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Supplementary Figure 1 Local sensitivity analysis, top 20 parameters shown. Each parameter
was decreased and increased by 25% and we measured its effect on serum M-spike at treatment
day 364 with dose of 1000 ug/kg. The six parameters boxed in red were selected to vary based on
LSA, and on prior knowledge of known heterogeneity or lack of knowledge on reference value
used. Parameters not shown in top 20 that are perturbed are: Sresis, TmM, kg1, and they were selected
due to their uncertainty. All parameters and their descriptions are listed in Supplementary Table 3.
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Supplementary Figure 2 Parameter distributions of plausible patients (PP, n > 4000) and virtual
patients (VP, n = 120, VP is a subset of PP).
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Supplementary Figure 3 Genetic algorithm. (a) Schema of genetic algorithm when selecting
virtual patients from plausible patients. The collection of virtual patients is called a virtual
population. (b) Optimization function uses 3 metrics that use an integrated biomarker as input. The
3 metrics are best biochemical response (percent change from baseline at best response),
paraprotein dynamics (percent change from baseline), and biochemical response rates. We
stratified patients’ biochemical response by sSBCMA levels at baseline (low vs high) by finding the
threshold that best separates objective biochemical responders from non-responders using a
logistic regression with response as the outcome and high/low sSBCMA as a dichotomous predictive
variable.
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Supplementary Figure 4 Calculating response metrics based depends on selected integrated
paraproteins. Each plausible patient will have simulated longitudinal serum M-protein and serum
FLC value, but only one paraprotein will be used for response calculation and this paraprotein is
referred to as an integrated paraprotein. We select the integrated paraprotein by observing the
serum paraproteins at baseline, prioritize M-protein if it is measurable (greater or equal to 0.5
g/dL), otherwise use FLC as biomarker of response. This will result in responses based on two
different biomarkers across the plausible patients. The dynamics of the selected integrated
paraprotein is then used to calculate response metrics.
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Supplementary Figure 5 Dimers per cell ratios to analyze dose-reduction. (a) After a QW to Q2W
switch, the ratio of drug-CD3 dimers standardized by T cells in each compartment decrease,
compared to a constant QW regimen, shown in blue and red curves, respectively. The decrease of
dimers relative to T cell concentrations suggests that availability of receptors will increase and be
able to bind and create trimers. (b) Trimer production, relative to tumor burden, is increased after
a QW to Q2W switch, suggesting greater antitumor activity. (c) Drug-BCMA dimers relative to
tumor burden in the bone marrow remain roughly similar between the schedules. In all figures, the
median ratio is shown in a solid curve and the 95% confidence interval is shown in shaded areas.
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Supplementary Figure 6 Calibration of best biochemical response (BBR) or waterfall plots to the
MM-3 cohort A study. BBRs from clinical data are ranked in descending order, then they are
grouped into 10 groups (shown vertical dashed red lines). For each group, the median BBR is
estimated (shown in vertical solid red lines). Our optimization algorithm minimizes each group’s
median BRR between the virtual patients and the clinical data. PCFP: Percent change from
baseline.
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Supplementary Figure 7 Timeseries of free SBCMA in central compartment. Median and 95%
confidence interval of simulations are shown in solid lines and grey shaded areas, respectively.
Median and 95% confidence interval of MM-3 cohort A study are shown in black dots and black
error bars, respectively. In the data, these variables correspond to biomarkers measured from two
distinct assays. The simulated regimen is 12 mg on C1D1, 32 mg on C1D4, 76 mg on C1D8 and
QW thereafter until C6, then 76 mg Q2W (if confirmed response) for 6 additional cycles, then 76
mg Q4W (if response is maintained).
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Supplementary Figure 8 Cytokine dynamics in QSP model include attenuation of peaks and
replicate observed median of IL-6 levels in MM-3 study. Visual check shows that fitted VPops
accurately follow observed trends of IL-6 for MM3 study, which followed a priming regimen of
12 mg on CIDI1, 32 mg CID3, and 76 mg CID8 and weekly thereafter. Median and 95%
confidence intervals of observed IL6 levels in MM3 patients are shown in black dots and black
error bars, respectively. Median and 95% prediction interval of projected IL-6 levels are shown in
a blue solid line and filled area, respectively.
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Supplementary Figure 9 MM1 spider plots for one dose escalation arm. Shown VPop is the same
as that shown in Figure 2c¢. This study arm was substantially smaller regarding study size, with 6
participants compared to MM3-Cohort A large study (N = 120 participants). VPop shows that
observed variability was captured at most observed points. Median change from baseline and 95%
prediction intervals of a VPop are shown in the red solid line and shaded area, respectively,
compared to the observed median and 95% coverage of observed values shown in black dots and
error bars, respectively.
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Supplementary Figure 10 Individual simulated dose-response curves are used to stratify patients into
3 types: increasing (patients who will have higher trimer:BCMA ratio as drug increases), decreasing
(patients who will have higher trimer:BCMA ratio as drug decreases), or bell-shape. A) Majority of
virtual patients fall into the first category, whereas less than 10% will have decreasing dose-response
curve. B) Additional dose-response curves in virtual patients, each dose is colored by simulated
biochemical response (blue = response, black = no response) for the virtual patient in panel. Virtual
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patients 6 and 7 are classified as bell-shaped, and they interestingly will reach a biochemical response
with doses 44 — 76 mg QW but did not reach a response at 16 mg QW or 152 mg QW. C) BRR across
doses for each dose-response curve type shows that the increasing group has better BRR as dose
increases, decreasing type has worse BRR, but bell-shaped curve type reaches maximum BRR at 76
mg QW.
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Supplementary Figure 11 Factors that were identified as the most statistically significant
simultaneously for predicting dose-response curve type are A) sBCMA at baseline, B) T cell
concentration at baseline, and C) ay;;, kill constant parameter that was perturbed across virtual
patients. Further exploration of the relationship between SBCMA and T cells showed that, as expected,
these variables were not correlated, suggesting that both these factors are important and independently
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influence response. Higher levels of these factors seem to be associated with an increasing dose-
response type, but it is important to note that too much SBCMA resulted in no response despite having
an increasing dose-response curve type. Small levels of T cell concentration resulted in a decreasing
dose-response curve type, suggesting low to no efficacy as shown in Supplementary Figure 10b. Thus,
if a theoretical patient has low BL sSBCMA, our model suggests that T cell concentrations, which are
measurable in clinic, can also affect response levels, with lower levels lowering the chance of efficacy
despite patient to be considered “low risk” due to SBCMA levels. Unfortunately, parameters such as
Qi are not measurable in clinic, suggesting additional unobserved tumor efficacy variables in clinic
that one may not account for during dose selection.

