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Abstract
Current guidelines for smoldering multiple myeloma (SMM) recommend active monitoring until the onset of multiple
myeloma (MM) before initiating treatment or enrollment in a clinical trial. Earlier intervention may delay progression to
MM. In CENTAURUS, 123 patients with intermediate-risk or high-risk SMM were randomly assigned to daratumumab
16 mg/kg intravenously on extended intense (intense), extended intermediate (intermediate), or short dosing schedules.
At the prespecified primary analysis (15.8-month median follow-up), the complete response (CR) rates (co-primary
endpoint) were 2.4%, 4.9%, and 0% for intense, intermediate, and short dosing, respectively; the co-primary endpoint of CR
rate >15% was not met. Progressive disease (PD)/death rates (number of patients who progressed or died divided by total
duration of progression-free survival [PFS] in patient-years; co-primary endpoint) for intense, intermediate, and short dosing
were 0.055 (80% confidence interval [CI], 0.014–0.096), 0.102 (80% CI, 0.044–0.160), and 0.206 (80% CI, 0.118–0.295),
respectively, translating to a median PFS ≥24 months in all arms (P < 0.0001, <0.0001, and =0.0213, respectively). With
longer follow-up (median follow-up, 25.9 months), CR rates were 4.9%, 9.8%, and 0% for intense, intermediate, and short
dosing, respectively. PD/death rates for intense, intermediate, and short dosing were 0.059 (80% CI, 0.025–0.092), 0.107
(80% CI, 0.058–0.155), and 0.150 (80% CI, 0.089–0.211), respectively, again translating to a median PFS ≥ 24 months in all
arms (P < 0.0001 for all arms). Twenty-four–month PFS rates were 89.9% (90% CI, 78.5–95.4%), 82.0% (90% CI,
69.0–89.9%), and 75.3% (90% CI, 61.1–85.0%) for intense, intermediate, and short dosing, respectively. Pharmacokinetic
analyses indicated that intense dosing maintained target-saturating trough concentrations in most patients throughout
weekly, every-2-week, and every-4-week dosing periods. No new safety signals were observed. These data provide the basis
for an ongoing phase 3 study of daratumumab in SMM.

Introduction

Multiple myeloma (MM) evolves from a premalignant,
asymptomatic precursor stage known as smoldering MM

(SMM) [1, 2]. Although patients are at variable risk for
progression to MM, there is currently no uniformly accepted
definition of high-risk or intermediate-risk SMM [1]. The
previous Mayo Clinic model defined risk categories on the
basis of three criteria: serum monoclonal protein (M-protein)
≥3 g/dl, clonal bone marrow plasma cells (PCs) ≥10%, and
serum immunoglobulin free light chain (FLC) ratio <0.125
or >8. Patients meeting one, two, or three of these criteria are
considered to be at low, intermediate, or high risk for pro-
gression to MM, respectively, with 5-year progression rates
of 25%, 51%, and 76%, respectively [3]. The newer Mayo
Clinic criteria use M-protein >2 g/dl, clonal bone marrow
PCs >20%, and serum immunoglobulin FLC ratio >20 to
define risk categories with 5-year risks for developing MM
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of 23% (low risk), 47% (intermediate risk), and 82% (high
risk) [4]. In the PETHEMA model, risk categories are
defined on the basis of two criteria: ≥95% abnormal PCs in
the bone marrow, as assessed by multiparameter flow
cytometry, and the presence of immunoparesis, defined as a
decrease (below lower normal limit) in the levels of one or
two immunoglobulins relative to those of the corresponding
uninvolved immunoglobulin. Patients meeting one or two of
these criteria were found to be at intermediate or high risk
for progression to MM (5-year progression risks of 46% and
72%), respectively, and patients meeting neither of these
criteria were found to be at low risk (5-year progression risk
of 4%) [5].

Current standard of care for patients with SMM is active
monitoring until progression to MM before initiating
treatment [1]. However, most high- or intermediate-risk
SMM patients do progress to MM [3, 5]. The phase 3
QuiRedex study of lenalidomide/dexamethasone (Rd) in
patients with SMM, which was conducted before the defi-
nition of MM was revised to include validated biomarkers
to allow earlier MM diagnosis [6], showed that Rd not only
decreased the proportion of patients who developed MM
(39 vs. 86%), but also improved overall survival (OS),
albeit with treatment-related toxicities (one patient died due
to treatment) [7, 8]. These findings suggest that intercepting
high-risk or intermediate-risk SMM may yield clinical
benefit, and that finding a less toxic intervention is an
unmet need.

Daratumumab is a human IgG1κ monoclonal antibody
that targets CD38, a receptor that is highly expressed on the
myeloma cell surface [9, 10]. Daratumumab’s antitumor
effects result from its on-tumor and immunomodulatory
mechanism of action [11–16]. In the GEN501 and SIRIUS
studies, daratumumab monotherapy induced deep and dur-
able responses and had a favorable safety profile in patients
with heavily pretreated relapsed and/or refractory MM
(RRMM) [17, 18]. Based on these findings, we hypothe-
sized that daratumumab monotherapy could delay progres-
sion from intermediate-risk or high-risk SMM to MM
compared with historical observations [19]. We therefore
initiated this phase 2 study of daratumumab monotherapy in
patients with intermediate-risk or high-risk SMM.

Patients and methods

Study design

This was a randomized, open-label, multicenter, phase 2 study
in patients with high-risk or intermediate-risk SMM (Clinica
lTrials.gov Identifier: NCT02316106). All patients provided
written informed consent. The study was approved by

institutional review boards or ethics committees at all parti-
cipating institutions and was conducted in accordance with
the Declaration of Helsinki and the International Conference
on Harmonisation Good Clinical Practice guidelines.

