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Daratumumab, Lenalidomide, and Dexamethasone
for Multiple Myeloma

M.A. Dimopoulos, A. Oriol, H. Nahi, J. San-Miguel, N.J. Bahlis, S.Z. Usmani, N. Rabin, R.Z. Orlowski,
M. Komarnicki, K. Suzuki, T. Plesner, S.-S. Yoon, D. Ben Yehuda, P.G. Richardson, H. Goldschmidt,
D. Reece, S. Lisby, N.Z. Khokhar, L. O'Rourke, C. Chiu, X. Qin, M. Guckert, T. Ahmadi,
and P. Moreau, for the POLLUX Investigators*

ABSTRACT

BACKGROUND
Daratumumab showed promising efficacy alone and with lenalidomide and dexametha- The authors’ full names, academic de-

sone in a phase 1-2 study involving patients with relapsed or refractory multiple myeloma. grees: and affiliations are listed in the
P Y gPp p y p Y Appendix. Address reprint requests to

METHODS Dr. Dimopoulos at the National and

In this phase 3 trial, we randomly assigned 569 patients with multiple myeloma who had ~Kapodistrian University of Athens, School
ived . li fth ive lenalidomid dd h of Medicine, Alexandra Hospital, 80 Vas.

received one or more previous lines of therapy to receive lenalidomide and dexamethasone = s,fias Athens 11528, Greece, or at

either alone (control group) or in combination with daratumumab (daratumumab group). mdimop@med.uoa.gr.

The primary end point was progression-free survival. %A complete list of investigators in the

RESULTS POLLUX trial is provided in the Supple-

. . . . . . tary A dix, available at NEJM.org.
At a median follow-up of 13.5 months in a protocol-specified interim analysis, 169 events ) Prenc avatavea IM.org

of disease progression or death were observed (in 53 of 286 patients [18.5%] in the dara- N Engl) Med 2016;375:1319-31.
tumumab group vs. 116 of 283 [41.0%)] in the control group; hazard ratio, 0.37; 95% ?O(Z;:iglh(:'gig{?ﬁa’:ﬁ:jix 7;: dical Society.
confidence interval [CI], 0.27 to 0.52; P<0.001 by stratified log-rank test). The Kaplan—-
Meier rate of progression-free survival at 12 months was 83.2% (95% CI, 78.3 to 87.2) in
the daratumumab group, as compared with 60.1% (95% CI, 54.0 to 65.7) in the control
group. A significantly higher rate of overall response was observed in the daratumumab
group than in the control group (92.9% vs. 76.4%, P<0.001), as was a higher rate of com-
plete response or better (43.1% vs. 19.2%, P<0.001). In the daratumumab group, 22.4% of
the patients had results below the threshold for minimal residual disease (1 tumor cell
per 10° white cells), as compared with 4.6% of those in the control group (P<0.001); results
below the threshold for minimal residual disease were associated with improved out-
comes. The most common adverse events of grade 3 or 4 during treatment were neutro-
penia (in 51.9% of the patients in the daratumumab group vs. 37.0% of those in the
control group), thrombocytopenia (in 12.7% vs. 13.5%), and anemia (in 12.4% vs. 19.6%).
Daratumumab-associated infusion-related reactions occurred in 47.7% of the patients and
were mostly of grade 1 or 2.

CONCLUSIONS

The addition of daratumumab to lenalidomide and dexamethasone significantly length-
ened progression-free survival among patients with relapsed or refractory multiple my-
eloma. Daratumumab was associated with infusion-related reactions and a higher rate of
neutropenia than the control therapy. (Funded by Janssen Research and Development;
POLLUX ClinicalTrials.gov number, NCT02076009.)
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HE INCORPORATION OF PROTEASOME

inhibitors and immunomodulatory drugs

into the standard of care has improved
outcomes in patients with multiple myeloma
over the past 10 years,® but most patients still
eventually have a relapse.* Relapse can occur
even after standard complete remission in the
context of first-line therapy, and studies are there-
fore evaluating deeper responses in a category
termed “minimal residual disease—negative”
(i.e., results below the threshold for minimal
residual disease) that is prognostic with regard
to a rate of disease progression in a time-to-
event analysis and overall survival.>® However,
this category of minimal residual disease status
has not been examined to date in patients with
relapsed or refractory multiple myeloma, in part
because of limited availability of data showing a
correlation between depth of response and sur-
vival outcomes in patients at this stage of the
disease.’

Daratumumab, a human IgGk monoclonal
antibody that targets CD38,® has shown substan-
tial single-agent efficacy and a manageable safety
profile in phase 1-2 studies involving patients
with heavily pretreated relapsed or refractory
multiple myeloma, with reported overall response
rates of 29% and 36%.”'° On the basis of these
findings, daratumumab monotherapy (at a dose
of 16 mg per kilogram of body weight) was ap-
proved by the Food and Drug Administration
and the European Medicines Agency for these
patients. 1

The mechanisms of action of daratumumab
comprise immune-mediated effects, including
complement-dependent and antibody-dependent
cell-mediated cytotoxic effects, antibody-depen-
dent cellular phagocytosis, and apoptosis by
means of cross-linking.*!*1® Moreover, daratumu-
mab may have a role in immunomodulation by
means of depletion of CD38-positive regulator
immune suppressor cells, which leads to a
greater clonal expansion of T cells in patients
who have a response than in those who do not."”

Daratumumab has shown efficacy in combi-
nation with standard-of-care therapies. A phase 3
trial of bortezomib and dexamethasone, with or
without daratumumab, met its primary end point
at the interim analysis and showed a signifi-
cantly higher rate of progression-free survival,
with a 61% lower risk of progression or death in
the daratumumab group than in the control
group.’® A phase 1-2 study of daratumumab, lena-

lidomide, and dexamethasone in patients with
relapsed or refractory multiple myeloma showed
that this combination provided therapeutic bene-
fits, no dose-limiting toxic effects, and an 81%
rate of overall response, including a 25% rate of
stringent complete response (a definition of this
term is provided in the Supplementary Appen-
dix, available with the full text of this article at
NEJM.org).”? At 18 months, the rate of progres-
sion-free survival was 72%, and the rate of over-
all survival was 90%." Here we report the results
of a prespecified interim analysis of a phase 3
trial of daratumumab, lenalidomide, and dexa-
methasone in patients with relapsed or refrac-
tory multiple myeloma.

METHODS

TRIAL DESIGN

In this randomized, open-label, multicenter,
phase 3 trial, we assigned patients who had re-
lapsed or refractory multiple myeloma and had
received one or more lines of previous therapy to
receive either daratumumab, lenalidomide, and
dexamethasone (daratumumab group) or lena-
lidomide and dexamethasone (control group).
Patients underwent randomization between June
16, 2014, and July 14, 2015, at 135 sites in 18
countries across North America, Europe, and the
Asia Pacific region. The trial was approved by
the independent ethics committee or institutional
review board at each site before the initiation of
the trial. Patients provided written informed
consent, and the trial was conducted in accor-
dance with the principles of the Declaration of
Helsinki and current International Conference
on Harmonisation Good Clinical Practice guide-
lines.

