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Summary

Smouldering multiple myeloma (SMM) is associated with increased risk of

progression to multiple myeloma within 2 years, with no approved treat-

ments. Elotuzumab has been shown to promote natural killer (NK) cell

stimulation and antibody-dependent cellular cytotoxicity (ADCC) in vitro.

CD56dim (CD56dim/CD16+/CD3�/CD45+) NK cells represent the primary

subset responsible for elotuzumab-induced ADCC. In this phase II, non-

randomized study (NCT01441973), patients with SMM received elo-

tuzumab 20 mg/kg intravenously (cycle 1: days 1, 8; monthly thereafter) or

10 mg/kg (cycles 1, 2: weekly; every 2 weeks thereafter). The primary end-

point was the relationship between baseline proportion of bone marrow-

derived CD56dim NK cells and maximal M protein reduction; secondary

endpoints included overall response rate (ORR) and progression-free sur-

vival (PFS). Fifteen patients received 20 mg/kg and 16 received 10 mg/kg;

combined data arepresented. At database lock (DBL, September 2014), no

association was found between baseline CD56dim NK cell proportion and

maximal M protein reduction. With minimum 28 months’ follow-up

(DBL: January 2016), ORR (90% CI) was 10% (2�7–23�2) and 2-year PFS

rate was 69% (52–81%). Upper respiratory tract infections occurred in

18/31 (58%) patients. Four (13%) patients experienced infusion reactions,

all grade 1–2. Elotuzumab plus lenalidomide/dexamethasone is under inves-

tigation for SMM.

Keywords: smouldering multiple myeloma, multiple myeloma, elotuzumab,

monoclonal antibody, natural killer cells.

Smouldering multiple myeloma (SMM) is an asymptomatic

precursor to active multiple myeloma (MM), first described

as an intermediate between monoclonal gammopathy of

undetermined significance (MGUS) and MM (Kyle &

Greipp, 1980; International Myeloma Working Group, 2003).

SMM has since been characterized by the presence of ≥30 g/l

serum monoclonal (M) protein or ≥500 mg/24 h urinary M

protein and/or 10–60% bone marrow plasma cell (BMPC)

infiltration, with no myeloma-defining event or associated

end-organ damage (Rajkumar et al, 2014).

The standard of care for patients with SMM has been

observation until MM develops (Mateos & San Miguel, 2013;

Rajkumar et al, 2015). However, with the evolving definition

and risk stratification of SMM, the International Myeloma

Working Group (IMWG) recommends that patients with

high-risk SMM should be candidates for chemoprevention

trials (Rajkumar et al, 2015), as such patients have a median

time to progression to active MM of 2 years (Kyle et al,

2007). Despite these IMWG recommendations, there are no

currently approved therapies for SMM, representing a signifi-

cant unmet medical need.

Several agents have been evaluated for the treatment of

SMM, but have shown poor safety or efficacy (Martin et al,

2002; Barlogie et al, 2008; D’Arena et al, 2011), or have pro-

longed time to progression but were associated with a greater

number of adverse events (AEs) in the treated population

(Mateos et al, 2013). As patients with MM show diminished

immune cell function (Dosani et al, 2015), activating the

immune system to target myeloma cells via immunotherapy

is an important area of ongoing research.
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Elotuzumab, a humanized, immunostimulatory

immunoglobulin (Ig) G1 monoclonal antibody, targets sig-

nalling lymphocytic activation molecule family member 7

(SLAMF7), a glycoprotein expressed on myeloma cells, natu-

ral killer (NK) cells and subsets of other haematopoetic lin-

eage cells (Hsi et al, 2008). Elotuzumab has a dual

mechanism of action: directly activating NK cells and medi-

ating antibody-dependent cellular cytotoxicity (ADCC), lead-

ing to targeted myeloma cell death (Collins et al, 2013;

Balasa et al, 2015; Pazina et al, 2017).

