rhinitis, pharyngitis, pyrexia,
chills, vomiting, cough, and transient bronchospasm leading to
dyspnea.30,31 Analysis of the different infusion regimens suggested
that infusion rate is a factor that influences the development of
infusion reactions.30 In the GEN501 and Sirius studies, there was
no treatment discontinuation because of infusion reactions.30 Duration
of thefirst daratumumab infusion is;6 to 7 hours, but thiswas reduced
to 3.3 hours by the third infusion.30

Infusion reactions following administration of isatuximab with
preinfusion medication consisting of corticosteroids, antihistamines,
and acetaminophen had similar clinical characteristics compared with
daratumumab.32 Infusion reactions occurred in 43%of the patientswith
the first infusion of isatuximab at a dose of$10 mg/kg, and they were
predominantly grade 1 to 2.32 In the combination of isatuximab with
lenalidomide-dexamethasone, infusion-related reactions were observed
in38.7%ofpatients, predominantly at cycle 1.Grade3 infusion reactions
developed in 2 patients, resulting in treatment discontinuation.47

Table 5. Management and prevention of adverse events associated with elotuzumab and CD38-targeting antibodies

Adverse event Antibody Prevention and management

General management of

adverse events

CD38-targeting antibodies and elotuzumab In general, dose-delay is the primary method for the management of

side effects (and not dose-reductions)

Infections CD38-targeting antibodies and elotuzumab No formal recommendations can be made at the present time.

Herpes zoster prophyaxis should be considered.

It is recommended to screen patients for HIV, HBV, and HCV before

start of therapy.

Infusion-related reactions Infusion-related reactions occur more frequently

with CD38-targeting antibodies than with

elotuzumumab

Prevention

Premedication, consisting of steroids, antihistamines and acetaminophen,

30-60 minutes prior to infusion.*

For patients treated with CD38-targeting antibodies with higher risk of

respiratory complications (eg, FEV1 ,80%), postinfusion medication

should be considered (eg, antihistamines, b-2 adrenergic receptor

agonist by inhalation, or control medication for patients with asthma and

COPD such as inhalation corticosteroids)

For daratumumab: patients with known COPD with a FEV1 ,50% of the

predicted normal value, with moderate or severe persistent asthma

within the past two years, or with uncontrolled asthma, were excluded

from trials with daratumumab. Therefore, we recommend to perform

FEV1 testing for patients with suspicion of having COPD, and it should

be considered to exclude patients from daratumumab treatment if FEV1

,50% of predicted. Given similar pattern and frequency of infusion-

related reactions, we also recommend FEV1 testing for patients

planned to be treated with isatuximab.

Treatment:

Interrupt infusion, consider administration of corticosteroids,

antihistamines, IV fluid, or b-2 adrenergic receptor agonist by

inhalation; after infusion reaction is resolved, restart infusion at lower

rate (e.g. half of that used before the interruption)

Patients experiencing respiratory events, which occur more frequently

with CD38-targeting antibodies, may benefit from pre- and postinfusion

prophylaxis with a bronchodilator or in case patients have concomitant

asthma or COPD additional medication such as inhalation

corticosteroids to control lung disease

FEV1, forced expiratory volume in 1 second.

*Prophylactic treatment with the oral leukotriene antagonist montelukast 10 mg the day before and again on the morning of infusion is considered by some investigators to be

a useful adjunct to the standard premedication with acetaminophen, antihistamine, and corticosteroid to prevent airway reactions following the administration of CD38-targeting

antibodies.
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IRRs (mainly grade 1-2 and mostly during first infusion)
occurred in 40% of patients receiving MOR202 with acetamin-
ophen and antihistamines as premedication (2-hour intravenous
infusion),35,36 whereas only 1 of 15 patients (7%) developed an IRR
when dexamethasone was added.34,35