13
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Supplementary Figure 12 Virtual patients (red) matched to observed patient’s trajectories (blue).
Three participants from the MM-3 study with different paraprotein trajectories were identified and
matched to three virtual patients from one of the 10 VPops. Panel #1 corresponds to an observed patient
and a matched virtual patient who showed early response and maintained it after more than 2.5 years
of treatment. Panel #2 shows that both observed and virtual patient had progressive disease after day
300 due to paraprotein elevations. Lastly, panel #3 shows an observed and a matched virtual patient
that did not show a response and were removed from the trial due to progression after day 50 with a
similar relative increase in paraprotein levels.
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Supplementary Table 1: Parameters Varied to generate PP

Parameter Name | Definition Units Default Value | VPop Range (LSA) | Reference
CD3gensity Density of CD3 receptors on T cells | Receptor/cell | 6 x 107 +25% [5]
Kresist Rate of resistance maximal effect on | 1/hr 0.1 +2 fold Calibrated
trimer kill EC5g due to weakened T
cell activation
Qresist Maximal effect of resistance on | hr 0.5 +2 fold Calibrated
trimer kill EC5g due to weakened T
cell activation
BCM Adensity Density of BCMA receptors on tu- | Receptors/cell | 1.259 x 107 +25% 3]
mor cell
Eexp Exponential-phase tumor growth | 1/hr 3.32x 1074 +10 fold [5, 7]
rate
Etin Linear-phase tumor growth rate Cells/hr 1500 +10 fold [7]
TMM Transit time between tumor cell | hr 27 24-30 8]
death compartments
Qi Trimer tumor Kkill rate constant 1/hr 0.02 410 fold Calibrated
Tl Trimer tumor kill rate Hill coeffi- | unitless 0.8 0.5-1.5 Calibrated

cient

Supplementary Table 1: Parameters Varied to Generate PP. Each parameter was independently sampled from the biophysical ranges
using uniform distributions.
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Supplementary Table 2: Variables and Initial Conditions

