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Aims: Addition of isatuximab (Isa) to pomalidomide/dexamethasone (Pd) significantly
improved progression-free survival (PFS) in patients with relapsed/refractory multiple
myeloma (RRMM). We aimed to characterize the relationship between serum
M-protein kinetics and PFS in the phase 3 ICARIA-MM trial (NCT02990338), and to
evaluate an alternative dosing regimen of Isa by simulation.

Methods: Data from the ICARIA-MM trial comparing Isa 10 mg/kg weekly for
4 weeks then every 2 weeks (QW-Q2W) in combination with Pd versus Pd in
256 evaluable RRMM patients were used. A joint model of serum M-protein
dynamics and PFS was developed. Trial simulations were then performed to evaluate
whether efficacy is maintained after switching to a monthly dosing regimen.

Results: The model identified instantaneous changes (slope) in serum M-protein as
the best on-treatment predictor for PFS and baseline patient characteristics
impacting serum M-protein kinetics (albumin and p2-microglobulin on baseline levels,
non-IgG type on growth rate) and PFS (presence of plasmacytomas). Trial simulations
demonstrated that switching to a monthly Isa regimen at 6 months would shorten
median PFS by 2.3 weeks and induce 42.3% patients to progress earlier.
Conclusions: Trial simulations supported selection of the approved Isa 10 mg/kg
QW-Q2W regimen and showed that switching to a monthly regimen after 6 months
may reduce clinical benefit in the overall population. However, patients with good
prognostic characteristics and with a stable, very good partial response may switch
to a monthly regimen after 6 months without compromising the risk of disease

progression. This hypothesis will be tested in a prospective clinical trial.
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1 | INTRODUCTION
Despite significant therapeutic advances and prolongation in overall
survival (OS), multiple myeloma (MM) remains incurable, with many
patients relapsing and requiring additional treatment.? Isatuximab (Isa)
is an immunoglobin G1 (IgG1) monoclonal antibody that targets the
CD38 transmembrane glycoprotein. Isa kills MM cells via multiple
mechanisms, including antibody-dependent cell-mediated cytotoxic-
ity, complement-dependent cytotoxicity, direct induction of apoptosis
without cross-linking and inhibition of CD38 enzymatic activity. In a
phase 1b study of patients with relapsed/refractory MM (RRMM), a
10 mg/kg weekly for 4 weeks then every 2 weeks (QW-Q2W) dose
of Isa in combination with pomalidomide (P) and low-dose dexametha-
sone (d) (Isa-Pd) achieved an overall response rate (ORR) of 64.5%
and median progression-free survival (PFS) of 17.6 months. These
results, combined with exposure-response and disease modelling of
tumour burden (serum M-protein), provided the justification for the
10 mg/kg QW-Q2W of Isa-Pd.?® This combination was then assessed
in the phase 3 ICARIA-MM study (NCT02990338), which showed
that addition of Isa to Pd significantly improved PFS in RRMM
patients.* Based on this pivotal study, Isa in combination with Pd is
approved in multiple countries for RRMM patients with 22 prior lines.
Furthermore, to date, Isa in combination with carfilzomib/
dexamethasone is approved in the United States for relapsed MM
patients with 1-3 prior lines, and in the European Union for MM
patients with =1 prior therapy, based on the phase 3 IKEMA study.”~”
Efforts have been made to develop tumour growth inhibition
(TGI) models and predict clinical responses, OS or PFS rates in cancer
patients from various clinical settings.®” TGl models are used to find
early changes in tumour size that would predict OS or PFS. Joint
models have emerged as a promising framework for concurrently
investigating the relationship between continuous disease progression
through longitudinal outcomes such as biomarkers, tumour size and
incidence of clinical events such as progression and death. These
models provide precise and unbiased estimation of the parameters in

an informative censoring context.®

Mechanistic joint models ade-
quately predicted OS in clinical trials for atezolizumab in urothelial
carcinoma, cabazitaxel in metastatic prostate cancer and aflibercept in
metastatic colorectal cancer.}*"13

