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ABSTRACT

BACKGROUND

Multiple myeloma cells uniformly overexpress CD38. We studied daratumumab,
a CD38-targeting, human IgGlk monoclonal antibody, in a phase 1-2 trial involving
patients with relapsed myeloma or relapsed myeloma that was refractory to two or
more prior lines of therapy.

METHODS

In part 1, the dose-escalation phase, we administered daratumumab at doses of
0.005 to 24 mg per kilogram of body weight. In part 2, the dose-expansion phase,
30 patients received 8 mg per kilogram of daratumumab and 42 received 16 mg
per kilogram, administered once weekly (8 doses), twice monthly (8 doses), and
monthly for up to 24 months. End points included safety, efficacy, and pharmaco-
kinetics.

RESULTS

No maximum tolerated dose was identified in part 1. In part 2, the median time
since diagnosis was 5.7 years. Patients had received a median of four prior treat-
ments; 79% of the patients had disease that was refractory to the last therapy re-
ceived (64% had disease refractory to proteasome inhibitors and immunomodula-
tory drugs and 64% had disease refractory to bortezomib and lenalidomide), and
76% had received autologous stem-cell transplants. Infusion-related reactions in
part 2 were mild (71% of patients had an event of any grade, and 1% had an event
of grade 3), with no dose-dependent adverse events. The most common adverse
events of grade 3 or 4 (in 25% of patients) were pneumonia and thrombocytope-
nia. The overall response rate was 36% in the cohort that received 16 mg per kilo-
gram (15 patients had a partial response or better, including 2 with a complete
response and 2 with a very good partial response) and 10% in the cohort that
received 8 mg per kilogram (3 had a partial response). In the cohort that received
16 mg per kilogram, the median progression-free survival was 5.6 months (95%
confidence interval [CI], 4.2 to 8.1), and 65% (95% CI, 28 to 86) of the patients
who had a response did not have progression at 12 months.

CONCLUSIONS
Daratumumab monotherapy had a favorable safety profile and encouraging efficacy
in patients with heavily pretreated and refractory myeloma. (Funded by Janssen Re-
search and Development and Genmab; ClinicalTrials.gov number, NCT00574288.)
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URRENT THERAPIES, INCLUDING PRO-

teasome inhibitors and immunomodula-

tory agents, have improved outcomes
substantially in patients with multiple myeloma.!
Unfortunately, the majority of these patients have
a relapse and have limited treatment options after
exposure to these classes of agents.>® Patients
with disease that is refractory to both protea-
some inhibitors and immunomodulatory drugs
have poor prognoses; the estimated median over-
all survival is 9 months, and the estimated event-
free survival is 5 months at best.>?

CD38 is a 45-kD, type II transmembrane gly-
coprotein that associates with cell-surface recep-
tors in lipid rafts, regulates cytoplasmic Ca** flux,
and mediates signal transduction in lymphoid
and myeloid cells.*> CD38 is highly and uniform-
ly expressed on myeloma cells®” and is expressed
at relatively low levels on normal lymphoid and
myeloid cells and in some tissues of nonhema-
topoietic origin, which makes it a potential tar-
get in the treatment of myeloma.’

Daratumumab (HuMax-CD38, Genmab), a hu-
man IgGlk monoclonal antibody, binds to a
unique CD38 epitope.® Preclinical studies showed
that daratumumab induced target-cell killing of
CD38-expressing tumor cells by means of multi-
ple mechanisms, including complement-mediated
and antibody-dependent cell-mediated cytotoxic
effects, antibody-dependent cellular phagocyto-
sis, apoptosis,®’ and to a lesser extent, inhibition
of the enzymatic activity of CD38.!° The antimy-
eloma activity of daratumumab in preclinical
studies prompted the initiation of this phase 1-2
study involving patients with relapsed myeloma
or relapsed and refractory myeloma.

