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Abstract Daratumumab is a CD38 monoclonal antibody

recently approved for the treatment of multiple myeloma

(MM). We report daratumumab pharmacokinetic data from

GEN501, a phase I/II dose-escalation (0.005–24 mg/kg)

and dose-expansion (8 or 16 mg/kg) study, and SIRIUS, a

phase II study (8 or 16 mg/kg), in relapsed or refractory

MM. Noncompartmental analysis was conducted to char-

acterize daratumumab pharmacokinetics, and, in both

studies, daratumumab exhibited nonlinear pharmacokinetic

characteristics. Decreasing daratumumab clearance with

increasing dose suggests saturation of target-mediated

clearance at higher dose levels, whereas decreasing clear-

ance over time with repeated dosing may be due to tumor

burden reductions as CD38-positive cells are eliminated.

These and other pharmacokinetic data analyses support the

use of the recommended dose regimen of daratumumab

(16 mg/kg weekly for 8 weeks, every 2 weeks for

16 weeks, and every 4 weeks thereafter) to rapidly saturate

target-mediated clearance during weekly dosing and

maintain saturation when dosing every 2 or 4 weeks.

Key Points

Daratumumab is a CD38 monoclonal antibody that

was recently approved in the US and Canada for the

treatment of patients with multiple myeloma (MM)

who received three or more prior treatments,

including a proteasome inhibitor (PI) and an

immunomodulatory drug (IMiD), or who are double-

refractory to these agents. In Europe, the drug is

approved for relapsed and refractory MM patients

whose prior therapy included a PI and an IMiD, and

who demonstrated disease progression on the last

therapy.

Following intravenous infusion, daratumumab

exhibits nonlinear pharmacokinetic characteristics,

consistent with target-mediated drug disposition.

Administration of daratumumab 16 mg/kg weekly

for 8 weeks rapidly saturates target-mediated

clearance; dosing every 2 weeks for 16 weeks, and

every 4 weeks thereafter is sufficient to maintain

target saturation.

1 Introduction

Outcomes in patients with multiple myeloma (MM) have

improved significantly in the past two decades [1–3], lar-

gely due to the availability of novel immunomodulatory

drugs (IMiDs) such as thalidomide, lenalidomide, and

pomalidomide, as well as proteasome inhibitors (PIs) such
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as bortezomib [1–3]. Indeed, these treatments are now

considered the standard of care for patients with newly

diagnosed MM, either as monotherapy or in combination

with traditional therapies or with one another [4, 5].

However, treatment options for patients with MM whose

disease has relapsed or is refractory to IMiDs and/or PIs are

limited, and prognosis is poor [6–8]. Therefore, novel

therapies are urgently needed for this difficult-to-treat

population.

Daratumumab is a first-in-class, anti-CD38 human

immunoglobulin (Ig) G1 monoclonal antibody that was

recently approved as monotherapy for patients with MM who

received three or more prior treatments, including a PI and an

IMiD, or who are double-refractory to a PI and an IMiD [9].

CD38 is highly and uniformly expressed on myeloma cells

[10, 11], making it a relevant target for the treatment of MM.

The anti-myeloma activity of daratumumab is mediated via

several mechanisms of action, including complement-de-

pendent cytotoxicity, antibody-dependent cell-mediated

toxicity, antibody-dependent cellular phagocytosis, and

apoptosis via crosslinking and modulating ectoenzyme

[12, 13]. Subsets of CD38-expressing regulatory T and B

cells, as well as myeloid-derived suppressor cells, undergo

lysis following treatment with daratumumab [14]. As a result

of these changes in immune cell function, increased CD4?

and CD8? T-cell absolute counts and total lymphocyte

percentages have been observed in both bone marrow and

peripheral blood [14].

The clinical efficacy and safety of daratumumab

monotherapy have been demonstrated in two open-label

studies in patients with relapsed or refractory MM. In the

phase I/II GEN501 study (ClinicalTrials.gov identifier

NCT00574288), 36% of patients receiving the recom-

mended dose of daratumumab 16 mg/kg had a partial

response or better and the 1-year overall survival rate was

77% [15]. In the phase II SIRIUS study (NCT01985126),

the overall response rate (ORR) was 29% and the 1-year

overall survival rate was 65% in a population of heavily

pretreated MM patients, most of whom were double-re-

fractory to bortezomib and lenalidomide [16]. In both

studies, daratumumab demonstrated a favorable safety

profile; the most frequently reported infusion-related

reactions were predominantly respiratory issues (e.g. nasal

congestion, cough, throat irritation), were grade 1 or 2 in

severity, occurred during the first infusion, and were

manageable [15, 16].