Variable Code Alias Init. Value or [VPop Range] Definition Units
Abse Ab_sc 0 Free drug in sub-cutaneous compartment pM
Ab, Ab_c 0 Free drug in central compartment pM
Abpnmr Ab_BM 0 Free drug in bone marrow compartment pM
Tee TCc [16 to 2,580] T cells in central compartment cells/uL
Teem TC_BM (16 to 2,580] T cells in bone marrow compartment cells/uL
sBCM A, sBCMA [185 to 153,520] Soluble BCMA in central compartment pM
sBCMApm sBCMA_BM [185 to 153,520] Soluble BCMA in bone marrow compartment  pM
Ab_sBCM A, DsBCMA 0 Drug-sBCMA complex in central compartment pM
Ab_CD3. DCD3.c 0 Drug-T cell dimer in central compartment pM
Ab_sBCM Apn DsBCMA_BM 0 Drug-sBCMA complex in tumor compartment  pM
Ab_BCMAp DBCMA 0 Drug-MM cell dimer in tumor compartment pM
Ab_CD3p s DCD3_BM 0 Drug-T cell dimer in tumor compartment pM
Trimer Trimer_ BM 0 Trimer between CD3, BCMA, and BsAB pM
MM TA [0 to 450,000]. MM cells in BM cells/ul
M M; TAi 0 MM cells through (i=2-4) transit compart- cells/uL
ments
Mp MProtein [0 to 70] M-Protein in circulation g/L
FLC FLC [0.92 to 174680] FLC in circulation mg/L
Cem cytokine_BM 0 Cytokines shed by T cells after trimer pg/mL
C; Cytokine_i 0 Cytokines through transit compartments (¢ = pg/mL
1-5)
C. Cytokine_c 2.857 Cytokines in central compartment pg/mL

Supplementary Table 2: Model variables in QSP model. Initial conditions of
drug concentration, dimers and trimer are set to zero, unless they are sam-
pled from the reported range for PP generation. The distributions for the
varied initial states were fitted to Pfizer baseline clinical data or obtained
from literature, as described in QSP PMAR—1513. Initial values of the varied
states (T'cc, Tepnv, SBOMAc, sBCMApy, MM, M, and FLC) were sam-
pled from ranges shown in square brackets.



Supplementary Table 3: Full Table of Parameters

L1

Section in QSP Name [Code Alias] Description Units Value Source
Model
Sect. 1.1: BsAB
Reactions Cen-
tral
kon1 [kon_.BCMA] Binding of BsAB to BCMA pM~1hr—1 0.0054 Fixed internal nonclinical data
ko1 [koff BCMA] Unbinding rate hr—1 0.162 Fixed internal nonclinical data
kon2 [kon_CD3] Binding of BsAB to CD3 pM~Thr—! 0.00198 Fixed internal nonclinical data
kofr2 [koff_CD3| Unbinding rate hr—1 82.17 Fixed internal nonclinical data
kgegsBcma [kdeg sBCMA] Degradation of s BCMA hr—1 0.01925 Fixed internal nonclinical data
ktre_ga [k-Ab_c_.BM] BsAB transport rate from central to BM hr—1 0.1 Estimated with clinical data
ktrga_c [k-Ab_BM_c] BsAB transport rate from BM to central hr—1 0.3 Estimated with clinical data
ktrsBOMA_BM_c Ab_sBCMA dimer transport rate from BM to  hr~! 0.1 Assumed equal to ktr._gs
[k_sBCMA_BM _¢] central
ker [kel] Elimination rate of BsAB and sBCMA dimer hr—1 CL/V. Preliminary PopPK
kq [ka] Drug absorption rate hr—1 6.167E-3 Preliminary PopPK
F [F_SC] Drug bioavailability 0.511 Preliminary PopPK
Ve [V1] Volume in central L 4.25 Preliminary PopPK
Vp [V2] Volume of peripheral L 7.8 Preliminary PopPK
Q Q] Inter-compartmental clearance L/hr 0.008416 Preliminary PopPK
Cl [CL] Clearance mL/hr 13.9583 Preliminary PopPK
Sect. 1.2: T
cell & Cytokines
Central
krc_c_pm [k-TC_c.BM] T cell transport from central to BM hr—1 0.2 Estimated with clinical data and
literature [14]
krc_pum_e [k-TC_BMc] T cell transport from BM to central hr—1 0.3893 Estimated with clinical data and
literature [14]
keir [kel-TC_c] T cell elimination rate in central hr—1 0.1046 Fixed Literature [1]
Bprod [basal_production] Basal cytokine production pg/mL/hr 1 Estimated literature [14]
kgeg_cyt [crkdeg] Degradation of cytokines hr—1 0.5 Estimated with clinical data and
literature [14]
ktreyt [k-tr_cyt] Cytokine transit rates from BM to central hr—1 0.625 Estimated with clinical data and
literature [14]
Sect. 1.3: Para-
proteins Central
Kdeg_nr, [MProtein_deg] Degradation rate of M-protein hr—1 0.0021 Fixed Literature [12]
kgeg_rrc [FLC_deg] Degradation rate of FLC hr—1 0.1733 Fixed Literature [13]
Sect. 2.2: Tu-
mor Cells BM
Vem Volume of bone marrow compartment L 1.75 Fixed Literature [11, 10]



