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Despite recent advances inimmunotherapies targeting single
tumor-associated antigens, patients with multiple myeloma eventually
relapse.ISB2001isa CD3" T cell engager (TCE) co-targeting BCMA and CD38
designed to improve cytotoxicity against multiple myeloma. Targeting of

two tumor-associated antigens by a single TCE resulted in superior cytotoxic
potency across a variable range of BCMA and CD38 tumor expression
profiles mimicking natural tumor heterogeneity, improved resistance to
competing soluble factors and exhibited superior cytotoxic potency on
patient-derived samples and in mouse models. Despite the broad expression
of CD38 across humantissues, ISB2001 demonstrated areduced T cell
activation profile in the absence of tumor cells when compared to TCEs
targeting CD38 only. To determine an optimal first-in-human dose for

the ongoing clinical trial (NCT05862012), we developed aninnovative
quantitative systems pharmacology model leveraging preclinical data,
using aminimum pharmacologically active dose approach, therefore
reducing patient exposure to subefficacious doses of therapies.

Multiple myeloma (MM) is the second most common hematological
malignancy with an estimated worldwide incidence 0of 160,000 casesin
2020 (ref.1). New therapies, including anti-CD38 monoclonal antibodies
and bispecific TCE antibodies have substantially extended patients’ lifes-
pans. Teclistamab?, a TCE-targeting B cell maturation antigen (BCMA) on
MM cellsand CD3son T cells, has demonstrated high overall response
rates””. Additional BCMA-targeting TCEs have been explored: EM801
(ref. 6) and alnuctamab’ utilize a bivalent binding to BCMA, allowing
target cell avidity with the anti-CD3e domain located proximal to the
silent Fc®. However, patients with relapsed/refractory (r/r) MM con-
tinue to progress. Multiple emerging resistance mechanisms, includ-
ing tumor-associated antigen (TAA) downregulation, account for this.

Simultaneous targeting of two TAAs is a promising approach to
prevent escape of tumor cells®’. We explored the co-targeting of BCMA
and CD38 on MM cells within asingle TCE.ISB 2001 is a trispecific anti-
body based on the BEAT (Bispecific Engagement by Antibodies based
on the TCR) platform™*™.

Preclinical toxicology studies require cross-reactivity at similar
affinity of allbinding domains with animal species antigens. This gen-
erally limits first-in-human (FIH) dose selection to the most conserva-
tive minimum anticipated biological effect level (MABEL) approach
due to lack of relevant animal data. It is therefore important to estab-
lish new approaches to increase the starting dose and minimize the
number of patients exposed to inactive doses, a guiding principle for
dose-escalation phase I trials as per European Medicines Agency and
US Food and Drug Administration (FDA) guidelines™ ™.

Here we show that dual targeting of BCMA and CD38 increases
the binding avidity to MM cells and leads to their enhanced killing.
This approach also limited the inhibitory impact on tumor killing
by soluble factors (soluble BCMA (sBCMA) and APRIL), found at a
high level in patients with MM. The architecture and location of the
Fab domains of ISB 2001 were optimized to induce strong tumor
killing, while minimizing on-target, off-tumor T cell activation and
cytokine secretion. In vivo, ISB 2001 was able to induce complete
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Fig.1| Generation of ISB2001,aCD3 x BCMAx CD38 trispecific antibody
based on the BEAT platform. a, Cartoon and structural model of ISB 2001 BEAT.
On the cartoon, immunoglobulin domains are shown as rectangles. VH domains
of the anti-CD38, anti-BCMA and anti-CD3¢ binders are depicted in blue, orange
and magenta, respectively. All binders make use of acLC depicted in gray.
Fc-silencing mutations are depicted by the orange dots. The BEAT interface
shownin the CH3 domains is depicted by the green and black dots. Chain A
encompasses an engineered human IgG1 CH2 domain with an engineered
humanIgG3 CH3 domain. Chain B has engineered human IgG1 CH2 and CH3
domains. CHx, constant domain x; TCR Ca or TCR C3, BEAT interface proprietary
mutations based on the T cell receptor constant domain « or 3, respectively. ISB
2001 BEAT was generated by homology modeling. b, Human T cell activation of
anti-CD3¢ produced as human IgG1 LALA and control isotype by incubating with
adose-response of the cLC Fab bound to the plate. Graph shows mean + s.d.
(n=6independent T cell donors from two independent experiments).

Time (s)

Time (s)

¢, SPR sensorgrams from asingle replicate show blockade of BCMA/APRIL
interaction (top sensorgram) and blockade of BCMA/BAFF interaction (bottom
sensorgram) upon binding of anti-BCMA-E6 Fab to recombinant human BCMA
protein. Curves are colored by anti-BCMA-E6 Fab concentrationin BCMA/
anti-BCMA premix solution. Data provided are from a single experiment (no
repeats). d, Competition binding assay by Octet BLI. Curves represent injection
of anti-CD38-B3 Fab/daratumumab Fab premix (dashed line) or daratumumab at
twofold concentration of saturating solution (solid line) over CD38 immobilized
surface saturated with daratumumab Fab from a single replicate inone
experiment (no repeats). e, Binding sensorgrams of respective representative
measurements from three independent replicates show the binding of ISB