Dose optimization is a challenge for novel therapies. As

the first mAb approved for MM, understanding the phar-

macokinetic profile of daratumumab is critical to deter-

mining an efficacious and safe dose and dosing schedule.

The aim of this study was to characterize the pharma-

cokinetics of daratumumab, administered via intravenous

infusion, using data collected from the GEN501 and

SIRIUS studies in patients with MM relapsed from or

refractory to prior PIs and/or IMiDs.

2 Methods

Data were collected from two separate clinical studies—

GEN501 (NCT00574288) and SIRIUS (NCT01985126).

The individual study protocols were reviewed by an inde-

pendent Ethics Committee or Institutional Review Board at

each study site, and the studies were conducted according

to the principles of the Declaration of Helsinki and the

International Conference on Harmonisation Good Clinical

Practice guidelines. All participants provided written

informed consent prior to any study-specific procedures.

2.1 Patients and Study Designs

2.1.1 Gen501

GEN501 was a phase I/II, open-label, multicenter study

comprising two parts (Fig. 2a); Part 1 was a dose-escala-

tion study, and Part 2 was a single-arm dose-expansion

study involving multiple patient cohorts, with dosing of

daratumumab based on the results of Part 1. A detailed

description of this study has been published elsewhere [15].

Briefly, eligible patients were C18 years of age, had an

Eastern Cooperative Oncology Group performance status

score of B2, had documented myeloma requiring systemic

therapy, and had relapsed from or were refractory to two or

more prior therapies, including PIs, IMiDs, chemotherapy,

and autologous stem cell transplantation.

In Part 1, sequential cohorts received intravenous doses

of daratumumab ranging from 0.005 to 24 mg/kg, admin-

istered over 6–8 h.

Based on the findings from Part 1, five cohorts were

enrolled in Part 2 (Fig. 2a). In three of the cohorts, dara-

tumumab was administered in Part 2 at 8 mg/kg weekly for

8 weeks, every 2 weeks for 16 weeks, and every 4 weeks

until disease progression.

2.1.2 SIRIUS

SIRIUS, a phase II, open-label, international, multicenter

study (Fig. 2b), is described in detail elsewhere [16].

Inclusion criteria were similar to those for the GEN501

studies, with the exception that patients were required to

have progressed on their most recent line of therapy and

had received three or more prior lines of therapies,

including a PI and an IMiD, or were double-refractory to

both a PI and an IMiD.

In Part 1, patients were randomized to daratumumab

8 mg/kg every 4 weeks or 16 mg/kg weekly for 8 weeks,
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followed by every 2 weeks for 16 weeks and every

4 weeks thereafter. Based on the cumulative response data,

the 16 mg/kg dose was established as the recommended

dose regimen and was administered to the expansion cohort

in Part 2.

2.2 Pharmacokinetic Analysis

In Part 1 of GEN501, blood sampling for pharmacokinetic

analysis was performed before and after the first pre-dose;

before the first full infusion and at the end of infusion

(EOI), EOI ? 2 h, EOI ? 5 h, and EOI ? 24 h; any time

during days 4, 8, and 15; before the second pre-dose (day

21); on days 22, 29, 36, 43, and 50 before the weekly

daratumumab infusion; before the last full infusion and at

EOI, EOI ? 2 h, EOI ? 5 h (optional), and EOI ? 24 h;

and at any time on days 61 and 65 and weeks 10, 12, 16,

20, 24, and 28 from the start of treatment. In Part 2 of

GEN501, sampling time points varied for different cohorts,

but generally sampling was performed at screening, before

the first full infusion, at EOI, and at EOI ? 2 h; before

infusion and EOI during weekly visits; and at 1, 2, 4, and

6 weeks after the last infusion.

In the SIRIUS study, pharmacokinetic sampling was

performed at pre-dose and EOI time points for the 16 mg/

kg dose group, whereas those receiving daratumumab

8 mg/kg (administered once every 4 weeks) had more

intense sampling following the first full infusion, allowing

estimation of pharmacokinetic parameters.