PATIENTS

Patients had documented multiple myeloma and
measurable disease at screening according to
serum or urinary M-protein levels or serum free
light-chain levels and abnormal serum immuno-
globulin free light-chain ratios (kappa:lambda
light chains). Patients had progressive disease
according to International Myeloma Working
Group (IMWG) criteria (see the Supplementary
Appendix) during or after the receipt of their last
regimen, and they had received and had a re-
sponse to one or more lines of previous therapy.
Key exclusion criteria were lenalidomide-refrac-
tory disease, the discontinuation of previous lena-
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lidomide treatment owing to adverse events, a
neutrophil count of 1.0x10° or less per liter,
a hemoglobin level of 7.5 g or less per deciliter,
a platelet count of less than 75x10° per liter, an
alanine aminotransferase or aspartate amino-
transferase level of 2.5 or more times the upper
limit of the normal range, an alkaline phospha-
tase level of 2.5 or more times the upper limit of
the normal range, a bilirubin level of 1.5 or more
times the upper limit of the normal range, and
a creatinine clearance of less than 30 ml per
minute.

TREATMENTS

Randomization (in a 1:1 ratio) was conducted by
means of a central schedule and was balanced
with the use of randomly permuted blocks and
stratified according to the number of lines of
previous therapy (1 vs. 2 or 3 vs. >3), Interna-
tional Staging System disease stage (I vs. II vs.
III, with higher stages indicating more advanced
disease; see the Supplementary Appendix) at
screening, and previous receipt of lenalidomide
(no vs. yes). Treatment cycles of 28 days contin-
ued until disease progression, an unacceptable
level of toxic events, withdrawal of consent, or
death.

For patients who were assigned to the daratu-
mumab group, daratumumab at a dose of 16 mg
per kilogram was intravenously administered
weekly (on days 1, 8, 15, and 22) for 8 weeks
during cycles 1 and 2, every 2 weeks (on days 1 and
15) for 16 weeks (cycles 3 through 6), and every
4 weeks thereafter (Fig. S1 in the Supplementary
Appendix). Both groups received lenalidomide at
a dose of 25 mg orally on days 1 to 21 of each
cycle if the creatinine clearance was more than
60 ml per minute (or a dose of 10 mg daily if the
creatinine clearance was 30 to 60 ml per minute)
and dexamethasone at a dose of 40 mg weekly.
For the daratumumab group, the dose of dexa-
methasone was split: dexamethasone was admin-
istered at a dose of 20 mg before infusion as
prophylaxis for infusion-related reactions and
20 mg was administered the next day. Patients
in either group who were older than 75 years of
age or whose body-mass index (the weight in
kilograms divided by the square of the height in
meters) was less than 18.5 received dexametha-
sone at a dose of 20 mg weekly at the discretion
of their physician. The use of medications before
and after infusion is summarized in the Supple-
mentary Appendix.

END POINTS AND ASSESSMENTS

The primary end point was progression-free sur-
vival, with progression determined with the use
of a validated computer algorithm that combined
laboratory results (e.g., M-protein level) and ap-
plicable imaging and generated the outcome ac-
cording to IMWG criteria (see the Supplementary
Appendix).?**! This algorithm previously showed
very strong concordance with independent re-
views in a phase 2 study.” Secondary end points
included the time to disease progression in a
time-to-event analysis, overall response rate, rate
of very good partial response or better (compris-
ing very good partial, complete, and stringent
complete responses), rate of complete response
or better (comprising complete and stringent
complete responses), percentages of patients
with results below the threshold for minimal
residual disease, time to response, duration of
response, and overall survival. Disease assess-
ments (blood and 24-hour urinary values) were
performed every 28 days (within a 3-day window
before and after) by a central laboratory for 18
months and every other cycle thereafter until
progression.

Therapeutic monoclonal antibodies may inter-
fere with assessment of complete responses be-
cause a criterion requires negative immunofixa-
tion for monoclonal protein in the serum and
urine.? For patients with this suspected interfer-
ence from the treating antibody, a daratumumab-
specific immunofixation electrophoresis reflex
assay was performed at the time of suspected
complete response.”® Minimal residual disease
status was evaluated by means of a next-genera-
tion sequencing assay of bone marrow obtained
from patients who had a suspected complete
response (see the Supplementary Appendix).

Safety assessments included evaluation of
adverse events, clinical laboratory tests, electro-
cardiograms, vital signs, and physical exami-
nations. Follow-up was continued for patients
who discontinued treatment. An independent
data and safety monitoring committee was es-
tablished to periodically review unblinded safe-
ty data.

TRIAL OVERSIGHT

The investigators and the sponsor (Janssen Re-
search and Development) were responsible for
the trial design and statistical analysis. Data were
collected by the investigators and associated re-
search teams and were compiled and maintained
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by the sponsor. All the investigators had access
to the data on request and were not restricted by
confidentiality agreements. Professional medical
writers prepared the manuscript and were fund-
ed by the sponsor. All the authors reviewed, re-
vised, and approved the manuscript for submis-
sion. All the authors vouch for the accuracy and
completeness of the data and for the adherence
of the trial to the protocol (available, with the
statistical analysis plan, at NEJM.org). Here we
report results for the primary outcome and se-
lected secondary outcomes. Other secondary out-
comes are listed in the trial protocol. The results
for those outcomes are compatible with the re-
sults presented here or have not yet been met.

STATISTICAL ANALYSIS
The group-sequential design had one planned
interim analysis to evaluate the primary end
point. We calculated that approximately 560 pa-
tients with 295 events (disease progression or
death) would be needed to provide the trial with
85% power to detect a 30% lower risk of disease
progression or death (hazard ratio, 0.70), using
a log-rank test, with an overall two-sided sig-
nificance level of 0.05. This interim analysis was
to be conducted when approximately 177 events
were observed (60% of the total expected events).
For the primary end point, the O’Brien-Fleming
stopping boundary at the interim analysis was
calculated with the use of the Lan-DeMets alpha-
spending function on the basis of the numbers
of observed events at the clinical cutoff date.***
If the primary end point was significant at
the interim analysis, the major efficacy second-
ary end points of time to disease progression,
rate of very good partial response, rate of results
below the threshold for minimal residual dis-
ease, overall response rate, and overall survival,
as ordered here, were sequentially tested, each
with an overall two-sided alpha of 0.05. The
population of patients whose response could be
evaluated included patients who had measurable
disease at baseline or the screening visit, had
received at least one study treatment, and had
undergone at least one disease assessment after
the baseline visit; all the other efficacy analyses
were based on the intention-to-treat population
(patients who had undergone randomization).
The safety population included all the patients
who received at least one dose of trial treatment.
Progression-free survival was compared be-

tween groups on the basis of a stratified log-
rank test. The Kaplan—-Meier method was used
to estimate the distributions and 12-month rates
of progression-free survival. Hazard ratios and
95% confidence intervals were estimated with
the use of a Cox regression model, with treat-
ment as the sole explanatory variable. Stratified
Cochran—Mantel-Haenszel tests were used to
compare overall response rates, rates of very
good partial response or better, and other bi-
nary end points. Duration of response was as-
sessed by means of the Kaplan—Meier method.