2001 to human CD3e8, human BCMA and human CD38 by SPR. Colored curves
represent single concentration injections with serial dilutions of 1:3. Black curves
represent 1:1kinetic fits (BCMA and CD38). For binding to CD3¢6, the K, was
inferred from a steady-state affinity model.

tumor regression in humanized mouse models. ISB 2001 showed
superior cytotoxicity of patient-derived r/r MM cells when compared
toteclistamab. Finally, we created a quantitative systems pharmacol-
ogy (QSP) model supporting aminimal pharmacologically active dose
(MPAD) approach for the FIH dose calculation, substantially increas-
ing starting dose over MABEL. This innovative approach was accepted
by the US FDA and Australian Human Research Ethics Committee,

paving the way for similar determination of the FIH dose for other
TCEsin preclinical development.

Results

Generation of ISB2001a CD3, BCMA, CD38-specific antibody
ISB 2001 consists of anti-CD3e Fab with a 15-amino-acid flexible gly-
cine-serine peptide linker (3xG,S) attached to an anti-BCMA Fab on

Nature Cancer


http://www.nature.com/natcancer

Article

https://doi.org/10.1038/s43018-024-00821-1

a Cytotoxicity b Cytotoxicity c Cytotoxicity
~ 120 z < 120 > < 120 .9 1sB2001
S X - ¢ S
< 100 W CD3xDUxXCD38 qu < 100 CD3xBCMAxDU  HI" £ 100 -+ CD3xCD38x BCMA
2 ! 2 -~ CD3 x DU x BCMA = o — o
< -~ CD3 x CD38 x DU < 1 k= 3 DUxDUxDU >
2 87 s buxpuxou S 8073¢ puxpuxpu & = 80 T a2
= 60 T = = 60 / $m0
= = = i
[3] [3] [3]
© 40 4 © © 40
5 R Y% 5 5 @DH{@
£ 20 i ifﬂ £ » E 2 i
= o] T T T T T T T T T T 1 = T T T T T 1 L o T T T T T T T T T T 1
SRS PN PRR PRIR F AN N0 OO O F AN N OO OO O
0000 PP © N \0\90 SEE 000090 PSS Vo SELS 000090 PSRN N ,@\90 SES
o O \00000 o 'S 000 o O \00000
N N [\
Concentration (pM) Concentration (pM) Concentration (pM)
d On-target off-tumor e On-target off-tumor f On-target off-tumor
100 100 100
< & CD3xDUxCD38 3 4% CD3 x BCMA x DU S @ 1SB 2001 T
S 80 1 4 CD3xCD38*DU S 80 - 4 CD3xDUxBCMA £ 80| -~ CD3xCD3B BCMAT/L
oo} @ @
Q Q 60 Q 60
o o ° v ‘
- - - N
+O +O 40 86 Qq” +O 40 ‘[H QEHO
8 8 ! : 8 i
a S 20 S 20
O &) (] é
o - o ——re-p-ere———
f ANV OO0 000 f A DN VOO LL OO
000090 0,0 o N ,@\‘000900900‘0 OQQQ»QO 09 o N ,\0\900900‘090‘00
o SRS o RESE N
A ANy
Concentration (pM) Concentration (pM) Concentration (pM)
MOLP-8
P <0.0001
9 h i j P <0.0001
KMS-12-BM NCI-H929
100 100,000 100,000 100,000 4 | F=2:0008
@ 1SB 2001 P <0.0001
= P <0.0001 - P<0.0001 P=0.0005
& go | -® CD3xBCMAxDU ~ 10,000 - 10,000 10,000 -
2 -m CD3xDUxCD38 % P <0.0001 P<0.0001 [ 3]
= ¢ = 1,000 + 1,000 1,000 -
S e @y i - & . W = ®
=~ x DU x i i i | e i
= § / 2 100 100 100
o (o]
5 £ 10 4 10 10 4
g & 1] o8 NG 1| o8 NQ 14
2
0.1 0.1 ——— 0.1 6% —
N D X N > (x ND B X
ORI S O Do S0 D
P W P R W+ P VW 4O P
€ N K\ \%00\5 s \9’00\5 A\
Concentration (pM) (53’ o SR "9+Q) ot P ‘b+% o P
+ 4 + + + 4+
P o QD o Q° D> o
O 0() OQ QO OQ 00 O 00 CJQ
C
K]
3 15,000 P4
ISB 2001 8 @ ISB 2001 N
TR il
=9 43- CD3 x BCMA x DU o
£ 8 10,000
=€ ’ = CD3xDUxCD38 000080 o00ggo® V2
Q= @ Qb
O =
5 & 5000 & pamE
ENE -3
23
T2
§ 0 2 4 6 8 10 12 14 16 18 20 22 24
=

Fig.2|ISB 2001 optimized architecture and avidity binding increases
killing and accelerates synapse formation. a-c, Cytotoxicity of KMS-12-BM
cells at different concentrations of CD3 xDU x CD38 and CD3 x CD38 x DU
(a),CD3 x BCMA x DU and CD3 x DU x BCMA (b) and ISB 2001 and