In GEN501, the median dose intensity was C90% of the

target dose in Part 1 and 100% in Part 2. In SIRIUS, the

median relative dose intensity was 100% of the target dose.

However, samples from GEN501 and SIRIUS were

excluded from the pharmacokinetic analysis if they were

taken following a dose in which\80% of the intended dose

was administered.

Venous blood samples (5 mL) were collected, and an

enzyme-linked immunosorbent assay (ELISA; lower limit

of quantification 9 minimum required dilution = 200 ng/

mL; BioAnalytical Research Corporation, Ghent, Belgium,

and, subsequently, Janssen Research & Development,

LLC, Spring House, PA, USA) was used to determine

serum daratumumab concentrations in both studies. The

ELISA method was validated according to criteria estab-

lished in the Guidance for Industry: Bioanalytical Method

Validation [17]. Specifically, a 96-well microplate was

coated with CD28 protein overnight at 4�C, blocked with

assay buffer for 1 h at room temperature, and washed three

times. Standard curve calibrators were prepared in an assay

buffer containing 2% human serum. Quality control and

study samples were thawed, equilibrated to room temper-

ature, and diluted 1:50 before adding the samples to the

microplate. The microplate was then incubated at room

temperature for 2 h with continuous shaking and washed

three times with assay buffer. HRP-conjugated mouse anti-

human IgG1 Fc antibody was added to the microplate,

which was then covered with aluminum foil and incubated

for 1.5 h at room temperature with shaking. The plate was

then washed and incubated with azino benzothiazoline

sulphonic acid solution for 30 min. The colorimetric

reaction was stopped by adding 2% oxalic acid, and the

optical density was read at 405 nm. Daratumumab con-

centrations were determined by interpolation from the

standard curve using a nonlinear logistic curve-fit-based

regression model.

2.3 Statistical Analysis

In both studies, serum pharmacokinetic parameters were

estimated from the concentration and actual time data using

noncompartmental analysis implemented in PhoenixTM

WinNonlin� software (Pharsight, St. Louis, MO, USA).

For the estimation of pharmacokinetic parameters, con-

centrations below the limit of quantification were treated as

zero if no previous value was quantifiable, or if at least one

previous value was measurable and at least one later value

was available; otherwise, the value was treated as missing.

For Part 1 of the GEN501 study, only the concentration

data immediately before and after the first and seventh full

infusions were included in the pharmacokinetic parameter

analysis. Descriptive statistics were used to summarize all

data, including maximum concentration (Cmax), half-life

(t�), total systemic clearance of drug after intravenous

administration, and volume of distribution (VZ). The area

under the concentration–time curve (AUC) was computed

by the linear trapezoidal with linear interpolation method,

and the terminal elimination rate constant was estimated

using the best-fit method (i.e. regression of the natural

logarithm of concentration versus sampling time) and

uniform weighting. In Part 2 of the GEN501 study, phar-

macokinetic parameters (as previously stated) were derived

only for the first and last doses of daratumumab.

In the SIRIUS study, no pharmacokinetic parameters

were derived for the daratumumab 16 mg/kg group due to

sparse sampling; sufficient data were available for the

8 mg/kg cohort to calculate pharmacokinetic parameters

after the first dose. AUC values were calculated using a

combination of linear and logarithmic trapezoidal methods,

and the terminal rate constant associated with the terminal

portion of the serum concentration versus time curve was

determined by least-squared regression analysis of the log-

linear portion of the terminal phase with the adjusted

coefficient of determination.

In the GEN501 study, the pharmacokinetic analysis set

comprised all treated patients with at least one baseline and

one post-baseline pharmacokinetic assessment. In the

PK of Daratumumab in Relapsed or Refractory Multiple Myeloma 917



SIRIUS study, the pharmacokinetic analysis set consisted

of all treated patients with at least one post-infusion

sample.

3 Results

Pharmacokinetic data were available from 2572 measur-

able samples from 223 patients across both studies: 100

patients (of 104 enrolled; 32 from Part 1 and 72 from Part

2) in the GEN501 study and 123 patients (of 124 enrolled)

in the SIRIUS study (electronic supplementary Table 1).