Patients

Eligible patients ≥18 years of age had a confirmed diagnosis
of high-risk or intermediate-risk SMM for <5 years, and an
Eastern Cooperative Oncology Group (ECOG) performance
status score of 0 or 1. High-risk or intermediate-risk
SMM was defined as bone marrow PCs ≥10% to <60% and
at least one of the following: serum M-protein ≥3 g/dl
(IgA ≥2 g/dl), urine M-protein >500 mg/24 h, abnormal FLC
ratio (<0.126 or >8) with serumM-protein <3 g/dl but ≥1 g/dl,
or (criteria added following a protocol amendment) absolute
involved serum FLC ≥100 mg/l with an abnormal FLC
ratio (<0.126 or >8, but not ≤0.01 or ≥100). Key exclusion
criteria included the presence of at least one SLiM-CRAB
myeloma-defining event, as defined in the 2014 Interna-
tional Myeloma Working Group (IMWG) criteria (≥60%
bone marrow PCs, FLC involved/uninvolved ratio ≥100, >1
focal bone lesion by magnetic resonance imaging
[MRI], calcium elevation, renal insufficiency by creatinine
clearance, anemia, or bone disease due to lytic bone lesions)
[6], pretreatment clinical laboratory values indicating
clinically relevant organ dysfunction (absolute neutrophil
count <1.0 × 109/l, platelet count <75 × 109/l, aspartate
aminotransferase and alanine aminotransferase >2.5 ×
the upper limit of normal, and total bilirubin >1.5 × the
upper limit of normal), and primary systemic AL (immu-
noglobulin light chain) amyloidosis. Patients were also
excluded for concurrent bisphosphonate treatment for
SMM or MM.

Treatments

Patients (N= 123) were randomly assigned (1:1:1 ratio) using
an interactive web-based system to receive one of three dar-
atumumab dosing schedules: extended intense (intense),
extended intermediate (intermediate), and short (Fig. 1a).
Randomization was balanced using permuted blocks (block
size 6) and was stratified based on number of risk factors for
progression to MM (<2 vs. ≥2; Supplementary Methods) [20].
Daratumumab 16mg/kg was administered intravenously in
8-week cycles. In the intense arm, patients received dar-
atumumab weekly in Cycle 1, every 2 weeks in Cycles 2 and
3, every 4 weeks in Cycles 4–7, and every 8 weeks in Cycles
8–20. In the intermediate arm, patients received daratumumab
weekly in Cycle 1 and every 8 weeks in Cycles 2–20. The
every-8-week dosing schedule used in Cycles 8–20 in the
intense arm and Cycles 2–20 in the intermediate arm was
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selected for patient convenience. In the short arm, patients
received one cycle of weekly daratumumab. Patients were
followed until disease progression and will be monitored until

the end of the study (4 years from the time the last patient
received the first daratumumab dose). Treatment assignments
were not blinded.
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Endpoints and assessments

The co-primary endpoints were complete response (CR) rate
and progressive disease (PD)/death rate per patient-year. The
primary analysis of CR rate, defined as the proportion of
patients who achieved ≥CR (CR or stringent CR [sCR] by
IMWG criteria [21, 22]), was conducted 6 months after the
last patient was randomized. The primary analysis of PD/
death rate, defined as the number of patients who progressed
to MM or died divided by the total duration of progression-
free survival (PFS) for all patients, in patient-years (with PD
defined per 2014 IMWG [SLiM-CRAB] criteria [6] plus
additional IMWG FLC progression criteria [in addition to an
involved/uninvolved serum FLC ratio of ≥100 and an
involved FLC of ≥100mg/l, a ≥25% increase from nadir in
the difference between involved and uninvolved FLC levels,
with an absolute increase of >10mg/dl [6, 21], all of which
had to be met during two consecutive visits]; Supplementary
Table S1), was conducted 12 months after the last patient was
randomized. The PD/death rate cutoff chosen for this end-
point—a PD/death rate of ≥0.346/patient-year as the null
hypothesis—translates to a median PFS cutoff of 24 months,
assuming an exponential survival function; the null hypoth-
esis was that patients will have a median PFS <24 months.
The PFS cutoff of 24 months was selected based on a prior
study [19]. Secondary endpoints included overall response
rate (ORR), PFS, OS, and biochemical or diagnostic (BOD)
PFS. Responses were assessed according to IMWG guide-
lines; radiographic response assessments were not required
[21, 22]. In instances of suspected daratumumab interference
with M-protein assessment, a daratumumab-specific reflex
assay was used to confirm CRs or sCRs [23]. BOD PFS
was defined as the time from the date of randomization
to the date of death or to the date of biochemical progression
or diagnostic progression, whichever occurred first. Bio-
chemical progression, an exploratory endpoint in SMM, was

defined as a measurable increase of ≥25% from nadir value in
any of the following during two consecutive visits: serum
M-component (absolute increase must be ≥0.5 g/dl), urine
M-component (absolute increase must be ≥200mg/24 h),
and, in patients without measurable serum and urine
M-protein, the difference between involved and uninvolved
FLC levels (absolute increase must be >10 mg/dl; Supple-
mentary Table S1). Diagnostic progression was defined
according to SLiM-CRAB criteria plus additional IMWG
FLC progression criteria [6, 21]. Specifically, FLC PD was
defined as an FLC ratio of ≥100, an involved FLC level
of ≥100mg/l, a ≥25% increase from nadir in the difference
between involved and uninvolved FLC levels, and an
absolute increase in the difference between involved and
uninvolved FLC levels >10mg/dl, as confirmed by two
consecutive assessments [6, 21].