In most patients, MM is characterized by the secretion of a mono-
clonal Ig protein (M-protein), which is produced by the abnormal
plasma cells. Similar to tumour burden for solid tumours, serum M-
protein levels are an important part of the response criteria for MM
patients'* and thus their dynamic change can predict long-term clini-
cal benefit (PFS, OS). Several examples in MM showed that TGl
modelling based on longitudinal M-protein can be used to predict OS
or PFS.1>718

For Isa, the joint modelling framework was used to integrate early
drug development results with later-stage clinical data from phase 1-2
monotherapy and combination studies.>%1? Disease progression was
initially captured together with serum M-protein dynamics using a
joint model and accounting for dropout. Longitudinal serum M-protein

modelling provided more insights in patient response over time and
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What is already known about this subject

o Addition of isatuximab (Isa) 10 mg/kg weekly for 4 weeks
then every 2 weeks (QW-Q2W) to pomalidomide/dexa-
methasone (Pd) significantly improved progression-free
survival (PFS) in patients with relapsed/refractory multi-
ple myeloma (MM) in the phase 3 ICARIA-MM trial.

e Serum M-protein is known as a surrogate marker of
tumour burden in MM and can predict long-term clinical
benefit such as PFS.

What this study adds

e Association of M-protein kinetics, patient characteristics
and PFS was well characterized by joint modelling.

e The simulation demonstrated that switching to an Isa
monthly regimen after 6 months may reduce clinical ben-
efit, supporting FDA-approved Isa QW-Q2W dosing.
However, patients with good prognosis may switch to
monthly dosing after 6 months without compromising

risk of disease progression.

supported phase 2 and phase 3 dosing-regimen selection in MM
patients.2® This framework and modelling approach can be extended
to account for PFS since PFS is a composite endpoint, which depends
not only on serum M-protein but also radiological progression or
death. This joint modelling therefore improves the predictive and sim-
ulation value of the models in exploring the benefits of a different
dosing strategy, eg, switching to a monthly regimen after 6 months to
reduce dosing intensification in a context of long treatment duration.

The objectives of this work were therefore to (i) quantitatively
evaluate the association between serum M-protein kinetics, baseline
covariates and PFS in RRMM patients in both Isa-Pd and Pd arms of
the ICARIA-MM study, and (ii) simulate longitudinal serum M-protein
and PFS when switching to a hypothetical monthly Isa dosing regimen
after 6 months.

2 | METHODS

21 | Study design and data

Data were obtained from the ICARIA-MM study. Isa was administered
intravenously at 10 mg/kg QW for 4 weeks followed by Q2W for
28-day cycles in combination with standard pomalidomide (4 mg
orally on days 1-21/each cycle) and dexamethasone (40 or 20 mg for
patients aged 275 years orally or intravenously on days 1, 8, 15 and
22 in each cycle). The study was conducted following the principles of
the Declaration of Helsinki and ICH Good Clinical Pratice (GCP)
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Guidelines. The protocol was approved by institutional review boards
and independent ethics committees at the participating institutions.
All patients provided written informed consent. The primary study
endpoint was PFS, defined as the time from randomization to first
documentation of progressive disease or death from any cause,
whichever came first. Response and disease progression were deter-
mined by an independent response committee using the International
Myeloma Working Group (IMWG) criteria, based on central, M-
protein laboratory assessments and radiology review.'* Patients with
22 serum M-protein values, including one baseline value and for
whom response could be evaluated by serum M-protein, were
included in the analysis. Serum M-protein was assessed by serum pro-
tein electrophoresis and immunofixation electrophoresis.?® Per proto-
col, serum M-protein was measured at baseline, end of each cycle,
and study end. No lower limit of quantification (LOQ) could be pro-
vided for serum M-protein measurement because M-protein and its
structure are patient-specific. For this analysis, LOQ was considered
as half of the actual lowest value for serum M-protein in the ICARIA-
MM study (ie, 0.5 g/L).

2.2 | Model development

Serum M-protein longitudinal data from both study arms and PFS data
were first modelled separately. To account for dose effect, treatment
exposure over time was introduced in the longitudinal model using
concentrations predicted by the individual PK parameters for Isa and
a kinetic-pharmacodynamic (K-PD) model for pomalidomide and dexa-
methasone. Several joint models were then used to find the best link

between serum M-protein kinetics and PFS.