METHODS

PATIENTS

Eligible patients had myeloma requiring sys-
temic therapy and had had a relapse after, or had
disease that was refractory to, two or more dif-
ferent prior therapies, including immunomodu-
latory agents, proteasome inhibitors, chemo-
therapy, and autologous stem-cell transplantation.
Patients were 18 years of age or older, had a life
expectancy of at least 3 months, an Eastern
Cooperative Oncology Group performance-status
score of 2 or less (on a scale from 0 to 5, with
0 indicating no symptoms and higher numbers
indicating increasing disability), and a measur-
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able level of M protein or free light chains (or
both) according to the International Myeloma
Working Group (IMWG) guidelines.!! Exclusion
criteria were an absolute neutrophil count of less
than 1000 per cubic millimeter, a platelet count
of less than 75 x10° per liter, a serum creatinine
level greater than 2 times the upper limit of the
normal range, alanine aminotransferase and alka-
line phosphatase levels greater than 3.5 times
the upper limit of the normal range, a bilirubin
level greater than 2.5 times the upper limit of
the normal range, a hemoglobin level of less
than 7.5 g per deciliter, other malignant condi-
tions, uncontrolled infections, clinically signifi-
cant cardiovascular and respiratory conditions,
and meningeal involvement of myeloma.

STUDY DESIGN

The study was a two-part, phase 1-2, open-label,
multicenter trial. Part 1 was a dose-escalation
study, and part 2 was a dose-expansion study
(Fig. 1). The ethics committee or institutional
review board at each study site approved the
study protocol and the statistical analysis plan
(both of which are available with the full text of
this article at NEJM.org). The study was con-
ducted in accordance with the principles of the
Declaration of Helsinki and the International
Conference on Harmonisation Good Clinical
Practice guidelines. All the patients provided
written informed consent.

STUDY TREATMENTS
In part 1, the dose-escalation study, patients in
10 cohorts received doses of 0.005 to 24 mg of
daratumumab per kilogram of body weight. The
study had a 1+3 design in the 2 lowest-dose co-
horts and a 3+3 design in each of the remaining
8 cohorts (Fig. 1A). If a dose-limiting toxic event
occurred in one patient in the first 2 cohorts
that included one patient, or in one of three pa-
tients in the subsequent 8 cohorts, an additional
three patients were treated at the same dose.
All the patients in part 1 received a predose
(10% of the full dose but not more than 10 mg
in total) before the first full dose; after the first
full dose, there was a 3-week washout period for
assessment of safety and pharmacokinetics. A
second predose was then administered, followed
by six full infusions administered weekly, mak-
ing the total treatment period 8 weeks long
(Fig. 1A).
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Figure 1. Trial Design.

Part 1, a dose-escalation phase, included 10 dose cohorts (0.005, 0.05, 0.1, 0.5, 1, 2, 4, 8, 16, and 24 mg per kilogram)
(Panel A). The two lowest-dose cohorts (0.005 and 0.05 mg per kilogram) had a 1+3 design, and the other eight co-
horts (0.1, 0.5, 1, 2, 4, 8, 16, and 24 mg per kilogram) had a 3+3 design. Part 2, a dose-expansion phase, included
five dosing schedules (Panel B). Patients who received the schedule A, B, or C regimen received 8 mg per kilogram,
and those who received the schedule D or E regimen received 16 mg per kilogram. The first full infusion of 500 ml
(diluted in sterile, pyrogen-free 0.9% sodium chloride) had a 4-hour duration in schedule A and a 6-hour duration in
schedule B. In schedules C, D, and E, the first full infusion was 1000 ml over a period of 6 hours. In the absence of
infusion-related reactions during the first 3 hours of the first infusion, the second dose was administered in 500 ml
over a period of 3.25 to 4 hours (schedules A, B, and C) or 1000 ml over a period of 6 hours (schedules D and E).
All subsequent infusions were 500 ml over a period of 3.25 to 4 hours. Schedule E evaluated a phase 3 drug product
(commercial product) that is produced with a larger-scale manufacturing process. All other schedules used the
phase 2 drug product. Patients who received the schedule A or B regimen received predosing that was 10% of the
full dose but not more than 10 mg in total. Schedules A through E were conducted consecutively.

