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Abstract
Lenalidomide and dexamethasone (Rd) treatment is common for patients with newly diagnosed multiple myeloma (NDMM) 
ineligible for autologous stem-cell transplantation. Daratumumab plus Rd (D-Rd) is effective and well tolerated for treating 
relapsed or refractory multiple myeloma. In this ongoing phase 1b trial, transplant-ineligible Japanese patients with NDMM 
received daratumumab (16 mg/kg intravenously every week for 8 weeks, every 2 weeks for 16 weeks, then every 4 weeks 
until disease progression) plus Rd (R 25 mg on Days 1‒21 of 28-day cycle; d 40 mg weekly). The primary objective was 
to evaluate D-Rd tolerability and safety in Japanese patients with NDMM. Secondary objectives included daratumumab 
pharmacokinetics and response rate. During the dose-limiting toxicity (DLT) evaluation period, two DLTs occurred in seven 
(28.6%) patients, indicating D-Rd tolerability. At an 11.0-month median follow-up (interim analysis), grade 3/4 treatment-
emergent adverse events occurred in six (85.7%) patients, including lymphopenia (71.4%), leukopenia (57.1%), and neu-
tropenia (42.9%). Three (42.9%) patients experienced infusion-related reactions (IRRs). All IRRs were grade 2, occurred 
during the first daratumumab infusion, and resolved within 24 h. Pharmacokinetic findings were comparable to those in 
previous studies. A 100% overall response rate was achieved. These findings suggest D-Rd is tolerable in Japanese patients 
with transplant-ineligible NDMM. ClinicalTrials.gov identifier NCT02918331.
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Introduction

The risk of multiple myeloma (MM) increases with age, and 
patients who are ≥ 65 years of age represent more than half 
of all new cases each year in Japan [1]. The introduction of 
novel therapeutic agents and autologous stem-cell transplan-
tation (ASCT) has improved overall survival of Japanese 
and non-Japanese patients with MM in the past 20 years, 
but alternative treatment options are still needed to improve 
clinical outcomes for elderly and frail patients who are often 
not suitable for these therapies [2, 3].

Lenalidomide and low-dose dexamethasone (Rd) is an 
approved regimen for newly diagnosed MM (NDMM)  
[4-8]. In the global FIRST phase 3 clinical trial, continu-
ous Rd treatment prolonged survival and improved response 
rates versus fixed-duration treatment with melphalan, pred-
nisone, and thalidomide in transplant-ineligible MM patients 
[5]. A similar clinical benefit of Rd in Japanese patients 
with transplant-ineligible MM was later demonstrated in 
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a single-arm, phase 2 follow-up study [4]. Importantly, 
patients treated with Rd generally reported fewer grade 3 or 
4 adverse events (AEs) and lower incidence of hematologic 
and neurologic toxicity [5].

Daratumumab is a CD38-targeted human IgGκ monoclo-
nal antibody that induces MM cell death through a direct 
on-tumor and immunomodulatory mechanism of action 
[9-15]. Daratumumab has demonstrated deep and durable 
responses as a monotherapy and superior clinical benefit 
across lines of therapy when combined with standard-of-care 
regimens for the treatment of MM [16-20]. Daratumumab in 
combination with Rd (D-Rd; POLLUX trial, NCT02076009) 
or bortezomib/dexamethasone (D-Vd; CASTOR trial, 
NCT02136134) prolonged progression-free survival and 
induced higher response rates versus Rd or bortezomib/
dexamethasone (Vd) alone in relapsed or refractory MM 
(RRMM) patients with ≥ 1 prior line of therapy [18, 19, 21]. 
In addition, no new safety concerns were observed with the 
addition of daratumumab to standard-of-care regimens in 
these patients with RRMM [19, 21, 22]. Among Japanese 
patients with RRMM, phase 1 studies of daratumumab mon-
otherapy or D-Vd also showed acceptable safety and favora-
ble efficacy, consistent with non-Japanese patients [23, 24].