Elotuzumab, combined with lenalidomide and

dexamethasone (ELd), has shown durable efficacy with

minimal incremental toxicity in patients with relapsed/refrac-

tory MM (RRMM) (Lonial et al, 2015; Richardson et al,

2015). ELd is approved for treatment of MM in the US in

patients with 1–3 prior therapies, and in Europe for patients

with ≥1 prior therapy (Bristol-Myers Squibb, 2017, http://pac

kageinserts.bms.com/pi/pi_empliciti.pdf; European Medicines

Agency, 2016, http://www.ema.europa.eu/docs/en_GB/doc

ument_library/EPAR_-_Product_Information/human/003967/

WC500206673.pdf). Elotuzumab monotherapy showed mini-

mal activity in heavily treated patients with RRMM (median

of 4�5 prior lines of therapy), with a phase I study showing a

best overall response (BOR) of stable disease (SD) in 26% of

patients (Zonder et al, 2012).

Some studies have shown that patients in earlier stages of

MM have better NK cell activity than patients in later stages

(Bernal et al, 2009; Dosani et al, 2015); therefore, elotuzumab

monotherapy may provide clinical benefit in patients with

early-stage disease. CD56dim (CD56dim/CD16+/CD3�/CD45+)
cells are a differentiated subset of NK cells that are the primary

effectors of NK-mediated ADCC in vitro, and are associated

with the highest proportions of SLAMF7 expression. In vitro

studies have shown that >95% of CD56dim cells express

SLAMF7, compared with 50–75% of their precursors,

CD56bright NK cells (Balasa et al, 2008). Thus, CD56dim NK

cells may serve as a biomarker of response to elotuzumab.

In this study, we examine whether higher baseline propor-

tions of CD56dim bone marrow NK cells are associated with

greater reductions in serum M protein following elotuzumab

treatment. The efficacy and safety of elotuzumab monother-

apy are also explored.

Methods

This was a phase II, non-randomized, open-label, multicentre

study (NCT01441973) that enrolled patients from eight cen-

tres in the USA between February 2012 and September 2013.

Patients

Eligible patients were ≥18 years of age, with an Eastern

Cooperative Oncology Group performance status of ≤2 and a

confirmed diagnosis of high-risk SMM according to the 2010

IMWG criteria (Kyle et al, 2010), without evidence of end-

organ damage per elevated calcium, renal insufficiency, anae-

mia or bone lesions (CRAB features) (International Myeloma

Working Group, 2003).

At the time of study initiation, high-risk SMM was

defined as a serum M protein level of ≥30 g/l with ≥10%
BMPC; or serum M protein 10–30 g/l, ≥10% BMPC and a

free light chain (FLC) ratio of <0�125 or >8�0; or urine M

protein levels >200 mg/24 h with ≥10% BMPC and serum

FLC ratio of ≤0�125 or ≥8�0 (Kyle et al, 2010). Patients with

light chain-only disease and who met these criteria were also

eligible.

Key exclusion criteria included active MM, MGUS, other

conditions in which IgM M protein is present in the absence

of a clonal plasma cell infiltration with lytic bone lesions,

plasma cell leukaemia, significant cardiovascular disease and

administration of any systemic therapy for SMM within

6 months prior to day 1 of study treatment cycle 1.

Written informed consent was obtained for all patients,

and this study adhered to the ethical principles of the Decla-

ration of Helsinki, including all elements required by

the International Council for Harmonisation of Technical

Requirements for Pharmaceuticals for Human Use and Good

Clinical Practice.

Treatments

Patients were enrolled sequentially to receive elotuzumab 20

or 10 mg/kg in 28-day cycles. For the 20-mg/kg cohort, in

cycle 1, elotuzumab was administered as an intravenous (IV)

infusion on days 1 and 8. In cycle 2 and beyond, elotuzumab

was administered as an IV infusion once monthly. For the

10-mg/kg cohort, in cycles 1 and 2, elotuzumab was adminis-

tered weekly as an IV infusion and then every 2 weeks start-

ing in cycle 3. No dose reductions were permitted.

Premedication with methylprednisolone (50 mg IV) was

administered at least 45 min prior to elotuzumab infusion.

In addition, 30–90 min prior to elotuzumab, patients

received diphenhydramine (25–50 mg orally or IV) or an

equivalent H1 blocker, ranitidine (50 mg IV) or an equiva-

lent H2 blocker and acetaminophen (650–1000 mg orally) or

an equivalent analgesic/antipyretic.