Safety evaluations included adverse event (AE) mon-
itoring, physical examinations, electrocardiography, clinical
laboratory testing, vital sign measurements, and ECOG
performance status assessments using National Cancer
Institute Common Terminology Criteria for AEs, Version
4.03 [24].

Statistical analyses

For each treatment arm, two hypotheses were tested
independently: (1) null hypothesis (H0): CR rate ≤15%;
alternate hypothesis (Ha): CR rate ≥35% and (2) H0: PD/
death rate ≥0.346/patient-year (corresponding to a median
PFS <24 months); Ha: PD/death rate ≤0.185/patient-year
(median PFS >45 months). We estimated that enrolling
40 patients/arm would provide 90% power to show that
the true CR rate is >15% at a one-sided level of 0.05 and
80% power to show that the true PD/death rate is <0.346/
patient-year at a one-sided level of 0.1. In addition,
if at least two treatment schedules were deemed effective,
we estimated that the study would have 85% probability
of identifying the arm with the higher CR and 80%
probability of identifying the arm with the lower PD/death
rate.

PFS and OS were computed by the Kaplan–Meier
method.

Additional methods are provided in the Supplementary
Information.

Results

Patients and treatment

The CENTAURUS study was conducted in 47 sites in
Europe, North America, the Middle East, and the Asia
Pacific region. A total of 255 patients were screened, of

Fig. 1 Study design and patient flow diagram. a Study design.
b Patient flow diagram through the clinical cutoff date.a QW once
weekly, Q2W every 2 weeks, Q4W every 4 weeks, Q8W every
8 weeks, IV intravenously, PD progressive disease, LPFD last patient
first dose, CR complete response, MM multiple myeloma, SMM
smoldering multiple myeloma, IMWG International Myeloma Work-
ing Group, FLC free light chain, PC plasma cell. aJune 29, 2018. bPD
was defined per the 2014 IMWG criteria for MM [6] plus additional
IMWG FLC progression criteria (a ≥25% increase from nadir in
the difference between involved and uninvolved FLC levels [absolute
increase must be >10 mg/dl]) [21]. cA patient could have multiple
reasons for exclusion and therefore be counted in more than
one category. dBone marrow PCs ≥10% to <60% plus serum M-pro-
tein ≥3 g/dl (IgA ≥2 g/dl), urine M-protein >500 mg/24 h, or abnormal
FLC ratio (<0.126 or >8) and serum M-protein <3 g/dl but ≥1 g/dl.
eBone marrow PCs ≥10% to <60% plus serum M-protein ≥3 g/dl
(IgA ≥2 g/dl), urine M-protein >500 mg/24 h, abnormal FLC ratio
(<0.126 or >8) and serum M-protein <3 g/dl but ≥1g/dl, or absolute
involved serum FLC ≥100 mg/l with an abnormal FLC ratio (<0.126 or
>8, but not ≤0.01 or ≥100).
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which 132 (51.8%) patients failed screening (Fig. 1b); the
most common reason for screening failure was fulfillment
of the criteria for active MM [6] (57 patients [43.2% of
screen failures]). Between May 1, 2015 and January 2,
2017, all 123 screened patients eligible for the study were
randomized, with 41 patients in each arm (intense, inter-
mediate, and short). Baseline demographics and disease
characteristics were balanced across the three arms of the
study (Table 1). The median age was 61.0 (range 31–81)
years, and the median time from SMM diagnosis to

enrollment was relatively short, ranging from 5.5 to
7.4 months. One hundred one patients (82.1%) had an
ECOG performance status score of 0, while the remaining
22 patients (17.9%) had a score of 1. One hundred patients
(81.3%) had at least two risk factors at screening. Ninety
patients (73.2%) had disease with an IgG subtype. The
median (range) bone marrow PC percentage was 20.0%
(10.0–55.0%). The most common cytogenetic abnormal-
ities, del(13q) and gain or amp 1q21, were observed in
16.2% and 20.0% of patients, respectively.

The prespecified primary analyses for the co-primary
endpoints were conducted 6 months (for CR rate) and
12 months (for PD/death rate) after randomization of the
last patient; the clinical cutoff dates were February 8, 2017
and August 8, 2017, respectively. At the clinical cutoff date
of August 8, 2017, the median duration of follow-up was
15.8 (range 0–23.9) months. In addition, all efficacy and
safety endpoints were analyzed after a longer duration of
follow-up occurring at the clinical cutoff date of June 29,
2018; for this analysis, the median duration of follow-up
was 25.9 (range 0–33.2) months. At the clinical cutoff date
of June 29, 2018, the median (range) duration of
treatment was 25.8 (1.0–33.1) months in the intense arm,
25.8 (1.9–33.1) months in the intermediate arm, and
1.6 (0.1–1.9) months in the short arm. In the short arm,
38 patients (95.0%) had completed treatment; treatment in
the intense and intermediate arms was ongoing at the time
of clinical cutoff. The primary reasons for treatment dis-
continuation were PD (seven patients [5.7%]) and AEs (six
patients [4.9%]; Fig. 1). AEs leading to treatment dis-
continuation included pneumonia, thrombocytopenia, breast
disorder, balance disorder, unstable angina, and hypomania
(n= 1 each). Eight patients (6.5%) discontinued study
participation due to patient withdrawal (one, two, and three
patients in the intense, intermediate, and short arms,
respectively) and death (one patient each in the intermediate
and short arms).

