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Abstract

Belantamab mafodotin (belamaf) is an antibody—drug conjugate (ADC) targeting B-
cell maturation antigen (BCMA). Nonlinear mixed-effects models were developed
to characterize the population pharmacokinetics (PopPK) of ADC, total monoclo-
nal antibody (mAb), and cysteine-maleimidocaproyl-MMAF (cys-mcMMAF) after
0.03—4.6 mg/kg dosing every 3 weeks in heavily pretreated patients with relapsed/
refractory multiple myeloma (RRMM; DREAMM-1, n = 73; DREAMM-2, n = 218).
Sequential modeling methodology was used. Individual post hoc parameter estimates
from the final ADC model were used to develop total mAb and cys-mcMMAF mod-
els. Formal covariate selection used a modified stepwise forward inclusion method
with backward elimination. A linear, two-compartment PopPK model with a time-
varying clearance (CL) described ADC PK. Initial ADC typical value for CL for a
DREAMM-2 patient was 0.936 L/day with a half-life of 11.5 days, over time CL was
reduced by 28% resulting in a half-life of 14.3 days. Time to 50% maximal CL change
was ~ 50 days. Baseline soluble BCMA (sBCMA), immunoglobulin (IgG), albumin,
and bodyweight impacted ADC CL. Cys-mcMMAF concentrations were described
with a linear two-compartment model linked to ADC; input rate was governed by
deconjugation/intracellular proteolytic degradation of ADC represented by an ex-
ponentially decreasing MMAF:mAb (drug antibody ratio [DAR]) after each dose.
Time to 50% DAR reduction was 10.3 days. Baseline SBCMA and IgG impacted
cys-mcMMAF central volume of distribution. In conclusion, ADC, total mAb, and
cys-mcMMAF concentration—time profiles in RRMM were well-described by PopPK
models, and exposure was most strongly impacted by disease-related characteristics.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
This is the first published population pharmacokinetic (PopPK) modeling analysis
of belantamab mafodotin (belamaf), a monomethyl auristatin F (MMAF)-containing
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antibody—drug conjugate (ADC) recently approved to treat relapsed/refractory multi-
ple myeloma (RRMM).

WHAT QUESTION DID THIS STUDY ADDRESS?

PopPK models utilizing phase I and pivotal phase II study data in heavily pretreated
patients with RRMM were developed to evaluate exposure parameters for belamaf,
total monoclonal antibody (total mAb), and cysteine-maleimidocaproyl-MMAF (cys-
mcMMAPF). Significant clinical covariates impacting PK parameters and exposure
were identified.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

PK of belamaf, total mAb, and cys-mcMMAF were well-characterized in patients
with RRMM by linear, two-compartment models with time-varying clearance for
ADC and time-varying drug antibody ratio for cys-mcMMAF. Disease-related char-
acteristics were most associated with exposure.

HOW MIGHT THIS CHANGE DRUG DISCOVERY, DEVELOPMENT, AND
OR THERAPEUTICS?

These models improve our understanding of belamaf ADC, total mAb, and cys-
mcMMAF PK and the clinical impact of key covariates. This knowledge will support
ongoing clinical development and inform dosing strategies for future belamaf studies.

INTRODUCTION

Belantamab mafodotin (belamaf; BLENREP; GlaxoSmith-
Kline, Brentford, UK) is first-in-class antibody—drug conju-
gate (ADC) recently approved in the United States and Europe
for the treatment of relapsed/refractory multiple myeloma
(RRMM) after greater than or equal to 4 prior therapies.l’2 It
targets B-cell maturation antigen (BCMA), a cell membrane
receptor expressed on all malignant plasma cells, which is
essential for their proliferation and survival.>* Belamaf
comprises an afucosylated humanized immunoglobulin G1
(IgG1) anti-BCMA monoclonal antibody (mAb) conjugated
to a microtubule-disrupting agent, monomethyl auristatin-
F (MMAF), by a protease-resistant maleimidocaproyl (mc)
linker. Belamaf binds to BCMA, eliminating multiple my-
eloma (MM) cells by a multimodal mechanism.* Delivery
of MMAF to MM cells leads to: (1) immune-independent
ADC-mediated apoptosis and release of markers character-
istic of immunogenic cell death, and (2) immune-dependent
antibody-dependent cellular cytotoxicity/phagocytosis.4’5