Of the 223 patients who provided samples included in the

pharmacokinetic analysis, 150 received daratumumab

16 mg/kg. The baseline demographics and clinical char-

acteristics of the patients included in the pharmacokinetic

analysis are presented in electronic supplementary Table 2.

The dose and dosing schedule for the GEN501 and SIRIUS

studies have been reported in detail elsewhere [15, 16] and

are summarized in electronic supplementary Fig. 1a, b,

respectively.

3.1 GEN501 Study

In Part 1 of the GEN501 study, 32 patients received the

first full infusion of daratumumab and 16 patients

received the last (seventh) full infusion. All serum dara-

tumumab concentrations for patients receiving doses of

0.005 or 0.05 mg/kg were below the limit of quantifica-

tion. Following the first full infusion, the daratumumab

Cmax was approximately dose proportional for doses of

1–24 mg/kg (Figs. 1a, 2a; Table 1). Cmax increased in a

ratio of 1:2:4:8:20:25 as the daratumumab dose increased

in a ratio of 1:2:4:8:16:24; however, Cmax increased in a

greater than dose-proportional manner after the last

(seventh) dose (Figs. 1a, 2b; Table 1). The AUC from

time zero extrapolated to infinity (AUCinf) increased in a

greater than dose-proportional manner after both the first

and last doses (Fig. 1b). In the 16 mg/kg cohort,

mean ± standard deviation (SD) Cmax was

405.75 ± 72.50 lg/mL after the first full infusion and

993.65 ± 127.04 lg/mL after the last infusion, whereas

mean ± SD AUCinf was 56,893.56 ± 22,030.42 and

371,159.32 lg�h/mL after the first and last infusions,

respectively. Based on elimination t� after the last full

infusion, it was unlikely that most patients in Part 1 had

reached steady state by the last infusion. Daratumumab

elimination showed nonlinear characteristics: t� increased

with increasing dose and with multiple doses, whereas

clearance decreased with increasing dose and with mul-

tiple doses, particularly in the groups receiving C2 mg/kg

of daratumumab (Table 1). Mean ± SD clearance after

the first 16 mg/kg dose in Part 1 of the GEN501 study was

0.32 ± 0.13 mL/h/kg (n = 3), whereas, following the

seventh dose, clearance decreased to 0.10 mL/h/kg

(n = 1). The mean VZ varied (mean 31.90–104.77 mL/

kg) across doses and dose levels, but was reasonably

consistent among the dose groups for both the first and

last full infusions. The mean VZ for the 16 mg/kg group

was 45.22 mL/kg after the first full infusion and

31.90 mL/kg after the last full infusion. These VZ values

indicate that daratumumab is confined primarily in the

vascular system.

In Part 2 of the GEN501 study, the mean ± SD Cmax

after the first full infusion of daratumumab in patients

receiving 16 mg/kg (263.41 ± 92.00 lg/mL; n = 40) was

two-fold higher than in patients receiving 8 mg/kg

(133.54 ± 32.45 lg/mL; n = 28; Table 2). There was

evidence to indicate accumulation of daratumumab, with

mean Cmax increasing by 1.8 to 3.5 times from the first to

the last full infusions. Calculation of t� was only possible

for the 16 mg/kg dose group, with considerable variabil-

ity. Similar to Part 1 of the study, clearance was higher

after the first full infusion than after the last infusion.

Following the first administration at the recommended

dose of 16 mg/kg, mean clearance was 0.42 ± 0.42 mL/h/

kg and, after repeat administration, was decreased to

0.30 ± 0.12 mL/h/kg. The mean daratumumab concen-

tration–time profile following the first 16 mg/kg infusion

is presented in Fig. 3.

3.2 SIRIUS Study

In the SIRIUS study, the mean concentration of daratu-

mumab at the end of the first infusion was approximately

2.3-fold higher in the 16 mg/kg group (312.54 lg/mL) than

in the 8 mg/kg group (137.55 lg/mL), which was

approximately dose proportional.

After the first intravenous infusion of daratumumab

8 mg/kg, mean serum concentrations peaked at the EOI,

then declined in an apparent bi-exponential manner, and

remained quantifiable through 28 days post-dose (second

infusion pre-dose). Following the last full infusion, serum

daratumumab concentrations fell below the limit of quan-

tification by 8 weeks post-treatment in the 8 mg/kg group,

but remained detectable in most patients in the 16 mg/kg

group at this timepoint.