2.2.1 | Population PK model for Isa

A two-compartment PK model with parallel linear and nonlinear
(Michaelis-Menten) elimination from the central compartment and
time-varying linear clearance function was used to describe the Isa
plasma concentrations versus time data collected from 476 MM
patients who received 1-20 mg/kg Isa alone or in combination with
Pd in four phase 1-3 clinical trials, including ICARIA-MM.2* The
equations of this structural PK model are presented in the Supporting
Information. Individual PK parameters for ICARIA-MM patients were
obtained as post hoc estimates and typical PK parameters were attrib-
uted for patients without PK data.

222 | K-PD model for pomalidomide and
dexamethasone

Since concentrations of combined Pd were not measured in this

study, the kinetics of these drugs were simplified using a K-PD model-

h.22

ling approac Their PK was therefore described by a simple, virtual

one compartment with bolus input and fixed elimination-rate constant

derived from their central distribution volume and clearance value

estimates in the literature. 2324

223 |
selection

TGI model for M-protein data and covariate

Structural model

A TGl model accounting for tumour growth dynamics, antitumour
drug effect and resistance to drug effect was developed by Claret
et al.2> This model was also successfully applied to describe serum M-
growth in MM
patients.}>16:182627 | this analysis, a mechanism-based model drawn

protein data as a surrogate of tumour
from the Claret's TGl model was proposed to describe the underlying
disease progression and exposure-driven drug effect of Isa and Pd on
the serum M-protein time-course. The structural model for this TGI
model, shown in Figure 1, is described by the following differential
equation:

aM =KL*M —KD; e R*t 5 Cjpg % M — KDpg € Rt 5 (Cppg + Can) + M;

dt
M(t=0) = MO

where M is serum M-protein at time t, MO is the baseline serum M-
protein, KL is the tumour growth rate, KD; and KD, are the shrinkage
rate due to Isa and combined Pd exposure respectively, R; and R,q are
the rate constant of resistance appearance to Isa and combined Pd,
respectively, and Cjy, Cpm and Cyv are the molar concentrations of
Isa, pomalidomide and dexamethasone at time t, respectively. The
contribution of Cym and Cyum in increasing M-protein shrinkage rate
KD,q was assumed to be equal based on the response rates of a ran-
domized phase 2 study comparing pomalidomide alone or combined

with dexamethasone.?®

Statistical model

An exponential interindividual model implying a log-normal distribu-
tion was included on all parameters. The variance-covariance matrix
was modelled using a diagonal matrix. The residual variability was

modelled using a combined additive and proportional model.

Covariate analysis

Covariate analysis was performed after obtaining the base model.
Twenty-six baseline covariates were tested: demographics, baseline
laboratory measurements and disease-related patient characteristics
(Supporting Information Table S1). In the case of missing data, the
median value was input for continuous covariates; missing was con-
sidered as an additional category for categorical covariates. The
parameter-covariate relationship was first explored graphically using
individual parameter estimates. The Conditional Sampling for Step-
wise Approach based on Correlation tests (COSSAC) covariate selec-
tion algorithm was then used for automatic building of the covariate
model.2?° The best covariate model was selected using the corrected

version of Bayesian Information Criteria (BICc).3* Additionally, only
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M-protein
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2.24 | PFS model and covariate selection

PFS was modelled using a parametric proportional-hazarg_modeI with
log-logistic distribution for baseline hazard: h(t) :% where Te
is the scale parameter (characteristic time) and s the shape parameter.
The exponential and Weibull distribution were also tested. The base-
line covariates were tested as potential prognostic factors using the
classical stepwise covariate modelling method. The same criteria for
covariate selection in the longitudinal M-protein model development

were used.

2.3 | Joint modelling of serum M-protein and PFS

Longitudinal and PFS models were built separately; thereafter several
joint models were used to find the best link between serum M-protein

kinetics and PFS, relying on the following link functions:

e no link

e current serum M-protein: M(t)

e current M-protein slope (instantaneous rate of change in serum M-
protein): dM/dt

e area under the M-protein.