In both the phase [ DREAMM-1 (NCT02064387) and piv-
otal, phase I DREAMMS-2 (NCT03525678) studies, single-
agent belamaf induced deep and durable clinical responses
with an acceptable safety profile in patients with heavily pre-
treated RRMM.*®

The aim of this analysis was to characterize the clinical
pharmacokinetics (PK) of single-agent belamaf in patients
with heavily pretreated RRMM. We describe the develop-
ment of population pharmacokinetic (PopPK) models for
belamaf, the total mAb, and cysteine maleimidocaproyl-
MMAF (cys-mcMMAF) in patients with RRMM, and the
identification of covariates of clinical relevance to exposure.

Investigations of the relationships between exposure of be-
lamaf or cys-mcMMAF with efficacy and safety end points
and the identified covariates of clinical relevance are reported
separately (Ferron-Brady et al., 2021; in preparation [unpub-
lished datal]).

METHODS
Study population and PK sampling

The DREAMM-1 and DREAMM-2 clinical studies provided
data for the PopPK models; details of the studies have been
reported previously(’"8 (summarized in Table S1). In brief,
DREAMM-1 was a two-part, open-label, phase I study of
belamaf (0.03—4.6 mg/kg; frozen liquid presentation) in pa-
tients with RRMM,” and DREAMM-2 is an ongoing open-
label, two-arm, randomized phase II study of single-agent
belamaf (2.5 or 3.4 mg/kg frozen liquid presentation) in
heavily pretreated patients with RRMM; an independent co-
hort in DREAMM-2 received a lyophilized presentation of
belamaf 3.4 mg/kg (same assessments and procedures as the
main study). Both studies were conducted in accordance with
the Declaration of Helsinki; protocols and informed consent
forms were reviewed and approved by Institutional Review
Boards/Independent Ethics Committees according to local
guidelines.

PK data were collected from all patients with RRMM who
received belamaf in DREAMM-1 (n = 73) and DREAMM-2
(n = 218; frozen liquid presentation n = 95 [2.5 mg/kg],
n = 99 [3.4 mg/kg] and lyophilized presentation n = 24
[3.4 mg/kg]). For PK measurements, blood samples were
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taken pre- and post-belamaf dose and analyzed for belamaf
(ADC; free or complexed with soluble BCMA [sBCMA]),
total mAb (mAb with or without cys-mcMMAF, free or
complexed with sBCMA) and cys-mcMMAF concentra-
tions (Table S1).

In DREAMM-1, ADC concentration was determined
by enzyme-linked immunosorbent assay (ELISA) using (1)
biotinylated anti-mcMMAF capture antibody and a mouse
anti-human IgG (Fc-specific) detection antibody conjugated
to horseradish peroxidase (HRP) (Part 1) and (2) an anti-
mcMMAF capture antibody and a biotinylated anti-idiotypic
minibody detection reagent specific for the antibody back-
bone portion of the ADC with streptavidin conjugated to
HRP (Part 2). Total mAb concentration was determined by
ELISA using an idiotypic anti-belamaf capture minibody and
detected using a mouse anti-human IgG (Fc-specific) anti-
body conjugated to HRP. Cys-mcMMAF was assessed using
the VALA method, which involved analysis by ultra-high
performance liquid chromatography tandem mass spectrom-
etry (UHPLC-MS/MS) assay.

In DREAMM-2, ADC and total mAb concentrations
were determined using the same methods as in DREAMM-1
(Part 2 for ADC concentration). Cys-mcMMAF concentra-
tion was determined using an updated method (PKC) con-
sisting of a new extraction process and a different mass
transition during the UHPLC-MS/MS assay to improve se-
lectivity and robustness. As different assays were used to
determine cys-mcMMAF concentrations for DREAMM-1
and DREAMM-2, the following equation, derived from
DREAMM-2 samples with quantifiable concentrations
when analyzed with both methods (n = 1301), was imple-
mented for the concentrations from DREAMM-1 to correct
the model predictions so they could be compared with ob-
served data:

ConcpreaMM-1, VALA, ipred = 1.486 * CONCpRrEAMM-1, PKC, ipred — 8-360

Population PK model development

Data from DREAMM-1 (cutoff August 31, 2018) and
DREAMM-2 (cutoff June 21, 2019; primary analysis) were
used for PopPK model development. PopPK models were
developed with a nonlinear mixed-effect modeling ap-
proach using NONMEM version 7.3 (ICON Development
Solutions, Ellicott City, MD, USA). Model parameters
were estimated with a first order conditional estimation
method for log transformed concentrations (ADC and total
mAb) and with interaction for untransformed concentra-
tions (cys-mcMMAF). The sum of ADC and naked mAb,
formed via deconjugation of cys-mcMMAF using a first-
order rate constant, accounted for total mAb concentration.
A sequential modeling methodology was used and model
development was initiated by characterizing the PK of

ASCPT

ADC. After establishing the ADC base model, the covari-
ate model was built and a final PopPK model was gener-
ated for ADC. Total mAb and cys-mcMMAF were modeled
using individual post hoc ADC PK parameter estimates to
predict ADC concentrations as model inputs. For ADC, a
two-compartment PK model with first-order elimination
parameterized in terms of clearance (CL), central volume
(V1), intercompartmental CL (Q), and peripheral volume
(V2) was fitted to its concentration data. Model develop-
ment included the investigation of random effects, time-
varying parameters, and subsequent inclusion of plausible
covariates on relevant parameters.

Parameters were modeled using either log normal or nor-
mal distribution:

Lognormal: P, = TVP, « EXP (111-)

Normal: P, =TVP, + #,

where TVP, is the typical value for parameter and n; is indi-
vidual variability from the standard normal distribution N(O,
wz).

Covariate selection was based on physiological plausi-
bility, supported by graphical evaluation; potential covari-
ates included demographics (eg, sex, race, age, and weight),
organ function indicators (eg, albumin, alanine aminotrans-
ferase [ALT], aspartate aminotransferase [AST], bilirubin,
estimated glomerular filtration rate using the Modified Diet
in Renal Disease [MDRD] formula), disease-related (eg,
International Staging System stage, Eastern Cooperative
Oncology Group [ECOG] performance status, baseline
sBCMA, and IgG), and other factors (lyophile presentation,
immunogenicity, prior daratumumab treatment, and num-
ber of lines of prior therapy). Hepatic impairment was also
defined using National Cancer Institute criteria.” Missing
covariate values were imputed using study-specific median
values or most frequent category. Continuous covariates
were evaluated using a power function; categorical covari-
ates were evaluated as fractional change from the typical
value.

Formal covariate selection was performed using a
stepwise-restricted forward addition procedure, a mod-
ified version of a conventional stepwise forward inclu-
sion method with a backward elimination step. Covariates
were added sequentially to the base model starting with
those causing the largest drop in objective function value
(dOFV) until subsequent covariates no longer led to dOFV
of greater than or equal to 6.64 points (p < 0.01). Each
covariate’s significance was tested individually with back-
ward elimination (dOFV <10.83; p < 0.001) to create the
final model; a decision at one step could impact the deci-
sion made at the next step. Model codes are available in
Supplementary Methods.
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PopPK model evaluation

The predictive performance of the final models was assessed
using visual predictive checks (VPCs) with a minimum of
500 study replicates. Binning was performed on protocol-
scheduled times, as appropriate. The 95% confidence inter-
vals (CIs) of model parameters were determined either by
outputs from a successful covariance step after estimation
or via re-estimation using nonparametric bootstrap with re-
placement with 1000 or 2000 bootstrap replicates. Bootstrap
statistics were based only on replicates that minimized
successfully.

Simulation of post hoc exposure measures

The final models for both ADC and cys-mcMMAF were
used to generate post hoc exposure measures for all indi-
viduals in the PopPK analysis. Individual concentrations for
ADC and cys-mcMMAF were simulated for cycle one using
the actual dose administered to each patient with their spe-
cific demographic and empirical Bayes (post hoc) estimates
from final PopPK models in NONMEM. The concentration
sampling times were based on nominal sampling times from
DREAMM-2: predose, 0.5, 1, 2, 4, 8, 24, 72, 168, 336, and
504 h after the infusion start. Exposure measures were: maxi-
mum concentration for cycle one (C,,,) for ADC and cys-
mcMMAF; average concentration over first 21 days (C,,)
for ADC and cys-mcMMAF; minimum concentration at the
end of 21-day cycle (C,,,) for ADC.