B!

kgo [kgO0] Exponential tumor growth rate hr—1 3.32x 10~*  Calibrated with clinical data and
literature [6, 4, 7]
kg1 [kgl] Linear tumor growth rate cells/hr 1500 Calibrated with clinical data and
literature [6, 7]
¥ [growth_switch] Switch between exponential and linear growth 20 Fixed Literature [9]
phases
ki [alphakill] Kill constant hr—1 0.02 Calibrated with clinical data
kpm [km_kill] Half saturation for tumor killing pM/cells/ul.  4.25E-4 Estimated with clinical data and
literature [14]
nggy [nkill] Cooperativity coefficient kill constant 0.8 Calibrated with clinical data
M [tau TA] Transit time to MM cell death hr 24 Calibrated with clinical data and
literature [8]
MMpyax Maximum tumor burden cells/ul 3 x 109 Estimated with clinical data
Qresis|alpha_resis] Maximum addition resistance 0.5 Calibrated with clinical data
Bresis [beta_resis] Rate of change of resistance hr—1 0.1 Calibrated with clinical data
Tresis [bau_resis] Time to resistance hr 600 Estimated with clinical data
BCM Agensity[BCMA _density] Density of BCMA receptors per tumor cell receptor/cell 12590 Calibrated with clinical data and
literature [3]
Sect. 2.3: T Cell
& Cytokines BM
CD3gensity [CD3_density] Density of CD3 receptors per T cell receptor/cell 6 x 10* Calibrated with clinical data and
literature [5]
Imaz [cr-Imax] Maximum cytokine inhibition on cytokine re- 1 Fixed Literature [2]
lease
nic [cr-nIH] Cooperativity coefficient for cytokine release in- 2.5 Fixed Literature [2]
hibition
ICs0[crIC50] Cytokine concentration resulting in 50% release  pg/mL x hr 10000 2]
inhibition
K [erK] Priming factor 2.83 2]
N [n_dose_count)] Number of doses 1 2]
Emaz[cr-Emax] Maximum cytokine release rate pg/mL/hr 80590 2]
EC5s0 [cr-EC50] Exposure of active drug species to achieve 50%  pM 0.5 [2]
of Emax
noc[crm] Hill coefficient for cytokine release 1 2]
Imazrc [Imax_TC] Maximum T cell migration inhibition 1 Estimated
K [ksat-TC]| Cytokine concentration at 50% of I,,qz1C pg/mL 150 Estimated
K5 [ksat_Trimer_TC] Trimer concentration at 50 % of I,,q27C pM 0.02 Estimated
Neyt [n-cytokine TC] Hill coefficient T cell transport inhibition from 2 Estimated
cytokines
nipr; [n-Trimer_TC] Hill coefficient T cell transport inhibition from 1.5 Estimated

trimers

Supplementary Table 3: Parameters in QSP model.



Supplementary Table 4: Study Data used for Model Calibration

Study (N)

Elranatamab Dosing
Regimen

Day(s) of sampling
(SPEP, serum FLC)

Day(s) of sSBCMA and
PK Sampling

C1071001 Part 1 (23)

Cycle 1: 1

IV: 0.1, 0.3, 1, 3, 10, 30,
and 50 pg/kg QW
Cycle 1: 1

Screening: -14 to 1

C1071001 Part 1 (30)