Management of infusion-related reactions. Adequate and
timely management of IRRs is important to prevent the development of
more serious toxicity and discontinuation of mAb treatment. MM
patients treated with mAbs should receive premedications 30 to 60
minutes before the administration of the therapeutic antibody. We
recommend to monitor patients for early signs and symptoms of
IRRs, especially during the first infusion. In case an IRR develops,
the infusion should be temporarily interrupted, and treatment with
extra corticosteroids or antihistamines should be given according to
the physician’s discretion.b-2 Adrenergic agonists, administered by
inhalation, may be helpful when the patient develops bronchospasm,
and intravenous fluids should be administered in the case of hypoten-
sion.When the symptomsof the IRRhave resolved, the infusion can be
restarted at a lower infusion rate than the infusion rate prior to the
reaction. After restart, the infusion rate can be increased depending on
the patient’s condition. Patients experiencing respiratory events, which
occur more frequently with CD38-targeting antibodies, may benefit
from pre- and postinfusion prophylaxis with a bronchodilator, or in
the case that patients have concomitant asthma or chronic obstructive
pulmonary disease (COPD), additional medication, such as inhalation
corticosteroids, to control their lung disease. It is also critically
important that nurses are provided with knowledge and skills to
recognize and manage infusion reactions.

Emerging problems with monoclonal
antibodies in MM: laboratory interference

Interference of the therapeutic antibody with several laboratory tests
may create problems with response evaluation, plasma cell analysis
with multiparametric flow cytometry, and blood compatibility testing.
Thenext section reports on theseemergingproblems anddiscusseshow
to manage them (Table 6).

Interference with SPEPs and IFE assays

Characteristics of interference with SPEP and IFE assays.
SPEP is used for the recognition and quantification of M-proteins,
whereas IFE is required to determine the M-protein isotype and for
confirmation of CR.62,63 Importantly, daratumumab can be detected as
an individual monoclonal band in SPEP and serum IFE in the cathodal
endof theg region.30,64Comigrationof daratumumabwith thepatient’s
M-protein may lead to a small absolute overestimation of the concen-
tration of the originalM-protein, because pharmacokinetic studies have
shown that daratumumab peak plasma concentrations may reach up to
1 g/L. Because daratumumab migrates to the cathodal end of the
g region, it is expected that this mAb preferentially comigrates with
IgG M-proteins, whereas other M-protein isotypes migrate more
toward the anode.65-67 More importantly, comigration of daratumu-
mab (IgG1-kmAb)with IgG-kM-proteins canmask clearance of the
endogenous M-protein by serum IFE, which is necessary for docu-
mentation of CR. It is expected that ;50% of IgG-k M-proteins
comigrate with daratumumab, whereas the other M-proteins migrate
at a different position than daratumumab and are easily identifiable.67

Finally, in all patients treated with daratumumab, the appearance of a
new IgG-k band may represent daratumumab and should not be
misinterpreted as disease recurrence, development of a new plasma cell
malignancy, or development of a secondary monoclonal gammopathy
of undetermined significance (new monoclonal band on IFE or SPEP
that is different from the original M-protein and reflects a strong
humoral immune response68).

Similarly, elotuzumab could be detected in SPEP (early g region)
and IFE with good specificity and sensitivity in samples from patients
treated with elotuzumab, indicating that CR rates could have been
underestimated (Figure 2).69,70 Indeed, in theELOQUENT-2 study, the
CR ratewas lower in the elotuzumumabgroup than in the control group
(4%vs7%).42Similarly, in the randomizedphase2 study evaluating the
elotuzumab-bortezomib-dexamethasone combination,CR rates inboth
groups were similar (4% and 4%). Altogether, this indicates that it is
likely that CR rates in elotuzumab studies are underestimated due to
interference from therapeutic antibody in SPEP and IFE assays.