RESULTS

PATIENTS AND TREATMENT

Of 569 patients enrolled, 286 were assigned to
the daratumumab group and 283 to the control
group. The demographic and clinical character-
istics of the patients were well balanced at base-
line (Table 1, and Table S1 in the Supplementary
Appendix). The median age of the patients was
65 years (range, 34 to 89), and the median time
since the initial diagnosis of multiple myeloma
was 3.6 years.

Patients had received a median of 1 (range, 1 to
11) previous line of therapy, and 19.2% of the
patients had received 3 or more previous lines.
Previous therapies included proteasome inhibi-
tors (in 85.6% of patients) and immunomodula-
tory drugs (in 55.2%), including lenalidomide (in
17.6%), and 43.9% of the patients had received a
proteasome inhibitor and immunomodulatory
drug. A total of 63.3% of the patients had re-
ceived an autologous stem-cell transplant. A total
of 27.4% of the patients had disease that was
refractory to the last line of therapy.

At the clinical cutoff date on March 7, 2016,
a total of 66 patients (23.3%) in the daratumu-
mab group and 132 (47.0%) in the control group
had discontinued treatment. The most common
reasons for the discontinuation of treatment
were progressive disease (in 14.1% of the pa-
tients in the daratumumab group vs. 34.2% of
those in the control group) and adverse events
(in 6.7% vs. 8.2%) (Fig. S2 in the Supplementary
Appendix). The median relative dose intensity of
lenalidomide (the ratio of administered doses to
planned doses) was 85.2% in the daratumumab
group and 95.8% in the control group. The mean
dose intensity of lenalidomide in patients who
received trial treatment for at least 6 months was
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Table 1. Demographic, Baseline Disease, and Clinical Characteristics in the Intention-to-Treat Population.*
Daratumumab Group Control Group
Characteristic (N=286) (N=283)
Age
Median (range) —yr 65 (34-89) 65 (42-87)
Distribution — no. (%)
<65 yr 133 (46.5) 140 (49.5)
65 to 74 yr 124 (43.4) 108 (38.2)
=75 yr 29 (10.1) 35 (12.4)
Race — no. (%) T
White 207 (72.4) 186 (65.7)
Black 5(1.7) 11 (3.9)
Asian 54 (18.9) 46 (16.3)
Other or unreported 20 (7.0) 40 (14.1)
ECOG performance-status score — no. (%)
0 139 (48.6) 150 (53.0)
lor2 147 (51.4) 133 (47.0)
ISS disease stage — no. (%)§
[ 137 (47.9) 140 (49.5)
I 93 (32.5) 86 (30.4)
1 56 (19.6) 57 (20.1)
Cytogenetic profile — no./total no. (%)9
Standard risk 193/228 (84.6) 176/211 (83.4)
High risk 35/228 (15.4) 35/211 (16.6)
Median time since diagnosis (range) — yr 3.5 (0.4-27.0) 4.0 (0.4-21.7)
Median no. of previous lines of therapy (range) 1(1-11) 1(1-8)
Previous therapy — no. (%)
Autologous stem-cell transplant 180 (62.9) 180 (63.6)
Proteasome inhibitor 245 (85.7) 242 (85.5)
Immunomodulatory drug 158 (55.2) 156 (55.1)
Glucocorticoid 280 (97.9) 281 (99.3)
Alkylating agent 268 (93.7) 270 (95.4)
Proteasome inhibitor and immunomodulatory drug 125 (43.7) 125 (44.2)
Proteasome inhibitor, immunomodulatory drug, 118 (41.3) 121 (42.8)
and alkylating agent
Bortezomib and lenalidomide 44 (15.4) 43 (15.2)
Refractory disease — no. (%)
To last line of therapy 80 (28.0) 76 (26.9)
To proteasome inhibitor only 57 (19.9) 46 (16.3)
To immunomodulatory drug only 10 (3.5) 11 (3.9)
To proteasome inhibitor and immunomodulatory drug 7 (2.4) 14 (4.9)

* There were no significant differences between the two groups in the characteristics evaluated at baseline. The intention-
to-treat population was defined as all patients who underwent randomization.

7 Race was determined by the investigator.

i Eastern Cooperative Oncology Group (ECOG) performance status is scored on a scale from 0 to 5, with 0 indicating no
symptoms and higher scores indicating increasing disability.

§ The International Staging System (ISS) disease stage is derived on the basis of the combination of serum f3,-
microglobulin and albumin levels. Higher stages indicate more advanced disease.

9§ Complete cytogenetic data were not available at the clinical cutoff date, and a prospective, centralized analysis of cyto-
genetic data is ongoing.
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Median
No. of  Progression-free
Patients Survival
mo
Daratumumab Group 286 NE
Control Group 283 18.4
12-mo
100+ progression-free
survival
1 83.2 (95% Cl, 78.3-87.2)
80 Daratumumab group
;\E
s 1 60.1 (95% Cl, 54.0-65.7)
.E 60 T b*" o
@ Hazard ratio for progression or death, E
8 0.37 (95% Cl, 0.27-0.52) '
i P<0.001 !
2 ! 8
g 40 ' Control group
&b :
o I
o 1
20 !
0 T T T T T T 1
0 3 6 9 12 15 18 21
Month
No. at Risk
Control group 283 249 206 179 139 36 5 0
Daratumumab group 286 266 248 232 189 55 8 0

Figure 1. Progression-free Survival.

Shown are the results of the Kaplan—Meier analysis of progression-free survival among patients in the intention-to-
treat population, which included all patients who underwent randomization. The P value is based on a stratified
log-rank test. The daratumumab group received daratumumab, lenalidomide, and dexamethasone, and the control
group received lenalidomide and dexamethasone. NE denotes could not be estimated.

378 mg per cycle in the daratumumab group and
429 mg per cycle in the control group.

EFFICACY

At a median follow-up of 13.5 months, a total of
169 events of disease progression or death (in 53
patients [18.5%] in the daratumumab group vs.
116 [41.0%] in the control group) were reported.
The hazard ratio for disease progression or death
in the daratumumab group versus the control
group was 0.37 (95% confidence interval [CI],
0.27 to 0.52; P<0.001 by stratified log-rank test),
which crossed the prespecified stopping bound-
ary (Fig. 1). The Kaplan—Meier rate of progres-
sion-free survival at 12 months was 83.2% (95%
CI, 78.3 to 87.2) in the daratumumab group and

60.1% (95% CI, 54.0 to 65.7) in the control
group. The median progression-free survival was
not reached (95% CI, could not be estimated) in
the daratumumab group, as compared with 18.4
months (95% CI, 13.9 to could not be estimated)
in the control group. Similarly, in the time-to-
event analysis of disease progression, a total of
148 events (in 44 patients [15.4%)] in the daratu-
mumab group vs. 104 [36.7%] in the control
group) were observed (hazard ratio, 0.34; 95%
Cl, 0.23 to 0.48; P<0.001). The rate of progres-
sion-free survival at 12 months was 85.7% (95%
Cl, 80.9 to 89.4) in the daratumumab group, as
compared with 63.2% (95% CI, 57.1 to 68.8) in
the control group.