Cycle 1 onwards: 1
Cycle 2: 1, 8, 15
Cycle 3 onwards: 1

SC: 80, 130, 215, 360, 600,
and 1000 pg/kg QW
Cycle 1: 1, 8, 15

Screening: -14 to 1

C1071001 Part 1 C-D (13)
Cycle 1: 1

SC: combination
Cycle 1: 1

Screening: -14 to -1

1071001 Part 1.1 QW (7)

Cycle 0: 0

Cycle 1 onwards: 1

Cycle 1: 1, 8, 15, 22
Cycle 2: 1, 8, 15, 22
Cycle 3 onwards: 1

SC: 600 pg/kg for the first
week, then 1000 ug/kg
QW

Cycle 0: 0

Screening: -14 to -1

C1071001 Part 1.1 Q2W
(13)
Cycle 0: 0

SC: 600 pg/kg for the first
week, then 1000 Q2W

Cycle 0: 0

Screening: -14 to -1

1071001 Part 2A® (15)

Cycle 0: 0

Cycle 1 onwards: 1

Cycle 1: 1, 8, 15, 22
Cycle 2: 1, 8, 15, 22
Cycle 3 onwards: 1

SC: 44 mg for the first
week, then 76 mg QW

Cycle 0: 0

Screening: -14 to -1

C1071003% Part A (120)

Cycle 1 onwards: 1
Cycle 2, 3, 4, 7, 10, etc.: 1

SC: 12/32/76 mg
C1D1/C1D4/C1DS8 then
76 mg QWP

Cycle 1: 1, 4, 8, 15, 22

Screening: -28 to -1

Supplementary Table 4:

SC = subcutaneous.

Source: Protocol for Study C1071001, Protocol for Study C1071003.
¢ Premedication with acetaminophen, diphenhydramine, and dexamethasone.
b 76 mg Q2W after C6 with persistent response, 76 mg Q4W after C13.

Table abbreviations: N = number of participants; IV = intravenous; PK = pharmacokinetic;
RRMM = relapsed /refractory multiple myeloma; PD = pharmacodynamic; QW = once a week;
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Supplementary Note 1

1 QSP Model Description and Assumptions

1.1

Central compartment

In the central compartment, the key interactions captured by the model are binding of BsAB
to shed sSBCMA receptors in circulation, as well as to circulatory T cell CD3 receptors. In
addition, circulatory paraproteins (M-protein, FLC) and generic cytokine reactions are also
included in this compartment. Serum FLC and M-protein dynamics are given by a balance of
synthesis rates, proportional to total tumor burden, and degradation rates.

1.1.1 BsAB binding kinetics in central compartment

The free drug, corresponding to unbound BsAB, denoted by [Ab.| can flow in from a sub-
cutaneous compartment in the case of SC modality and also exchange with a peripheral com-
partment [Ab,]. Free drug can bind either to unbound soluble BCMA receptors ([sBCMA.])
or to free circulating CD3+T cell receptors ([C'D3.]).

We outline a few assumptions made to reduce the number of parameters:

The free drug, corresponding to unbound BsAB, denoted by [Ab.| can flow in from a sub-
cutaneous compartment in the case of SC modality and also exchange with a peripheral
compartment [Ab,].

Free drug can bind either to unbound soluble BCMA receptors ([sBCMA.]) or to free
circulating CD3+T cell receptors ([CD3,)).

The elimination rate for the unbound bispecific, [Ab.| and bispecific SBCMA dimers are
assumed to be the same k..

Similar to work of [1], a trimer between sSBCMA and T cells in circulation is omitted from
the model equations since this species is not pharmacologically active.

Synthesis of SBCMA in the central compartment is assumed to be proportional to the
amount of SBCMA that enters the central compartment from the bone marrow and the
system was in steady state at baseline (t = 0).

Thus the equations in their final form read:
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d[Ab.]  Inputy, N Fky[Abs]
a V. Ve
~ Kon1[Abe][sBCM A + ko [Ab-s BCM Al] — kona[Abe][C D3] + kogra [ Ab-C D3]

V.
— k’lg[Abc] + kglvp[Abp] (1)

\%
— k}tT‘CfBM[AbC] —+ ktTBMfcﬂ[AbBM} — kel [Abc]

v,
dlsBCMA,] [sBCMAY]

dlsBCMAL] _ SBOMA]  pont Ay — [sBCMA, 2

dt kdeg,sBC’MA ([SBCMAOBM] [5 C BM] [5 C ] ( )

— kot [Abo|[sBCM Ay + ki [Ab_sBCM A, (3)

d[AbSiCM A IABISBOMA,] — ko [Ab_sBCMA,] (4)

4+ ktrspomMA_BM ¢ V‘B/M [AZLSBCMABM] — ke [AZLSBCMAC]

C

d[Ab.CD3,]

o = kon2[Abc][OD3c] — ko2 Ab-C D3] (5)

In the next section we outline how the CD3 receptor counts are obtained for BsAB-T cell
dimer formation.
1.1.2 CD3+4T cell and cytokine dynamics in the central compartment

We make the following assumptions:

e CD3+T cells in the central compartment, denoted by [T'c.] can either flow out of the
central compartment into tissues (peripheral) and tumor site (BM), be eliminated, or
generate at a balanced rate proportional to initial circulating T cell counts (7'c?).

e Pro-inflammatory cytokines ([Cy]), e.g. IL-6, flow into the central compartment from the
BM, when trimers are activated.

e The individual T cell level receptor production is constant and set at literature obtained
CD3 receptor values, similar to [1].