Predosing on the day before the first two full
infusions was intended to minimize the risk of
infusion-related reactions. Premedication includ-
ed antihistamines, acetaminophen, and gluco-
corticoids. The protocol-specified premedica-
tions and dosing schedules are described in the
Supplementary Appendix, available at NEJM.org.

In part 2, doses of daratumumab of 8 mg per
kilogram and 16 mg per kilogram were admin-
istered with different schedules (Fig. 1B, and the
Methods section in the Supplementary Appendix).
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In schedules A, B, and C, patients were treated
with daratumumab at a dose of 8 mg per kilo-
gram in eight once-weekly infusions and then in
twice-monthly infusions for 16 weeks. In sched-
ules D and E, patients were treated with daratu-
mumab at a dose of 16 mg per kilogram, and
after the first infusion they had a 3-week wash-
out period to allow for the collection of pharma-
cokinetic data. They were then treated weekly for
7 weeks and then twice monthly for 14 weeks.
All the patients in part 2 then received monthly
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infusions. Patients received the therapy until
disease progression or until an unmanageable
level of toxic events occurred. In part 2, patients
received a single predose of daratumumab (10 mg)
before the first full infusion only in schedules A
and B. A predose was optional in schedule D but
was not used.

Infusion rates and volumes also differed be-
tween the schedules. Four different infusion pro-
tocols were assessed. The first full infusion of
500 ml (diluted in sterile, pyrogen-free 0.9%
sodium chloride) had a 4-hour duration in
schedule A and a 6-hour duration in schedule B.
In schedules C, D, and E, first full infusion was
1000 ml over a period of 6 hours. In the absence
of infusion-related reactions during the first
3 hours of the first infusion, the second dose
was administered in 500 ml over a period of
3.25 to 4 hours (schedules A, B, and C) or 1000 ml
over a period of 6 hours (schedules D and E). All
subsequent infusions were 500 ml over a period
of 3.25 to 4 hours. Schedule E evaluated a phase 3
drug product (commercial product) that is pro-
duced with a larger-scale manufacturing process.
All other schedules used the phase 2 drug prod-
uct. This report presents data from patients en-
rolled between March 27, 2008, and the clinical
cutoff date of January 9, 2015.

END POINTS AND ASSESSMENTS

The primary end point was safety, which was
determined according to the frequencies and
severities of adverse events and was assessed at
each treatment visit. An independent data moni-
toring committee evaluated all serious adverse
events, nonserious adverse events of grade 3 or
higher, and events that caused a patient’s with-
drawal from treatment. The National Cancer
Institute Common Terminology Criteria for Ad-
verse Events were used for safety assessments
(see the Supplementary Appendix).!?

Secondary end points were pharmacokinet-
ics, objective response according to the IMWG
uniform response criteria for myeloma!! (Table S1
in the Supplementary Appendix), relative reduc-
tions in levels of M protein and free light chains,
time to disease progression, duration of response,
progression-free survival, and overall survival. In
the high-dose cohort, in cases in which comi-
gration of daratumumab and M protein inter-
fered with the assessment of efficacy, a new as-
say was used to confirm the presence of complete
responses.’?

N ENGL J MED

STUDY OVERSIGHT

This study was sponsored by Janssen Research
and Development and Genmab. The investiga-
tors and sponsors were responsible for the study
design and statistical analysis plan. The investi-
gators and their research teams collected the
data. Janssen Research and Development and
Genmab compiled the data for summation and
analysis and confirmed the accuracy of the data.
All the investigators had full access to the data
and analyses and were not restricted by confi-
dentiality agreements. The first and last authors
wrote the first draft of the manuscript; all the
authors reviewed and revised the manuscript,
approved the final version, and made the deci-
sion to submit the manuscript for publication.
Writing assistance was provided by MedErgy and
was funded by Janssen Research and Develop-
ment. All the authors vouch for the accuracy and
completeness of the data and analyses and for
the fidelity of the study to the protocol.