All the prespecified subgroup analyses of
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Daratumumab Control ~Daratumumab Control
Subgroup Group Group Group Group Hazard Ratio (95% Cl)
no. of progression median progression-free
events or deaths/total no. survival (mo)

Age E

<65 yr 24/133 55/140 NE 18.4 e ! 0.40 (0.24-0.65)

65-74 yr 26/124 43/108 NE NE o ! 0.40 (0.24-0.67)

=75 yr 3/29 18/35 NE 11.4 i | 0.11 (0.02-0.51)
ISS disease stage E

| 18/137 40/140 NE 18.4 o | 0.40 (0.23-0.72)

I 21/93 45/86 NE 1.7 ro 0.29 (0.17-0.50)

] 14/56 31/57 NE 8.8 e 0.40 (0.21-0.76)
No. of previous lines of therapy E

1 27/149 55/146 NE 18.4 o | 0.41 (0.26-0.66)

2 16/85 39/80 NE 11.9 o ! 0.29 (0.16-0.53)

3 7/38 14/38 NE NE —eo—i 0.36 (0.13-1.03)

>3 3/14 8/19 NE NE —e—— 0.53 (0.10-2.87)
Previous lenalidomide

Yes 10/50 20/50 NE NE l—.—li 0.42 (0.19-0.90)

No 43/236 96/233 NE 18.4 o | 0.36 (0.25-0.52)
Previous proteasome inhibitor E

Yes 48/245 103/242 NE 18.4 [ 2B 0.37 (0.26-0.52)

No 5/41 13/41 NE NE —eo— 0.35 (0.12-1.00)
Refractory to proteasome inhibitor 1

Yes 19/64 28/60 NE 12.2 l—.—i: 0.50 (0.27-0.93)

No 29/181 75/182 NE 18.4 ret ! 0.27 (0.17-0.43)
Refractory to last line of therapy E

Yes 23/80 40/76 NE 10.3 [ aH 0.47 (0.27-0.80)

No 30/206 76/207 NE 18.4 2 g E 0.32 (0.20-0.49)
Type of multiple myeloma 1

1gG 16/151 50/158 NE 18.4 Foi 0.30 (0.17-0.52)

IgA 13/49 26/51 NE 11.8 o 0.44 (0.22-0.89)

Serum free light chain only 13/39 15/33 NE 13.8 o 0.69 (0.30-1.57)

0.1 1 10
Daratumumab Better Control Better

Figure 2. Prespecified Subgroup Analyses.
Shown are the results of a prespecified subgroup analysis of progression-free survival among patients with measur-
able disease in serum in the intention-to-treat population. The daratumumab group received daratumumab, lenalido-
mide, and dexamethasone, and the control group received lenalidomide and dexamethasone. The International Stag-
ing System (ISS) disease stage is derived on the basis of the combination of serum B,-microglobulin and albumin
levels; higher stage indicates more advanced disease. The analysis of the subgroup of patients with disease that was
refractory to a proteasome inhibitor was based on the subgroup of patients who received previous proteasome in-
hibitor therapy. A total of 47 patients in the daratumumab group and 41 in the control group had a type of multiple
myeloma not listed here.

progression-free survival confirmed the benefit
of daratumumab (Fig. 2). Progression-free sur-
vival was significantly prolonged with the addi-
tion of daratumumab regardless of the number
of previous lines of therapy (1 vs. a subgroup of
1, 2, or 3) (Table S2 in the Supplementary Ap-
pendix). Progression-free survival was similarly
prolonged in the daratumumab group among
patients who had previous exposure to lenalido-
mide and those who had no previous exposure,

as compared with the control group (Fig. S3 in
the Supplementary Appendix).

The overall response rate in the population of
patients who had a response that could be evalu-
ated was 92.9% in the daratumumab group ver-
sus 76.4% in the control group (P<0.001) (Table 2).
Similar results were observed in the intention-
to-treat population (Table S3 in the Supplemen-
tary Appendix). The rate of very good partial
response or better was significantly higher in
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Table 2. Summary of Responses among Patients with a Response That Could Be Evaluated.*
Daratumumab Group Control Group

Response Category (N=281) (N=276) P Valuey
Overall response

No. with response 261 211 —

Rate — % (95% Cl) 92.9 (89.2-95.6) 76.4 (71.0-81.3) <0.001
Clinical benefit — no. (%) 266 (94.7) 237 (85.9) —
Best overall response — no. (%)

Complete response or better 121 (43.1) 3 (19.2) <0.001
Stringent complete responsef 1(18.1) ( 2) —
Complete response 70 (24.9) 3 (12.0) —

Very good partial response or better 213 (75.8) 122 (44.2) <0.001

Very good partial response 92 (32 7) 69 (25.0) —

Partial response 8 (17.1) 89 (32.2) —

Minimal response 5(1.8) 26 (9.4) —

Stable disease 13 (4.6) 33 (12.0) —

Progressive disease 0 4 (1.4) —

Response could not be evaluated 2 (0.7) 2 (0.7) —

* Response was assessed according to the Uniform Criteria Consensus recommendations of the International Myeloma
Working Group.?”?! The analysis included patients who had a confirmed diagnosis of multiple myeloma and measurable
disease at baseline or screening. In addition, patients had to have received at least one administration of trial treatment
and must have had at least one disease assessment after the baseline visit.

T P values were calculated with the use of the Cochran—-Mantel-Haenszel chi-square test.

I The category of clinical benefit includes all patients with a minimal response, partial response, very good partial response,

complete response, and stringent complete response.

§ Criteria for a stringent complete response include the criteria for a complete response plus a normal free light-chain ratio
and the absence of clonal plasma cells as assessed by immunohistochemical or immunofluorescence analysis or by

two-color—to—four-color flow cytometry.

the daratumumab group than in the control
group (75.8% vs. 44.2%, P<0.001), as was the
rate of complete response or better (43.1% vs.
19.2%, P<0.001). Consistent with the higher rates
of deeper responses in the daratumumab group,
the rate of results below the threshold for mini-
mal residual disease was significantly higher in
the daratumumab group than in the control
group (by 3 to 5 times) at all evaluated thresh-
olds (1 tumor cell per 104 10° and 10° white
cells) (Fig. S4 in the Supplementary Appendix).
At a threshold of 1 tumor cell per 10° white cells,
22.4% of patients in the daratumumab group
had results below the threshold for minimal re-
sidual disease, as compared with 4.6% in the
control group (P<0.001).

Several months of continuous therapy were
required for complete response (Fig. S5 in the
Supplementary Appendix). The median duration
of response was not reached (95% CI, could not
be estimated) in the daratumumab group, as

compared with 174 months (95% CI, 17.4 to
could not be estimated) in the control group.