Other antibodies (eg, ofatumumab, rituximab, siltuximab, trastu-
zumab, bevacizumab, infliximab, cetuximab, natalizumab, and
adalimumab) can also be detected by SPEP and IFE.71-73 The majority

Table 6. Management of laboratory interference associated with elotuzumab and CD38-targeting antibodies

Laboratory test Antibody Management

Interference with serum protein

electrophoresis and immunofixation assays

Several therapeutic antibodies DIRA should be performed when daratumumab-treated

patients with IgG-k M-protein have achieved deep response

(M-protein ,2 g/L)

New assays are in development for elotuzumab, isatuximab

and MOR202

Interference with multiparametric flow cytometry Daratumumab, isatuximab, MOR202, and

possibly other therapeutic antibodies

Use of newly developed antibodies for flow cytometry, which bind

to different epitopes compared with the therapeutic antibody

Application of alternative plasma cell identification markers

Interference with blood compatibility testing CD38-targeting antibodies (also observed

with anti-CD44 antibodies)

Denaturation of CD38 from reagent RBCs by dithiothreitol

Neutralization of therapeutic antibody with neutralizing

antibodies or recombinant soluble CD38

Extensive RBC antigen phenotyping before the patient

receives the first infusion of the CD38-targeting antibody or

RBC antigen genotyping when the patient has already

received treatment with an anti-CD38 antibody or a recent

blood transfusion (,3 mo)

A wallet card that informs physicians and blood banks of the

interference with blood compatibility testing should be

provided to all patients treated with CD38-binding antibodies

DIRA, daratumumab interference reflex assay.
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of these IgG-k antibodies electrophorese in the middle of the g region,
whereas rituximab and trastuzumab migrate toward the cathode.71,72

Thesemonoclonal components disappear gradually after completion of
antibody therapy.71,73 Clinicians should be aware of potential detection
of therapeutic antibodies to prevent additional laboratory testing to
exclude an underlying plasma cell disorder in these cases.

Management of interference of therapeutic antibodies with
SPEP and IFE assays. Altogether, this clearly indicates that
mitigation strategies are needed to remove interference of the
therapeutic antibody to ensure correct response classification. The
issue of interference between daratumumab and endogenous
M-proteins with overlapping migration in SPEP and IFE tests was
addressed by developing DIRA.67 In this assay, interference was
mitigated by using a mouse-anti-daratumumab antibody, which
binds daratumumab and shifts the migration of daratumab away
from the M-protein on immunofixation.64,67 DIRA should be
performed in cases where patients with IgG-k M-protein have
achieved a deep response to therapy (M-protein ,2 g/L), when
SPEP is no longer sensitive enough, to determine whether residual
IgG-k on IFE is caused by daratumumab or endogenous M-protein
(Figure 3).64 When DIRA demonstrates complete serologic response,
additional testing, including bone marrow examination and free-light
chain measurements, should be done to confirm CR or stringent CR.64

A similar shift assay was developed for siltuximab,71 and new
assays are under development for elotuzumab, isatuximab, and
MOR202 (written communication: Dr E. Bleickardt, BMS, September
29, 2015; Dr S. Janssen, Sanofi, September 29, 2015; andDr S. Haertle,
MorphoSys, September 24, 2015). It is important to provide the
laboratory with information when a MM patient receives antibody-
based therapy.

Interference with plasma cell identification by multiparametric

flow cytometry

Flow cytometry is used for the quantitation of normal and neoplas-
tic plasma cells at presentation and follow-up, including MRD
monitoring.74-81 This requires optimized combinations of phenotypic
markers to reach high specificity and sensitivity. In antibody panels,
CD38 is used as a surface marker combined with CD138 to enumerate

the whole plasma cell compartment, whereas markers such as
CD19, CD27, CD45, CD56, CD81, and CD117 in combination
with cytoplasmic immunoglobulin k and l light chains are used to
discriminate between normal and clonal plasma cells.78,82

CD38 has emerged as a highly valuable plasma cell identification
marker.82However, daratumumab affects the availability of the epitope
for binding of many commercially available CD38 antibodies, which
makes the usage of CD38 unreliable for plasma cell identification in
patients treated with CD38-targeting antibodies (Figure 4). Further-
more, during therapywith daratumumab, there is a significant reduction
of CD38 expression on residual MM cells, which persists for ;6
months after the last infusion.57 Similarly, isatuximab83 and MOR202
(Dr S. Haertle, MorphoSys, written communication, September 24,
2015) also interfere with binding of some commercially available
CD38 antibodies. CD138-targeting antibodies and elotuzumab may
also hamper the use of CD138 and CD319 as markers for the
identification of plasma cells.