Treatment continued until disease progression [includes

progressive disease per modified IMWG criteria and progres-

sion to active myeloma], unacceptable toxicity or other crite-

ria for discontinuation.

Study endpoints

The primary endpoint was the association between the

proportion of baseline CD56dim NK cells in bone marrow

and maximal reduction in serum M protein. Secondary

endpoints included investigator-assessed overall response

rate (ORR), defined as the proportion of treated patients

who achieve a partial response (PR) or better, per modi-

fied IMWG criteria; 2-year progression-free survival (PFS),
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defined as the time from first dose until documented pro-

gression (per IMWG criteria with development of ≥1
CRAB feature; i.e. time to active myeloma) or death.

Safety was an exploratory endpoint. Database lock for the

primary endpoint was September 2014, and January 2016

for efficacy and safety endpoints. Minimum follow-up for

efficacy and safety endpoints was 28 months. PFS, as

defined above, was also evaluated by baseline proportion

of CD56dim cells in an exploratory, post-hoc analysis which

included all treated patients.

Assessments

CD56dim NK cell status at baseline was assessed using cells

from bone marrow and peripheral blood samples on day 1

of cycle 1, before elotuzumab or any pre-medications were

administered. CD56dim cells (as a proportion of CD45+ lym-

phocytes) were assessed by multi-colour flow cytometry

within 72 h of collection.

Serum M and urine protein levels were assessed every

4 weeks from date of first dose until disease progression.

Efficacy endpoint assessments (ORR, PFS) were based on

serum and urine analysis, tumour scanning and bone mar-

row assessments, and were conducted with each 4-week cycle

until withdrawal of consent, or disease progression per modi-

fied IMWG criteria.

AEs were recorded throughout the study from initiation

of study drug and post-study drug safety assessments were

conducted 1 and 2 months after discontinuation of elo-

tuzumab. AEs were categorized using the Medical Dic-

tionary for Regulatory Activities, version 18.1 (https://www.

meddra.org/sites/default/files/guidance/file/intguide_18_1_e

nglish.pdf). The severity of AEs and other symptoms was

graded using the National Cancer Institute’s Common Ter-

minology Criteria for Adverse Events, version 3.0 (http://

ctep.cancer.gov/protocolDevelopment/electronic_appli

cations/docs/ctcaev3.pdf). Serious adverse events (SAEs)

were recorded during the screening period and within

60 days after last dose; any SAEs occurring after these

periods and deemed to be related to elotuzumab treatment

were also reported.

Statistical analyses

Statistical analyses used data from all patients who had

received at least 1 dose of elotuzumab.

The primary endpoint was evaluated using a least-squares

linear regression model and a one-sided a level of 0�10. In
this model, reductions in M protein levels are reported as

negative numbers. This study required 30 patients to have

91% power with a true linear regression slope of �2, a root

mean square of 24 and a standard deviation of baseline pro-

portion CD56dim cells of 6%, based on preliminary analyses

of data from a phase I study of ELd in RRMM (Study 1703)

(Lonial et al, 2012).

ORR and corresponding 90% exact confidence intervals

(CIs) were computed using the Clopper and Pearson method

for each cohort separately and for both cohorts pooled

together. This analysis was repeated for patients whose best

response was a minimal response (MR) or better.

PFS rates were estimated using the Kaplan–Meier method;

two-sided 90% CIs were computed for 1- and 2-year PFS

rates using Greenwood’s formula, and 95% CIs were calcu-

lated for median PFS using the Brookmeyer and Crowley

method. Patients who neither progressed nor died were cen-

sored on the date of their last tumour assessment.

Results

Patient disposition and baseline characteristics

Thirty-one patients were treated with elotuzumab (20 mg/kg,

n = 15; 10 mg/kg, n = 16). Ten patients (32%) were still on

treatment at the time of the January 2016 database lock. The

main reason for discontinuation was disease progression (7

patients in the 20 mg/kg cohort and 5 in the 10 mg/kg

cohort). Patient disposition is detailed in Fig 1.