CD3 x CD38 x BCMA (c). RDL assays were performed at a 5:1 effector to target
ratio for 48 h with purified T cells. Graphs show four-parameter logistic
curve fitting with symbols representing mean + s.d. (n = 6 independent T cell
donors from two independent experiments). d-f, T cell activationina HD-
PBMC at different concentrations of CD3 x DU x CD38 and CD3 x CD38 x DU
(d),CD3 x BCMA x DU and CD3 x DU x BCMA (e) and ISB 2001 and

CD3 x CD38 x BCMA (f). Graphs show four-parameter logistic curve fitting
withsymbols representing mean +s.d. (n =6 independent T cell donors from
two independent experiments). g, Cytotoxicity of the KMS-12-BM cell line at
different concentrations of ISB2001, CD3 x BCMA x DU, CD3 x DU x CD38
and the combination of CD3 x BCMA x DU and CD3 x DU x CD38. Graphs show
four-parameter logistic curve fitting with symbols representing mean + s.d.

Time (h)

(n=6independent T cell donors from three independent experiments).

h-j, EC,, values for cytotoxicity on KMS-12-BM (h), NCI-H929 (i) and MOLP-
8(j).log,,(ECs,) (n = 6 independent T cell donors from three independent
experiments; EC;, values for CD3 x DU x CD38 were not quantifiable except for
n=2onMOLP-8) were compared using repeated measure ANOVA followed by
Tukey’s multiple comparisonin h-j. k, Representative confocal image (from
three independent experiments) of ISB 2001 (white) and the synapse between
aT cell (green) and a KMS-12-BM cell (blue), acquired with a Zeiss LSM 800
inverted confocal microscope, magnification x40. 1, Quantification of T cell
and KMS-12-BM tumor cell interaction over time using Incucyte live imaging
forISB2001, CD3 x BCMA x DU and CD3 x DU x CD38. Quantification of T cell
and tumor interaction using Incucyte. Graph shows mean of n = 6 (ISB2001)
or5(CD3 x BCMA x DU and CD3 x DU x CD38) technical replicates from two
independent experiments. Statistical differences from post-hoc comparison are
shownin the graphs as exact Pvalue when statistically significant (P < 0.05).
NQ, not quantifiable. WT, wild-type.
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the BEAT B chain'®" (Fig.1a). The anti-CD38 Fab is linked to the BEAT A
chain. The CD3¢-,BCMA- and CD38-binding domains of ISB2001 were
selected froma synthetic antibody variable heavy (VH) phage display
library consisting of VH1-69, VH3-23, VH3-15 and VH3-53 germlines
with a Vk3-15/Jk1 common light chain (cLC). Hits were identified by
library screening against the recombinant ectodomain of the antigen
and target-expressing cell lines.

The anti-CD3¢ Fabs were selected for their ability to induce
T cell activation (Fig. 1b). The anti-BCMA Fabs were selected to block
BCMA-APRIL interaction. Surface plasmon resonance (SPR) shows
that anti-BCMA-E6 Fab (nonoptimized variant of anti-BCMA Fab in
ISB 2001) effectively blocked the binding of BCMA to both APRIL and
BAFF (Fig.1c). Given that patients will potentially receive daratumumab
directly beforeISB 2001, the anti-CD38 Fab was selected to avoid bind-
ing competition with daratumumab. To evaluate binding properties,
competitive biolayer interferometry (BLI) assays were performed.
Anti-CD38-B3 Fab (nonoptimized variant of anti-CD38-binding arm of
ISB2001) was able to bind to the CD38 ectodomain in the presence of
daratumumab, indicating that both antibodies had different binding
epitopes (Fig.1d). Antibodies underwent affinity maturation by rand-
omization of the heavy chain’s complementarity determining regions
(CDRs).ISB2001bound to human CD3¢ with medium-low affinity (dis-
sociation constant (Ky) = 41.4 nM by SPR) and with high affinity toboth
BCMA (K;=1.9 nM) and CD38 (K; = 2.7 nM) (Fig. 1e and Supplementary
Table1). The affinity of ISB 2001 to CD3¢ is comparable to alnuctamab
but hasa20-fold faster off-rate and a fivefold lower affinity compared
toteclistamab and EM801 (Supplementary Table 1). The affinity of ISB
2001to CD38-negative T cellsis comparable to EM801 and alnuctamab
butlower thanthat of teclistamab (Extended DataFig.1a-c). Based on
analytical characterization, including size-exclusion high-performance
liquid chromatography (SE-HPLC), nonreduced and reduced capillary
gel electrophoresis and differential scanning calorimetry (DSC), we
demonstrated that ISB 2001 possesses good biophysical properties
(Extended DataFig.1d-g).

To avoid binding to Fc-y receptors (FcyRs), the L234A/L235A
(LALA)" and P329A" mutations (EU numbering) were introduced into
BEAT A and BEAT B heavy chains of ISB2001, which eliminated binding
to FcyRs (Extended Data Fig. 2).