Deeper responses resulted in longer progres-
sion-free survival. Among patients with a partial
response or better, the rate of progression-free
survival at 12 months was 87.8% (95% CI, 83.1
to 91.3) in the daratumumab group versus 73.6%
(95% CI, 67.0 to 79.1) in the control group.
Among patients with very good partial response
or better, the rate of progression-free survival
was 91.7% (95% CI, 87.1 to 94.8) in the daratu-
mumab group versus 85.8% (95% CI, 78.1 to
90.9) in the control group. Results below the
threshold for minimal residual disease were as-
sociated with longer progression-free survival
than results above the threshold (Fig. S6 in the
Supplementary Appendix).

At the interim analysis, a total of 75 deaths
had been observed (30 patients in the daratu-
mumab group and 45 in the control group)
(Table S4 in the Supplementary Appendix). The
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Table 3. Most Common Adverse Events during Treatment in the Safety Population.*
Daratumumab Group Control Group
Event (N=283) (N=281)
Any Grade Grade 3 or 4 Any Grade Grade 3 or 4
number of patients (percent)

Hematologic adverse event
Neutropenia 168 (59.4) 147 (51.9) 121 (43.1) 104 (37.0)
Anemia 88 (31.1) 35 (12.4) 98 (34.9) 55 (19.6)
Thrombocytopenia 76 (26.9) 36 (12.7) 77 (27.4) 38 (13.5)
Febrile neutropenia 16 (5.7) 16 (5.7) 7 (2.5) 7 (2.5)
Lymphopenia 17 (6.0) 15 (5.3) 15 (5.3) 10 (3.6)

Nonhematologic adverse event
Diarrhea 121 (42.8) 15 (5.3) 69 (24.6) 9(3.2)
Fatigue 100 (35.3) 18 (6.4) 78 (27.8) 7 (2.5)
Upper respiratory tract infection 90 (31.8) 3 (1Y) 58 (20.6) 3 (1Y)
Constipation 83 (29.3) 3 (L.1) 71 (25.3) 2(0.7)
Cough 82 (29.0) 0 35 (12.5) 0
Muscle spasms 73 (25.8) 2 (0.7) 52 (18.5) 5(1.8)
Nasopharyngitis 68 (24.0) 0 43 (15.3) 0
Nausea (24.0) 4 (1.4) 40 (14.2) 0
Pyrexia 7 (20.1) 5 (1.8) 31 (11.0) 4(1.4)
Insomnia 5 (19.4) 1 (0.4) 55 (19.6) 2(0.7)
Dyspnea (18.4) 9(3.2) 32 (11.4) 2(0.7)
Back pain 0(17.7) 4 (1.4) 48 (17.1) 4(1.4)
Vomiting 47 (16.6) 3 (L1) 15 (5.3) 2(0.7)
Asthenia 45 (15.9) 3 (2.8) 36 (12.8) 7(2.5)
Peripheral edema 43 (15.2) 2(0.7) 37 (13.2) 3 (1)
Pneumonia 40 (14.1) 22 (7.8) 37 (13.2) 23 (8.2)

* The safety population included all patients who received at least one dose of trial treatment. Adverse events of any
grade that are listed are those that occurred in more than 15% of the patients in either group. Adverse events of grade
3 or 4 that are listed are those that occurred in more than 5% of the patients in either group.

Kaplan—-Meier rate of overall survival at 12
months was 92.1% (95% CI, 88.2 to 94.7) in the
daratumumab group and 86.8% (95% CI, 82.2 to
90.3) in the control group (Fig. S7 in the Supple-
mentary Appendix). Follow-up for long-term
survival is ongoing.

SAFETY

The most common adverse events of any grade
during treatment (in >15% of the patients in ei-
ther group) and adverse events of grade 3 or 4
(in >5% of the patients in either group) for the
safety population are summarized in Table 3.
Adverse events that occurred at a frequency of

10% or more in the daratumumab group versus
the control group were neutropenia, diarrhea,
upper respiratory tract infection, and cough,
most of which resulted from longer exposure to
treatment in the daratumumab group. Deep-vein
thrombosis was reported in 1.8% of the patients
in the daratumumab group and in 3.9% of those
in the control group. In the daratumumab
group, 51.9% of patients had neutropenia of
grade 3 or 4, as compared with 37.0% of those
in the control group; thrombocytopenia of grade
3 or 4 occurred in 12.7% and 13.5% of the pa-
tients, respectively.

With regard to nonhematologic adverse events,
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incidences of grade 3 or 4 diarrhea, fatigue,
nausea, and dyspnea were slightly higher in the
daratumumab group than in the control group.
The rate of infection of grade 3 or 4 was also
slightly higher in the daratumumab group than
in the control group (28.3% and 22.8%, respec-
tively); the most common infection of grade 3
or 4 was pneumonia, which occurred at similar
rates in the two groups.

Serious adverse events were reported in 48.8%
of the patients in the daratumumab group and
in 42.0% of those in the control group, among
which pneumonia was the most common (in
8.1% of the patients in the daratumumab group
and in 8.5% of those in the control group). Dara-
tumumab interferes with laboratory-based blood-
compatibility tests, including indirect Coombs’
test, because of binding to CD38 on red cells.?
However, among patients who received blood
transfusions, no hemolysis was observed.

The percentage of patients with adverse events
leading to the discontinuation of treatment was
similar in the two groups: 6.7% in the daratu-
mumab group and 7.8% in the control group.
The most common adverse events (in >1% of the
patients in either group) that led to the discon-
tinuation of treatment included pneumonia (in
1.1% of the patients in the daratumumab group
and in 0.7% of those in the control group), pul-
monary embolism (in 1.1% in the control group),
and deterioration in general physical health (in
1.1% in the daratumumab group). Adverse events
leading to death occurred in 11 patients (3.9%)
in the daratumumab group and in 15 (5.3%) in
the control group. The most common adverse
events leading to death were acute kidney injury
(in 0.4% of the patients in the daratumumab
group and in 1.1% in the control group), septic
shock (in 1.1% and 0.4%, respectively), and
pneumonia (in 0.7% in each group). Low rates of
secondary primary cancer were reported in the
two groups (in 2.8% of the patients in the dara-
tumumab group and in 3.6% of those in the
control group); 10 of 18 patients (5 patients in
each group) with secondary primary cancer had
noninvasive, cutaneous secondary primary can-
cer such as squamous-cell carcinoma or basal-
cell carcinoma.

The incidence of daratumumab infusion-
related reactions of any grade was 47.7%, with
92% of the reactions occurring during the first
infusion. These reactions were mostly of grade 1

or 2; a total of 15 patients (5.3%) had grade 3
infusion reactions, and no patient had an event
of grade 4 or 5. The most common infusion-re-
lated reactions were cough (in 8.5% of the pa-
tients), dyspnea (in 8.5%), and vomiting (in
5.7%) (Table S5 in the Supplementary Appendix).
One patient discontinued daratumumab because
of a grade 3 infusion-related event, recovered,
and continued to receive lenalidomide and dexa-
methasone treatment.