The clinical benefit of daratumumab was recently 
extended to patients with NDMM who were not eligible 
for high-dose chemotherapy and ASCT (ALCYONE trial, 
NCT02195479). Daratumumab plus bortezomib, melphalan, 
and prednisone (D-VMP) improved response rates and low-
ered the risk of disease progression or death in transplant-
ineligible patients with NDMM [20]. A global, ongoing 
phase 3 clinical trial is comparing the clinical benefit of 
D-Rd versus Rd in patients outside of Japan with NDMM 
who are not candidates for high-dose chemotherapy and 
ASCT (MAIA trial, NCT02252172). In MAIA, D-Rd treat-
ment significantly reduced the risk of disease progression or 
death by 44% at a median follow-up of 28.0 (range, 0.0–41.4) 
months [25]. Here, we report results from the first clinical 
trial of the D-Rd regimen in Japanese patients with NDMM 
who are not eligible for transplant. This ongoing, open-
label, multicenter, phase 1b study of Japanese patients par-
allels the MAIA study and provides clinical data to support 
D-Rd approval for NDMM in Japan. This interim analysis 
evaluated the tolerability and safety of D-Rd, pharmacoki-
netics and immunogenicity of daratumumab, and efficacy  
in Japanese patients with transplant-ineligible NDMM.

Materials and methods

2.1 Patients

Eligible patients were ≥ 20  years of age, had docu-
mented NDMM, and were not eligible for high-dose 

chemotherapy and ASCT due to comorbid condition(s) or 
an age of ≥ 65 years. These patients had hemoglobin levels  
≥ 8.0  g/dL, an absolute neutrophil count ≥ 1.0 × 109/L, 
a platelet count ≥ 75 × 109/L (if < 50% of bone mar-
row nucleated cells were plasma cells; otherwise platelet 
count ≥ 50 × 109/L), aspartate and alanine aminotransferase 
levels ≤ 2.5 times the upper limit of normal (ULN), alkaline 
phosphatase levels ≤ 2.5 times ULN, total bilirubin ≤ 1.5 
times ULN, a creatinine clearance ≥ 30 mL/min, and cor-
rected serum calcium levels ≤ 14 mg/dL or free ionized 
calcium < 6.5 mg/dL. In addition, an Eastern Cooperative 
Oncology Group (ECOG) performance status score of 0 or 
1 was required for study inclusion [26].

The patients with primary amyloidosis, monoclonal gam-
mopathy of undetermined significance, smoldering MM, 
plasma cell leukemia, Waldenström’s macroglobulinemia, 
and POEMS syndrome (polyneuropathy, organomegaly, 
endocrinopathy, monoclonal protein, and skin changes) were 
excluded. Other concurrent medical conditions that could 
interfere with study procedures or results, or that could con-
stitute a hazard during study participation, also warranted 
study exclusion. Additional exclusion criteria included 
prior or current systemic therapy or ASCT for MM, history 
of malignancy within the prior 5 years other than defined 
exceptions, radiation therapy within 14 days of the first dose, 
plasmapheresis within 28 days of the first dose, and known 
meningeal involvement of MM.

The protocol and amendments for this study were 
reviewed and approved by affiliated local Independent  
Ethics Committees and Internal Review Boards. The study 
was conducted in accordance with ethical principles that 
have their origin in the Declaration of Helsinki and that are 
consistent with Good Clinical Practices and applicable regu-
latory requirements. All patients provided written consent to 
participate in the study.

2.2 Study design

This phase 1b, open-label, single-arm study of daratumumab 
in combination with lenalidomide and dexamethasone 
(MMY1006, NCT02918331) was conducted at 4 sites in 
Japan starting on October 7, 2016, with an interim analysis 
conducted up to a clinical cutoff date of January 30, 2018. 
The study included a screening phase (up to 21 days before 
treatment initiation on Cycle 1, Day 1), a treatment phase 
(Cycle 1, Day 1 until discontinuation due to documented dis-
ease progression, unacceptable toxicity, or any other reason), 
and a follow-up phase (immediately following the end of 
treatment until 8 weeks after the last daratumumab dose, loss 
to follow-up, withdrawal of consent, death, or study end).

Demographic information and baseline disease charac-
teristics were recorded during the screening phase. Cytoge-
netic assessment occurred before the clinical cutoff date of 
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January 30, 2018, with the exception of 1 patient. Testing of 
this patient was performed using fluorescent in situ hybridi-
zation (FISH) on December 22, 2018 to validate an earlier 
assessment.