Avidity and architecture determine ISB 2001 properties

To assess whether the relative positions of the binding domains impact
function, ISB 2001 (CD3 x BCMA x CD38) (Fig. 1a) was compared
to CD3 x CD38 x BCMA, in which the anti-CD38 domain is proximal
to the anti-CD3e-domain. Control molecules with one tumor bind-
ing domain replaced by an irrelevant dummy Fab (DU) were also pro-
duced. The different constructs were first evaluated for tumor killing on
aMM celllinein aredirected lysis (RDL) assay. The tumor cytotoxic-
ity of control molecules with single tumor binding domain was supe-
rior when the anti-TAA domain was closer to the anti-CD3e domain

(Fig. 2a,b); however, both trispecific molecules showed similar and
potent tumor cell cytotoxicity, indicating that either of the two TAAs
canbe placedin close proximity to the anti-CD3& domain for maximal
cytotoxicity (Fig. 2c).

AsCD38hasbroad expressionin peripheralblood"”'®, we hypothe-
sized that the proximity between the anti-CD3¢ and anti-CD38 domains
may trigger CD38"-cell depletion and higher T cell activation in the
absence of tumor cells. Indeed, CD3 x CD38 x DU showed higher
on-target off-tumor T cell activation and cytokine secretion com-
paredto CD3 x DU x CD38 (Fig. 2d and Extended Data Fig. 3a). Neither
CD3 x BCMA x DU nor CD3 x DU x BCMA antibodies demonstrated
any detectable on-target off-tumor activity (Fig. 2e and Extended
Data Fig. 3b). Notably, the on-target off-tumor T cell activation and
cytokine secretion were higher for CD3 x CD38 x BCMA compared to
ISB 2001 (Fig. 2f and Extended Data Fig. 3c). These data show that the
architecture of ISB 2001 preserves high cytotoxicity toward tumor
cells, while inducing minimal T cell activation and cytokine secretion
in the absence of tumor cells.

ISB 2001 was designed to mediate strong binding to tumor cells
expressinglowlevels of either TAA, through dual targeting of BCMA and
CD38. Weselected three MM cell lines, KMS-12-BM (BCMA'*"CD38'*¥),
NCI-H929 (BCMA™CD38™™) and MOLP-8 (BCMA*CD38"&") to model
the diversity and heterogeneity in expression of BCMA and CD38 on
MM cells (Extended Data Fig. 3d-fand ref.19).I1SB 2001 showed higher
maximum binding and lower K; on the three MM cell lines compared
to the CD3 x DU x CD38 and CD3 x BCMA x DU controls (Extended
Data Fig. 4a-c). ISB 2001 also showed higher maximal binding to the
NCI-H929 wild-type cell line compared to that lacking either BCMA or
CD38 (Extended DataFig.4d). These datademonstrate the advantage of
the avidity binding associated with the dual targeting of BCMA*CD38"
cancer cells by ISB 2001.

To explore the advantage of avidity binding to trigger cytotox-
icity, ISB 2001 was compared to DU controls in RDL assay. ISB 2001
showed significantly increased cytotoxicity against KMS-12-BM cells,
compared to the two monotargeted controls, (half-maximum effec-
tive concentration (ECs) of 2.2 + 0.7 pM for ISB 2001, not quantifi-
able for CD3 x DU x CD38 and 164 + 56 pM for CD3 x BCMA x DU)
(Fig. 2g,h). Similar results were observed for NCI-H929 and MOLP-8
cell lines (Fig. 2i, j). Enhanced cytotoxicity of ISB 2001 compared
to the monotargeting controls was further demonstrated for five
additional cell lines (Extended Data Fig. 4e). The cytotoxic potency of
ISB2001was also increased compared to the combination of the two
controls, suggesting that ISB 2001 activity was driven by avidity
binding and not due to the additive effect of targeting two anti-
gens on MM cells independently (Fig. 2g-j). The control molecule
CD3 x DU x CD38 showed detectable killing activity mostly when
targeting cells with high CD38 expression, usually found in malig-
nancies, such as MOLP-8, RPMI-8226, LP-1and KMS-12-PE (Fig. 2j and
Extended Data Fig. 4e).

Fig. 3 | Dual targeting of BCMA and CD38 by ISB 2001 allows efficient
tumor cell killing, evenin the presence of sSBCMA, APRIL and sCD38.

a-d, Cytotoxicity of the KMS-12-BM at different concentrations of ISB 2001,
teclistamab, alnuctamab and EM801 (a) and ECs, values for cytotoxicity of
KMS-12-BM (b), NCI-H929 (c) and MOLP-8 cell lines (d). Graph in a shows four-
parameter logistic curve fitting with symbols representing mean = s.d. of six
independent donors. log,,(ECs,) (n = 6 independent T cell donors from three
independent experiments) were compared using repeated measure ANOVA
model and Dunnett’s comparisoninb-d. e,f, CD8" T cell activation (e) and
proliferation (f) after treatment in an RDL assay against KMS-12-BM. log,,(ECs,)
(n=6independent T cell donors from two independent experiments) were
compared using repeated measure ANOVA model and Dunnett’s comparison.
g,h,ISB 2001, teclistamab, alnuctamab and EM801 killing curves (g) and