Significant covariates found in the longitudinal and PFS submodels
were evaluated, and only covariates significant with the Wald test (P

value <.05) were kept in the joint model.

Parameter estimation of all models was performed using the Stochas-
tic Approximation Expectation Maximization (SAEM) algorithm
implemented in the software Monolix v.2019R1. Data below LOQ for
serum M-protein were accounted for using the extended SAEM algo-

rithm implemented in Monolix.

2.5 | Model selection and evaluation

Model selection was based on BIC for non-nested models and the
model giving the lowest BICc was retained. The likelihood ratio test
was used to discriminate between nested models through the differ-
ence in log likehood (—2LL), computed using important sampling. A
P value of .05 was considered statistically significant. Model evalua-
tion was performed by investigating both residual- and simulation-
based diagnostics, including the individual weighted residuals
(IWRES), visual predictive checks (VPC) for the longitudinal part,
Cox-Snell and deviance residuals®? de-trended prediction
discrepancies,®® and Kaplan-Meier VPC for PFS, respectively. Addi-
tional goodness-of-fit plots were assessed by visual inspection of
individual fits or by comparing observations versus individual predic-
tions. Longitudinal VPC accounted for risk of progression using the
methods described by Friberg et al.3* Briefly, this involved rep-
roducing the event mechanisms in simulation and omitting simula-
tions occurring after a simulated progression time. PFS VPC
considered the design of each patient, ie, dose regimens and follow-
up duration. Indeed, simulated time to progression (TTP) was cen-
sored by the maximum time between duration of follow-up, end of

treatment and observed TTP.
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2.6 | Simulation of monthly dosing regimen

To evaluate longitudinal serum M-protein and PFS after switching to a
hypothetical monthly (Q4W) Isa dosing regimen after 6 months, 1000
trials (using the same design and patient characteristics as in the data)
were simulated with both the Isa-Pd and Pd arms for 80 weeks. All the
drug-related parameters, in particular the appearance rate of resistance
to Isa, were assumed to be conserved when switching the dosing regi-
men to Q4W. Patients received Isa 10 mg/kg QW for 4 weeks then
Q2W for 20 weeks, then monthly in the Isa-Pd arm. The combination
dosing regimen with standard Pd was the same as in ICARIA-MM.
Patients at risk at 6 months were evaluated for impact on TTP (increase
>25% with absolute change of 25 g/L for serum M-protein compared to
nadir) and PFS. The original ICARIA-MM Isa-Pd arm was also simulated
with patients receiving Isa 10 mg/kg QW-Q2W to present results as
median (5th-95th percentiles) difference from the original arm. Hazard

ratios (HR) for the two regimens vs the control arm were also compared.

3 | RESULTS

3.1 | Data used for model building
Among the 307 randomized patients in the ICARIA-MM trial, 256 serum
M-protein evaluable patients (128 patients/arm) were considered in this
analysis. In this serum M-protein population (N = 256), median PFS was
significantly longer with Isa-Pd vs Pd (11.4 months [95% confidence
interval {Cl} 8.5-13.8] vs 6.96 months [95% Cl 4.4-8.5], HR 0.618, 95%
Cl 0.44-0.87, P =.0048). Similar observations on PFS and HR were
obtained for the overall population (N = 307), although 16.6% of the
ICARIA-MM patients could not be included in this analysis because their
MM disease was characterized by urine M-protein instead of serum M-
protein or on-treatment serum M-protein values were not available.
Baseline patient characteristics were balanced across arms
(Table 1). Median age was 67 years (50% female). Baseline, median
serum f2-microglobulin (B2MG) and serum albumin (ALB) were
3.5 mg/L and 37 g/L, respectively. High-risk cytogenetics were pre-
sent in 53 (21%) patients and median estimated glomerular filtration
(eGFR) rate was 70 mL/min. Most patients were 18G MM type
(190 [74%]), had no plasmacytomas (232 [91%]) and 64 (25%) and
164 (64%) patients had Revised International Staging System (R-ISS) |
or Il stage at diagnosis, respectively. Baseline median serum M-protein
was 23 g/L with a wide value range (5-95 g/L), together with various
profiles during treatment. A total of 2637 serum M-protein measure-
ments in the 256 evaluable patients were considered, with a median
of 14 (range 2-22) assessments/patient. The data below LOQ
accounted for 14% (22% in Isa-Pd, 6% in Pd).