Baseline demographics and disease characteristics are

shown in Table I. Across both cohorts, 32% of patients had

serum M protein ≥30 g/l and BMPC ≥10%; 61% had serum

M protein 10–30 g/l, BMPC ≥10% and abnormal FLC ratio

<0�125 or >8�0; and 13% had urine M protein >200 mg/

24 h, BMPC ≥10% and FLC ≤0�125 or ≥8�0.
At the January 2016 database lock, the median (min–max)

duration of treatment was 18 (2–41) months and 22 (2–34)
months in the 20- and 10-mg/kg cohorts, respectively. The

median (min–max) number of treatment cycles was 18

(3–39) and 24 (3–36) in the 20- and 10-mg/kg cohorts,

respectively. Fourteen (93%) patients in the 20-mg/kg cohort

and 15 (94%) patients in the 10-mg/kg cohort received

≥90% of the planned elotuzumab dose.

Efficacy

No association between baseline proportion of CD56dim NK

cells in bone marrow and maximal change in serum M pro-

tein was found (Table II). When examining the association

between these two variables, the parameter estimates for the

slope of the regression line were directionally different for

the 20 mg/kg and 10 mg/kg cohorts.

ORR (90% CI) was 10% (2�7–23�2%) (n = 3/31). In anal-

ysis of BOR, most patients achieved SD or MR, with 29% of

patients (n = 9) achieving MR or better (Fig 2).

At the January 2016 database lock, with a minimum of

28 months’ follow-up, 5 patients in each cohort had docu-

mented progression to active MM (including development of

CRAB features). There were no marked differences between

cohorts in 1- or 2-year PFS rates [per modified IMWG crite-

ria, including CRAB features; Fig 3]. For both cohorts com-

bined, the 1-year PFS rate (90% CI) was 80% (65–89%), and

Elotuzumab in Smouldering Myeloma

ª 2018 The Authors. British Journal of Haematology published by John Wiley & Sons Ltd
and British Society for Haematology, British Journal of Haematology, 2018, 182, 495–503

497

https://www.meddra.org/sites/default/files/guidance/file/intguide_18_1_english.pdf
https://www.meddra.org/sites/default/files/guidance/file/intguide_18_1_english.pdf
https://www.meddra.org/sites/default/files/guidance/file/intguide_18_1_english.pdf
http://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/ctcaev3.pdf
http://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/ctcaev3.pdf
http://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/ctcaev3.pdf


the PFS rate at 2 years was 69% (52–81%). Median PFS was

not reached.

Longer PFS was observed in patients with greater than or

equal to the median baseline proportion (11�4%) of CD56dim

NK cells in bone marrow, compared with patients with less

than the median proportion of CD56dim cells (Fig 4),

although this was not statistically significant. For patients

with greater than or equal to the median baseline proportion

of CD56dim cells in bone marrow, the 1-year PFS rate (90%

CI) was 92% (66–98%), and the PFS rate at 2 years was 75%

(46–89%); for those with less than the median baseline pro-

portion of CD56dim cells, the 1-year PFS rate (90% CI) was

64% (35–82%), and the PFS rate at 2 years was 55% (28–
75%). Median PFS was not reached for either group of

patients.

Safety

Adverse events (any grade) were reported in all patients. AEs

reported in ≥20% of patients, with any cause, are shown in

Table III. Grade 3 or 4 AEs were reported in 7 (47%)

patients in the 20 mg/kg cohort and 6 (38%) patients in

10 mg/kg cohort. No treatment-related deaths were reported

within 60 days of the last elotuzumab dose.

In total, 7 patients discontinued due to an AE [20 mg/kg,

n = 5 (33%), 3 unrelated to treatment; 10 mg/kg, n = 2

(13%), both unrelated to treatment]. SAEs were reported in

15/31 patients [20 mg/kg, n = 8 (53%); 10 mg/kg, n = 7

(44%)]. Second primary malignancies were reported in 1

patient (7%) in the 20 mg/kg cohort (814 days after the first

dose) and 3 (19%) in the 10 mg/kg cohort (316–709 days

after the first dose). Infusion reactions (IRs) were reported in

3 patients (20%) in the 20 mg/kg cohort and 1 patient (6%)

in the 10 mg/kg cohort, and included palpitations, dyspepsia,

chills and hypersensitivity (1 event each) in the 20 mg/kg

cohort and pyrexia (1 event) in the 10 mg/kg cohort. All IRs

were grade 1 or 2 and none led to discontinuation.