EC,, values for cytotoxicity (h) of NCI-H929 WT, CD387~and BCMA ™ cell
lines. log,,(ECs,) (n =4 independent T cell donors (before acceptance criteria

exclusion) from two independent experiments) were compared using repeated
measure ANOVA model and Dunnett’s comparison to ISB 2001. Graphs ing show
four-parameter logistic curve fitting with symbols representing mean + s.d. (n = 4
independent T cell donors). i, ECs, of cytotoxicity, IL-6, IFNy, TNF and IL-10 release
inan RDL assay against KMS-12-BM. Boxplots show 25th to 75th percentile and
whiskers minimum and maximum values of n = 6 donors from two independent
experiments. j,k, Cytotoxicity in presence (+) or absence (-) of soluble factors
after treatment with ISB 2001, teclistamab, alnuctamab and EM801 (j) or ISB
2001and CD3 x BCMA x BCMA molecule (k) in an RDL assay. log,,(ECs,) (1= 6
independent PBMC donors from two experiments) were compared using two-
way ANOVA and Tukey’s multiple comparisons in k (only differences between ISB
2001 and TCEs with soluble factors are shown). RDL assays were performed ata
5:1effector to target ratio with purified T cells or PBMCs with six donors for 48 or
72 h. Statistical differences from post-hoc comparison are shown in the graphs as
exact Pvalue when statistically significant (P < 0.05). NQ, not quantifiable.
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TCEs mediate tumor cytotoxicity by forming stableimmunologi-
calsynapses (ISs) between tumor cells and T cells***. The ability of ISB
2001 to mediate IS formation was evaluated by confocal microscopy.
ISB 2001 was enriched at the interface between T and KMS-12-BM
cells after 4 h of incubation, suggesting that the trispecific antibody
mediated close interactions between tumor and T cells enabling IS
formation (Fig. 2k). Live imaging of tumor and T cells incubated with
ISB 2001 at 2 nM showed higher contact rate compared to controls
(Fig. 2l and Extended Data Fig. 4f). Similar results were observed at
lower concentrations of TCEs, although with slower kinetics (Extended
DataFig. 4g-i).

ISB 2001 confers superior killing than monotargeted TCE

The cytotoxic potency of ISB 2001 was further compared to TCEs with
monovalent or bivalent BCMA targeting: teclistamab?, EM801 (ref. 6)
and alnuctamab’. ISB 2001 demonstrated higher cytotoxic potency
compared to teclistamab and EM801 on all cell lines and compared
to alnuctamab on NCI-H929 and MOLP-8 (Fig. 3a-d). ISB 2001 was
able toinduce very potent cytotoxicity of MOLP-8 cells, expressing
3,000 BCMA molecules, with 20- to 260-fold lower EC;, compared to
BCMA-specific TCEs (Fig. 3d). Cytotoxicity correlated with CD8" and
CD4" T cell activation and proliferation (Fig. 3e,f).

ISB 2001 showed similar potency to anti-BCMA TCEs on CD38
knockout (KO) NCI-H929 cells but also induced killing of MM cells when
BCMA was absent, unlike other TCEs tested (Fig. 3g,h). Despite the high
cytotoxic potency of ISB 2001, induction of pro-inflammatory cytokine
secretion was similar to the other less-potent TCEs (Fig. 3i), with the
cytokine release EC,,in the RDL assay ranging from 66 to 356 pM.

APRIL,sBCMA and sCD38 are found at higher levelsin the serum of
patients with MM compared to healthy donors (HDs) (up to 50-,10-and
fourfold, respectively)>*>**. These soluble factors either bind to the
TCEsinsolution (SBCMA and sCD38) or compete with BCMA-targeting
TCEs for binding to BCMA on target cells (APRIL). Both interactions
interfere with the efficacy of TCEs. ISB 2001 and the BCMA-targeting
TCEs were tested in the presence of soluble factors at similar level to
those found in patients with MM. The cytotoxic potency of all tested
antibodies was decreased (Fig. 3j); however, ISB 2001 was less affected
by the combination of sSBCMA, APRIL and sCD38 than the other TCEs
(Fig. 3j and Extended Data Fig. 5a). APRIL and sBCMA affected all
BCMA-targeting TCEs when assessed separately and the effect was
additive for the combination of APRIL and sSBCMA, whereas, no effect
was observed with sCD38 alone (Extended Data Fig. 5b).

To further understand the ISB 2001 resistance to soluble factors,
ISB 2001 was compared to a bivalent control (CD3 x BCMA x BCMA).
Thebivalent control showed lower cytotoxic potency compared to ISB
2001. Soluble factors affected its killing capacity by 133-fold compared
to19-fold for ISB2001 (Fig. 3k), demonstrating that monovalent target-
ing of two TAAsby a TCEis superior to bivalent targeting of asingle TAA
inthe context of competing soluble factors.