2.2.1 Dosing and administration schedule

Daratumumab (16 mg/kg) was administered intravenously 
(IV) weekly for the first 8 weeks of treatment (Cycles 1–2), 
every 2 weeks for 16 weeks (Cycles 3–6), and then every 
4 weeks in 28-day cycles until discontinuation. Dexameth-
asone, acetaminophen, and an antihistamine were given 
before each daratumumab infusion to prevent infusion-
related reactions (IRRs). Lenalidomide was administered 
orally as capsules at a dose of 25 mg each day on Day 1 
through 21 of each cycle (or given as a 10 mg dose if cre-
atinine clearance was 30–60 mL/min). Dexamethasone was 
administered IV as single-use vials and/or orally as tablets 
at a dose of 40 mg weekly (patients aged ≥ 75 years or with 
body mass index < 18.5 kg/m2 were given 20 mg weekly). 
On daratumumab infusion days, dexamethasone was admin-
istered IV as the treatment dose of steroid for that day and 
the required premedication prior to daratumumab infusion.

2.3 Objectives and assessments

The primary objective was to evaluate the tolerability and 
safety of D-Rd as determined by the frequency of dose-limiting  
toxicity (DLT; primary endpoint). Secondary objectives 
included assessment of daratumumab pharmacokinetics 
(PK) and immunogenicity, and response rate.

2.3.1 Tolerability and safety

DLT was used to evaluate the tolerability of the 16 mg/kg 
dose of daratumumab when combined with Rd. DLT evalu-
ation began immediately with the first administration of 
daratumumab and ended following the end of Cycle 1 with 
a safety evaluation before Day 1 of Cycle 2. DLTs included 
IRRs (grade ≥ 3), hematologic toxicities (mainly grade ≥ 4), 
and non-hematologic toxicities (grade ≥ 3) that occurred 
during the DLT evaluation period. Only daratumumab-
related AEs as judged by the study evaluation team (SET) 
were regarded as a DLT.

Safety evaluations were performed throughout the treat-
ment phase of the study, including AE monitoring, periodic 
physical examinations, electrocardiogram monitoring, meas-
urement of vital signs, determination of ECOG performance 
status, and clinical laboratory parameter assessment (serum 
chemistry and hematology). Serum chemistry assessments 
included phosphate and alanine aminotransferase (ALT) lev-
els; hematology assessments included white blood cell, red 
blood cell, platelet, neutrophil, and lymphocyte counts, and 

measurement of hemoglobin levels. The patients were moni-
tored throughout the study for AEs, serious AEs (SAEs), 
other significant AEs, and AEs of special interest until 
30 days after the last dose of daratumumab at the end of 
treatment. ECOG performance status was used to evaluate 
the effect of disease status on the activity of daily living at 
the beginning of each cycle and at the end of treatment visit.

2.3.2 Pharmacokinetics and immunogenicity

Blood samples to assess PK of daratumumab were col-
lected on Day 1 of Cycles 1, 3, 6, and 12, and at the end 
of treatment and follow-up visit. Blood was drawn before 
and immediately after daratumumab IV infusion. Immu-
nogenicity was assessed by measuring anti-daratumumab 
antibodies in serum samples collected at pre-dose on Day 1  
of Cycles 1, 3, and 12, and at the end of treatment and fol-
low-up visit. Serum samples were screened for antibodies 
binding to daratumumab and the titer of confirmed positive 
samples reported.

2.3.3 Response rates

There was no primary efficacy endpoint in this study. Key 
secondary endpoints were the rate of complete response 
(CR) or better (CR + stringent CR [sCR]), very good par-
tial response (VGPR) or better (VGPR + CR + sCR), partial 
response (PR), stable disease, and progressive disease (PD).  
Overall response rate (ORR; PR + VGPR + CR + sCR) was 
also quantified. Response to treatment was evaluated in 
accordance with the International Myeloma Working Group 
(IMWG) criteria [27]. Other efficacy endpoints included the 
duration of response (DOR; first response to PD), time to 
response (first dose to ≥ PR), time to disease progression 
(TTP; first dose to PD), and serum and urine M-protein 
response.

2.4 Statistical analyses

At least six patients were to be enrolled and examined for the 
tolerability and safety of D-Rd. The analysis set included all 
patients who received ≥ 1 dose of daratumumab. If a dara-
tumumab dose reduction was needed, ≥ 3 patients would 
be enrolled in subsequent cohorts. The next dose level was 
guided by the Bayesian logistic regression model (BLRM) 
using the escalation with overdose control (EWOC) princi-
ple. Dose escalation to levels with a probability of exces-
sive dose > 0.25 was prohibited. Safety analyses included 
descriptive statistics and frequency tabulations of all 
reported treatment-emergent AEs (TEAEs), deaths, SAEs, 
other significant AEs, and AEs of special interest. AEs were 
graded for severity according to National Cancer Institute 
Common Terminology Criteria for Adverse Events, version 
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4.03 [28]. Serum daratumumab concentrations and the inci-
dence of anti-daratumumab antibody concentrations for PK 
and immunogenicity analyses, respectively, were summa-
rized, and descriptive statistics are presented. For response 
data, the number and percentage of patients with each 
response rate and PD are presented. The median DOR, time 
to response, and TTP with 95% confidence intervals (CI) 
were estimated using the Kaplan–Meier method. Descriptive 
statistics were also provided to summarize time to response. 
M-protein levels for each M-component were summarized, 
listed, and plotted.