Discussion

CD56dim NK cells represent a subpopulation of NK cells with

enhanced cytotoxic activity and those that would potentially

enhance elotuzumab-directed ADCC against SLAMF7-expres-

sing myeloma cells (Balasa et al, 2015).

In this phase II study, we found no association between

baseline proportion of CD56dim NK cells in bone marrow

and maximal change in serum M protein. The parameter

estimate for the slope of the regression line when examining

the association between these two variables was negative for

the 20 mg/kg cohort, but positive for the 10 mg/kg cohort ,

indicating a decrease in M protein in the 20 mg/kg cohort

but not in the 10 mg/kg cohort. These estimates should,

Patients enrolled, n = 41

10 patients failed to meet
inclusion criteria

Patients treated, n = 31

Cohort 1: Elotuzumab 20 mg/kg, n = 15 Cohort 2: Elotuzumab 10 mg/kg, n = 16 

Reasons for discontinuation, n (%)
Disease progression, 5 (31)

• Biochemical progression, 3 (19)
• CRAB, 1 (6)
• Biochemical progression + CRAB, 0
• Other,* 1 (6)

AE unrelated to study drug, 2 (13)
Patient requested to discontinue, 1 (6)
Withdrew consent, 1 (6) 
Poor/non-compliance, 1 (6)

Reasons for discontinuation, n (%)
Disease progression, 7 (47)

• Biochemical progression, 4 (27)
• CRAB, 2 (13)
• Biochemical progression + CRAB, 1 (7)

AE unrelated to study drug, 3 (20)
Patient requested to discontinue, 1 (7)
Withdrew consent, poor/non-compliance 0 

Remaining on treatment, n = 4 (27) Remaining on treatment, n = 6 (38)

Fig 1. Patient disposition. Database lock: January 2016. *Due to cardiac amyloidosis. AE, adverse event; CRAB, elevated calcium, renal insuffi-

ciency, anaemia or bone lesions.
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however, be interpreted with caution given their directional

difference and the modest changes in M protein levels with

elotuzumab monotherapy observed in this study.

Elotuzumab monotherapy demonstrated minimal activity

in patients with SMM, with an ORR of 10%. However, 10%

achieved a PR, 19% a MR and 71% had SD at the January

2016 database lock, which may be a clinically important out-

come in this patient population.

Two-year PFS rates, as estimated in this analysis,

appeared to be a reasonable benchmark for progression

from SMM to MM, as this is consistent with a previous

analysis showing that patients with high-risk SMM had a

median time to progression to active MM of only 2 years

(Rajkumar et al, 2015). Notably, the 2-year PFS rate in

both cohorts was 69%, all patients had been followed for at

least 2 years, and the median PFS had not been reached.

Post-hoc analysis suggested a potential PFS benefit in

patients with greater than or equal to the median baseline

proportion of CD56dim cells in the bone marrow. However,

these data should be interpreted with caution, as the study

was powered to investigate any association between baseline

proportion of CD56dim cells in bone marrow and maximal

change in serum M protein, and not the clinical PFS end-

point. The consequent small sample size would not warrant

adequate power to assess statistical significance of the

observed prolongation of PFS in patients with greater than

or equal to the median baseline proportion of CD56dim

cells in the bone marrow. PFS reported here included dis-

ease progression and development of CRAB features, or

death. PFS without development of ≥1 CRAB feature was

not reported, in order to keep results as relevant as possible

to patients with SMM.

Table I. Baseline demographics and disease characteristics.