STATISTICAL ANALYSIS

Responses were evaluated in accordance with the
IMWG response criteria with the use of a com-
puterized algorithm. Time-to-event end points,
progression-free survival, and duration of response
were analyzed with the use of the Kaplan—Meier
method. Data regarding progression-free survival
and duration of response were censored at the last
disease assessment on or before the onset of new
anticancer therapy, at the last disease assessment
for patients who had not had an event at the time
of data cutoff, or at the last disease assessment
before patients were lost to follow-up. Formal
statistical hypotheses were not formulated or
tested, and no power calculations were per-
formed. Prespecified subgroup analyses were per-
formed to identify baseline characteristics that
were associated with response; the results should
be interpreted with caution owing to small sam-
ple sizes. Pharmacokinetic variables were esti-
mated by means of a noncompartmental analysis.

RESULTS

PATIENTS AND TREATMENT

In part 1, we enrolled 32 patients; single dose-
limiting toxic events were observed at doses of
0.1 mg per kilogram and 1 mg per kilogram. In
part 2 of the study, 72 patients were enrolled
(Fig. 1). The results from part 1 are reported in
the Supplementary Appendix. The baseline char-
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acteristics of the patients who were enrolled in
parts 1 and 2 are described in Table S2 in the
Supplementary Appendix and in Table 1, respec-
tively. Patients in part 2 had been heavily pre-
treated, with a median of 4 (range, 3 to 10) prior
therapies in the cohort that received 8 mg per
kilogram and 4 (range, 2 to 12) prior therapies in
the cohort that received 16 mg per kilogram. The
median times since diagnosis were 66.2 months
and 68.1 months, respectively. A total of 76% of
the patients had undergone autologous stem-cell
transplantation.

A total of 21 patients (70%) in the cohort that
received 8 mg per kilogram and 30 (71%) in the
cohort that received 16 mg per kilogram had dis-
ease that was refractory to bortezomib; 26 (87%)
and 31 (74%) in the two cohorts, respectively,
had disease refractory to lenalidomide; 2 (7%)
and 7 (17%), respectively, had disease refractory
to carfilzomib; 2 (7%) and 15 (36%), respectively,
had disease refractory to pomalidomide; and 19
(63%) and 27 (64%), respectively, had disease
refractory to both bortezomib and lenalidomide.

In part 2, the median duration of follow-up
was 16.9 months (range, 0.4 to 24.9) in the cohort
that received 8 mg per kilogram and 10.2 months
(range, 1.2 to 16.0) in the cohort that received
16 mg per kilogram. At the clinical cutoff date
of January 9, 2015, a total of 14 patients (19%)
were still receiving treatment and 58 (81%) had
discontinued treatment. All 30 patients in the co-
hort that received 8 mg per kilogram discontinued
owing to progressive disease. Of the 28 patients
in the cohort that received 16 mg per kilogram
who discontinued treatment, 23 discontinued ow-
ing to progressive disease, 4 owing to physician
decision, and 1 owing to an adverse event. The
adverse event was classified as grade 5 pneumo-
nia, and the investigator did not think that it
was related to the study drug. The patient was
placed in hospice care because of advanced my-
eloma and ongoing complications and subse-
quently died owing to the advent of pneumonia.