Covariate effects on Cycle 1 ADC and cys-
mcMMAF exposure

Simulations were performed using the final model to as-
sess the impact of the significant covariates on cycle 1 C,,,y.
Cave and Cy, for ADC and cys-mcMMAF. Simulations
were performed using the 2.5-mg/kg dose with typical val-
ues of the covariate along the full range of the covariate dis-
tribution at specified intervals. Median values were chosen
for the continuous covariates to define the typical patient
in DREAMM-2: a 65-year-old man weighing 75 kg with
mild renal impairment, normal liver function, and sSBCMA
100 ng/ml, IgG 10 g/L, and albumin 40 g/L levels at base-
line, receiving a 2.5-mg/kg dose. The percent change in the
exposure measures at each integer of the covariate from the
typical value of the covariate for that patient was calcu-
lated. Forest plots were generated to display the impact of
covariates on ADC C,,, and cys-mcMMAF C..; ADC C,,
was shown to be most significant in the exposure-response
analyses (Ferron-Brady et al., 2021; in preparation [unpub-
lished datal).

1
Total mAb = !
belamaf + : Naked mAb
naked mAb | ! Ve
1

Belamaf
Vp

CLt — Kdec*Vc Belamaf exposure:

|
1
1
CLt"DAR_, |
A4

Cmax, Cavg, Ctau
TAD
MMAF
CL cys-mcMMAF exposure:

Cmax, Cavg

FIGURE 1 Schema for PopPK model development. CL,

clearance; CLt, clearance at time (t) since first dose; C maximum

max?
concentration for cycle one; C,,,, average concentration over first
21 days; C,

interval; cys-mcMMAF, cysteine maleimidocaproyl monomethyl

(aw» MiNimum concentration at the end of 21-day dosing

auristatin F; DAR, drug-antibody ratio; mAb, monoclonal antibody;
PopPK, population pharmacokinetics; TAD, time after dose; Vc,
central volume of distribution; Vp, peripheral volume of distribution.
Dotted box represents total mAb

RESULTS
Patient population

PopPK analyses included 291 patients (DREAMM-1: n =73;
DREAMM-2: n =218) with RRMM (Table S2). Median age
was 65 years and 54% of patients were men. Measurable
concentrations were obtained from 2248 samples for ADC,
2210 for total mAb, and 286 cys-mcMMAF (VALA method)
for DREAMM-1 and 1313 cys-mcMMAF (PKC method) for
DREAMM-2.

Population PK model development

A schema of PopPK model development is shown in
Figure 1. Analysis of plasma concentration—time data from
both studies showed that the time course of ADC and total
mAb concentrations were similar with a typical biphasic
profile; the difference between total mAb and ADC concen-
trations increased with the increase in time after last dose.
Figure 2 shows data from DREAMM-2. The cys-mcMMAF
molar concentrations were significantly lower than ADC and
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FIGURE 2 Concentration—time profiles for ADC, total mAb, and cys-mcMMAF for cycles one and three in DREAMM-2. Red circles for
ADC, black circles for total mAb, and orange circles for cys-mcMMAF. Outliers were excluded from plot. ADC, antibody—drug conjugate; cys-

mcMMAF, cysteine maleimidocaproyl monomethyl auristatin F; mAb, monoclonal antibody

total mAb concentrations potentially decreased more rapidly
than ADC concentrations, with observed concentrations gen-
erally available up to Day 8 post dose.

Population PK model for ADC

The PK parameter estimates from the base and final PopPK
models for ADC are shown in Table 1. A linear, two-
compartment model with first-order elimination and time-
varying CL (described by a sigmoidal time function; Figure 3)
best described the PK of ADC. The structural model param-
eters for the initial model included CL (CLADC), V1, inter-
compartmental CL, and V2.

Time-varying CL was included in the model using the
following equation, consistent with other biologics dosed in
patients with cancer' 1%

IMAX % TimeMMA
CLapc,1ime = CLapco * exp < TIS0GAMMA TimeGAMMA>
where IMAX is maximal change in CL relative to CL at time
zero (CLpc ); TISO is the time at which 50% of change in CL
occurred; and GAMMA is the Hill coefficient.

Using the final individual estimates from the ADC model
from DREAMM-2 patients, the CL of ADC decreased over
time: the initial ADC typical value (TV) CL was 0.94 L/day
with a half-life of 11.5 days; over time, CL was reduced by

28% resulting in a longer half-life of 14.3 days. Time to 50%
of maximal change in CL was 51.9 days.