Characteristic Elotuzumab 20 mg/kg (n = 15) Elotuzumab 10 mg/kg (n = 16)

Age, years 58 (45–74) 61 (39–75)

Male 10 (67) 7 (44)

Myeloma type

IgG 15 (100) 14 (88)

IgA 0 1 (6)

Light-chain disease 0 1 (6)

ECOG performance status

0 14 (93) 13 (81)

1 1 (7) 3 (19)

BMPC percentage* 23 (10–60) 30 (10–80)

Serum b2 microglobulin, mg/l

<3�5 13 (87) 14 (88)

3�5 to <5�5 2 (13) 2 (13)

Chronic kidney disease stage

1 10 (67) 7 (44)

2 3 (20) 8 (50)

3 2 (13) 1 (6)

Serum M protein, g/l 23 (10–60) 18 (0–43)

Urine M protein, mg/day 0 (0–2430) 16 (0–750)

Time since diagnosis, months 15�3 (0�8–100�1) 27�2 (1�2–132�7)
Satisfied high-risk SMM criteria† at study entry

Serum M protein ≥30 g/l, BMPC ≥10% 5 (33) 5 (31)

Serum M protein 10–30 g/l, BMPC ≥10%, FLC ratio <0�125 or >8�0 9 (60) 10 (63)

Urine M protein >200 mg/day, BMPC ≥10%, FLC ratio ≤0�125 or ≥8�0‡ 2 (13) 2 (13)

Data shown as median (minimum–maximum) or n (%). BMPC, bone marrow plasma cell; ECOG, Eastern Cooperative Oncology Group; FLC,

free light chain; Ig, immunoglobulin; SMM, smouldering multiple myeloma.

*BMPC was >60% in 5 patients.
†Kyle et al (2010).
‡Kyle et al (2014).

Table II. Least-squares linear regression of baseline proportion of CD56dim natural killer cells in bone marrow as a predictor of maximal change

in serum M protein.

Elotuzumab 20 mg/kg (n = 13) Elotuzumab 10 mg/kg (n = 12) Total (n = 25)

Parameter estimate (95% CI) �2�56 (�5�44, 0�32) 2�46 (0�09, 4�84) 0�27 (�1�72, 2�27)
P-value 0�08 0�04 0�78

Database lock: September 2014. CI, confidence interval.
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Elotuzumab monotherapy was generally well tolerated, with

a safety profile consistent with prior elotuzumab studies

(Lonial et al, 2015). Upper respiratory tract infections (URTIs)

were the most common AEs, occurring in 18/31 patients

(58%), but no cases of URTI were deemed to be related to

treatment; one of the 18 cases was grade 3–4, and no patients

discontinued elotuzumab due to URTI. All IRs were grade 1 or

2, and no patient discontinued elotuzumab treatment due to

an IR. IRs are typically mild to moderate in severity with pre-

treatment, and usually develop during the first dose. Addition-

ally, analysis of this patient population showed no dose-related

effect on corrected QT intervals, and there were no reports of

AEs potentially related to proarrythmia where electrocardio-

gram assessments could be performed (Passey et al, 2016).

This study demonstrated similar safety and efficacy in

patients receiving elotuzumab once-monthly at 20 mg/kg

and patients receiving 10 mg/kg every 2 weeks. Future stud-

ies may support these results and inform elotuzumab dosing

schedules that maximize patient convenience.

The benefits of therapy for SMM must be weighed against

the toxicity and lower quality of life that treatment of SMM

may bring. An ideal therapy would be expected to
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Fig 3. Progression to active MM. Time to progression to active MM based on modified IMWG criteria (Kyle et al, 2010) plus CRAB features.

Database lock: January 2016. CI, confidence interval; CRAB, elevated calcium, renal insufficiency, anaemia or bone lesions; Elo, elotuzumab;

IMWG, International Myeloma Working Group; PFS, progression-free survival; MM, multiple myeloma; NE, not evaluable.
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demonstrate clinical benefit with minimal side effects in

patients with SMM, such as the patient population evaluated

herein; however, this was not achieved in this phase II study.