Patients received a median of 10.5 full infu-
sions (range, 1 to 26) in the cohort that received
8 mg per kilogram and 13.5 full infusions (range,
1 to 24) in the cohort that received 16 mg per
kilogram (Table 1). The median durations of the
first, second, and subsequent full infusions were
6.6 hours, 4.2 hours, and 3.3 hours, respectively,
in the cohort that received 8 mg per kilogram and
7.7 hours, 6.7 hours, and 3.3 hours, respectively,
in the cohort that received 16 mg per kilogram.
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SAFETY

The adverse events that occurred in part 1 of the
study are summarized in Tables S3, S4, and S5
in the Supplementary Appendix. No maximum
tolerated dose was found, and dose-limiting
toxic events were observed at doses of 0.1 mg
per kilogram (grade 3 anemia in one patient)
and 1 mg per kilogram (grade 3 elevation of the
aspartate aminotransferase level in one patient).
After treating three additional patients at these
dose levels with no further dose-limiting toxic
events, the dose level was safely escalated to 24 mg
per kilogram.

In part 2, infusion-related reactions occurred
in 71% of the patients and were of grade 1 or 2,
except in one patient receiving the schedule E
regimen who had grade 3 reactions (Table S6 in
the Supplementary Appendix). No patient discon-
tinued treatment because of an infusion-related
reaction. The majority of the infusion-related
reactions occurred during the first infusion,
with reactions occurring during that infusion in
67% of the patients in the cohort that received
8 mg per kilogram and in 71% in the cohort that
received 16 mg per kilogram; 9% of the patients
in the cohort that received 8 mg per kilogram
and 7% in the cohort that received 16 mg per
kilogram had reactions that were associated
with more than one infusion.

The frequency of infusion-related reactions
was lower among the patients who received the
schedule C first-infusion regimen (8 mg per kilo-
gram in 1000 ml for 6 hours) than among those
who received the schedule A or B regimen (8 mg
per kilogram in 500 ml for 4 to 6 hours) or the
schedule D or E regimen (16 mg per kilogram in
1000 ml for 6 hours). This finding suggests that
the infusion rate may be important for the man-
agement of infusion-related reactions (see the
Methods section and Table S6 in the Supplemen-
tary Appendix).

In part 2, most of the adverse events observed
with daratumumab were of grade 1 or 2 (Table 2).
The most common adverse events, defined as
events that occurred in at least 25% of the pa-
tients in either treatment group, were fatigue,
allergic rhinitis, and pyrexia. Other adverse
events of interest in part 2 were nasopharyngitis
(in 24% of the patients) and cough (in 21%) (data
not shown). No clinically relevant changes were
observed in the QT interval corrected for heart
rate (Fridericia’s correction formula), and most
adverse events resolved without a delay in treat-
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Table 2. Most Common Adverse Events in the Dose-Expansion Study.*
8-mg/kg Cohort 16-mg/kg Cohort Total
Event (N=30) (N=42) (N=72)
All Grades Grade3or4 AllGrades Grade3or4 AllGrades Grade3or4
number (percent)
Fatigue 13 (43) 103) 17 (40) 0 30 (42) 1(Q)
Allergic rhinitis 12 (40) 0 10 (24) 0 22 (31) 0
Pyrexia 13 (43) 0 7(17) 1Q2) 20 (28) 1Q)
Diarrhea 9 (30) 0 6 (14) 0 15 (21) 0
Upper respiratory tract infection 8 (27) 0 7(17) 0 15 (21)
Dyspnea 8 (27) 0 6 (14) 0 14 (19)

* The most common adverse events were defined as those that occurred in at least 25% of the patients in either dose

cohort.

the cohort that received 8 mg per kilogram. A
reduction of at least 50% in the level of M pro-
tein or free light chains was observed in 19 of 41
patients (46%) in the cohort that received 16 mg
per kilogram, as compared with 4 of 27 (15%) in
the cohort that received 8 mg per kilogram.
Exploratory subgroup analyses of the re-
sponse rate among patients in the cohort that
received 16 mg per kilogram are shown in Fig-
ure 2C. Exploratory subgroup analyses in the
cohort that received 8 mg per kilogram are
shown in Table S9 in the Supplementary Appen-
dix. The response rates among patients who had
disease that was refractory to both bortezomib
and lenalidomide were similar to those in the
total population. The overall response rate was
higher among patients who had had two or
three prior lines of therapy than among more
heavily pretreated patients (56% vs. 23%).