Efficacy

At the primary analysis, CR or better was achieved by one
patient (2.4%; 90% confidence interval [CI], 0.1–11.1%)
in the intense arm and two patients (4.9%; 90% CI,
0.9–14.6%) in the intermediate arm, with P values of
0.9895 and 0.9569, respectively, for testing for the null
hypothesis that the CR (sCR+ CR) rate was ≤15%. With
longer follow-up (clinical cutoff date of June 29, 2018), CR
or better was achieved by two patients (4.9%) in the intense
arm and four patients (9.8%) in the intermediate arm
(Table 2). No patient in the short arm achieved a CR or
better at the time of either clinical cutoff. The co-primary
endpoint of CR rate >15% was not met at either time point.
At the June 29, 2018 clinical cutoff, the ORR was 56.1%

Table 1 Baseline demographics and disease characteristics.

Intense
(n= 41)

Intermediate
(n= 41)

Short
(n= 41)

Median (range)
age, years

65.0 (34–79) 62.0 (31–81) 59.0 (39–78)

Female, n (%) 24 (58.5) 24 (58.5) 20 (48.8)

Race, n (%)

White 35 (85.4) 37 (90.2) 35 (85.4)

Black or African
American

2 (4.9) 1 (2.4) 2 (4.9)

Asian 2 (4.9) 1 (2.4) 1 (2.4)

Other 2 (4.9) 2 (4.9) 3 (7.3)

ECOG performance status score, n (%)

0 32 (78.0) 34 (82.9) 35 (85.4)

1 9 (22.0) 7 (17.1) 6 (14.6)

Risk factors at screening,a n (%)

<2 8 (19.5) 8 (19.5) 7 (17.1)

≥2 33 (80.5) 33 (80.5) 34 (82.9)

Type of disease, n (%)

IgG 33 (80.5) 30 (73.2) 27 (65.9)

IgA 6 (14.6) 7 (17.1) 9 (22.0)

Others 2 (4.9) 4 (9.8) 5 (12.2)

% plasma cells in bone marrow, n (%)

≥10% to <20% 18 (43.9) 17 (41.5) 21 (51.2)

≥20% to <40% 15 (36.6) 17 (41.5) 13 (31.7)

≥40% to <60% 8 (19.5) 7 (17.1) 7 (17.1)

Cytogenetic abnormalities,b n (%)

nc 37 35 33

t(4;14) 2 (5.4) 3 (8.6) 0

t(14;16) 0 0 0

del(17p) 2 (5.4) 3 (8.6) 1 (3.0)

del(13q) 6 (16.2) 7 (20.0) 4 (12.1)

Gain or amp 1q21 7 (18.9) 6 (17.1) 8 (24.2)

Median (range) time
from SMM diagnosis to
randomization, months

6.47 (0.4–46.2) 5.52 (0.7–46.7) 7.43 (1.0–56.0)

ECOG Eastern Cooperative Oncology Group, SMM smoldering
multiple myeloma.
aRisk factors include abnormal free light chain ratio (<0.126 or >8),
serum M-protein ≥3 g/dl, urine M-protein >500 mg/24 h, IgA subtype,
and immunoparesis (at least one uninvolved immunoglobulin [IgG,
IgA, IgM] decreased >25% below the lower limit of normal) [20].
bCytogenetic abnormalities were detected by FISH and/or karyotyping.
cIncludes all patients with available cytogenetics data. Among the
105 patients with available cytogenetics data, cytogenetic risk was
assessed by karyotyping alone in 13 patients, by FISH alone in 50
patients, and by both karyotyping and FISH in 42 patients.
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(90% CI, 42.1–69.4%) in the intense arm, 53.7% (90% CI,
39.8–67.1%) in the intermediate arm, and 37.5% (90% CI,
24.7–51.7%) in the short arm. Very good partial responses
(VGPRs) were achieved by 24.4%, 14.6%, and 17.5% of
patients in the intense, intermediate, and short arms,
respectively, and partial responses (PRs) were achieved by
26.8%, 29.3%, and 20.0%, respectively.

At the clinical cutoff date of June 29, 2018, five patients
(12.2%) in the intense arm, seven patients (17.1%) in the
intermediate arm, and ten patients (24.4%) in the short arm
had experienced disease progression (Table 2). SLiM-based
progression events included involved/uninvolved serum
FLC ratio ≥100 (n= 13), more than one focal lesion by
MRI (n= 5), and clonal bone marrow PC percentage ≥60%

Table 2 Summary of ORR and
PD/death rate.a

Intense (n= 41) Intermediate (n= 41) Short (n= 41)

ORR summary, nb 41 41 40c

ORR, n (%) 23 (56.1) 22 (53.7) 15 (37.5)

90% CI 42.1–69.4 39.8–67.1 24.7–51.7

CR (sCR+ CR) rate 2 (4.9) 4 (9.8) 0

P valued 0.9569 0.7567

90% CIe (0.9–14.6) (3.4–21.0)

sCR 2 (4.9) 3 (7.3) 0

CR 0 1 (2.4) 0

VGPR 10 (24.4) 6 (14.6) 7 (17.5)

PR 11 (26.8) 12 (29.3) 8 (20.0)

SD 18 (43.9) 19 (46.3) 25 (62.5)

PD/death rate summary, nf 41 41 41

Patients who progressed or died, n (%) 5 (12.2) 8 (19.5) 10 (24.4)