In the daratumumab 16 mg/kg group, there was evi-

dence of drug accumulation through the first two cycles;

mean ± SD trough concentration at the end of weekly

dosing was 573.49 ± 331.49 lg/mL, rising to

914.86 ± 410.34 lg/mL at the end of the infusion (ninth

planned infusion), with the latter being approximately 2.9-

fold greater than at the end of the first infusion

(312.54 ± 106.65 lg/mL). After patients entered cycle 3,

when dosing frequency decreased to every 2 weeks, peak
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and trough serum daratumumab concentrations decreased

slightly, with mean trough concentrations maintained

above 400 lg/mL through cycle 6.

Pharmacokinetic parameters were only derived for

patients receiving daratumumab 8 mg/kg due to the drug

administration and sampling schedules (Table 3). Follow-

ing the first dose of daratumumab 8 mg/kg, the

mean ± SD apparent t� was 120.69 ± 105.818 h,

mean ± SD clearance was 0.52 ± 0.253 mL/h/kg, and

mean ± SD VZ was 61.99 ± 18.425 mL/kg. The coeffi-

cient of variation (CV%) was approximately 64% for

AUCinf values and approximately 88% for t�, demon-

strating a large interpatient variability in systemic exposure

to daratumumab after the first 8 mg/kg dose, which may be

reflective of the variable impact of target-mediated drug

disposition at this dose level.

3.3 Correlation Between Daratumumab Disposition

and Reduction in Paraprotein

The majority of patients exhibited a decrease in paraprotein

from baseline. In GEN501, 80% of patients receiving

daratumumab 16 mg/kg had a reduction in paraprotein; 46

and 24% of patients had a [50 and [90% reduction,

respectively. Among the patients who were administered

daratumumab 16 mg/kg in the SIRIUS study, 38 and 16%

of patients had a [50 and [90% reduction in paraprotein

from baseline, respectively. There was a significant posi-

tive correlation between maximum reduction in paraprotein

and daratumumab exposure (Fig. 4). Maximum reduction

in paraprotein appeared to plateau when daratumumab

exposure was high; maximum reduction in paraprotein

showed the strongest correlation with maximal pre-infusion

concentration.

Fig. 1 a Mean Cmax and

b mean AUC across dose

cohorts in Part 1 of the GEN501

study. Error bars

represent ± standard deviation.

AUC area under the

concentration–time curve from

time zero extrapolated to

infinity, Cmax maximum

concentration
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4 Discussion

Daratumumab exhibited typical pharmacokinetics for an

IgG1 monoclonal antibody; mean serum concentrations of

daratumumab peaked at the end of the first infusion and

then declined in an apparent bi-exponential manner. VZ

estimates indicate that daratumumab is confined primarily

in the vascular system, with limited extravascular tissue

distribution. Following the first full infusion, Cmax

increased in approximate proportion to the increasing dose

of daratumumab 1–24 mg/kg, and increased in a greater

than dose-proportional manner after multiple doses. AUC

increased in a greater than dose-proportional manner after

the first and multiple doses. Following the 16 mg/kg rec-

ommended dosing regimen (weekly for 8 weeks, every

2 weeks for 16 weeks, and every 4 weeks thereafter),

accumulation of daratumumab continued throughout the

weekly dosing period and decreased slightly as patients

entered the less intense dosing periods. Following the end

of treatment, daratumumab remained detectable in most

patients in the SIRIUS 16 mg/kg group at 8 weeks post-

treatment. No subjects in the GEN501 or SIRIUS studies

developed antibodies to daratumumab during treatment

[15, 16], suggesting a low risk for immunogenicity with

this therapeutic agent.

Decreasing clearance with increasing dose levels was

observed consistently across both studies, and data from

the GEN501 clinical trial showed that the clearance also

decreased with repeated dosing within the same dose level.

As expected with the changes in clearance, the mean t�
also increased with increasing dose and repeated dose

administration. These data demonstrate that daratumumab

exhibits nonlinear pharmacokinetic characteristics, which

is consistent with the target-mediated drug disposition of

daratumumab observed in a recent study (Xu et al., sub-

mitted). Decreasing daratumumab clearance with increas-

ing dose levels may indicate saturation of target-mediated

clearance at higher dose levels, whereas decreasing clear-

ance over time with repeated dosing may be due to a

reduction of tumor burden as CD38? cells are eliminated.