Bone marrow plasma-cell levels in the 3 pa-
tients with a response in the cohort that received
8 mg per kilogram were below 5% at baseline
and at the first postbaseline measurement. A
total of 13 of the 15 patients with a response in
the cohort that received 16 mg per kilogram had
data that could be evaluated, and these patients
either had a decrease in the bone marrow plas-
ma-cell level (8 patients) or had a level that re-
mained stable below 5% (5 patients) (Fig. S2 in
the Supplementary Appendix).

In patients who had a response to treatment
and received 16 mg per kilogram, the estimated
median time to the first response was 0.9 months
(range, 0.5 to 3.2), and the estimated median
time to the best response was 1.8 months
(range, 0.5 to 9.0). The estimated median dura-
tion of response was 6.9 months (95% confi-
dence interval [CI], 6.2 to 10.6) in the cohort

Figure 2 (facing page). Overall Response Rates after Daratumumab Monotherapy among Patients with Relapsed
Multiple Myeloma or Relapsed and Refractory Multiple Myeloma.

Panel A shows the overall response rate in the two dose cohorts. The complete responses (CRs) were initially evalu-
ated as very good partial responses (VGPRs) by the response algorithm that was based on the International Myelo-
ma Working Group (IMWG) guidelines, owing to interference by daratumumab that comigrated with M protein.
They were confirmed as complete responses with the use of a daratumumab interference reflex assay (Fig. S1 in the
Supplementary Appendix). PR denotes partial response. Panel B shows a waterfall plot of the maximum change
from baseline in the level of M protein or free light chains after daratumumab monotherapy, evaluated according to
the IMWG guidelines. Data were available for 28 of 30 patients in the cohort that received 8 mg per kilogram and for
41 of 42 in the cohort that received 16 mg per kilogram. The dashed lines at -50% and -90% indicate reductions
that correspond to a partial response or a very good partial response, respectively, depending on the type of mea-
surable paraprotein (i.e., serum or urine M protein and free light chain). Panel C shows the results of a subgroup
analysis of the overall best response in the 42 patients treated with daratumumab at a dose of 16 mg per kilogram.
The vertical line indicates 36%, which was the overall response rate in the cohort that received 16 mg per kilogram.
Race was determined by the investigator, and race data were missing for 8 patients.
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A Overall Response Rate B Relative Change from Baseline in Paraprotein Level
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Daratumumab Patients
C Subgroup Analyses
Subgroup No. of Patients Overall Response Rate
% of patients (95% Cl)
All patients 42 —e— 36 (22-52)
Age
18-64 yr 22 — e 27 (11-50)
65-74 yr 16 H—e——i 56 (30-80)
=75 yr 4 i 0 (0-60)
Sex
Male 27 —— 44 (26-65)
Female 15 ——] 20 (4-48)
Race
White 32 —e— 31 (16-50)
Other 2 ¢ | 0 (0-84)
Lines of therapy
<3 lines 16 H—— 56 (30-80)
>3 lines 26 ——1— 23 (9-44)
Prior therapy to which disease was refractory
Proteasome inhibitor (PI) 30 —— 37 (20-56)
Immunomodulatory drug (IMiD) 31 —e— 36 (19-55)
PI+IMiD 27 33 (17-54)
Pl+IMiD+alkylating agent 21 >:j: 33 (15-57)
Last line 32 —— 34 (19-53)
Bortezomib (BORT) 30 —e— 37 (20-56)
Carfilzomib (CARF) 7 —. 29 (4-71)
Lenalidomide (LEN) 31 —e—i 36 (19-55)
Pomalidomide (POM) 15 33 (12-62)
Thalidomide (THAL) 12 33 (10-65)
Alkylating agent 25 28 (12-49)
BORT+LEN 27 33 (17-54)
CARF+POM 5 k ® ! 40 (5-85)
BORT+LEN+CARF A 29 (4-71)
BORT+LEN+POM 13 A 31 (9-61)
BORT+LEN+CARF+POM 5 k ® d 40 (5-85)
BORT+LEN+CARF+POM+THAL 3 t ® i 33 (1-91)
Type of myeloma
IgG 24 — i 29 (13-51)
Non-IgG 18 —-o—i 44 (22-69)
Baseline creatinine clearance
260 ml/min 29 38 (21-58)
230 to <60 ml/min 12 Pj: 33 (10-65)
<30 ml/min 1 ¢ { 0 (0-98)
Percent of bone marrow plasma cells at baseline
<30% 37 ——i 35 (20-53)
>30 to <60% 5 | ° | 40 (5-85)
>60% 0 =
T T T T 1
0 25 50 75 100