Progressedg 5 (12.2) 7 (17.1) 10 (24.4)

Died 0 1 (2.4) 1 (2.4)

Total duration of PFS, patient-years 85.2 75.1 66.6

PD/death rateh 0.059 0.107 0.150

P valuei,j <0.0001 <0.0001 <0.0001

80% CIj (0.0251–0.0923) (0.0583–0.1548) (0.0893–0.2110)

Biochemical PFS, n 41 41 41

Patients who progressed or died, n (%) 7 (17.1) 13 (31.7) 25 (61.0)

Median PFS, months (90% CI) NR (NE–NE) NR (NE–NE) 15.1 (11.6–23.3)

12-month PFS rate, % (90% CI) 94.9 (84.5–98.4) 77.7 (64.6–86.5) 58.0 (43.6–69.9)

24-month PFS rate, % (90% CI) 84.3 (71.6–91.7) 70.2 (56.5–80.3) 31.5 (19.2–44.6)

ORR overall response rate, PD progressive disease, CI confidence interval, CR complete response,
sCR stringent complete response, VGPR very good partial response, PR partial response, SD stable disease,
PFS progression-free survival, NR not reached, NE not estimable, MM multiple myeloma, IMWG
International Myeloma Working Group, FLC free light chain, MRI magnetic resonance imaging.
aBased on the clinical cutoff date of June 29, 2018.
bResponse rates were assessed in the response-evaluable population (patients who had measurable disease at
baseline, received ≥1 dose of study drug, and had ≥1 postbaseline disease assessment).
cOne patient in the short arm was randomized but did not receive study treatment.
dExact P value for testing the null hypothesis that the CR (sCR+CR) rate was ≤15%.
eExact 90% CI.
fPD/death rate was assessed in the intent-to-treat population.
gPD was defined per the 2014 IMWG diagnostic criteria for MM [6] plus additional IMWG FLC progression
criteria (a ≥25% increase from nadir in the difference between involved and uninvolved FLC levels [absolute
increase must be >10 mg/dl]) [21]. Most progression events were SLiM-based and consisted primarily of
serum FLC ratio ≥100 or more than one focal lesion by MRI. Two progression events, lytic lesions, were
CRAB-based.
hPD/death rate is the ratio of the patients who progressed or died divided by the total duration of progression-
free survival for all patients in patient-years.
iP value for testing the null hypothesis that the PD/death rate is ≥0.346/patient-year.
jNormal approximation.
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(n= 2); two CRAB-based progression events were reported
(lytic lesions), and no fractures related to MM lytic lesions
were reported. In the short arm, one patient died due to
disease progression, despite the timely initiation of frontline
MM therapy (bortezomib/lenalidomide plus radiation).

At the primary analysis, the PD/death rates per patient-
year were 0.055 (80% CI, 0.014–0.096) for the intense arm,
0.102 (80% CI, 0.044–0.160) for the intermediate arm,
and 0.206 (80% CI, 0.118–0.295) for the short arm. The
P values for testing the null hypothesis that the PD/death
rate per patient-year is ≥0.346 (equivalent to a median
PFS <24 months under the exponential distribution) were
<0.0001, <0.0001, and 0.0213 for the intense, intermediate,
and short arms, respectively. With longer follow-up (clinical
cutoff date of June 29, 2018), the PD/death rates per patient-
year were 0.059 (80% CI, 0.025–0.092) for the intense arm,
0.107 (80% CI, 0.058–0.155) for the intermediate arm, and
0.150 (80% CI, 0.089–0.211) for the short arm; P values for
all arms were <0.0001 (Table 2). These data demonstrate
that the co-primary endpoint of median PFS ≥24 months
was met.

At the clinical cutoff date of June 29, 2018, the median
PFS (based on SLiM-CRAB plus IMWG FLC progression
criteria) was not reached in any treatment arm (Fig. 2a). The
12-month PFS rates were 95.1% (90% CI, 85.0–98.4%),
87.5% (90% CI, 75.7–93.8%), and 84.0% (90% CI,
71.0–91.5%) for the intense, intermediate, and short arms,
respectively, and the 24-month PFS rates were 89.9% (90%
CI, 78.5–95.4%), 82.0% (90% CI, 69.0–89.9%), and 75.3%
(90% CI, 61.1–85.0%), respectively. The median bio-
chemical PFS was not reached in the intense or intermediate
arms and was 15.1 months (90% CI, 11.6–23.3) in the short
arm (Table 2). The 12-month biochemical PFS rates
were 94.9% (90% CI, 84.5–98.4%), 77.7% (90% CI,
64.6–86.5%), and 58.0% (90% CI, 43.6–69.9%) for the
intense, intermediate, and short arms, respectively, and the
24-month rates were 84.3% (90% CI, 71.6–91.7%), 70.2%
(90% CI, 56.5–80.3%), and 31.5% (90% CI, 19.2–44.6%),
respectively. The median BOD PFS was not reached in the
intense or intermediate arms and was 14.8 months (90% CI,
11.1–20.4) in the short arm (Fig. 2b). The 12-month BOD
PFS rates were 90.1% (90% CI, 78.8–95.5%), 72.8% (90%
CI, 59.2–82.4%), and 53.7% (90% CI, 39.6–65.8%) for the
intense, intermediate, and short arms, respectively, and the
24-month BOD PFS rates were 77.5 (90% CI, 64.4–86.4),
70.2 (90% CI, 56.6–80.3), and 26.8 (90% CI, 15.8–39.1),
respectively. OS data remain immature; follow-up is
ongoing.