Several other studies have assessed the efficacy of therapeu-

tic agents for SMM. In particular, bisphosphonates have been

studied; notably, a prospective, randomized study with a mini-

mum of 5 years, follow-up evaluated pamidronate versus

observation in patients with SMM and found no reduction in

the risk of progression from SMM to MM (D’Arena et al,

2011), consistent with results of studies with shorter follow-

ups. A phase III randomized study of thalidomide plus zole-

dronic acid versus zoledronic acid alone in 68 patients with

SMM found no anti-tumour responses in the zoledronic acid

group and an ORR of 37% with the addition of thalidomide

(Witzig et al, 2013). PFS was prolonged to 4�1 vs. 3�3 years

with the addition of thalidomide, but this difference was not

found to be statistically significant (Witzig et al, 2013).

It has been demonstrated that patients with high-risk

SMM can benefit from early treatment. A study of 119

patients with high-risk SMM randomized to lenalidomide

and dexamethasone (Ld) or observation arms showed that

early intervention in SMM had significant benefit in terms of

time to progression and 3-year PFS (Mateos et al, 2013).

Although Ld delayed the development of active MM, a

higher proportion of patients in the Ld arm experienced AEs

compared with the observation cohort, including one grade 5

AE (Mateos et al, 2013). A long-term follow-up of this study,

with a median follow-up of 75 months, showed that, as of
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Fig 4. Progression to active MM by baseline proportion of CD56dim cells in the bone marrow. Time to progression to active MM based on mod-

ified IMWG criteria (Kyle et al, 2010) plus CRAB features. Database lock: January 2016. CI, confidence interval; CRAB, elevated calcium, renal

insufficiency, anaemia or bone lesions; IMWG, International Myeloma Working Group; PFS, progression-free survival; MM, multiple myeloma;

NE, not evaluable.

Table III. Adverse events reported in ≥20% of patients.

Adverse event

Elotuzumab 20 mg/kg (n = 15) Elotuzumab 10 mg/kg (n = 16)

Any grade Grade 3–4 Any grade Grade 3–4

Total patients with an adverse event, n (%) 15 (100) 7 (47) 16 (100) 6 (38)

Upper respiratory tract infection 8 (53) 1 (7) 10 (63) 0

Fatigue 7 (47) 0 6 (38) 1 (6)

Constipation 4 (27) 0 3 (19) 0

Diarrhoea 4 (27) 0 3 (19) 1 (6)

Arthralgia 4 (27) 0 5 (31) 0

Insomnia 4 (27) 0 6 (38) 1 (6)

Chills 3 (20) 0 1 (6) 0

Oral candidiasis 3 (20) 0 1 (6) 0

Database lock: January 2016.
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June 2015, the median time to progression was not reached

in the Ld group (versus 23 months in the observation group;

P < 0�0001) (Mateos et al, 2016).

ELd is also under investigation in patients with high-risk

SMM according to the most recent diagnostic criteria

(Ghobrial et al, 2016a). Initial data from a small phase II

study showed that patients treated with ELd had a high ORR

(74%), including two complete responses, nine very good PR

(24%) and 17 PR (45%), with an acceptable safety profile

(Ghobrial et al, 2016b). Of patients who received ≥9 cycles

of ELd, all showed clinical benefit (MR or better), and 83%

had a PR or better (Ghobrial et al, 2016b).

Study limitations

The definition of high-risk SMM has been updated since this

study began (Rajkumar et al, 2015). Notable differences

include a FLC ratio of ≥8�0 (versus also including <0�125)
and BMPC of 50–60% (vs. ≥10%). In light of this newer

guidance, the patients enrolled in this study may be consid-

ered intermediate-to-high risk. It should also be noted that

the IMWG response criteria were designed for patients with

active MM; as yet, the precise meaning of response in SMM

is incompletely understood.

In total, 31 patients were sequentially enrolled and treated

in this phase II study; interpretation of data from this study

to fully establish any benefit of elotuzumab monotherapy in

patients with SMM is thus limited by the small number of

patients, short duration of treatment and lack of observation

arm.

Conclusions

No association was found between baseline proportions of

CD56dim NK cells in bone marrow and maximal change in

serum M protein in response to elotuzumab monotherapy in

patients with SMM. Monotherapy with elotuzumab had a

low ORR, but was well tolerated with an acceptable safety

profile, with an overall 2-year PFS rate of 69%. Investigations

combining elotuzumab with lenalidomide and dexametha-

sone in patients with high-risk SMM are ongoing.
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