Results

3.1 Patient demographics and disposition

This study was initiated on October 7, 2016 and was  
ongoing at the time of this report. Of 13 patients screened, 
7 were enrolled in the study and received ≥ 1 dose of dara-
tumumab. At the clinical cutoff date (January 30, 2018), 
6 (85.7%) patients remained on treatment and 1 (14.3%) 
discontinued treatment due to an AE. The patient demo-
graphics and baseline characteristics are shown in Table 1. 
All patients were > 65 years of age (median, 70.0; range, 
66–81) with four men (57.1%) and three women (42.9%). 
Most (n = 4, 57.1%) patients had International Staging Sys-
tem disease stage II MM, and the median time since diagno-
sis was 0.59 months (range, 0.5–2.1). Two (28.6%) patients 
had high-risk cytogenetics with t(4;14) abnormalities  
(five patients were assessed by both FISH and karyotyping, 
and two by FISH alone).

3.2 Duration of treatment and exposure

At the clinical cutoff date, the median duration of D-Rd 
treatment was 10.9 months (range, 4.2–15.4) and patients 
received a median of 12 (range, 5–17) treatment cycles.  
Six (85.7%) patients received at least 9 cycles of study treat-
ment. One patient discontinued treatment due to a TEAE 
(grade 3 rash generalized). The median relative dose inten-
sities for daratumumab, lenalidomide, and dexamethasone 
were 99.5%, 79.4%, and 100.0%, respectively. The median 
duration of follow-up was 11.0 months (range, 4.9–15.6; 
Table 2).

3.3 Tolerability and safety

DLTs were reported in two (28.6%) patients during Cycle 1  
among seven eligible and DLT-evaluable patients. The DLTs 
included grade 3 abnormal hepatic function and grade 3 
pneumonia observed in two separate patients that resolved 
within 30 days of onset. No patient discontinued study 

treatment due to a DLT. The risk of excessive dose according 
to the EWOC principle of DLT at the daratumumab 16 mg/
kg dose level was 19.8% (< 25%). The estimated median 
DLT rate was 20.4% (95% credible interval, 3.8–52.8%). 

Table 1   Patient demographics and baseline characteristics

ECOG Eastern Cooperative Oncology Group, ISS International Staging  
System, Ig immunoglobulin
a ISS stage is derived based on the combination of serum 
β2-microglobulin and albumin
b Type of myeloma was determined using immunofixation
c Cytogenetic risk is based on fluorescent in situ hybridization (FISH) 
and karyotype testing (five patients), or FISH (two patients); patients 
with high risk had t(4;14), t(14;16), or del(17p) abnormalities

N = 7

Age, years
 Category, n (%)
  < 65 0
  65–74 5 (71.4)
  ≥ 75 2 (28.6)

 Median (range) 70.0 (66–81)
Sex, n (%)
 Male 4 (57.1)
 Female 3 (42.9)

Height (cm)
 Median (range) 164.4 (142.1–172.8)

Weight (kg)
 Median (range) 59.4 (42.5–84.8)

Baseline ECOG score, n (%)
 0 2 (28.6)
 1 5 (71.4)

Time from diagnosis (months)
 Median (range) 0.59 (0.5–2.1)

ISS staging, n (%)a

 I 3 (42.9)
 II 4 (57.1)
 III 0

Type of myeloma, n (%)b

 IgG 3 (42.9)
 IgA 2 (28.6)
 Kappa light chain 1 (14.3)
 Lambda light chain 0
 Biclonal 1 (14.3)

Lytic bone lesions, n (%)
 None 1 (14.3)
 1–3 3 (42.9)

Cytogenetic profile, n (%)c

 Standard risk 5 (71.4)
 High risk 2 (28.6)
  del(17p) 0
  t(4;14) 2 (28.6)
  t(14;16) 0
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Based on the DLT evaluation, it was concluded by the SET 
that the 16 mg/kg dose of daratumumab with Rd was toler-
able in Japanese patients with NDMM.