ISB 2001 shows a favorable safety profile

The expression of CD38 on some peripheral blood cell populations
could potentially limit the therapeutic window of ISB 2001. Thus, the
on-target off-tumor activity of ISB 2001 was compared toa CD3 x CD38
TCE control and to the CD3 x BCMA TCEs teclistamab and alnuctamab
in an HD peripheral blood mononuclear cell (PBMC) assay. In the
absence of tumor cells, ISB 2001 exhibited only minor T cell activa-
tion (as measured by CD25 upregulation on CD8" and CD4" T cells)
compared tothe CD3 x CD38 TCE control. The induction of granzyme
Bin CD8"and CD4" T cells and perforinin CD8" T cells was also lower
for ISB 2001 compared to the CD3 x CD38 TCE (Fig. 4a). At very high
concentration (>1nM), T cell activation and granzyme B induced by
ISB 2001 were slightly elevated compared to BCMA-targeting TCEs
(Fig. 4a). Nevertheless, this concentration is around 400-fold higher
than the concentration at which ISB 2001 reaches the EC,,in an RDL

assay (2.7 £ 1.3 pM), suggesting sufficient therapeutic window for this
molecule. This differencein T cell activation did not contribute to the
additional depletion of different cell populations, as similar number of
CD4" Tcells, CD8" T cells, CD20" B cells, CD14* monocytes and CD56"
natural killer (NK) cells were recovered at the end of the HD-PBMC assay
following treatment with teclistamab or ISB 2001 (Fig. 4b).

Finally, to test whether ISB 2001 has any on-target off-tumor activ-
ity in vivo, we quantified the number of hematopoietic progenitors,
B cell-committed progenitors and mature T cells present in the bone
marrow of CD34* humanized NXG mice 3 days after treatment with ISB
2001 (1.5 mg kg™). TCEs targeting either BCMA (teclistamab) or CD38
(CD3 x CD38 control molecule) were used as controls at the same dos-
age of 1.5 mg kg ™. The counts of hematopoietic progenitor cells, pro-B
cells, pre-Bcellsand T cells in the bone marrow of ISB 2001-treated mice
were similar to the vehicle-treated mice (Fig. 4c,d), showing nodeple-
tion of CD38-expressing cells by ISB2001. Of note, all TCEs showed an
increase in CD38 expressionon T cells, consistent with some immune
activation resulting from the therapy. The CD38-expressing progeni-
tors were present and were not killed by ISB 2001 or control CD38 or
BCMA-targeted TCEs.

ISB 2001 outperforms a combination of BCMA and CD38
therapies

Daratumumab levelsin patients’ circulation remain high for a few weeks
after treatment** which may affect the binding and cytotoxicity of
CD38-targeted therapies. As expected, based on the selection criteria of
the parental anti-CD38 domain, BLI confirmed that the affinity-matured
anti-CD38 FabdomaininISB 2001 does not compete with daratumumab
(Figs.1d and 5a). The putative binding site of ISB20010on CD38, deter-
mined by epitope binning, is shown as an ellipse on CD38 (Fig. 5b). The
cytotoxicity of ISB2001in the presence or absence of daratumumab was
measuredinamultiple mode of actionkilling (MMoAK) assay. This assay
measures targetkillinginduced by T cellsinRDL, antibody-dependent
cell-mediated cytotoxicity antibody-dependent cellular phagocytosis
and complement-dependent cytotoxicity. Daratumumab, which has
maximal cytotoxicity of 36 +18.5% at 100 nM, did notinterfere with the
cytotoxicity of ISB2001, suggesting that it could be usedimmediately
after patients’ relapse from daratumumab (Fig. 5c-e).

In vitro, the addition of daratumumab to teclistamab increased
the maximal cytotoxicity of teclistamab by 1.3-2.3-fold (Fig. 5d,e).
Nevertheless, ISB 2001 treatment at 10 and 100 pM induced higher
tumor cell killing relative to the combination of teclistamab (10 or
100 pM) and daratumumab at 100 nM (Fig. 5d,e).

ISB 2001 induceskilling of tumor cells from MM patients

The cytotoxicity of TCEs in patients with MM may be influenced by the
tumor microenvironment and by the number and functional state of
effector T cells®. The capacity of ISB 2001 to induce MM cell killing was
evaluatedinaRDL assay employing T cells isolated either from HDs or
patients with MM, using PBMCs or bone-marrow mononuclear cells
(BMMCs). ISB 2001 and teclistamab killed KMS-12 BM cells indepen-
dently of T cell origin; however, ISB 2001 consistently showed superior
killing (Fig. 6a,b).

The cytotoxicity and T cell activation induced by ISB 2001 were
further assessed using bone marrow aspirate (BMA) from patients
with MM. The cytotoxicity and T cell activation induced by ISB 2001
and teclistamab were measured following the addition of antibodies to
the patient cells for 17-120 h (Fig. 6¢).ISB 2001 demonstrated superior
cytotoxicity and activation of T cells compared to teclistamabat1, 0.1
and 0.01 nMinboth newly diagnosed and r/r MM patient-derived BMA
(Fig. 6d-g). Notably, we evaluated one patient, who relapsed after
elranatamab treatment, a BCMA-specific TCE (Fig. 6g). While teclis-
tamab induced less than 10% cytotoxicity, ISB 2001 induced fourfold
superior cytotoxicity likely due to overcoming BCMA-downregulation
mechanisms.
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Fig.4|1SB 2001 has a tolerability profile comparable to teclistamab both
invitro andinvivo. a, T cell activation and cytolytic molecules secretion in
HD-PBMC assay treated with ISB 2001, teclistamab, alnuctamab and CD3 x CD38
control. Percentage of CD25" (left), granzyme B (middle) and perforin (right) of
CD8"and CD4'T cells are shown in a four-parameter logistic curve fitting with
symbols representing mean +s.d. (n = 6 independent PBMC donors from two
independent experiments for CD25"; n =3 independent PBMC donors from two
independent experiments for granzyme B and perforin). Dashed line represents
the EC,, of ISB 2001 killing potency in RDL assay on KMS-12-BM. b, PBMC counts
in HD-PBMC assay treated with1 nM of ISB 2001, teclistamab, alnuctamab and
CD3 x CD38 control. Total counts of CD8*, CD4" and CD20" (left) and total
counts of CD14" and CD56" from live cells (right). Cell counts were compared
using RM ANOVA (CD4* and CD20") or Friedman test (CD8" and CD56%), when
donor pairing was effective or Kruskal-Wallis (CD14") test when it was not.
Multiple comparisons were performed using Tukey (following RM ANOVA) or
Dunn’s multiple comparisons (following Friedman or Kruskal-Wallis). Bars