DISCUSSION

The results of this phase 3 trial show that the
addition of daratumumab to lenalidomide and
dexamethasone significantly prolonged progres-
sion-free survival and was associated with a 63%
lower risk of disease progression or death than
lenalidomide and dexamethasone alone among
patients with multiple myeloma who had re-
ceived one or more lines of therapy previously.
The treatment effect of daratumumab was con-
sistent regardless of previous exposure to lena-
lidomide (a limitation being the relatively small
number of patients with previous exposure to
lenalidomide) and across all subgroups, includ-
ing patients 65 years of age or older, those with
disease that was refractory to proteasome in-
hibitors or the most recent line of therapy, those
with International Staging System stage III dis-
ease, and those with previous exposure to a
proteasome inhibitor or immunomodulatory drug.
The treatment benefit that was associated with
daratumumab was also similar in patients with
one previous line of therapy and in those in a
subgroup of patients with one, two, or three
previous lines of therapy. Long-term follow-up is
ongoing to assess differences in overall survival.

As in our trial (POLLUX), the addition of
daratumumab to a standard-of-care regimen
of bortezomib and dexamethasone in the CASTOR
trial was associated with a significantly lower
risk of disease progression or death.”® As in the
CASTOR trial,®® the addition of daratumumab to
the backbone regimen in our trial resulted in a
significantly higher rate of overall response,
deeper responses, and longer duration of re-
sponse. After continued treatment, responses
deepened, with a rate of complete response or
better that was twice as high with daratumumab
as with the backbone regimen alone.

Patients who have very good partial responses
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or better but have residual disease above recog-
nized thresholds have poorer outcomes than do
those who are free from detectable residual dis-
ease, and subsequent studies have recognized
that minimal residual disease status may serve
as a surrogate for estimating disease control and
survival.>® Although studies to date have focused
on results below the threshold for minimal re-
sidual disease in patients with newly diagnosed
disease (15% to 68% of patients across studies),’
the patients with relapsed or refractory multiple
myeloma in our trial had a rate of below-thresh-
old results that was more than four times as
high in the daratumumab group as in the con-
trol group at the IMWG-recommended threshold
of 1 tumor cell per 10° white cells for next-gener-
ation sequencing.’ Our findings were similar to
findings in the context of first-line therapy>® in
that results below the threshold for minimal
residual disease were associated with prolonged
progression-free survival among patients with
relapsed or refractory multiple myeloma. This
suggests that results below the threshold for
minimal residual disease also should be a treat-
ment goal in the context of relapsed or refrac-
tory disease.

Cross-study comparisons should be interpret-
ed with caution because of differences in study
design and eligibility criteria. However, other
studies that have aimed to improve treatment in
the context of salvage therapy have been pub-
lished. Two trials evaluated a proteasome in-
hibitor plus lenalidomide and dexamethasone
versus lenalidomide and dexamethasone alone,
with a hazard ratio for disease progression or
death of 0.69 (median progression-free survival,
26.3 vs. 17.6 months; overall response rate, 87%
vs. 67%) with carfilzomib (in the ASPIRE [Carfil-
zomib, Lenalidomide, and Dexamethasone ver-
sus Lenalidomide and Dexamethasone for the
Treatment of Patients with Relapsed Multiple
Myeloma] trial)*” and a hazard ratio for disease
progression or death of 0.74 (median progres-
sion-free survival, 20.6 vs. 14.7 months; overall
response rate, 78% vs. 72%) with ixazomib (in the
TOURMALINE-MM1 trial).?® The ELOQUENT-2
trial of elotuzumab, a monoclonal antibody tar-
geting signaling lymphocytic activation molecule
F7 (SLAMF7) that lacks single-agent activity, in
combination with lenalidomide and dexametha-
sone as compared with lenalidomide and dexa-
methasone alone showed a hazard ratio for dis-

ease progression or death of 0.70 (median
progression-free survival, 19.4 vs. 14.9 months;
overall response rate, 79% vs. 66%).>*°

Daratumumab with lenalidomide and dexa-
methasone was associated with clinically man-
ageable adverse events that were consistent with
the known toxic effects of lenalidomide and
dexamethasone*?3%3! and of daratumumab.>®
Despite higher rates of neutropenia in the dara-
tumumab group, the rate of infection of grade 3
or 4 was only slightly higher in the daratumu-
mab group than in the control group (28% vs.
23%). The rates of treatment discontinuation
owing to adverse events were low and similar
in the two groups. After the implementation of
guidelines from other studies of daratumumab
regarding the management of infusion-related
reactions, infusion-related reactions were con-
sistent with daratumumab monotherapy®!® and
combination therapy,'®*3? were mostly of grade
1 or 2, and usually occurred during the first
infusion.

In conclusion, daratumumab with lenalido-
mide and dexamethasone was associated with a
significant progression-free survival benefit and
higher rates of overall response and results be-
low the threshold for minimal residual disease
than lenalidomide and dexamethasone alone
among patients with relapsed or refractory mul-
tiple myeloma. Although higher rates of neutro-
penia and infusion-related reactions (primarily
during the first infusion) were observed with
this combination than with lenalidomide and
dexamethasone alone, these events did not result
in higher rates of treatment discontinuation or
death.

Supported by Janssen Research and Development.

Dr. Dimopoulos reports receiving fees for serving on advisory
boards from Janssen, Celgene, Amgen, and Novartis and grant
support from Janssen; Dr. Oriol, receiving fees for serving on
advisory boards from Celgene, Janssen, and Amgen; Dr. San-
Miguel, receiving fees for serving on advisory boards from Cel-
gene, Novartis, Janssen, Millennium, Onyx, Bristol-Myers Squibb,
Merck Sharp and Dohme, and Amgen; Dr. Bahlis, receiving fees
for serving on advisory boards, lecture fees, and grant support
from Celgene, Janssen, and Amgen; Dr. Usmani, receiving fees
for serving on advisory boards and committees from Celgene,
Skyline, Sanofi, Janssen, Array BioPharma, and Bristol-Myers
Squibb, consulting fees from Amgen (formerly Onyx) and Take-
da Pharmaceutical (formerly Millennium), lecture fees from
Celgene, Amgen, and Takeda Pharmaceutical, and grant support
from Celgene, Amgen, Takeda Pharmaceutical, Sanofi, Janssen,
Array BioPharma, Pharmacyclics, and Bristol-Myers Squibb; Dr.
Rabin, receiving fees for serving on advisory boards from Bristol-
Myers Squibb, Takeda Pharmaceutical, Novartis, and Amgen,
lecture fees from Janssen-Cilag and Celgene, and travel support
from Janssen-Cilag and Takeda Pharmaceutical; Dr. Orlowski,

N ENGL J MED 375;14 NEJM.ORG OCTOBER 6, 2016

The New England Journal of Medicine

Copyright © 2016 Massachusetts Medical Society. All rights reserved.

1329

Downloaded from nejm.org at UNIV LIBRARY OF SOUTHERN DENMARK on September 8, 2017. For personal use only. No other uses without permission.