All 7 patients reported at least 1 TEAE, and 6 (85.7%) 
patients had a TEAE related to ≥ 1 component of D-Rd 
treatment. The most frequently reported all-grade TEAEs 
(≥ 2 patients) were leukopenia and lymphopenia (5 [71.4%] 
patients each), neutropenia (4 [57.1%] patients), and rash 
and constipation (3 [42.9%] patients each) (Table 3). Other  
all-grade TEAEs reported in 2 (28.6%) patients each 
included thrombocytopenia, cough, hiccups, rash general-
ized, back pain, deep vein thrombosis, and viral upper respir-
atory tract infection. Lymphopenia, leukopenia, and neutro-
penia were grade 3 or 4 TEAEs in 5 (71.4%), 4 (57.1%), and 
3 (42.9%) patients, respectively. Three SAEs were reported 
in two patients, comprising grade 3 pneumonia and grade 3 
back pain in one patient, and grade 3 pulmonary embolism 
in one patient (Table 3). No grade 5 TEAEs were reported in 
this study, and no deaths were reported by the clinical cutoff 
date. One patient (14.3%) discontinued study treatment due 
to grade 3 rash generalized reported on Day 121.

Table 2   Treatment exposure and infusion timea

a A patient was considered as treated in a cycle if any non-zero dose 
of daratumumab was received in that cycle
b Duration of infusion includes both actual infusion time and  
interruption time, if any

N = 7

Duration of treatment, months
 Median (range) 10.9 (4.2–15.4)

Duration of follow-up
 Median (range) 11.0 (4.9–15.6)

Number of treatment cycles
 Median (range) 12 (5–17)

Total number of daratumumab infusions
 Median (range) 22 (11–27)

Relative dose intensity, median % (range)
 Lenalidomide 79.4 (54.9–98.3)
 Dexamethasone 100.0 (99.2–100.0)
 Daratumumab
  Total 99.5 (79.8–102.1)
  Cycles 1–2 100.3 (75.6–101.8)
  Cycles 3–6 100.4 (69.6–108.7)
  Cycles ≥ 7 98.7 (97.3–105.5)

Duration of daratumumab infusionb, h
 First infusion
  Median (range) 7.2 (6.8–10.4)

 Second infusion
  Median (range) 4.6 (4.3–7.3)

 All subsequent infusions
  Median (range) 3.5 (3.3–4.4)

Table 3   Dose-limiting toxicities, TEAEs, SAEs, and IRRs

N = 7

Dose-limiting toxicities, n (%)
 Total 2 (28.6)
  Grade 3 abnormal hepatic function 1 (14.3)
  Grade 3 pneumonia 1 (14.3)

TEAEsa, n (%) Any grade Grade 3/4
 Total 7 (100.0) 6 (85.7)
  Leukopenia 5 (71.4) 4 (57.1)
  Lymphopenia 5 (71.4) 5 (71.4)
  Neutropenia 4 (57.1) 3 (42.9)
  Rash 3 (42.9) 0
  Constipation 3 (42.9) 0
  Generalized rash 2 (28.6) 1 (14.3)
  Back pain 2 (28.6) 1 (14.3)
  Cough 2 (28.6) 0
  Hiccups 2 (28.6) 0
  Deep vein thrombosis 2 (28.6) 0
  Viral upper respiratory tract infection 2 (28.6) 0
  Pulmonary embolism 1 (14.3) 1 (14.3)
  Erythema multiforme 1 (14.3) 1 (14.3)
  Pneumonia 1 (14.3) 1 (14.3)
  Hyperglycemia 1 (14.3) 1 (14.3)
  Hyponatremia 1 (14.3) 1 (14.3)
  Cataract 1 (14.3) 1 (14.3)
  Abnormal hepatic function 1 (14.3) 1 (14.3)
  Nasal obstruction 1 (14.3) 0
  Oropharyngeal discomfort 1 (14.3) 0
  Rhinorrhea 1 (14.3) 0
  Upper respiratory tract inflammation 1 (14.3) 0
  Asteatosis 1 (14.3) 0
  Stomatitis 1 (14.3) 0
  Hot flush 1 (14.3) 0
  Hypotension 1 (14.3) 0
  Venous thrombosis 1 (14.3) 0
  Increased C-reactive protein 1 (14.3) 0
  Deceased creatinine renal clearance 1 (14.3) 0
  Increased weight 1 (14.3) 0
  Musculoskeletal stiffness 1 (14.3) 0
  Conjunctival hyperemia 1 (14.3) 0
  Chills 1 (14.3) 0
  Peripheral edema 1 (14.3) 0
  Pyrexia 1 (14.3) 0
  Hyperbilirubinemia 1 (14.3) 0
  Rib fracture 1 (14.3) 0
  Renal impairment 1 (14.3) 0