The inclusion of baseline SBCMA, albumin, IgG, and
bodyweight, along with dose less than 1 mg/kg and being in
the DREAMM-1 study, explained a substantial portion of the
between-subject variability (BSV) in CL for the ADC model.
Likewise, the inclusion of baseline albumin, bodyweight,
gender, dose less than 1 mg/kg, and being in DREAMM-1
described a majority of the BSV for central volume of ADC;
inclusion of covariates in the final model resulted in de-
creased interindividual variability (expressed as coefficient
of variation) from 58.4% to 34.1% for CL, from 27.9% to
14.6% for V1, and from 82.2% to 55.6% for V2.

The final ADC model described the data well as indicated
by goodness of fit (GOF; Figure S1a), normal prediction dis-
tribution error (NPDE), ETA versus covariate, and individ-
ual fit plots; bootstrap results demonstrated adequate model
stability (Table 1). The VPC for ADC illustrates the robust-
ness of the model to describe both 2.5- and 3.4-mg/kg doses
(Figure 4a).

Population PK model for total mAb

Base and final total mAb PopPK model results are shown in
Table S3. Similar to the ADC model, the total mAb model
characterized the distribution and elimination of the analytes
with linear two-compartment kinetics. As the only difference
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TABLE 1 PK parameter estimates for the final PopPK model for
ADC

Final model

PK parameter (unit) Theta 95% CI
TVCL (L/day) 0.94 0.87, 1.00
TVV1 (L) 4.47 4.34,4.61
TVQ (L/day) 0.78 0.70, 0.88
TVV2 (L) 5.96 5.52,6.47
IMAX -0.33 —-0.44,-0.24
TIS0 (day) 53.90 46.90, 64.40
GAMMA 4.30 3.01, 8.02
Effect of BWT on V1 (0y,_gwr) 0.50 0.41, 0.58
Effect of BWT on CL (O gwr) 0.51 0.27,0.71
Effect of BALB on CL (O¢y, garp) —0.97 —-1.64,-0.25
Effect of BALB on V1 (Oy;_garp) —0.47 —-0.60, -0.33
Effect of male sex on V1 (By_ggx) 1.14 1.09, 1.18
Effect of BSBCMA on CL 0.13 0.09, 0.17
(Ocr._Bspema)
Effect of BIGG on CL (9¢y, gigc) 0.13 0.09, 0.16
Effect of dose <1 mg/kg on V2 0.13 0.02, 0.29
(Ov2_apose<1)
Effect of dose <1 mg/kg on CL 0.62 0.46, 0.86
(Ocr—apose<1)
Effect of DREAMMI1/BMA117159 0.66 0.63,0.70
on V1 (By;_preamm1)
Effect of DREAMMI1/BMA117159 0.61 0.53,0.70
on CL (O¢r_preammi)
ETACL (%) 35.00 26.70, 40.10
ETAV1 (%) 14.60 12.60, 16.30
ETAQ (%) 37.80 17.90, 49.50
ETAV2 (%) 46.80 32.60, 60.50
ETAIMAX (%) 123.00 76.10, 199.0
ETATIS0 (%) 30.10 18.80, 39.50
RES ERR, additive SIGMA on log 0.019 0.016, 0.023
scale

Lower 95% CI and upper 95% CI were calculated using bootstrap; 1219 of the
2000 bootstrap runs minimized successfully.

g, residual error; ADC, antibody—drug conjugate; BALB, baseline albumin;
BIGG, baseline immunoglobulin G; BSBCMA, baseline soluble BCMA; BWT,
body weight; CI, confidence interval; CL, clearance; ETA (1), inter-individual
variability; I, individual patient parameter; IMAX, maximal change in CL
relative to baseline; PK, pharmacokinetic; PopPK, population pharmacokinetics;
Q, inter-compartmental clearance; %RSE, percent relative standard error; SE,
standard error; TI50, time at which 50% of change in CL has occurred; TV,
typical value; V1, central volume of distribution, V2, peripheral volume of
distribution.

between the naked mAb and the ADC is the lack of a small
number of cys-mcMMAF molecules, it was hypothesized
that this would not impact the mAb PK characteristics; the
central and peripheral volume of distribution, as well as the

elimination and distribution CL, for the naked mAb were
kept the same as for ADC. When generating the base model,
a consistent underestimation of total mAb concentration was
observed, even at early time points, possibly due to differ-
ences in assays used to measure ADC and total mAb. To
account for this apparent underestimation, a correction fac-
tor, CORR, was introduced into the total mAb model where
IPRED are individual predictions:

IPREDq,,i map = CORR % (IPRED,pc + IPRED yytoi maB)

A similar use of a correction factor was previously used to
correct for systemic bias in the model fitting of total mAb and
ADC concentrations for another ADC."> VPC (Figure 4b),
GOF (Figure S1b), NPDE, ETA versus covariate, and indi-
vidual fit plots showed that the model adequately described
the total mAb concentration data.