Safety

The safety population comprised 122 patients. At the clin-
ical cutoff date of June 29, 2018, AEs were observed in

100% of patients in the intense and intermediate arms, and
92.5% of patients in the short arm. The most common
treatment-emergent AEs (TEAEs) included fatigue, upper
respiratory tract infection, cough, insomnia, headache,
diarrhea, arthralgia, and nausea (Table 3). No hematologic
TEAE occurred in ≥10% of patients in any treatment arm.

Fig. 2 PFS. PFSa with progression defined based a on diagnosticb

criteria and b on biochemicalc or diagnostic criteria.d PFS progression-
free survival, IMWG International Myeloma Working Group,
MM multiple myeloma, FLC free light chain. aPFS was assessed in the
intent-to-treat population. bDiagnostic progression was defined per the
2014 IMWG criteria for MM [6] plus additional IMWG FLC pro-
gression criteria (a ≥25% increase from nadir in the difference between
involved and uninvolved FLC levels [absolute increase must be
>10 mg/dl]) [21]. cBiochemical progression was defined as a mea-
surable increase of ≥25% from nadir value in any of the following at
any point during follow-up: serum M-component (absolute increase
must be ≥0.5 g/dl), urine M-component (absolute increase must be
≥200 mg/24 h), and, in patients without measurable serum and urine
M-protein, the difference between involved and uninvolved FLC
levels (absolute increase must be >10 mg/dl). dBased on the clinical
cutoff date of June 29, 2018.
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Grade 3/4 TEAEs were observed in 43.9% of patients in the
intense arm, 26.8% of patients in the intermediate arm,
and 15.0% of patients in the short arm. The most common
grade 3/4 TEAEs (observed in >1 patient in any arm) were
hypertension and hyperglycemia (Table 4). No grade 3/4
TEAEs were observed in more than three patients in any
arm, and the rate of grade 3/4 infections was ≤5% in all
arms. Serious AEs were observed in 31.7% of patients in
the intense arm, 14.6% of patients in the intermediate arm,
and 10.0% of patients in the short arm (Table 3). Within the
first 8 weeks, while all patients were receiving an identical
weekly schedule of daratumumab dosing, serious AEs were
observed in 12.2%, 0%, and 10.0% of patients in the
intense, intermediate, and short arms, respectively. The only
serious AE reported in more than one patient in any arm
was pneumonia, which was observed in two patients (4.9%)
in the intense arm (Table 4). Infusion-related reactions
were observed in 56.1%, 43.9%, and 55.0% of patients in
the intense, intermediate, and short arms, respectively

(Table 3). Most infusion-related reactions were associated
with the first infusion. Second primary malignancies were
observed in two patients in the intense arm (stage II breast
cancer and stage 0 melanoma) and one patient in the
intermediate arm (stage I melanoma).

Discussion

Currently, SMM is one of few cancer diagnoses where early
diagnosis does not mandate early treatment, as there are cur-
rently no approved drugs for treatment of this disease.
Therefore, patients undergo active monitoring until progres-
sion to MM. However, despite rapid advances that continue to
be made in MM treatment, including the emergence of chi-
meric antigen receptor (CAR)-T–based therapies [25], an
established curative therapy is not yet available. SMM patients
at higher risk for progression to MM may benefit from earlier
therapeutic intervention. A need therefore exists for treatments
that are both effective and well tolerated in this asymptomatic
disease. Regulatory approval of individual agents may present
a pathway toward the eventual approval of combination
regimens, which may be later accessed by patients who have
successfully delayed their progression to MM.

The CENTAURUS study was designed to determine
whether daratumumab monotherapy could delay progres-
sion from intermediate-risk or high-risk SMM to MM
compared with historical observations [19] and to find the
optimal schedule of treatment administration. These patients
are likely to progress to MM, providing a rationale for
evaluating single-agent daratumumab as a therapeutic
intervention. Including both intermediate-risk and high-risk
patients in this study allowed patients to be recruited within
a reasonable timeframe for this proof-of-concept study. In
the GEN501 study, a treatment schedule similar to the
intense schedule in CENTAURUS demonstrated clinical
activity and an acceptable safety profile in patients with
RRMM [17]. However, clinical activity was observed even
with the abbreviated schedule used in the dose-escalation
phase of GEN501 [17], suggesting that the short schedule in
CENTAURUS may be sufficient to delay the onset of MM.

The co-primary endpoint of CR rate of >15% was not
met at the time of clinical cutoff, which suggests that single-
agent daratumumab may not be sufficient to eradicate
SMM. However, the PD/death rate and ORR demonstrated
that daratumumab does have single-agent activity in SMM.
Furthermore, the PFS and BOD PFS data suggest that
prolonged dosing of daratumumab monotherapy delays
both diagnostic progression and biochemical progression
compared with short-term dosing.