SAEs, n (%) Any grade Grade 3
 Total 0 2 (28.6)
  Pneumonia 0 1 (14.3)
  Back pain 0 1 (14.3)
  Pulmonary embolism 0 1 (14.3)
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Three (42.9%) patients reported 6 IRRs, all of which 
were grade 2 toxicity, occurred during the first infusion, 
and were resolved within 24 h of onset (Table 3). No IRRs 
occurred during the second or subsequent infusions. All 
patients received acetaminophen, diphenhydramine, 
and dexamethasone (also part of the study treatment) as  
premedication for IRRs.

3.4 Pharmacokinetics and immunogenicity

All seven patients were included in pharmacokinetic 
analysis. Following the weekly daratumumab (16 mg/kg) 
dosing period, daratumumab accumulation in serum was 
observed for at least the first nine doses through Day 1 of 
Cycle 3, leading to a 3.1-fold increase in daratumumab 
peak concentration (Fig. 1). Serum daratumumab concen-
trations decreased during subsequent every 2-week and 
every 4-week dosing periods. No patient tested positive 
for anti-daratumumab antibodies.

3.5 Response rates

The ORR was 100.0%. Two (28.6%) patients had a 
response of CR or better, one of whom (14.3%) achieved 
an sCR. Six (85.7%) patients achieved a VGPR or better. 
Although 1 patient discontinued study treatment due to 
an AE, no patients had disease progression at the time 
of the clinical cutoff date (Fig. 2). The median time to 
first response (PR rate or better) was 1.0 month (95% CI, 
0.9–1.9 months). Parallel decreases in serum M-protein 
(≥ 50.0% reduction) were observed in 6 evaluable patients 
with measurable heavy chain at baseline (Fig. 3a). The 
M-protein response in urine was observed in 2 (28.6%) 

patients with measurable light chain at baseline (both 
100% reduction; Fig. 3b).

TEAE treatment-emergent adverse event, SAE serious adverse event, 
IRR infusion-related reaction
a Adverse events were reported using MedDRA version 19.1
b All IRRs were grade 2

Table 3   (continued)

N = 7

IRRs, n (%) Any gradeb Grade 3/4
 Total 3 (42.9) 0
  Nasal obstruction 1 (14.3) 0
  Oropharyngeal discomfort 1 (14.3) 0
  Rhinorrhea 1 (14.3) 0
  Conjunctival hyperemia 1 (14.3) 0
  Chills 1 (14.3) 0
  Hot flush 1 (14.3) 0
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0

250

500

750

1000

1250

S
er

um
 D

A
R

A
 c

on
ce

nt
ra

tio
n 

(µ
g/

m
L)

C1D1

Pre-
dose

Post-
dose

Pre-
dose

Post-
dose

Pre-
dose

Post-
dose

Pre-
dose

Post-
dose

C3D1 C6D1 C12D1

3.1X

Fig. 1   Serum daratumumab concentrations during D-Rd treatment. 
Daratumumab concentration in serum was measured at the time 
points indicated and plotted as mean (SD) peak and trough concen-
trations. DARA​ daratumumab, C cycle, D day, PK pharmacokinetics, 
D-Rd daratumumab plus lenalidomide and dexamethasone, SD stand-
ard deviation

0

20

40

60

80

100

D-Rd (N = 7)

14%

57%

ORR = 100%

29%
CR

VGPR
86%

O
R

R
, %

14%

14%

PR VGPR CR sCR

Fig. 2   Overall response rate of NDMM patients treated with D-Rd. 
Response rates are shown for patients at a median follow-up time 
of 11.0  months. ORR overall response rate, CR complete response, 
VGPR very good partial response, D-Rd daratumumab plus lenalid-
omide and dexamethasone, PR partial response, sCR stringent com-
plete response, NDMM newly diagnosed multiple myeloma



698	 H. Takamatsu et al.

1 3

Discussion

This open-label, multicenter, phase 1b study is the first to 
evaluate D-Rd in Japanese patients with NDMM who are not 
candidates for high-dose chemotherapy and ASCT. The data 
suggest that D-Rd had an acceptable tolerability and safety 
profile. Based on the evaluation according to the EWOC 
principle, this study confirmed daratumumab 16 mg/kg plus 
Rd was tolerable in Japanese patients with NDMM.