Importantly, HuMax-003, a recently developed CD38 mAb, binds
to a different epitope compared with daratumumab, excluding the
possibility that prior binding of daratumumab masks the detection of
CD38. Thus, HuMax-003 may emerge as a useful reagent as part of a
MM flow panel to analyze CD38 expression in daratumumab-treated
patients (Figure 4). Similarly, the CD38 antibody proposed in the
EuroFlow-IMF antibody panel for MRD detection is not hindered by
isatuximab or daratumumab (Dr A. Orfao, written communication,
August 29, 2015).Alternatively, newplasma cell identificationmarkers,
such as CD229, CD269 (BCMA), and CD319 (SLAMF7),82,84 may
be used as a substitute for CD38 in flow cytometric analysis. Molec-
ular assessment of MRD, such as next-generation sequencing, is not
hampered by therapeutic antibodies.

Interference with blood compatibility testing

Characteristics of interference with blood compatibility testing.
Because CD38 is also weakly expressed on human erythrocytes,
therapeutic CD38-targeting antibodies interfere with routine pretrans-
fusion laboratory tests.85-88 The issue of interference and strategies to
overcome the interference with blood compatibility testing has been
studied in detail in the daratumumab trials30,85,86 and will be discussed

Figure 2. Elotuzumab can be detected in SPEP and

IFE in samples from patients treated with elotuzu-

mab. (A) Serum IFE detected an IgA-l M-protein at

baseline. (B) After 8 cycles of lenalidomide-dexamethasone

and elotuzumab (ELOQUENT-2 study), there was

development of a new IgG-k band of 0 to 2 g/L. In the

anti-elotuzumab assay, one of the anti-immunoglobulin

antibodies (anti-IgM or anti-IgA) used to precipitate the

immunoglobulins was replaced by an anti-elotuzumab

antibody (2 mg/mL) with reactivity to an elotuzumab

epitope. If elotuzumab is present in patient sera, the

anti-idiotypic antibody-elotuzumab complex precipitates,

and a band is detected. As elotuzumab is an IgG-k

monoclonal antibody, elotuzumab is precipitated by

anti-k and anti-g heavy chain antisera, and the 2 bands

should align with the elotuzumab band. Indeed, the anti-

elotuzumab assay, performed at cycle 34, detected

elotuzumab in the IgG-k band. SIFE, serum immune

fixation.
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here. Importantly, interference is not restricted to CD38-targeting
antibodies, but has also been observed for CD44 antibodies (N. Som,
transfusion laboratory, VUmc, written communication, September 1,
2015).

Althoughdaratumumabdoesnot interferewithABO/RhD typing,86

the plasma of daratumumab-treated patients is panreactive in routine
serologic tests as a result of binding of daratumumab to CD38 on
reagent erythrocytes.85,86 This includes positive antibody screens and
panreactive plasma in erythrocyte panel testing (positive indirect
antiglobulin test).85,86 Reactions remained positive for 2 to 6 months
after the last daratumumab infusion.85 Because of the interference of
daratumumab with the indirect antiglobulin test, detection of irregular
antibodies in thepatients’s plasma ismasked for up to6months after the

last daratumumab infusion (Figure 5A-B). This interference can
prevent transfusion laboratories from completing routine pretrans-
fusion testing, and therefore it complicates the selection of suitable
blood products for daratumumab-treated patients.85,86 However,
until now, no major transfusion-related events were observed when
daratumumab-treated patients received a blood transfusion.85 Im-
portantly, interference with routine laboratory tests used in blood
transfusion medicine is a class effect of the CD38-targeting anti-
bodies, because red blood cell agglutination was also observed with
isatuximab and MOR202.85