3.2 | Modelling serum M-protein kinetics and PFS

The proposed TGI model provided an adequate fit for the longitudinal
serum M-protein data of both study arms. It performed better than

TABLE 1 Baseline demographics and patient characteristics in
serum M-protein population

Isatuximab plus

pomalidomide and Pomalidomide and

dexamethasone dexamethasone (Pd)
(Isa-Pd) (n = 128) (n = 128)
Age, years (range) 68 (36-83) 66 (41-86)
Sex, n (%)
Female 56 (44) 72 (56)
Male 72 (56) 56 (44)
Weight (kg), median 74 (34-110) 73 (39-140)
(range)
eGFR (mL/min), 69 (30-177) 71 (31-135)
median (range)
R-ISS, n (%)
| 36 (28) 28 (22)
12 81 (63) 83 (65)
1] 11(9) 17 (13)
Serum 3.5(1.1-27) 3.5 (0.7-55)

B2-microglobulin
(mg/L), median
(range)

Serum albumin (g/L),  36.9 (16-48.7) 37 (16.5-46.4)

median (range)

Serum M-protein at 22 (5-95) 23 (5-83)
baseline (g/L),
median (range)
Type of myeloma, n (%)
IgG 97 (76) 93(73)
Non-1gG 31 (24) 35 (27)
Plasmacytomas, n (%)
Yes 13 (10) 11(9)
No 115 (90) 117 (91)
Cytogenetic risk at study entry, n (%)
Standard 86 (67) 63 (49)
High 20 (16) 33(26)
Missing 22(17) 32(25)

Abbreviations: e-GFR, estimated glomerular filtration rate; R-ISS, Revised
Multiple Myeloma International Staging System (derived based on the
combination of serum p2-microglobulin, albumin, cytogenetic risk and
lactate dehydrogenase).

2As pre-specified in the study statistical analysis plan, patients with
unknown cytogenetics at baseline were classified as R-ISS stage II.

the Wang model.3 In addition, the fit was improved when adding the
PK of Isa compared to a K-PD model only. Twenty-six potential
covariates were evaluated by testing their relationship with all the
longitudinal model parameters. The final longitudinal model includes
three covariates: the effects of baseline ALB and B2MG on baseline
serum M-protein levels, and the non-IgG MM type on KL, the serum
M-protein growth rate.

Regarding PFS, a log-logistic model best characterized the under-

lying baseline hazard distribution. Baseline covariates such as
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presence of plasmacytoma, ALB and serum M-protein were significant
(P < .005). Further information on the modelling results of longitudinal

data and PFS is included in Supporting Information Tables S2 and S3.

3.3 | Joint modelling of serum M-protein and PFS

The joint model using the serum M-protein slope outperformed all
models relying on serum M-protein in terms of BIC, with a 196-point
decrease compared with the no-link model, that is, the parametric log-
logistic model with no association between serum M-protein and PFS.
The alternative models, based on current serum M-protein value or
cumulative serum M-protein (area-under-serum M-protein), led to a
BIC improvement <103. Comparison of joint models with different
link functions is provided in Supporting Information Table S4. In the
best, final joint model, the longitudinal model still includes the same
three covariates, but only the presence of plasmacytomas remains on
the PFS part. Parameter estimates obtained with the serum M-protein

TABLE 2
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slope joint model are summarized in Table 2. They were reasonably

7y
Y

well estimated with low relative standard error for both fixed effects
and variance components. Although the shrinkage estimates for KDi
and Ri are large (69% and 61.5%), they did not impact the covariate
analysis because the sampling of conditional distribution was used
instead of conditional mode estimates, allowing avoid the associated
bias of large shrinkage to be avoided.?’