Accordingly, we write the following ODE for T cells and cytokines in circulation:

d|Tc, Vi
[ dtc l_ k7T — (ke + krecpm)[Ted + kre_pv o[Tem] ‘E;M (1—=Tmn)  (6)
d|C,] Veum
dt = Bprod + k;tr,cyt [05]?0 - k;deg,cyt [Cc] (7)

We define T}, term which controls T cell outflow from site of action in section 1.2.3.

To obtain the number CD3 receptors in the central compartment:

Ltoul
CD3or.c = [Tce] % cmdensity#mm (8)

um

CD3, = CD3yo. — Ab_.CD3. (9)
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The initial conditions for these additional equations are:

L_toulL 1
av_num

[Tce(0)] = Tc?

0, [CD3.(0)] = [TcY] x CD3gensity el2, (10)

which supports the dimer initial condition mentioned in the prior section, namely:

[Ab_CD3.(0)] = 0.

1.1.3 Paraproteins in the central compartment

Similar to the assumptions made for sSBCMA, we make these assumptiosn for the paraprotein
dynamics:

e Basal M-spike and FLC synthesis in circulation is set to zero.

e Paraprotein production is driven by tumor burden since the synthesis rate is proportional
to total tumor burden in BM, [M M;y].

e Amount of paraprotein entering the central compartment from the bone marrow was in
steady state at t = 0.

Thus, the model equations for paraproteins in the central compartment are:

dlM MO
[dﬁ = k’deg,Mp []\[4.]\2(1 t] [MMtOt] —_ kdeg,Mp[MP] (11)
d[FLC] [FLC|
e kdeg_FrLC (MO ] [M Miot] = kdeg_rrc[FLC). (12)

where M Mot = [MM] + [MMs] + [MMs] + [MM,] is the total tumor burden. Initial
conditions are Mp(0) = M3, FLC(0) = FLC.
1.2 Bone marrow (BM) compartment

In the bone marrow (BM) compartment, the key interactions captured by the model are binding
of BsAb to shed sSBCMA receptors in BM, membrane-bound BCMA receptors, and T cell CD3
receptors. A functional trimer is formed when BsAb is simultaneously bound to the BCMA
and CD3 receptors, and this complex drives tumor-killing in the BM and cytokine release.

1.2.1 Drug kinetics in Bone Marrow

We start with the following assumptions in the BM:
e The rate of BCMA shedding is assumed to be proportional to tumor burden.
e As assumed with other model states, the system is at steady state at ¢t = 0.
e Central and BM binding rates are assumed to the the same

e Complex formation rates for sSBCMA and BCMA are assumed to be the same (i.e., BsAb
binds to SBCMA and BCMA at same rate).
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The dynamics of free drug (BsAB) and sSBCMA in the BM compartment are given by

d[Ab
[dtBM] = kofs1 [Ab_sBCM Agns] — kon1 [Abpas][sBCM Apy) (13)
+ koo [Ab,CD3BM] — kono [AbBM] [CD:LBM] + kom1 [Ab,BCMABM]
Ve
— kont [AbBM] [BCMABM] — ktT’BMfc[AbBM] + ktTciBM@[Abc]
d[sBCM Apy] V. [sBCMAY
—_ =k €M Miot| — ktrg BCMA 14
i deg-sBOMATY 0 T [M Myor] — ktrspoma[sBOCMApny]  (14)

— kon1[Abpr][sBCM Ap ] + ko1 [Abs BCM Ap ]

The rest of the dimerization and trimer formation equations are:

d[Ab_BCM Ap ]

7 = konl[AbBMHBCMABM] — kom1 [Ab,BCMABM] (15)
— kon2[Ab_BC M App][CD3pas| + kote2[Trimer]
d[AbSB(ZM ApM]  Abparl[sBOM Apar] — kogn [Ab_sBCM Apy] (16)
— ktrspema BM . Vau [Ab_sBC M Apy] (17)
d[Ab(zlf?’BM] — o[ Abia][C D3] — koAb CD3 5] (18)
— kon1[Ab_C' D3| [BCM Apg| + kogr1 [Trimer]
d[Trimer]