Similarly, another IgG monoclonal antibody approved for

the treatment of MM, elotuzumab, demonstrated nonlinear

pharmacokinetics consistent with target-mediated clear-

ance when administered in combination with lenalidomide

and dexamethasone [18].

Following the first full dose of daratumumab, data from

the SIRIUS study showed larger interpatient variability in

exposure and t� at the 8 mg/kg dose level (88% and 64%

CV for t� and AUC, respectively, in Parts 1 and 2) com-

pared with the 16 mg/kg dose level in GEN501 (38–48%

CV for t� and AUC in Parts 1 and 2). This may reflect the

variable impact of target-mediated drug disposition, in

which drug may saturate the target in most patients. This

observation is consistent with exposure-response analyses

described elsewhere (Xu et al, submitted), which indicated

that most patients (approximately 80%) following the

recommended 16 mg/kg dose regimen were expected to

achieve daratumumab serum concentrations correlated

with 99% target (CD38) saturation and 90% of the maxi-

mal effect on ORR. At the lower 8 mg/kg dose level, and

Fig. 2 Mean daratumumab serum concentration by dose group in

Part 1 of the GEN501 study for a the first full infusion and b full

infusions 2–7. Error bars represent mean ± 1 standard deviation. A

pre-dose of daratumumab (10% of the full dose; maximum 10 mg

daratumumab in total) was administered on day 0, prior to the first

full infusion, which was administered on day 1. Trough concentra-

tions are only represented for infusions 2–6. Infusion 7 was the last

dose. Dose groups ranged from B0.5 mg/kg to 24 mg/kg. Arrows

indicate when a dose of daratumumab was administered. DARA

daratumumab
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Table 1 Pharmacokinetic parameters from the first and last (seventh) full infusions in Part 1 of the GEN501 Study

Daratumumab dose (mg/kg)

0.1 [n = 6] 0.5 [n = 3] 1 [n = 6] 2 [n = 3] 4 [n = 3] 8 [n = 3] 16 [n = 3] 24 [n = 3]

First full infusion

Cmax (lg/mL)

N 6 3 6 3 3 3 3 3

Mean 0.3 4.8 20.3 38.1 83.4 153.6 405.8 500.1

SD 0.3 3.7 5.9 7.4 16.0 40.8 72.5 80.4

CV (%) 91.7 76.7 28.9 19.3 19.2 26.6 17.9 16.1

AUCinf (lg�h/mL)

N 0 1 5 3 3 3 3 3

Mean 313.3 977.2 1927.1 10,062.9 27,916.4 56,893.6 97,175.7

SD 758.1 373.3 6886.0 16,155.7 22,030.4 39,899.9

CV (%) 77.6 19.4 68.4 57.9 38.7 41.1

CL (mL/h/kg)

N 0 1 5 3 3 3 3 3

Mean 1.6 1.5 1.1 0.7 0.4 0.3 0.3

SD 1.0 0.2 0.8 0.3 0.1 0.2

CV (%) 64.0 19.1 102.7 77.7 42.4 51.7

t� (h)

N 0 1 5 3 3 3 3 3

Mean 20.0 28.3 25.6 91.5 131.8 109.9 154.7

SD 17.9 5.6 59.9 68.2 42.1 36.5

CV (%) 63.1 21.9 65.5 51.7 38.3 23.6

Last full infusion

Cmax (lg/mL)

N 1 3 2 1 2 3 2 2

Mean 0.00 6.8 20.2 39.3 218.5 426.6 993.7 1163.3

SD 3.8 11.9 101.3 176.6 127.0 334.0

CV (%) 55.6 58.9 46.3 41.4 12.8 28.7

AUCinf (lg�h/mL)

N 0 3 2 1 2 2 1 2

Mean 179.7 1345.2 4231.7 138,149.1 186,611.9 371,159.3 1,018,233.5

SD 220.8 1620.3 163,370.0 90,617.6 1,029,108.4

CV (%) 122.9 120.4 118.3 48.6 101.1

CL (mL/h/kg)