No new safety concerns were observed during the 
median D-Rd treatment period of 10.9 months at the time 
of the clinical cutoff date. Three SAEs were reported in two 
patients, including one patient with grade 3 pneumonia and 

grade 3 back pain, and one patient with grade 3 pulmonary 
embolism. All SAEs resolved and did not lead to treatment 
discontinuation. The event of pneumonia was considered 
possibly related to D-Rd treatment, whereas back pain was 
considered doubtfully related to D-Rd. Pneumonia was 
the most common SAE reported in the recently published 
interim analysis of the phase 3 MAIA study, occurring in 
13.2% of patients treated with D-Rd [25]. In addition, it is 
known that MM patients who receive daratumumab com-
bined with other chemotherapeutics (ie, D-VMP, D-Rd, 
D-Vd) are at increased risk for infection, including pneu-
monia [18-20]. The pulmonary embolism reported in 1 
patient occurred on study Day 26, resolved within 14 days, 

Fig. 3   Percent change from 
baseline in serum M-proteins 
and urine M-proteins with D-Rd 
treatment in individual patients. 
Individual plot of a serum 
M-protein levels of six patients 
with measurable heavy chain at 
baseline and b urine M-protein 
levels of two patients with 
measurable light chain at base-
line. D-Rd daratumumab plus 
lenalidomide and dexametha-
sone, M monoclonal
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and was considered not related to daratumumab but probably 
and doubtfully related to lenalidomide and dexamethasone, 
respectively. Lenalidomide has previously been associated 
with increased incidence of thrombosis, which can lead to 
pulmonary embolism [29]. In MAIA, no differences were 
observed between D-Rd and Rd in incidence rates of grade 
3 or 4 deep vein thrombosis, pulmonary embolism, or both 
(both groups, 23 (6%) patients) [30].

D-Rd induced manageable AEs that were consistent with 
the toxicity profile of Rd and daratumumab monotherapy  
[5, 16]. The safety profile of D-Rd in Japanese NDMM 
patients was also generally comparable to non-Japanese 
patients with NDMM in the phase 3 MAIA clinical study 
[25]. The most common grade 3 or 4 adverse events in Japa-
nese patients in the current study included lymphopenia, leu-
kopenia, and neutropenia, similar to non-Japanese patients in 
the MAIA study. Although the frequency of these cytopenias 
was higher in this study compared with MAIA, these AEs 
were manageable and did not lead to study treatment discon-
tinuation. Baseline counts of white blood cells, neutrophils, 
and lymphocytes in Japanese patients were lower than those 
in the MAIA study, but reduction from baseline to the low-
est value for these blood cells did not differ substantially 
between Japanese and non-Japanese patients (unpublished 
data). One patient discontinued treatment due to an AE of 
grade 3 rash generalized that was possibly or probably related 
to daratumumab and lenalidomide, respectively. Skin rash 
is a frequent symptom of toxicity caused by lenalidomide,  
sometimes resulting in treatment discontinuation [31]. We 
acknowledge that the sample size in this study was small, 
and further studies with a larger Japanese population are 
required to confirm these findings.

In the phase 1/2 GEN503 study and phase 3 POLLUX 
study, daratumumab given with Rd was associated with 
IRRs and a high rate of any-grade neutropenia in RRMM 
patients with ≥ 1 prior line of therapy [19, 22]. Subanaly-
ses of POLLUX data demonstrated that the rate of IRRs 
and any-grade neutropenia were generally similar between 
a subgroup of Japanese patients treated with D-Rd [21] and 
findings from the current study. IRRs are common during 
the first IV infusion of daratumumab and can be controlled 
with pre-infusion medications; neutropenia is a known  
lenalidomide-associated toxicity that can be attributed to 
extended exposure to lenalidomide, the introduction of 
daratumumab, or both, with D-Rd treatment [19, 21, 32].