Overall Response Rate (%)
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Figure 3. Swim-Lane Plot of Data from Patients with a Response.
Responses in white font indicate the first response, and those in black font the best response. X indicates disease
progression. Owing to daratumumab interference, the complete responses were originally designated as very good
partial responses on the basis of the IMWG-based algorithm.

that received 8 mg per kilogram and was not
reached in the cohort that received 16 mg per
kilogram, with 65% (95% CI, 28 to 86) of the
patients who had a response in this cohort re-
maining progression-free at 12 months. The
timing and depth (partial, complete, etc.) of the
response in each patient who had a partial re-
sponse or better in the two dose cohorts are
shown in Figure 3.

The estimated median progression-free survival
was 2.4 months (95% CI, 1.4 to 3.5) in the cohort
that received 8 mg per kilogram and 5.6 months
(95% CI, 4.2 to 8.1) in the cohort that received
16 mg per kilogram (Fig. S3 in the Supplementary
Appendix). The overall survival rate at 12 months
was 77% (95% CI, 52 to 90) in the cohort that
received 8 mg per kilogram and 77% (95% CI,
58 to 88) in the cohort that received 16 mg per
kilogram.

PHARMACOKINETICS

The elimination of daratumumab was nonlinear;
clearance decreased with increasing dose and
with multiple doses. After the first full infusion,

N ENGL J MED

the mean clearance decreased with increasing
dose level from 1.064 ml per hour per kilogram
in the group that received 2 mg per kilogram to
0.287 ml per hour per kilogram in the group that
received 24 mg per kilogram; after the last full
infusion, the mean clearance was also decreased
with increasing dose level, from 0.586 ml per hour
per kilogram in the group that received 2 mg per
kilogram to 0.162 ml per hour per kilogram in
the group that received 24 mg per kilogram.
The maximum concentration increased in ap-
proximate proportion to dose after the first in-
fusion and in greater than a dose-proportional
manner after the last dose. In patients who re-
ceived 1 to 24 mg per kilogram, the mean half-
life after the first infusion ranged from 28 to
155 hours (i.e., 1.2 to 6.5 days) and the mean
half-life after the last infusion ranged from 36 to
587 hours (i.e., 1.5 to 24.5 days). In part 2, the
mean (£SD) half-life was 9.0+4.3 days after the
first dose of 16 mg per kilogram and 10.6%9.0
days after varying numbers of repeat doses (me-
dian, 13.5 full infusions; range, 1 to 24). Parallel
receptor-saturation studies were not performed.
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Preliminary pharmacokinetic analyses to in-
form the decisions regarding dose in part 2 of the
study included a comparison of the daratumumab
trough concentrations in individual patients with
predicted trough concentrations that were con-
sistent with inhibition of 90% of the target-
mediated clearance. After the repeated adminis-
tration of doses of 8 mg per kilogram, the
observed trough concentrations were generally
lower than the predicted concentrations, which
indicated that clearance was faster than would
be expected with saturation of target-mediated
clearance and that the target was not fully satu-
rated throughout the dosing interval. Conversely,
patients in the cohort that received 16 mg per
kilogram had trough concentrations that were
generally similar to those predicted after the
inhibition of target-mediated clearance. There-
fore, 16 mg per kilogram was the lowest tested
dose with pharmacokinetics that were consistent
with target saturation throughout the dosing
interval, and an increase in the dose was not
expected to have a clinically meaningful effect.