The estimated link between serum M-protein slope and PFS is
high at 11.9, consistent with IMWG criteria, in which the decrease in
serum M-protein in response to treatment is the main component
directly impacting PFS. Thus, in case of initial response, the serum M-
protein decrease is associated with a current slope <0 and hence a
reduced risk of progression. The relationship among serum M-protein
kinetics, slope and PFS is illustrated in Figure 2 for six representative
patients who either had a PFS event or not. The PFS probability
decreased during tumour growth, ie, when the serum M-protein slope
increased. Furthermore, the baseline covariates were found to modify
parameters of serum M-protein kinetics and PFS.

Parameter estimates values (relative standard error %) of the best joint final model

Parameter estimates Relative standard error (%) Shrinkage (%) P value Wald test
Fixed effects
Longitudinal submodel
MO (g/L) 17 3.33 2.9
f1 ~ ALBN —-141 15.8 2.34E-10
p2 ~ B2MG 0.331 17 3.88E-09
KL (d~Y) 0.00627 8.4 235
p3 ~ non_lgG 0.55 27.5 0.000277
KD; (L mol~*d™) 0.0138 8.73 69
R; (day™ ") 0.00579 14.6 61.5
KDpq (L mol=* d™%) 0.188 7.36 24.1
Rpa (d7?) 0.00952 10.6 34
Survival submodel
Te(d™ 459 11.9
S 2.33 9.75
p4 ~ PCYTOMA =Y 0.858 36.3 0.00591
B5 ~ SlopeM 11.9 7.66 4.46E-39
Interindividual variability standard deviation
®_MO 50.5 4.73
o _KL 88.7 6.76
o _KD; 61.9 9.7
® _R; 105 9.76
o _KDpg 92 6.81
® _Rpqg 110 9.33
Residual variability
c additive (g/L) 0.411 7.23
o proportional (%) 15 3.65

Abbreviations: ALBN, baseline serum albumin normalized to the upper limit value; B2MG, baseline f2-microglobulin; MO, serum M-protein at baseline,

PCYTOMA, Y, presence of plasmacytomas.
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FIGURE 2

Time (weeks)

30 40 50 0 10 20 30 40 50
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Individual fits of serum M-protein time course and PFS probability in six illustrative patients, three with the observed event and

three with the censored event. Patients in the Isa-Pd arm are in the middle and on the left; patients in the Pd arm are on the right. Blue dots
denote the serum M-protein observations and red dots the BLQ observations. The green curves denote the longitudinal predictions using the
joint model. The vertical lines show the status of the patients (solid, progression event occurred; dashed, censored). The red solid curves denote
the PFS probability predicted by the joint model. The black curves represent the predicted value of the current slope of serum M-protein kinetics.
BLQ, below the limit of quantification; Isa, isatuximab; MP, M-protein; Pd, pomalidomide and dexamethasone; PFS, progression-free survival

3.4 | Model evaluation

The various serum M-protein kinetic patterns could be well cap-
tured by the model and predicted PFS probability is consistent with
occurrent time of progression or censored event. Figure 3 shows
VPC plots generated for both longitudinal and PFS models by simu-
lation of 1000 clinical trials under the final joint model, using the
same design and patient characteristics as in the data. The model
described reasonably well the observed serum M-protein and PFS
data with observed median generally included in the 90% predic-
tion interval. However, an unusual early event was observed, since
the model did not capture a small group of patients who switched
therapy without achieving PFS criteria. The final joint model also
predicted well the HR observed between arms (Figure 4), with
observed HR close to the predicted median HR. Additional
goodness-of-fit plots are presented
Figure S1.

in Supporting Information

3.5 | Assessment of covariate effects

Simulations were performed to quantify the impact of each covariate
using the population parameters and visualized in a typical patient
(Figure 5). The effect of covariates was assessed individually by set-
ting others to median value for continuous covariates and for the
most frequent class for categorical covariates (ie, 1gG type). The effect
of continuous covariates, baseline ALB and B2MG, were examined for
variations within the 5th-95th database percentiles.