In the current study, low-grade IRRs were reported by 
42.9% of patients and occurred during the first infusion, 
similar to GEN503, POLLUX, and MAIA [19, 22, 25]. 
The rates of any-grade neutropenia (57.1%) and grade 
3/4 neutropenia (42.9%) in this study were similar to 
MAIA, but lower than the overall ITT population and in  
Japanese patients from POLLUX. However, the incidences 
of any-grade leukopenia and lymphopenia (71.4% each) in 

the current study were higher than those reported in these 
other clinical studies, but did not lead to treatment discon-
tinuation or daratumumab dose modifications, and were 
clinically manageable. Cross-study comparisons should be 
interpreted with caution, particularly considering differ-
ences among studies in the phase of drug testing, inclusion 
criteria, and specifically sample size (only seven Japanese 
patients participated in the current study).

The favorable tolerability and safety profile of D-Rd 
in Japanese patients with NDMM in this study were sup-
ported by PK findings, immunogenicity, and response rates 
that were consistent with previous daratumumab studies 
[16, 17, 20, 22, 25]. D-Rd recipients demonstrated robust 
increases in serum daratumumab concentrations during the 
first nine doses of daratumumab given weekly, while no 
anti-daratumumab antibodies were detected. The weekly 
daratumumab dosing regimen allowed all patients to 
rapidly achieve responses (within 1 month of therapy). 
Despite a short follow-up of 11  months, six of seven 
patients achieved a VGPR rate or better that was paral-
leled by decreases in serum and urine M-protein levels.

Daratumumab has been shown to be safe and effective 
in combination with standard-of-care regimens in patients 
with RRMM, including Japanese patients in the phase 3 
POLLUX study of daratumumab plus Rd and the phase 1b  
MMY1005 study of daratumumab plus Vd [16-19, 23, 
33]. Based on these results, daratumumab in combination 
with Rd or Vd was approved for treatment of adults with 
RRMM in Japan [34]. Recently, a similar clinical ben-
efit of daratumumab was demonstrated in patients with 
NDMM who are not eligible for ASCT [20, 25]; dara-
tumumab plus bortezomib, melphalan, and prednisone 
was approved for transplant-ineligible NDMM patients in 
the United States, European Union, and Brazil, and dara-
tumumab plus Rd was approved for such patients in the 
United States.

In this study, we extend upon these findings and demon-
strate that D-Rd is tolerable and safe in Japanese patients 
with previously untreated MM who are ineligible for high-
dose chemotherapy and ASCT. In addition, preliminary 
data suggest that D-Rd is efficacious in these patients, with 
an ORR of 100% and 85.7% of patients achieving a VGPR 
or better. Although the sample size in the study was small 
(seven Japanese patients), it was controlled according to a 
prespecified tolerability confirmation scheme guided by a 
BLRM using the EWOC principle. The study objective was 
accomplished in these seven Japanese patients, and there-
fore, the sample size was appropriate when considering the 
primary objective of the study.

This study parallels the global, ongoing MAIA phase 3 
clinical trial evaluating the safety and efficacy of D-Rd ver-
sus Rd in transplant-ineligible patients with NDMM [25]. 
The findings of the current study in Japanese patients are 
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important, as the tolerability and safety of targeted anticancer  
therapies may vary in clinical trials depending on the ethnic-
ity and geographical backgrounds of study participants [21, 
35, 36]. Moreover, this is the first clinical study to evaluate 
the tolerability and safety of the D-Rd regimen in Japanese 
patients with NDMM.

We also evaluated the probability of achieving consist-
ency in terms of ORR between the MAIA study and the cur-
rent study (MMY1006), although this analysis was explora-
tory (not prespecified). For the seven Japanese patients in the 
current study, the target ORR was 92.9% based on the MAIA 
D-Rd group, and the probability of exceeding the threshold 
ORR of the MAIA Rd control group (81.3%) was approxi-
mately 90%. With an ORR of 100% in the current study, 
these results support a clinical benefit of D-Rd treatment in 
Japanese patients with NDMM, which was confirmed in the 
MAIA study that enrolled an overseas population. For these 
reasons, MMY1006 is a key study providing clinical data in 
Japanese individuals, along with the global MAIA study, to 
support D-Rd approval for NDMM in Japan.

In conclusion, daratumumab in combination with Rd 
demonstrated a favorable tolerability and safety profile in 
Japanese patients with NDMM who are ineligible for trans-
plantation. PK findings were consistent with previous dara-
tumumab studies, and preliminary data suggest that this 
daratumumab-based combination regimen is efficacious in 
these patients. Further study is needed to confirm the long-
term efficacy and safety of D-Rd in Japanese patients with 
transplant-ineligible NDMM.
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