Management of interference with blood compatibility testing.
Standard transfusion laboratory techniques, including multiple rounds
of adsorption with untreated or ZZAP (mixture of cysteine-activated

Figure 3. Management of interference of daratumumab with SPEP and IFE assays by using DIRA. (A) Schematic representation of DIRA for a DIRA-positive (left) and

DIRA-negative case (right). (B) Example from a patient with IgG-k M protein, who was treated with daratumumab. This patient developed a second IgG-k band at the end of

cycle 1. Response evaluation at start of cycle 16 demonstrated a decrease in M-protein from 31 to 0 g/L by SPEP analysis. Therefore, the DIRA assay was performed, which

was positive, indicating that this patient had achieved a very good partial response. (C) Example from a patient with k light chain MM, who was treated with daratumumab. This

patient developed an IgG-k band of 0 to 1 g/L at the end of the first cycle. The DIRA assay was performed at cycle 11 because of normalization of k light chains with normal

free light chain ratio. The DIRA assay was negative, which triggered bone marrow examination and showed no clonal plasma cells. Therefore, this patient had achieved

stringent CR. The new IgG-k band, which shifted after adding the anti-daratumumab antibody, represents daratumumab. anti-id, anti-idiotype.
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proteolytic papain and dithiothreitol)-treated red blood cells (RBCs),
failed to remove the panreactivity from the plasma of daratumumab-
treated patients.86 However, 2 potential methods to negate daratumu-
mab interference in blood compatibility testing are in development,
which can be used in transfusion laboratories to prevent potential blood
transfusion problems (Figure 5C-D).

A recent study showed that daratumumab interference in pretrans-
fusion tests could be negated by denaturation of surface CD38 from
reagent RBCs by using the reducing agent dithiothreitol.86 This allows
the identification of underlying clinically significant alloantibodies
against RBCs in the presence of daratumumab.86 An important disad-
vantage of this technique is the disruption of other dithiothreitol-
sensitive blood group systems, includingKEL,YT, andDO.86Missing
alloantibodies against these blood group antigensmay lead to clinically
significant hemolytic reactions.

The second approach is the inhibition of daratumumab binding
to CD38 on erythrocytes by neutralizing daratumumab in plasma

samples from daratumumab-treated patients with a mouse-anti-
daratumumab antibody.85,86 This eliminates the panreactivity in
antibody screens and other pretransfusion tests of daratumumab-
containing plasma and allows the identification of clinically
significant alloantibodies and safe release of blood products for
these patients.85,86 Recombinant soluble CD38 (rsCD38) also
blocks interference by daratumumab andmay therefore be useful as
alternative to mouse-anti-daratumumab.85 Application of rsCD38
may also negate interference of other CD38-targeting antibodies in
blood compatibility testing.85

Denaturation of CD38 by dithiothreitol has its limitations and,
although daratumumab neutralization is a simple technique, at this
moment, mouse-anti-daratumumab antibody and rsCD38 are not
widely available. Furthermore, additional clinical validation of these
assays is needed. Therefore, we currently recommend to perform
extensive RBC antigen phenotyping before the patient receives the
first infusion of daratumumab or another CD38-targeting antibody.85

Figure 4. Daratumumab masks the detection of CD38 with commercially available anti-CD38 flow cytometry antibodies. (A) Representative dot plots showing

expression of CD38 on BM-localized MM cells (blue) by using a commercially available anti-CD38 flow cytometry antibody before start of daratumumab therapy (left dot plot)

and after 10 infusions of daratumumab (right dot plot). The right dot plot demonstrates that, in daratumumab-treated patients, the CD38 antigen cannot be detected by flow

cytometry with commercially available anti-CD38 antibodies due to epitope occupancy of the therapeutic antibody. (B) Dot plots from the same patient showing expression of