The NEW ENGLAND JOURNAL of MEDICINE

receiving fees for serving on advisory boards from BioTheryX,
Forma Therapeutics, Bristol-Myers Squibb, Incyte, Rigel Pharma-
ceuticals, Amgen, and Takeda Pharmaceutical and grant sup-
port from Bristol-Myers Squibb, Amgen, Takeda Pharmaceuti-
cal, and Spectrum Pharmaceuticals; Dr. Plesner, receiving grants
from Janssen and honoraria from Janssen and Genmab during
the conduct of the trial; Dr. Richardson, receiving fees for serv-
ing on advisory boards from Celgene and Janssen; Dr. Gold-
schmidt, receiving fees for serving on advisory boards from
Celgene, Janssen, Novartis, Bristol-Myers Squibb, Onyx, Amgen,
and Takeda Pharmaceutical and research support to his institu-
tion from Celgene, Janssen, Novartis, Chugai, Bristol-Myers
Squibb, and Millennium; Dr. Reece, receiving consulting fees
from Janssen, Celgene, Takeda Pharmaceutical, Bristol-Myers
Squibb, and Amgen, honoraria from Janssen, Celgene, Takeda
Pharmaceutical, Bristol-Myers Squibb, Novartis, and Amgen,
and research support from Janssen, Celgene, Takeda Pharma-
ceutical, Otsuka Pharmaceutical, Bristol-Myers Squibb, Merck,
Novartis, and Amgen; Dr. Lisby, being an employee of Genmab;
Dr. Khokhar, Ms. O’Rourke, Dr. Chiu, Mr. Qin, Ms. Guckert,
and Dr. Ahmadi, being employees of Janssen; Ms. O’Rourke and

Ms. Guckert, holding stock in Johnson & Johnson; and Dr.
Moreau, receiving fees for serving on advisory boards and par-
ticipating in symposia from Celgene, Novartis, Takeda Pharma-
ceutical, Amgen, and Bristol-Myers Squibb. No other potential
conflict of interest relevant to this article was reported.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

We thank the patients who volunteered to participate in this
trial and the staff members at the trial sites who cared for them;
the members of the data and safety monitoring committee (Brian
Durie, M.D., Michael O’Dwyer, M.D., and Daniel Sargent, Ph.D.);
representatives of the sponsor who were involved in data collec-
tion and analyses (in particular, Christopher Velas, B.S., Howard
Yeh, M.D., Jon Ukropec, Ph.D., Carla de Boer, Ph.D., Sandra
Vasey, M.S., Christoph Heuck, M.D., Jordan Schecter, M.D., Kaida
Wu, M.D., Richard Jansson, Ph.D., Jeremy Kreuter, Pharm.D.,
Shari Jones, B.Sc.N., Laura Farrar, B.A., Amy Godwin, B.S., Val-
erie McPherson, B.S., Alan DeFalco, B.A., Tineke Casneuf, Ph.D.,
and A. Kate Sasser, Ph.D.); and Christopher Jones, Ph.D., and
Jason Jung, Ph.D., of MedErgy, for editorial assistance in the
development of an earlier draft of the manuscript.

APPENDIX

The authors’ full names and academic degrees are as follows: Meletios A. Dimopoulos, M.D., Albert Oriol, M.D., Hareth Nahi, M.D.,
Jesus San-Miguel, M.D., Nizar J. Bahlis, M.D., Saad Z. Usmani, M.D., Neil Rabin, M.B., B.S., Ph.D., Robert Z. Orlowski, M.D., Mieczy-
slaw Komarnicki, M.D., Kenshi Suzuki, M.D., Torben Plesner, M.D., Sung-Soo Yoon, M.D., Dina Ben Yehuda, M.D., Paul G. Richard-
son, M.D., Hartmut Goldschmidt, M.D., Donna Reece, M.D., Steen Lisby, M.D., Nushmia Z. Khokhar, M.D., Lisa O’Rourke, M.S.N.,
Christopher Chiu, Ph.D., Xiang Qin, M.S., Mary Guckert, M.S.N., Tahamtan Ahmadi, M.D., and Philippe Moreau, M.D.

The authors’ affiliations are as follows: the National and Kapodistrian University of Athens, Athens (M.A.D.); Institut Catala
d’Oncologia, Institut Josep Carreras, Hospital Germans Trias I Pujol, Barcelona (A.O.), and Clinica Universidad de Navarra—Centro de
Investigacién Médica Aplicada, Instituto de Investigacion Sanitaria de Navarra, Pamplona (J.S.-M.) — both in Spain; Karolinska Institute
and the Department of Medicine, Division of Hematology, Karolinska University Hospital at Huddinge, Stockholm (H.N.); Tom Baker
Cancer Centre, University of Calgary, Calgary, AB (N.J.B.), and the Cancer Clinical Research Unit, Princess Margaret Cancer Centre,
Toronto (D.R.) — both in Canada; Levine Cancer Institute—Carolinas HealthCare System, Charlotte, NC (S.Z.U.); the Department of
Haematology, University College London Hospitals NHS Trust, London (N.R.); the Department of Lymphoma—Myeloma, University of
Texas M.D. Anderson Cancer Center, Houston (R.Z.0.); the Department of Hematology and Stem Cell Transplantation, Poznan Univer-
sity of Medical Sciences, Poznan, Poland (M.K.); the Department of Hematology, Japanese Red Cross Medical Center, Tokyo (K.S.);
Vejle Hospital and University of Southern Denmark, Vejle (T.P.), and Genmab, Copenhagen (S.L.) — both in Denmark; the Department
of Internal Medicine, Seoul National University College of Medicine, Seoul, South Korea (S.-S.Y.); the Hematology Department, Hadas-
sah—Hebrew University Medical Center, Jerusalem (D.B.Y.); Dana—Farber Cancer Institute, Harvard Medical School, Boston (P.G.R.);
University Hospital Heidelberg and the German Cancer Research Center, Heidelberg, Germany (H.G.); Janssen Research and Develop-
ment, Spring House, PA (N.Z.K., L.O., C.C., X.Q., M.G., T.A.); and the Department of Hematology, University Hospital Hotel-Dieu,

Nantes, France (P.M.).

REFERENCES

1. Kumar SK, Rajkumar SV, Dispenzieri
A, et al. Improved survival in multiple
myeloma and the impact of novel thera-
pies. Blood 2008;111:2516-20.

2. Kumar SK, Dispenzieri A, Lacy MQ,
et al. Continued improvement in survival
in multiple myeloma: changes in early
mortality and outcomes in older patients.
Leukemia 2014;28:1122-8.

3. Richardson PG, Hideshima T, Mitsia-
des C, Anderson KC. The emerging role of
novel therapies for the treatment of re-
lapsed myeloma. J Natl Compr Canc Netw
2007;5:149-62.

4. Moreau P, Touzeau C. Multiple myelo-
ma: from front-line to relapsed therapies.
Am Soc Clin Oncol Educ Book 2015;35:
e504-11.

5. Kumar S, Paiva B, Anderson KC, et al.
International Myeloma Working Group
consensus criteria for response and mini-
mal residual disease assessment in mul-

1330

N ENGLJ MED 375;14

tiple myeloma. Lancet Oncol 2016;17(8):
€328-46..