DISCUSSION

Daratumumab, an anti-CD38 human antibody,
showed encouraging efficacy in patients with
myeloma who had had a median of four prior
lines of therapy, including 64% of patients who
had disease that was refractory to lenalidomide
and bortezomib. Moreover, daratumumab mono-
therapy (at a dose of 16 mg per kilogram) in-
duced durable responses that deepened over time,
including complete and very good partial re-
sponses, with 65% of the patients who had a
response remaining progression-free at 12 months.
In patients with a partial response or better, the
level of bone marrow plasma cells was generally
markedly reduced.

The responses compare favorably with those
observed with other investigational agents in
patients with relapsed myeloma or relapsed and
refractory myeloma. In a phase 2 study of carfil-
zomib in patients with relapsed and refractory
myeloma (80% of whom had disease that was
refractory to both bortezomib and lenalidomide),
the patients treated with carfilzomib had a re-
sponse rate of 24% and a median duration of
response of 7.8 months.® A pivotal phase 2 study
involving patients with relapsed and refractory
myeloma who had been treated with pomalido-
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mide, with or without dexamethasone, showed
response rates of 33% with pomalidomide plus
dexamethasone and 18% with pomalidomide alone
and median durations of response of 8.3 months
and 10.7 months, respectively.’®

Monoclonal antibodies are likely to change
myeloma treatment, and daratumumab is one of
several in clinical development (as monotherapy
or as part of a combination therapy).? Preclinical
studies indicate that the addition of lenalido-
mide to daratumumab enhances the killing of
lenalidomide-resistant or bortezomib-resistant
myeloma cells in vitro and reduces tumor growth
in an in vivo xenograft model.”” An ongoing phase
1-2 study of daratumumab in combination with
lenalidomide and dexamethasone in patients with
relapsed myeloma or relapsed and refractory
myeloma has shown high response rates and
responses that improved over time.'® SAR650984,
a humanized IgGl monoclonal antibody, also
targets CD38, and clinical responses have been
reported in patients with relapsed myeloma or
relapsed and refractory myeloma who received
the drug as monotherapy® or in combination
with lenalidomide and dexamethasone, findings
that further validate this approach.? Elotuzumab,
a humanized IgGl monoclonal antibody that
targets the signaling lymphocytic activation
molecule F7 (SLAMF7),2 was associated with
stable disease as the best response when it was
used as a single agent?® but has shown clinically
relevant activity in combination with lenalido-
mide and dexamethasone in two studies.?>*

Daratumumab binds to an important target,
has multiple mechanisms of action, and may rep-
resent an effective single-agent treatment option
for patients with relapsed and refractory myelo-
ma, especially those with disease that is other-
wise resistant to other treatments or those who
have unacceptable side effects from other treat-
ments. Daratumumab had an acceptable safety
profile, with infusion-related reactions of grade 1
and 2 across the two dose cohorts in part 2 (except
for one patient with infusion-related reactions of
grade 3), including mild and transient broncho-
spasm, headache, dyspnea, and fever. Most events
occurred during the first infusion, and no pa-
tient discontinued treatment because of an infu-
sion-related reaction. The median infusion times
were reduced to 3.3 hours by the third infusion.

In conclusion, daratumumab showed single-
agent antitumor activity in a population of pa-
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tients with highly difficult-to-treat myeloma who
had very few effective treatment options. Its
target and mechanisms of action differentiate it
from existing therapies.
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