Three studies have elaborated on the importance of bio-
markers evolving during follow-up [26–28]. Evolving changes
in M-protein and hemoglobin levels and evolving differences

Table 3 Safety summary.a,b

Intense
(n= 41)

Intermediate
(n= 41)

Short
(n= 40)c

Median (range) duration
of treatment, months

25.8 (1.0–33.1) 25.8 (1.9–33.1) 1.6 (0.1–1.9)

Most common (>25%) any grade TEAE, n (%)

Fatigue 17 (41.5) 25 (61.0) 9 (22.5)

Upper respiratory
tract infection

15 (36.6) 14 (34.1) 4 (10.0)

Cough 15 (36.6) 13 (31.7) 11 (27.5)

Insomnia 13 (31.7) 13 (31.7) 5 (12.5)

Headache 11 (26.8) 10 (24.4) 13 (32.5)

Diarrhea 11 (26.8) 10 (24.4) 4 (10.0)

Arthralgia 11 (26.8) 9 (22.0) 0

Nausea 8 (19.5) 11 (26.8) 3 (7.5)

Grade 3/4 TEAEs, n (%) 18 (43.9) 11 (26.8) 6 (15.0)

Serious AEs, n (%) 13 (31.7) 6 (14.6) 4 (10.0)

Within the first
8 weeks

5 (12.2) 0 4 (10.0)

Related to
daratumumab

0 1 (2.4) 1 (2.5)

Discontinued treatment
due to TEAE, n (%)

3 (7.3) 1 (2.4) 2 (5.0)

Related to
daratumumab

1 (2.4)d 0 1 (2.5)e

Any grade IRR rate,
n (%)

23 (56.1) 18 (43.9) 22 (55.0)

TEAE treatment-emergent adverse event, AE adverse event,
IRR infusion-related reaction.
aBased on the clinical cutoff date of June 29, 2018.
bThe safety analysis population included patients who were rando-
mized, received at least one dose of study drug, and contributed any
safety data after the start of study treatment.
cOne patient in the short arm was randomized but did not receive study
treatment.
dThrombocytopenia.
eUnstable angina.
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in FLC were found to be risk factors for progression. Studies
are ongoing to determine how treatment should be guided
based on the predictive value of these biomarkers.

A retrospective analysis of 206 patients with SMM
demonstrated that patients who experience biochemical
progression are likely to experience clinical progression to

Table 4 Summary of grade 3/4 treatment-emergent adverse events and serious adverse events.a,b

Intense (n= 41) Intermediate (n= 41) Short (n= 40)c

Event, n (%) Grade 3/4 Serious Grade 3/4 Serious Grade 3/4 Serious

Hypertension 3 (7.3) 0 2 (4.9) 0 1 (2.5) 0

Hyperglycemia 1 (2.4) 1 (2.4) 2 (4.9) 0 0 0

Pneumonia 1 (2.4) 2 (4.9) 1 (2.4) 1 (2.4) 1 (2.5) 1 (2.5)

Increased alanine aminotransferase 1 (2.4) 0 1 (2.4) 0 0 0

Diarrhea 1 (2.4) 0 1 (2.4) 0 0 0

Arthralgia 1 (2.4) 1 (2.4) 0 0 0 0

Atrial fibrillation 1 (2.4) 1 (2.4) 0 0 0 0

Cardiac failure 1 (2.4) 1 (2.4) 0 0 0 0

Dehydration 1 (2.4) 1 (2.4) 0 0 0 0

Hemangioblastoma 1 (2.4) 1 (2.4) 0 0 0 0

Hemiplegia 1 (2.4) 1 (2.4) 0 0 0 0

Hypertriglyceridemia 1 (2.4) 1 (2.4) 0 0 0 0

Leukocytosis 1 (2.4) 1 (2.4) 0 0 0 0

Pericardial effusion 1 (2.4) 1 (2.4) 0 0 0 0

Pulmonary embolism 1 (2.4) 1 (2.4) 0 0 0 0

Streptococcal sepsis 1 (2.4) 1 (2.4) 0 0 0 0

Increased blood pressure 1 (2.4) 0 0 0 0 0

Depression 1 (2.4) 0 0 0 0 0

Dysarthria 1 (2.4) 0 0 0 0 0

Dyspnea 1 (2.4) 0 0 0 0 0

Influenza-like illness 1 (2.4) 0 0 0 0 0

Musculoskeletal disorder 1 (2.4) 0 0 0 0 0

Thrombocytopenia 1 (2.4) 0 0 0 0 0

Hip fracture 0 0 1 (2.4) 1 (2.4) 0 0

Hyponatremia 0 0 1 (2.4) 1 (2.4) 0 0

Intestinal perforation 0 0 1 (2.4) 1 (2.4) 0 0

Osteoarthritis 0 0 1 (2.4) 1 (2.4) 0 0

Pain 0 0 1 (2.4) 1 (2.4) 0 0

Anastomotic leak 0 0 1 (2.4) 0 0 0

Asthma 0 0 1 (2.4) 0 0 0

Cataract 0 0 1 (2.4) 0 0 0

Diverticulitis 0 0 1 (2.4) 0 0 0

Gastrointestinal anastomotic leak 0 0 1 (2.4) 0 0 0

Hypersensitivity vasculitis 0 0 1 (2.4) 0 0 0

Lymphopenia 0 0 1 (2.4) 0 0 0

Angina pectoris 0 0 0 0 1 (2.5) 1 (2.5)

Unstable angina 0 0 0 0 1 (2.5) 1 (2.5)

Sepsis 0 0 0 0 1 (2.5) 1 (2.5)

Abdominal discomfort 0 0 0 0 1 (2.5) 0

Cough 0 0 0 0 1 (2.5) 0

Breast disorder 0 1 (2.4) 0 0 0 0

Embolism 0 1 (2.4) 0 0 0 0

Fall 0 1 (2.4) 0 0 0 0

Pleurisy 0 1 (2.4) 0 0 0 0

Ileus 0 0 0 1 (2.4) 0 0

Malignant melanoma 0 0 0 1 (2.4) 0 0

aBased on the clinical cutoff date of June 29, 2018.
bThe safety analysis population included patients who were randomized, received at least one dose of study drug, and contributed any safety data
after the start of study treatment.
cOne patient in the short arm was randomized but did not receive study treatment.
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MM [27]. The median time from recognition of evolving
type (progressive increase in serum M-protein until devel-
opment of MM) to progression to MM was 1.1 years, and
the 3-year progression rate was 71%, indicating that
detection of the evolving patterns within the first year after
diagnosis of SMM allows identification of patients at high
risk for progression who are therefore candidates for early
therapeutic intervention. In the current study, differences in
BOD PFS among the three treatment arms were more
pronounced than those in PFS, which may suggest that
incorporation of biochemical progression into the criteria
for progression of SMM to MM may be important. While
the current study was not designed to demonstrate that
biochemical progression should be incorporated into these
criteria, our results provide a platform for future hypothesis-
generating analyses.