6. Martinez-Lopez J, Lahuerta JJ, Pepin
F, et al. Prognostic value of deep sequenc-
ing method for minimal residual disease
detection in multiple myeloma. Blood
2014;123:3073-9.

7. Lonial S, Anderson KC. Association of
response endpoints with survival outcomes
in multiple myeloma. Leukemia 2014;28:
258-68.

8. de Weers M, Tai YT, van der Veer MS,
et al. Daratumumab, a novel therapeutic
human CD38 monoclonal antibody, in-
duces killing of multiple myeloma and
other hematological tumors. J Immunol
2011;186:1840-8.

9. Lonial S, Weiss BM, Usmani SZ, et al.
Daratumumab monotherapy in patients
with treatment-refractory multiple mye-
loma (SIRIUS): an open-label, randomised,
phase 2 trial. Lancet 2016;387:1551-60.

10. Lokhorst HM, Plesner T, Laubach JP,
et al. Targeting CD38 with daratumumab
monotherapy in multiple myeloma. N Engl
J Med 2015;373:1207-19.

11. McKeage K. Daratumumab: first glob-
al approval. Drugs 2016;76:275-81.

12. European Medicines Agency. EPAR
summary for the public: Darzalex (dara-
tumumab). London: European Medicines
Agency, 2016 (http://www.ema.europa.eu/
docs/en_GB/document_library/EPAR _-_

Summary_for_the_public/human/004077/

WC500207298.pdf).

13. Overdijk MB, Jansen JH, Nederend M,
et al. The therapeutic CD38 monoclonal
antibody daratumumab induces pro-
grammed cell death via Fcy receptor-
mediated cross-linking. ] Immunol 2016;
197:807-13.

14. Overdijk MB, Verploegen S, Bogels M,
et al. Antibody-mediated phagocytosis
contributes to the anti-tumor activity of

NEJM.ORG OCTOBER 6, 2016

The New England Journal of Medicine
Downloaded from nejm.org at UNIV LIBRARY OF SOUTHERN DENMARK on September 8, 2017. For personal use only. No other uses without permission.
Copyright © 2016 Massachusetts Medical Society. All rights reserved.



DARATUMUMAB, LENALIDOMIDE, AND DEXAMETHASONE FOR MYELOMA

the therapeutic antibody daratumumab in
lymphoma and multiple myeloma. MAbs
2015;7:311-21.

15. Lammerts van Bueren J, Jakobs D,
Kaldenhoven N, et al. Direct in vitro com-
parison of daratumumab with surrogate
analogs of CD38 antibodies MOR03087,
SARG650984 and Ab79. Presented at the
56th Annual Meeting and Exposition of
the American Society of Hematology, San
Francisco, December 6-9, 2014. abstract.
16. Laubach JP, Richardson PG. CD38-
targeted immunochemotherapy in refrac-
tory multiple myeloma: a new horizon.
Clin Cancer Res 2015;21:2660-2.

17. Krejcik J, Casneuf T, Nijhof IS, et al.
Daratumumab depletes CD38+ immune-
regulatory cells, promotes T-cell expan-
sion, and skews T-cell repertoire in mul-
tiple myeloma. Blood 2016 May 24 (Epub
ahead of print).

18. Palumbo A, Chanan-Khan A, Weisel
K, et al. Daratumumab, bortezomib and
dexamethasone for multiple myeloma.
N Engl J Med 2016;375:754-66.

19. Plesner T, Arkenau HT, Gimsing P, et
al. Phase 1/2 study of daratumumab, lena-
lidomide, and dexamethasone for relapsed
multiple myeloma. Blood 2016 August 16
(Epub ahead of print).

20. Durie BGM, Harousseau JL, Miguel
JS, et al. International uniform response
criteria for multiple myeloma. Leukemia
20006;20:1467-73.

21. Rajkumar SV, Harousseau JL, Durie B,
et al. Consensus recommendations for
the uniform reporting of clinical trials:
report of the International Myeloma
Workshop Consensus Panel 1. Blood 2011;
117:4691-5.

22. Durie BG, Miguel JF, Blade J, Rajku-
mar SV. Clarification of the definition of
complete response in multiple myeloma.
Leukemia 2015;29:2416-7.

23. McCudden C, Axel AE, Slaets D, et al.
Monitoring multiple myeloma patients
treated with daratumumab: teasing out
monoclonal antibody interference. Clin
Chem Lab Med 2016;54:1095-104.

24. DeMets DL, Lan G. The alpha spend-
ing function approach to interim data
analyses. Cancer Treat Res 1995;75:1-27.
25. Lan KKG, DeMets DL. Discrete se-
quential boundaries for clinical trials.
Biometrika 1983;70:659-63.

26. Chapuy CI, Nicholson RT, Aguad MD,
et al. Resolving the daratumumab inter-
ference with blood compatibility testing.
Transfusion 2015;55:1545-54.

27. Stewart AK, Rajkumar SV, Dimopou-

los MA, et al. Carfilzomib, lenalidomide,
and dexamethasone for relapsed multi-
ple myeloma. N EnglJ Med 2015;372:142-
52.

28. Moreau P, Masszi T, Grzasko N, et al.
Oral ixazomib, lenalidomide, and dexa-
methasone for multiple myeloma. N Engl
J Med 2016;374:1621-34.

29. Zonder JA, Mohrbacher AF, Singhal S,
et al. A phase 1, multicenter, open-label,
dose escalation study of elotuzumab in
patients with advanced multiple myeloma.
Blood 2012;120:552-9.

30. Lonial S, Dimopoulos M, Palumbo A,
et al. Elotuzumab therapy for relapsed or
refractory multiple myeloma. N Engl J Med
2015;373:621-31.

31. Dimopoulos M, Spencer A, Attal M, et
al. Lenalidomide plus dexamethasone for
relapsed or refractory multiple myeloma.
N Engl J Med 2007;357:2123-32.

32. Chari A, Lonial S, Suvannasankha A,
et al. Open-label, multicenter, phase 1b
study of daratumumab in combination
with pomalidomide and dexamethasone
in patients with at least 2 lines of prior
therapy and relapsed or relapsed and re-
fractory multiple myeloma (MM). Blood
2015;126:0508. abstract.

Copyright © 2016 Massachusetts Medical Society.

CLINICAL TRIAL REGISTRATION

The Journal requires investigators to register their clinical trials
in a public trials registry. The members of the International Committee
of Medical Journal Editors (ICMJE) will consider most reports of clinical
trials for publication only if the trials have been registered.
Current information on requirements and appropriate registries

is available at www.icmje.org/faq_clinical.html.

N ENGLJ MED 375,14 NEJM.ORG OCTOBER 6, 2016 1331

The New England Journal of Medicine
Downloaded from nejm.org at UNIV LIBRARY OF SOUTHERN DENMARK on September 8, 2017. For personal use only. No other uses without permission.
Copyright © 2016 Massachusetts Medical Society. All rights reserved.