CD38 on BM-localized MM cells (blue) by using the newly developed anti-CD38 monoclonal antibody, HuMax-003, which binds to a different epitope compared with

daratumumab. This excludes the possibility that binding of daratumumab masks the detection of CD38. The left dot plot is obtained before start of daratumumab therapy and

the right dot plot after 10 daratumumab infusions. These dot plots also illustrate that during daratumumab treatment, there is significant reduction of CD38 expression on

residual MM cells.
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RBC genotyping is an alternative to phenotyping, but associated with
higher costs. After transfusion of donor erythrocytes, phenotyping is
impossible during a period of 3 months, and blood group antigens
should be determined by molecular techniques (genotyping). RBC
antigen genotyping is also required when the patient has already
received treatment with CD38 antibodies. If the patient subsequently
requires a blood transfusion in an elective situation, we recommend
selection ofRBCunits that are compatible for clinically relevant blood
group antigens (ie, D, C, c, E, and e, and Kell, Kidd, Duffy, andMNS
antigens), based on the earlier phenotyping/genotyping results. This
will prevent the development of irregular antibodies against these
blood groups or hemolytic transfusion reactions in case of presence of
such alloantibodies.85This approach, however, is time-consuming and
does not exclude the presence of other irregular antibodies due to the
interference of CD38-targeting antibodies in laboratory tests. In case
of an acute and life-threatening situation, we recommend selection
of ABO/RhD-compatible RBC units that are compatible to as many
previously determined other blood group antigens as possible. During
transfusion, the patient should be strictly monitored for (hemolytic)
transfusion reactions. Blood group O RhD-negative red cells should

be issued in emergency situations, where life-saving transfusion is
required.

Conclusion and future directions

In summary, the recent development of elotuzumaband selectedCD38-
targeting antibodies has proven transformative inMM.ThesemAbs are
generally well tolerated and have marked activity either as a single
agent and/or in combination with other anti-MM agents in relapsed/
refractoryMM.Moreover, preliminary results from phase 1 and 2 trials
with several other antibodies and antibody-drug conjugates are very
encouraging.89-100 Given their unique mechanism of action as well
as favorable tolerability, this new class of agents offers tremendous
promise in further improving patient outcome inMM. The treatment
ofMMpatients with antibody-based therapies will thus be a valuable
approach in the relapsed/refractory setting especially in combina-
tion and should prove important for patients with newly diagnosed
disease.

Figure 5. Daratumumab interferes with blood compatibility testing. (A) The plasma of daratumumab-treated patients is panreactive in routine serologic tests as a result of

binding of daratumumab to endogenous CD38 on reagent red blood cells. This causes positive antibody screen tests and panreactive plasma in erythrocyte panel testing (indirect

antiglobulin test). (B) Therefore, daratumumab interferes with the detection of irregular antibodies, which complicates the selection of suitable blood products for the transfusion of

daratumumab-treated patients. (C and D) Interference of daratumumab in blood compatibility testing can be abrogated by neutralizing daratumumab in plasma samples from

daratumumab-treated patients with (1) an anti-idiotype antibody (mouse-anti-daratumumab antibody) or (2) by denaturation of surface CD38 from reagent red blood cells by using

the reducing agent dithiothreitol (DTT). (D) With both methods, underlying allo-antibodies against red blood cells can be identified in the presence of daratumumab.
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As antibodies emerge as important anti-MM agents, a better
understanding of adverse events and laboratory interference is critical
to optimize their use.
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Nurten R, Bermek E. Erythrocyte CD38 as a
prognostic marker in cancer. Hematology. 2007;
12(5):409-414.

89. Jagannath S, Chanan-Khan A, Heffner LT, et al.
BT062, an antibody-drug conjugate directed
against CD138, shows clinical activity in patients
with relapsed or relapsed/refractory multiple
myeloma [abstract]. Blood. 2011;118(21).
Abstract 305.