N 0 3 2 1 2 3 1 2

Mean 6.7 2.3 0.6 0.2 0.2 0.1 0.2

SD 6.2 2.6 0.1 0.1 0.1

CV (%) 92.0 112.5 64.7 50.0 46.5

t� (h)

N 0 3 2 1 2 2 1 2

Mean 12.7 35.7 72.1 396.5 289.5 215.3 586.6

SD 12.3 37.6 408.1 121.9 486.8

CV (%) 97.0 105.2 102.9 42.1 83.0

AUCinf area under the concentration–time curve from time zero extrapolated to infinity, CL clearance, Cmax maximum concentration, CV

coefficient of variation, SD standard deviation, t� half-life
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following the same dose schedule, only 40–50% of patients

are expected to achieve concentrations related to these

target saturation and ORR thresholds. Consistent with these

findings, patients treated with daratumumab 8 mg/kg

demonstrated a lower ORR compared with those treated

with daratumumab 16 mg/kg in the GEN501 (10 vs. 36%,

respectively) [15] and SIRIUS studies (11 vs. 29%,

respectively) [16].

There are some intrinsic limitations of these analyses

due to the study designs of GEN501 and SIRIUS, as phase

I/II and phase II studies, respectively. The patient numbers

were relatively small and analyses of pharmacokinetics

over time were limited by the schedule for pharmacokinetic

sampling defined by the protocol of each study. As a result,

for some dosing schedules, few samples that met the cri-

teria for pharmacokinetic analysis were available. Despite

these limitations, the pharmacokinetic data consistently

Fig. 3 Mean daratumumab serum concentration in Part 2 of the

GEN501 study following the first full infusion. Error bars represent

mean ± 1.96 standard error (95% confidence interval). DARA daratu-

mumab, EOI end of infusion

Table 2 Summary of daratumumab pharmacokinetic parameters

following the first full infusion in Part 2 of the GEN501 Study

Parameter Daratumumab dose (mg/kg)

8 [n = 30] 16 [n = 42]

Cmax (lg/mL)

N 28 40

Mean 133.5 263.4

SD 32.5 92.0

CV (%) 24.3 34.9

AUC0–7 days (lg�h/mL)

N 0 20

Mean 25,123.3

SD 10,851.5

CV (%) 43.2

t� (h)

N 0 19

Mean 216.1

SD 104.0

CV (%) 48.2

CL (mL/h/kg)

N 0 19

Mean 0.4

SD 0.4

CV (%) 100.6

VZ (mL/kg)

N 0 19

Mean 90.2

SD 43.4

CV (%) 48.1

AUC0–7 days area under the concentration–time curve from time zero to
7 days, CL clearance, Cmax maximum concentration, CV coefficient of
variation, SD standard deviation, t� half-life, VZ volume of distribution

Table 3 Summary of daratumumab pharmacokinetic parameters

following the first full infusion of 8 mg/kg in the SIRIUS study

Parameter Daratumumab 8 mg/kg [n = 18]

Cmax (lg/mL)

N 18

Mean 138.7

SD 34.9

CV (%) 25.1

AUCinf (lg�h/mL)

N 15

Mean 21,070.0

SD 13,514.3

CV (%) 64.1

t� (h)

N 15

Mean 120.7

SD 105.8

CV (%) 87.7

CL (mL/h/kg)

N 15

Mean 0.5

SD 0.3

CV (%) 49.0

VZ (mL/kg)

N 15

Mean 62.0

SD 18.4

CV (%) 29.7

AUCinf area under the concentration–time curve from time zero

extrapolated to infinity, CL clearance, Cmax maximum concentration,

CV coefficient of variation, SD standard deviation, t� half-life, VZ

volume of distribution
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indicate that daratumumab has nonlinear pharmacokinetics

consistent with target-mediated drug disposition.

5 Conclusions

The data reported here, in conjunction with other analyses,

support a dose regimen of daratumumab 16 mg/kg weekly

for 8 weeks, every 2 weeks for 16 weeks, and every

4 weeks thereafter, which rapidly saturates target-mediated

clearance during weekly dosing and maintains saturation

when dosing occurs every 2 or 4 weeks [19]. Daratu-

mumab is approved in the US, Europe, and Canada for the

treatment of heavily pretreated MM patients, and is

administered at 16 mg/kg according to the dosing regimen

described above [19–21].
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