= kon1[Ab_.CD3pp|[BCM Apny] — kog1 [Trimer] (19)
+ konQ [Ab,BCMABM] [CD3BM] — koﬁ‘g [Tm'mer]

dt

The total receptor counts in the bone marrow are given by

L_to_ulL
CD?)totBM = TCBM X CD?)denSityilelQ (20)
av_num
L_toulL
BOM Awipas = MMy x BMC Agensity ———— 1e12 (21)
av_num

and the free receptors in the bone marrow are calculated:

BCMAgy = BCM Aoty — Ab_BCM Agyy — Trimer (22)
CD3gy = CD3ioiv — Ab_CD3gy — Trimer. (23)

1.2.2 Tumor cell dynamics in BM

The equations for tumor plasma cell dynamics follow the standard Simeoni [9] tumor growth
dynamics with a kill term driven by trimer concentration as follows:
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[M Miot]
d[M M L V5.7
MM _ e M) — Kol M) 2
. "
(1 + (ﬁMMtoJ >
d[M M. 4
[dtQ] = Kynan[M M| — —[M M (25)
™
d[M M. 4 4
[61753] = L) — L) (26)
T™ ™
d[M M,] B i i
dt T MM ™ M Mi] 0

where 1)/ is a total delay transit compartment rate. The rate of tumor killing and the overall
efficacy is dependent on the trimer to tumor ratio as follows:

[Trimer] \ng,
(€+[M M])

Niill [Trimer] N :
Kriinn + ()™

Kyiin = o

The term ¢ is a small value introduced for numerical stability. With this formulation, tumor
killing would be achieved if trimer levels are high while tumor levels are either low or high, or
when trimer and tumor levels are both low.

Finally, the tumor killing half-max effect term, k,,x;;; was designed to be time-dependent in
order to capture the patients who showed initial FLC/M-protein lowering but then ultimately
relapsed with an increase in paraproteins. This weakening of trimer kill efficacy over time can
correspond to eventual attenuation of T cell activity due to variety of known mechanisms, such
as PD-1 expression. We implement this effect using the following equation:

kmkzll = km (1 + aresis(l — eiﬁ”“ESiS(t*TTesis))

where esis 18 the maximum addition resistance that increases the trimer/drug needed to
induce efficacy, T,esis 1S the time it takes for the resistance to occur, and B,.ss is the rate at
which the resistance reaches maximum effect.

1.2.3 CD3+4T cell and cytokine dynamics in BM

For BM T cell and cytokine dynamics, we partially adapt the model of [2] with key focus on
production of a pro-inflammatory cytokine (e.g., IL-6) in response to T cell activation due to
binding in a trimer complex with MM cells in the BM. Additional assumptions or deviations
from Chen et al. include:

e Significant T cell activation in the BM results in inhibition of T cell back-flow from the
BM back into circulation.

e Cumulative cytokine exposure is reduced with each new dosing interval, instead of being
set to 0.

24



As in the central compartment, we have an equivalent BM equation for T cells:

d[Tecpp)

V.
= krc.cpm——Tcells.] — krc v c[Team] (1 — Tinn) (28)
dt Veum

with a T cell transport inhibition term,

Cyiy Trimer™tri
Tinh = ImaxTC (K?CW + C«gc]\ydt Kgbm + Trimerniri . (29)

The quantity Cgys = (Ceay + C1 + Oz + Cs + Cy + C5) /6 gives the average cytokine levels in
the BM. Thus, T cells transport out of the BM decreases as BM trimer and cytokine levels
increase.

The cytokine equations read as follows:

d[C(;JiM] = Royn(1 — ITH) — (ktr_cyt + Kdeg.cyt) [Cr] (30)
d[gtl] = ktr_eyt|CBM] — (Ktr_eyt + Kdeg_cyt)[C1] (31)
A by ctlC1) ~ (B + Ky )2 )
d[gt?)] = ktr eyt [C2] — (Ktr_cyt + Kdeg_cyt)[C3] (33)
A — b cytl03] — by + gy -
A — K eyl C) — (kg + gy )

d[fzm] = [Cou) — Bproa (36)

The terms [Cpa] to [Cs] represent cytokine concentrations in various compartments (i.e.
[Cea]: release compartment, [C1] to [C5]: five transit compartments, [C.]: circulation com-
partment described in the central compartment section).