represent the mean and error bars the s.d. (n = 6 independent PBMC donors
from two independent experiments). ¢,d, Quantification of CD38-expressing
cells (progenitors, B cell committed progenitors and mature T cells) in the

bone marrow of HIS-NXG mice 3 days after treatment with 1.5 mg kg ISB 2001,
teclistamab, CD3 x CD38 control or vehicle control (n = 5 bone marrow samples
fromindependent mice from one experiment). Gating of cell populations used
for the plotsind from one vehicle mouse (c). Red numbers located in the top left
corner of the last four dot plots refer to the gated populations shownin the first
dot plot. Plots summarizing the total count and percentage of CD38" cells of the
indicated populationsin the bone marrow (d). Mice reconstituted with different
CD34" donor cells are represented with different symbols; bars represent the
mean and error bars the s.d. (n =5bone-marrow samples from independent mice
from one experiment). Samples were compared using Friedman test or one-way
ANOVA (only for CD4" T cells) followed by a Dunn’s multiple comparisons.
Differences are shown in the graphs as exact P value when statistically significant
(P<0.05).
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Fig.5|ISB 2001 cytotoxic potency is not affected by daratumumab co-
treatment and shows stronger killing potency than the combination of a
BCMA TCE and daratumumab. a, Competition binding assay by Octet BLI shows
the absence of competition between ISB 2001 and daratumumab, as suggested
by additive binding signal upon sequential exposure of a daratumumab-
saturated CD38 sensor surface to ISB2001 (dotted line). Saturation of the CD38
sensor surface was verified by dipping the daratumumab-saturated CD38 sensor
surfaceinto asolution of daratumumab at twofold concentration of saturation
solution (solid line). Representative plot shows binding to the sensor tipas a
wavelength shift (response) versus time (n = 2 independent measurements).

b, Surface representation of CD38 llustrating the hypothetical epitope bin of
ISB 2001 (dashed line), as determined from epitope binning assays including
daratumumab and isatuximab. The epitopes of daratumumab (PDB 7DHA)
andisatuximab (PDB 4CMH) are colored blue and orange, respectively.
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¢, Cytotoxicity of the KMS-12-BM cell line at different concentrations of ISB 2001
and teclistamab in the presence or absence of 100 nM daratumumab ina MMoAK
assay. Dotted lines show the no-treatment and daratumumab at 100 nM-only
conditions. Four-parameter logistic curve (c) fitting from a representative
donor (n=9individual PBMC donors and n = 8 individual donors for ISB

2001 + daratumumab, from n = 3 independent experiments). d,e, Cytotoxicity of
ISB 2001 and teclistamab at 10 pM (d) or 100 pM (e) daratumumab (at 100 nM)
and a combination of ISB 2001 or teclistamab (at 10 and 100 pM, respectively)
plus daratumumab (at 100 nM) in aMMoAK assay. Each dot represents one
individual donor (n=9 or n =8 forISB 2001 + daratumumab) and bars show the
mean + s.d. from four independent experiments. Means were compared using a
mixed-effects model followed by a Tukey’s multiple comparison and statistical
differences are shown as exact P value when statistically significant (P < 0.05).

ISB 2001 was also compared to teclistamab in one blood sample
from a patient with plasma cell leukemia, an aggressive disease char-
acterized by high numbers of plasma cells in the peripheral blood.
Again, ISB2001showed superior cytotoxicity compared to teclistamab
(Fig. 6h).

Theimportance of the avidity effect of targeting two TAAwas also
demonstrated in a cytotoxicity assay with BMA from patients with
MM (Extended Data Fig. 6). Indeed, we could demonstrate that ISB
2001 was able to induce killing of tumor cells from the bone marrow
of patients with MM at different concentrations, whereas the control
molecules lacking either the anti-CD38 or the anti-BCMA binding
domain could not.

Tumor regression in xenograft mouse models

The pharmacokinetic (PK) parameters of ISB 2001 were determined
following single-dose intravenous (i.v.) and subcutaneous (s.c.) admin-
istrations in immunodeficient NCG mice. The PK profile of ISB 2001
was dose-linear and demonstrated a greater than 1 week elimination
half-life (¢,,). The mean ¢,, ranged from 8.0 days to 11.0 days following
i.v.ands.c.administrations with excellent s.c. bioavailability of roughly

135% (Fig. 7a), supporting weekly dosing regimen used for subsequent
efficacy studies in xenograft models.