90. Heffner LT, Jagannath S, Zimmerman TM, et al.
BT062, an antibody-drug conjugate directed
against CD138, given weekly for 3 weeks in each
4 week cycle: safety and further evidence of
clinical activity [abstract]. Blood. 2012;120(21).
Abstract 4042.

91. Kelly KR, Chanan-Khan A, Heffner LT, et al.
Indatuximab ravtansine (BT062) in combination
with lenalidomide and low-dose dexamethasone

in patients with relapsed and/or refractory
multiple myeloma: clinical activity in patients
already exposed to lenalidomide and bortezomib
[abstract]. Blood. 2014;124(21). Abstract 4736.

92. Berdeja JG, Hernandez-Ilizaliturri F, Chanan-
Khan A, et al. Phase I study of lorvotuzumab
mertansine (LM, IMGN901) in combination with
lenalidomide (Len) and dexamethasone (Dex)
in patients with CD56-positive relapsed or
relapsed/refractory multiple myeloma (MM)
[abstract]. Blood. 2012;120(21). Abstract 728.

93. Chanan-Khan A, Wolf JL, Garcia J, et al. Efficacy
analysis from phase I study of lorvotuzumab
mertansine (IMGN901), used as monotherapy, in
patients with heavily pre-treated CD56-positive
multiple myeloma: a preliminary efficacy analysis
[abstract]. Blood. 2010;116(21). Abstract 1962.

94. Berger R, Rotem-Yehudar R, Slama G, et al.
Phase I safety and pharmacokinetic study of
CT-011, a humanized antibody interacting with
PD-1, in patients with advanced hematologic
malignancies. Clin Cancer Res. 2008;14(10):
3044-3051.

95. Mahadevan D, Lanasa MC, Whelden M, et al.
First-in-human phase I dose escalation
study of a humanized anti-CD200 antibody
(samalizumab) in patients with advanced stage
B cell chronic lymphocytic leukemia (B-CLL) or
multiple myeloma (MM) [abstract]. Blood. 2010;
116(21). Abstract 2465.

96. Siegel D, Moreau P, Avigan D, et al.
A phase 1 (Ph1) trial of MK-3475 combined
with lenalidomide (Len) and low-dose
dexamethasone (Dex) in patients (pts) with
relapsed/refractory multiple myeloma (RRMM)
[abstract]. J Clin Oncol 2014;32(5 suppl).
Abstract TPS3117.

97. Lesokhin A, Ansell SM, Armand P, et al.
Preliminary results of a phase I study of
nivolumab (BMS-936558) in patients with
relapsed or refractory lymphoid malignancies
[abstract]. Blood. 2014;124(21). Abstract 291.

98. Ghobrial IM, Perez R, Baz R, et al. Phase Ib
study of the novel anti-CXCR4 antibody
ulocuplumab (BMS-936564) in combination with
lenalidomide plus low-dose dexamethasone, or
with bortezomib plus dexamethasone in subjects
with relapsed or refractory multiple myeloma
[abstract]. Blood. 2014;124(21). Abstract 3483.

99. Raje N, Faber EA Jr, Richardson PG, et al.
Phase 1 study of tabalumab, a human anti-BAFF
antibody and bortezomib in patients with
previously treated multiple myeloma [abstract].
Blood. 2012;120(21). Abstract 447.

100. Kaufman JL, Niesvizky R, Stadtmauer EA, et al.
Phase I, multicentre, dose-escalation trial of
monotherapy with milatuzumab (humanized
anti-CD74 monoclonal antibody) in relapsed or
refractory multiple myeloma. Br J Haematol.
2013;163(4):478-486.

BLOOD, 11 FEBRUARY 2016 x VOLUME 127, NUMBER 6 THERAPEUTIC ANTIBODIES IN MULTIPLE MYELOMA 695

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/127/6/681/1394263/681.pdf by guest on 22 M

ay 2024