Similar to [2] a negative feedback loop, IH was incorporated by assuming inhibition on
cytokine release is a function of cumulative cytokine exposure during individual dosing inter-
vals, Cyye, Whereas cytokine release rate, Ry, is trimer dependent. The cumulative cytokine
exposure in this model is reduced (by division) at each dosing interval using a Hill equation
dependent on a dose counter:

Couen—1(T
Cune(0) = — 22t (37
5 (1 o 1.32+(N+1)2>
where N is the number of doses and 7 is the length of the dosing interval.
Thus, the equations for cytokine release inhibition and cytokine release are given by
cnic Trimer™2c
IH = Imax$ Rsyn = Emax (38)

ICZC + Caié EC3° + Trimernzc
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1.3 Description of objective function for virtual population calibration

From the plausible population, we select 120 virtual patients by using an objective function
that uses the 3 metrics described below. All endpoints described are used simultaneously for
model calibration and applied via a genetic algorithm (see Figure S3a for genetic algorithm
flowchart).

1.3.1 Best biochemical objective response

Best biochemical objective respose (BOR) is defined as the greatest decrease of percent change
from baseline of integrated paraproteins (serum M-protein or FLC). We use BOR from the
MM3 Cohort A trial (n = 120 patients) to calibrate the BOR of the virtual populations. Let
b;) be the ranked BOR of patients ¢ = 1,...,120, we separatate the ranked BOR into 10
distinct groups and estimate the median BOR for each group, b, for g = 1,...,10 , as shown in
Figure S6. We repeat the process with a virtual population of 120 virtual patients, B(;) where
j=1,...,120, and the median BORs for each group is By for g = 1,...,10. We minimize the

function:
10

Z(by - Bg)z

g=1

and select the proposed virtual population (VP) such that the function above yields a value
below an acceptable threshold.

1.3.2 Paraprotein dynamics

We define the paraprotein dynamics for patients ¢ as the percent change from baseline in the
integrated paraprotein (see Figure S4 for guideline of biomarker selection) in the form:
Diy = Lit — L4,0
Zi,0

where x; ¢+ is the value of the paraprotein at scheduled assessment ¢, and xg is the baseline value.
We use the paraprotein dynamics from all monotherapy arms with QW dosing in both studies
(MM1 and MM3 Cohort A) which results in 7 different arms. For each arm, a = 1,...,7,
we obtain the median percent change at each tumor assessment point, ¢ (every 3 weeks) and
minimize the least squares, weighing by number of patients of each arm, n,. Thus, our objective
function is:

7
§ : § : 2
Ng (dmedian,ta - Dmedian,ta)
a=1 ta

where dyedian,t, is the median percent change for a proposed virtual population (simulated
under similar conditions as the arm it is being compared to) at tumor assessment time ¢, in
arm a.

1.3.3 Biochemical response rates

Biochemical response rates (BRR) are defined as the percent of patients in each arm that had
a decrease of 50% of greater from baseline and response is observed for at least two consecutive
tumor assessments. This metric is similar to the objective response rates, but relies on only
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serum paraprotein responses. We used the same arms used for the paraprotein dynamics
response for calibration but stratified patients by sBCMA levels at baseline (high vs low).
Thus, we have up to 14 possible arms to calibrate BRR. Let R, ; be the BRR for patients
inarm a = 1,...,7 and sBLCA group h = 0(low sBCMA), 1(high sBCMA). We propose a
virtual population, stratify by high/low levels of sSBCMA, simulate all 7 arm schedules, and
calculate BRR, r, 5. We add the following term to the objective function:

7 1
Z Z na,h(ra,h - Ra,h>2-

a=1h=0

1.4 Miscellaneous
1.4.1 Calculation of standardized proportion of trimers from Figure 4

We take the simulated dynamics of drug, trimer and dimer (drug-BCMA) concentration of all
virtual patients accross the five simulated schedules (16 mg, 28 mg, 44 mg, 76 mg, and 152 mg
QW). For each dose and each patient, we calculate the mean drug concentration. Let T; and
M; be the average trimer and drug-BCMA dimer concentration for patient 7, respectively. For
each dose, we calculate the ratio of trimers to BCMA bound complexes, Riyimer,i,dose:

R Ti,dose
trimer,i,dose — 5 =
Ti,dose + Mi,dose

We standardize the ratio accross the 5 simulated for each patient:

R* . Rtrimer,i,dose - mindose:l,...,S(Rtrimer,i,dose) (39)
trimer,i,dose
maXdosezl,...,S(Rtm'mer,i,dose)

*

trimeri dose for 4 virtual patients.

Figure 4 shows the mean drug concentration plotted against R
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