Population model for cys-mcMMAF

The final cys-mcMMAF PopPK model results are shown in
Table S4. A linear two-compartment model with first-order
elimination kinetics was used to describe cys-mcMMAF
plasma concentrations linked to ADC. The input rate was gov-
erned by the proteolytic degradation and deconjugation rates
of ADC and was modulated by an empirical drug antibody
ratio (DAR) term that declined exponentially over time fol-
lowing each dose (TAD); the DAR was reset to the drug prod-
uct DAR value, DAR, with each dose (Figure 1). The DAR
was calculated as follows, using the time since the most recent
dose and the rate of decrease of DAR with time (RATE):

DARy,p, = DAR,  EXP( — RATE % TAD)

For cyssmcMMAF, ~ 25% of samples collected after
the first dose were below the lower limit of quantification
(BLOQ) for either assay. Most BLOQ samples occurred
prior to each dose (ie, ~21 days after the previous dose).
Over 90% of these predose samples were BLOQ; they were
not anticipated to be informative. With a relatively short esti-
mated half-life (10 min to 14 h, for the alpha and beta phase,
respectively) and low C,,, levels of cyss-mcMMAF, most
of the PK information was within 7 days after dosing. The
likelihood-based M3 method'* was evaluated on the final
model, and little difference was observed in individual pre-
dicted profiles; no major impact on exposure measures was
observed. The time to 50% reduction in DAR was 10.3 days
after dosing. Additionally, interoccasion variability was in-
cluded on both CL and central volume of cys-mcMMAF to
describe the difference in profiles for different cycles.

The final model for cys-mcMMAF included baseline
sBCMA and IgG covariates, which impacted the central
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FIGURE 3 Time change in ADC CL relative to baseline as predicted by the final model with time varying CL. Red line represents no change

from baseline clearance; green line with shaded ribbon represents the locally estimated scatterplot smoothing (LOESS) line and its 95% confidence

interval. ADC, antibody—drug conjugate; CL, clearance

volume of cys-mcMMAF. These covariates were signifi-
cant but had less impact on the BSV compared with ADC.
The final cys-mcMMAF model described the data well, as
indicated by GOF (Figure Sic) and VPC plots (Figure 4c).
Covariates of clinical interest, such as mild to moderate renal
impairment, mild hepatic impairment, age, ethnicity, African
American race, and prior treatments, did not have a signifi-
cant impact on the PK parameters for ADC or cys-mcMMAF.

Modeling post hoc exposure measures

Cycle one exposures in the study were computed using the
final PopPK models for ADC and cys-mcMMAF. There was
a strong positive correlation between ADC C,,, and ADC C,,
and weaker positive correlations between ADC C,,, and ADC
Cus as well as weaker correlations between cys-mcMMAF
Chax and ADC C,,, across the whole analysis population.
Exploring the relationship of ADC C,,,, there was an inverse
relationship with baseline SBCMA, IgG, or p,-microglobulin,
but a positive relationship with baseline albumin (Figure S2);
bodyweight had a lesser impact on ADC C,,,,. There was sub-
stantial overlap between exposure at 2.5- and 3.4-mg/kg doses
for the frozen liquid presentation, consistent with the small dif-
ference in dose level and the observed BSV in DREAMM-2
(Figure S3). The median ADC C,, was higher for the 24
patients receiving the lyophilized 3.4 mg/kg presentation
(Figure S3), which can be explained by the lower levels of
baseline sSBCMA and IgG in that cohort.