The safety profile of daratumumab monotherapy in
patients with SMM was acceptable and was consistent with
those observed in RRMM studies [17, 18]. It should be noted
that the intense and intermediate arms had longer treatment
durations and therefore extended AE collecting periods
compared with the short arm, both of which may have
contributed to the differences observed in AE incidences
between treatment arms. Although the rates of grade 3/4 and
serious AEs were highest in the intense arm, these rates
(43.9% and 31.7%, respectively) were similar to those
observed in a comparable population of patients with high-
risk SMM treated with placebo (grade ≥3 AE: 33%; serious
AE: 31%) [19]. In addition, the number of patients dis-
continuing treatment due to AEs was similarly low across
treatment arms.

Currently, two main approaches to SMM treatment are
being investigated: eradication vs. control [29]. Several
eradication-based studies have been conducted in patients
with SMM. In a pilot study of carfilzomib plus Rd with
lenalidomide extension in high-risk SMM, among the 11 of
12 patients who completed eight treatment cycles, all
achieved VGPR or better [30]. Minimal residual disease–
negative status was detected in 11 patients by multiparametric
flow cytometry and in nine patients by next-generation
sequencing. The regimen was deemed tolerable, with one
patient discontinuing treatment due to grade 3 congestive
heart failure. In a phase 2 study, patients with high-risk SMM
received carfilzomib plus Rd as induction before, and as
consolidation after, high-dose melphalan plus autologous
stem-cell transplantation, followed by Rd maintenance [31].
Among patients who had undergone transplantation and were
evaluable at 3 months (n= 29), the ORR was 100% (sCR,
CR, and VGPR rates were 65%, 3%, and 21%, respectively),
and the minimal residual disease–negative rate was 58%.
No patient discontinued treatment due to treatment-related
AEs. A control-based strategy was examined in a phase
3 study of Rd followed by lenalidomide maintenance vs.

observation in 119 patients with high-risk SMM. The median
time to progression was not reached vs. 21 months, and the
3-year survival rate was 94 vs. 80% [7]. The ORR was 79%
during the induction phase (n= 57), including four sCRs,
four CRs, and six VGPRs, and increased to 90% during the
maintenance phase (n= 50). A randomized phase 3 study in
patients with high-risk SMM showed that lenalidomide
monotherapy vs. observation improved PFS (hazard ratio,
0.28; 95% CI, 0.12–0.63; P= 0.0005) after a median follow-
up of 35 months; the 12- and 24-month PFS rates were 98%
and 93% for the lenalidomide group, respectively, and 89%
and 76% for the observation group. The ORR was 48.9% in
the lenalidomide group and 0% in the observation group, and
the rate of VGPR or better was 4.4% in the lenalidomide
group compared with 0% in the observation group [32].

Previous daratumumab population pharmacokinetic
analyses in MM indicated that a concentration of 236 μg/ml
would be sufficient to maintain 99% model-predicted target
saturation [33]. Pharmacokinetic data from the current study
indicate that most patients in the intense arm maintain
trough (predose) concentrations near or above this target
saturation concentration throughout the weekly, every-2-
week, and every-4-week dosing periods (Supplementary
Information). However, in the intermediate arm, mean
trough concentrations fell below the target saturation con-
centration by the end of the first cycle of every-8-week
dosing (Cycle 3 Day 1) and, in the short arm, concentrations
fell below this concentration by 8 weeks after the last dose.
These data are consistent with those obtained previously
with daratumumab in patients with MM, and the main-
tenance of effective trough concentrations likely contributed
to less biochemical progression [33–35].

Treating a disease that has not yet manifested clinically is
a concept that may face challenges, especially with health
funding systems. However, the potential risks of early
intervention should be balanced with the comorbidities,
diminished quality of life, and higher risk for death asso-
ciated with MM. Rapid advancements continue to be made
in MM therapy, and some of these new therapies may
translate into development of earlier treatments for SMM.

In CENTAURUS, approximately half of the screened
patients were excluded; most (43.2%) of the screening fail-
ures were attributed to having active MM. As the definition
of high-risk SMM has continued to evolve [1], and based
on the need to improve stratification based on disease risk,
the inclusion criteria were further revised for the phase 3
AQUILA (NCT03301220) study, which is testing sub-
cutaneous administration of daratumumab (which may
improve patient convenience) vs. active monitoring in SMM.
In addition, the efficacy and pharmacokinetic data support
extended daratumumab dosing over the shortened 8-week
dosing schedule and informed the dosing schedule used in
the AQUILA study. Finally, while quality of life assessments
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were not performed in CENTAURUS, patient-reported out-
comes will be evaluated in AQUILA.

In conclusion, the findings of this study suggest that
daratumumab has single-agent activity and demonstrates
acceptable tolerability in intermediate-risk and high-
risk SMM.
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