Non-1gG MM patients had similar behaviour on serum M-protein
kinetics for the first 60 weeks even with higher Isa exposure and
tended to have more rapid tumour regrowth (ie, re-increase in serum
M-protein) afterwards compared with IgG MM patients (Supporting
Information Figure S2). Similar PFS probability is predicted for non-
IgG compared to IgG MM patients. The VPC plots stratified by Ig MM
type and treatment arm show agreement between model prediction

and observed data (Supporting Information Figure S3).
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Patients with low baseline ALB (<27 g/L) or high B2MG
(>12.8 mg/L) levels are more likely to have 57% or 52% higher baseline
serum M-protein, respectively, compared with patients with normal
ALB or B2MG levels. The impact on the shape of M-protein profiles
was a slightly faster tumour regrowth and slightly lower PFS probabil-
ity at the end of treatment compared with other patients. Patients
with plasmacytomas shared a similar PFS profile for 20 weeks, but

tended to have lower PFS probability, up to 25% after 80 weeks.

3.6 | Simulation of monthly dosing regimen

In the 1000 simulated trials, the median (min-max) number of patients
at risk after 6 months (ie, patients who had not progressed by
6 months) was 97 (86-107) in the Isa-Pd arm. In patients at risk at

20 30 40 50 60 70
Time (weeks)

6 months who switched to the Isa monthly dosing regimen after
6 months of QW-Q2W, median (5th-95th percentiles) progression
was predicted to occur 2.29 (0.57-4.73) weeks earlier and HR
predicted to be greater (0.7 vs 0.66) compared with the original Isa-Pd
arm. Additionally, when considering the TTP criteria (increase in serum
M-protein >25% with absolute increase >5 g/L), 44/104 (42.3%)
patients who had not progressed at 6 months in the original Isa-Pd
arm had their serum M-protein regrow faster and lower PFS probabil-
ity with significant difference in median PFS (Wilcoxon test, P
value = .026) (Figure 6). Evaluation of baseline patient characteristics
showed that these impacted patients have more baseline disease bur-
den, ie, higher serum M-protein, higher bone marrow plasma cells and
worse prognostic characteristics, including lower eGFR, lower ALB
and higher B2MG, with more frequent R-ISS II/Ill stage disease (80%
vs 53.2%), compared with patients who did not progress earlier
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(Supporting Information Figure S4). Conversely, patients with no risk
of earlier progression tend to have lower tumour burden and better
prognostic characteristics at baseline. Additionally, at 6 months they
have significantly lower M-protein (median, 0.31 vs 3.04 g/L) and
more patients have reached their maximum response, with a serum
M-protein slope close to O (ie, M-protein level reached a plateau,
median —0.01 vs —0.06 g L~ d~1) and 85% of them have predicted

response status of at least very good partial response.

4 | DISCUSSION AND CONCLUSION

A nonlinear joint model was developed in a MM setting, as joint
models can provide efficient estimates and reduced bias of treatment
effects on both time-to-event and longitudinal markers. We devel-
oped the TGI model using serum M-protein longitudinal data first and
then the time-to-event model for PFS. Joint modelling was then per-
formed to explore the best link between longitudinal serum M-protein
and PFS. The model building was based on 256 serum M-protein eva-
luable patients (128 patients/arm) from the ICARIA-MM trial.

The TGl model from Claret et al was developed to describe longi-
tudinal serum M-protein data in both arms of ICARIA-MM and com-
pared with the Wang model, which was used for elotuzumab plus
lenalidomide/dexamethasone (ELOQUENT-2) data.?>3> We selected
the Claret model, which provided a better fit and included the com-
bined pomalidomide/dexamethasone dose and Isa PK exposure as
predictors, allowing simulation of the serum M-protein response
under other dosing regimens. This model accounts for three important

clinical features of tumour progression in anticancer drug treatment,

40

Dose

48 56 64 72 80 0 & 16 24 32 40 48 56 64 72 80
Time since treatment start (weeks)

10 mg/kg QW-Q2W — Monthly switch at 6M

including the dynamics of tumour growth/production of serum M-
protein, antitumour drug effect and resistance to drug effect. A more
mechanism-based model incorporating distinct subpopulations of MM
malignant cells would be interesting for further evaluation but
requires more information on cell data.