Typical patient and impact of covariates on
exposure measures

Implementing values from a typical DREAMM-2 patient
into the final ADC and cys-mcMMAF models obtained

the following calculated exposures after a dose of 2.5 mg/
kg: ADC C,,, Cyyy and Cyy, of 36.5 pg/ml, 7.76 pg/ml,
and 2.22 pg/ml, respectively; cys-mcMMAF C, ., and
Cyavg 0f 917 pg/ml and 217 pg/ml, respectively. The values
would be 1.36 times higher in patients receiving a 3.4-mg/
kg dose.

The impact of differences in baseline covariates on ex-
posure was assessed by plotting the percent change from
the typical patient value (Figure 5). Baseline sSBCMA, IgG,
and albumin were significant for ADC from a PK perspec-
tive as ADC C,,, deviated for the 5th and 95th percentiles
of the covariate distribution by more than 30% from typical
patient values. In general, the covariate impact was smaller
(<30% difference corresponding to Sth and 95th percentiles)
for cys-mcMMAF exposure measures, with the exception of
bodyweight. A patient with a very low baseline SBCMA level
would have a 50% higher ADC Ctau compared with a typical
patient, whereas a patient with a high baseline sSBCMA level
(eg, 500 ng/ml) would have a 35% lower C,, (Figure Sa).
Baseline IgG also had a large effect on ADC C,,, (Figure 5b),
with smaller effects for baseline albumin (Figure 5c¢) and
bodyweight (Figure 5d).

The forest plots of ADC Ctau and cys-mcMMAF Cmax
(normalized to 2.5-mg/kg dose) showed no significant differ-
ences across the potentially important clinical covariates of
age, gender, race, renal function classification, and hepatic
function (Figure 6). The largest deviation from geometric
mean value of the entire population was at very low albu-
min and very high baseline IgG levels. There was a trend for
higher cys-mcMMAF C,,, in African American patients,
possibly related to a greater proportion of these patients hav-
ing low activity of OATP1B3, a transporter of cys-mcMMAF;
however, patient numbers were small. Figure 6 shows that
patients with low activity of OATP1B3 have increased cys-
mcMMAF C_ .. As transporter activity was unknown for
~ 45% of the patients, with a limited number of patients with
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low OATPI1B3 activity, further evaluation of the impact of
transporter activity on cys-mcMMAF elimination in future
studies is warranted.

DISCUSSION
The PopPK analysis of belamaf ADC, total mAb, and
cys-mcMMAF concentrations from DREAMM-1 and
DREAMM-2 provides a valuable assessment of covariates
that impact exposure. The PopPK models characterized the
PK of ADC, total mAb, and cys-mcMMAF well-described by
linear, two-compartment models, consistent with ADC and
mAb PK models reported elsewhere,'® with time-varying CL
for ADC and time-varying DAR for cys-mcMMAF. 10.16.17
PK parameter estimates were in the range of those de-
scribed for other mAbs in patients with malignancies,

including the findings of decreasing CL over time, as well as
the maximum decrease and time to 50% decrease.'*'*!%1®
Mean maximum decreases in CL of 24.5% have been re-
ported for nivolumab in solid tumor studies,'® 20% for pem-
brolizumab in melanoma and non-small cell lung carcinoma
(NSCLC),'? 17.1% for atezolizumab in NSCLC,'® and 50%
for isatuximab linear clearance in MM.?® Time-varying CL
may be related to a reduction in inflammation or metabolic
stress, which subsequently manifests itself in decreased
catabolism of mAb as a result of the drug’s therapeutic ef-
fects.?! Another potential explanation could be the reduction
in antigen burden, which would also result in a decrease in
CL with time.'® Supporting these hypotheses, the magnitude
of reduction in CL has been reported to be higher in respond-
ers than in nonresponders for nivolumab, pembrolizumab,
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and avelumab.'"'*1¢ In our DREAMM.-2 study (Figure S4),
there was a small trend for a higher reduction in clearance in
responders.

Baseline SBCMA and IgG were the most significant
factors associated with ADC exposure, followed to a lower
extent by baseline albumin level and bodyweight. All three
of the strongest ADC covariate effects are related to dis-
ease state; patients with worse disease state and prognosis
(higher sSBCMA and IgG, lower albumin) have higher CL
and consequently lower ADC C,,, and C,,, exposure. The
impact of a covariate on ADC exposure tended to have the
opposite effect on cys-mcMMAF exposure, except for body-
weight; this may be related to the fact that cys-mcMMAF is
generated in part by ADC CL (ie, internalization and re-
lease from killed target cells). IgG covariate effects on CL
were previously identified for other mAbs in cancers with
increased IgG levels, such as RRMM of IgG—type.22 The
increase of CL with higher IgG levels is likely related to
neonatal Fc receptor (FcRn) mediated recycling of endoge-
nous IgG and IgG-type mAbs, > whereby increased endoge-
nous IgG levels lead to increased competition for the FcRn
receptor in the endosome, leading to decreased recycling
of ADC and subsequently increased lysosomal degradation
and systemic CL.