Furthermore, we studied the impact of numerous baseline
covariates on serum M-protein kinetics and risk of progression. The
significant baseline covariates in the joint model were Ig MM type,
ALB, B2MG and presence of plasmacytomas. Patients with low base-
line ALB or high B2MG levels were more likely to have ~50% higher
baseline serum M-protein and slightly faster tumour regrowth rate at
the end of treatment, resulting in similar PFS profiles compared to
other patients. Of note, these laboratory tests are part of the ISS/R-
ISS staging systems, which are relevant for prognosis assessment,
because patients with more advanced stage (ISS stage Ill) are less
likely to respond to treatment. The presence of plasmacytomas likely
induced lower PFS probability, consistent with results of exposure-
response analyses.® Furthermore, the serum M-protein instantaneous
slope was associated with PFS consistent with IMWG criteria, in
which the serum M-protein decrease in response to treatment is the
main component directly impacting PFS.

The Ig MM type was found to correlate with M-protein growth
rate in the joint model, with faster growth rate for non-IgG patients.
Simulation of typical patients indicated that non-IgG MM patients
have similar behaviour on serum M-protein kinetics for the first
60 weeks, even with two-fold higher steady-state Isa exposure, but
tend to have more rapid tumour regrowth afterwards and similar PFS
compared to IgG MM patients. The Ig MM type was also identified as
the main contributor explaining Isa PK interindividual variability, with
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faster clearance in IgG MM patients resulting from competition for
the neonatal Fc receptor, which protects IgG from degradation.3¢-%8
However, the impact of Ig MM type (IgG vs non-1gG) on Isa exposure
does not translate into difference in treatment effect, and therefore
does not appear to be clinically meaningful. This finding is consistent
with the results of exposure-response and subgroup analyses which
showed that there was no significant difference in treatment benefit
with lIsa-Pd versus Pd on PFS or ORR for IgG versus non-lgG
patients.®? Similar results were observed with daratumumab.
Response rates between IgG and non-IgG MM patients were similar
despite the difference in linear clearance levels between these
populations (~110% higher in IgG, leading to 70% higher predicted
trough serum concentrations on day 1/cycle 3 in non-lgG patients).*°

Cytogenetics was not a significant covariate in the joint model, on
either serum M-protein dynamics or PFS, in agreement with ICARIA-
MM subgroup analyses, which showed that Isa-Pd provided consistent
benefit versus Pd in RRMM patients, regardless of cytogenetic risk.**

The drug-disease modelling platform established based on
ICARIA-MM data was further applied to predict the impact of using a
hypothetical monthly dosing regimen after 6 months of Isa QW-Q2W
in RRMM patients. In patients still on treatment, simulations of a
hypothetical switch to monthly dosing after 6 months predicted pro-
gression to occur 2.3 weeks earlier compared with the original Isa-Pd
arm, with 42.3% of patients having their serum M-protein regrow
faster. Patients with no risk of earlier progression tended to have
lower tumour burden and better prognostic characteristics at baseline,
with a stable, at least very good partial response at 6 months. This
modelling framework would be a useful tool to perform individual
dynamic predictions in a Bayesian approach, to improve patient
follow-up and early identification of most-at-risk patients, similarly to
what was done for PSA kinetics and OS in prostate cancer.*? Never-
theless, the landmark times allowing a good individual prediction will
need to be further evaluated.

A major assumption in the M-protein model is that resistance
develops over time and the resistance magnitude will not change
when simulating alternative dosing regimens. However, resistance
could be induced by drug exposure, resulting in a different resistance
magnitude when switching to monthly dosing. Further investigation
with more follow-up data on the relationship between drug exposure
and resistance will be necessary to confirm the simulation outcome
based on the current assumption.

The results of this joint modelling and simulation confirm the
approved Isa QW-Q2W dosing regimen, which was selected for
ICARIA-MM. Further evaluation of on-treatment switch to an Isa
monthly dosing regimen should occur through a prospective clinical
trial, perhaps exploring other response observations (such as minimal
residual disease) as a trigger point for switching to a less frequent dos-

ing regimen.
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