Belamaf ADC half-life was estimated to be between 11.5
and 14.0 days, which is similar to or longer than the half-
life of other ADCs.**"*® The formation of antidrug antibod-
ies against the ADC is not thought to contribute to the lower
half-life, as the immunogenicity of belamaf was shown to be
very low (<1%).!

There was a notable difference in exposure between the
two DREAMM studies after accounting for the effect of
other covariates, with higher ADC exposure observed in
DREAMM-1. Overall, no major differences in exposure were
observed across the clinical covariates of age, gender, race,
renal function classification, and hepatic function, suggesting
that any differences in these baseline characteristics between
studies would not contribute significantly to PK variation. It
is possible that the observed effect is partly related to differ-
ences between the studies in the proportion of patients who
received prior anti-CD38 treatment; in a PopPK model of

avelumab, previous use of biologics was associated with a
16

tau

small reduction in CL and central volume of distribution.
Differences in CL may be due to between-study analytical/
process differences (ie, assays used). The reasons for expo-
sure differences between DREAMM-1 and DREAMM-2 re-
main unclear.

There was a pronounced effect of dose on ADC PK, with
doses less than 1 mg/kg associated with lower CL and vol-
ume of distribution; similar observations have been reported
for other mAbs.?” Only a limited number of patients re-
ceived such low doses, all of whom were from DREAMM-1.
The slower CL at lower doses is unlikely to result from

ASCPT

target-mediated drug disposition as a disproportionately low
ADC area under the curve (AUC) was not observed in pa-
tients receiving lower doses in DREAMM-1. The effect of
dose was included to reduce the unexplained BSV and im-
prove the VPC; therefore, general mechanistic inferences
should not be drawn based on the compensatory effects in
the context of the pooled PK dataset with most patients and
samples coming from DREAMM-2.

The deconjugation rate constant (Kdec) in the total mAb
model was estimated to be 0.059, which is similar to what
was reported for depatux-m (0.0539/day), an ADC with the
same linker and payload.15

Limitations of this PopPK modeling analysis include
the small number of patients receiving lower doses of be-
lamaf (and this was only in one study), unanswered questions
around the between-study and low-dose effects, and the rela-
tively low number of measurable concentrations available at
later timepoints for cys-mcMMAF. However, the models had
considerable validity and stability, as determined by GOF,
NPDE, VPC plots, and bootstrapping methods. The models
were also able to identify covariates that impacted meaning-
fully on PK parameters. Relevant exposure measures have
been utilized in exposure—response modeling to assess rela-
tionship between ADC and cys-mcMMAF exposure and key
efficacy and safety end points, as reported elsewhere (Ferron-
Brady et al., 2021; in preparation [unpublished data]).

ADC C,,, was inversely related to baseline sSBCMA and
IgG and overlapped between the two doses (2.5 and 3.4 mg/
kg) evaluated in DREAMM-2. This overlap was partially ex-
plained by variations in baseline levels of sSBCMA and IgG
between the two dose groups; there was no observed non-
linearity in dosing above 1 mg/kg. ADC and cys-mcMMAF
PK were not impacted by mild to moderate renal impairment,
mild hepatic impairment, age, ethnicity, African American
race, nor prior treatments. The ADC presentation (frozen lig-
uid or lyophilized) did not have a significant impact on the
PK parameters in the covariate analysis.

In summary, belamaf ADC, total mAb, and cys-mcMMAF
concentration-time profiles were well-described by their re-
spective PK models. Belamaf ADC exhibited time-varying
clearance consistent with other monoclonal antibodies used
in oncology. Disease burden and patient characteristics, in-
cluding baseline IgG, sBCMA, albumin, and body weight,
were identified as significant covariates. Mild to moderate
renal impairment, mild hepatic impairment, age, African
American race, prior treatments, and lyophile presentation
were not found to significantly impact belamaf ADC, total
mAb, or cys-mcMMAF PK.
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