Thein vivo activity of ISB 2001 was then evaluated in an MM xen-
ograft model, in which NSG mice were inoculated subcutaneously
with KMS-12-BM tumor cells (BCMA*CD38'%) and human PBMCs
from HDs (Extended Data Fig. 7a). Following ISB 2001 treatment, sig-
nificant tumor growth control was observed at all doses tested (0.5,
0.1and 0.02 mg kg™) compared to vehicle (Fig. 7b). Similar results
were obtained in an NCI-H929 (BCMA™CD38™) xenograft model, in
which complete tumor regression was observed at 0.1 mg kg I1SB 2001
(Fig. 7c). Taken together, these data show a strong, dose-dependent,
efficacy of ISB 2001. Moreover, tumor regression was TAA-specific:
ISB 2001 at 0.5 mg kg™ induced complete regression of estab-
lished KMS-12-BM, whereas a control molecule targeting only CD3¢e
(CD3 x DU x DU) had no effect at the same dose (Fig. 7d).

On day 2, tumor infiltrating CD8" T cells had an activated phe-
notype showed by the elevated levels of CD69" and CD25* on T cells
in ISB 2001-treated mice relative to both vehicle and CD3 x DU x DU
(Fig.7e,f), whichwas further supported by the elevated levels of effec-
tor cytokines (IFNy and TNF) measured in the tumor supernatants
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Fig. 6 | ISB 2001 maintains potency to kill primary tumor cells from patients
with MM. a,b, Representative curves of cytotoxicity of KMS-12-BM cell line at
different concentrations of ISB 2001 and teclistamab by T cells isolated from
HD- or PS-PBMCs (n=5and n =2, respectively) or BMA (n=5and n =2 donors,
respectively) (a) and cytotoxicity at 10 pM (b). Percentage of cytotoxicity of
n=3(PS-BMMCdonors) or n=>5 (HD-and PS-PBMC and HD-BMMC donors,
before acceptance criteria application) from n = Sindependent experiments
were compared using REML followed by Sidak’s multiple comparison for each
population of T cells. ¢, Experimental setup schema to assess ISB 2001 and
teclistamab cytotoxic capacity of CD138* tumor cells in BMA and T cell activation.
d, Representative dot plots of CD138" cell killing (top) and CD69* of CD8 T cells
(bottom). e,f, Cytotoxicity of CD138" tumor cells (e) or T cell activation (CD69")
(f) onsamples from patients with MM treated with ISB 2001 or teclistamab at
0.01(n=10 PS for cytotoxicity and n =9 PS for T cell activation), 0.1 (n = 6 PS for

cytotoxicity and T cell activation) and 1 nM (n = 10 PS for cytotoxicityandn=9
PSfor T cell activation). CD138" cell killing and T cell activation were compared
using REML followed by Sidak’s multiple comparison for each concentration.

g, Cytotoxicity of CD138" tumor cells on samples from newly diagnosed

(left, n=4PS) or patients with r/r MM (right, n = 6 PS), treated with ISB 2001

or teclistamab at 0.1 nM. Graph shows dots for individual samples. Previous
treatments are stated in the graph as § for anti-CD38-treated or # for anti-BCMA-
treated PS. Percentage of CD138" cell killing was compared using a Holm-Sidak’s
multiple two-sided paired ¢-test. h, Cytotoxicity curve of CD138* MM cells by

ISB 2001, teclistamab and isotype controls at 20 hin asample fromPCL (n=1
PS). Graph shows four-parameter logistic curve fitting and symbols represent
the mean of replicates (n =2 replicates for ISB2001 and teclistamaband n =4
replicates for isotype controls). PCL, plasma cell leukemia. Statistical differences
areshowningraphs as exact Pvalue when statistically significant (P < 0.05).
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Fig. 7|ISB 2001 shows superior antitumor activity to BCMA TCE benchmarks
in xenograft mouse models. a, ISB 2001 plasma concentration over timein NCG
mice following singlei.v. and s.c. injection (n = 4 mice per group).b-d, NSG or
NCG mice were engrafted s.c. with KMS-12-BM or NCI-H929 cells, respectively
andinoculatedi.p. with PBMCs. Tumor volume is shown following treatment

of KMS-12-BM (n = 8 mice per group, except vehicle n="7) (b) or NCI-H929 (n =9
mice per group) with ISB 2001 (c) and following treatment of KMS-12-BM with
ISB20010r CD3 x DU x DU at 0.5 mg kg™ (n =8 mice per group) (d). Mean +s.e.m.
are shown. Tumor volumes were compared using two-way ANOVA with Tukey’s
multiple comparisons in b-d. e,f, KMS-12-BM tumors were analyzed ex vivo 2
days after treatments (n = 3 mice/group). Expression of human TCRaf in human
CD45' cells and number of TCRa cells per gram of tumor (bars represent the
mean and samples were compared using one-way ANOVA followed by Tukey’s
multiple comparisons) (e). Contour plots show the expression of human CD69
versus human CD25 in tumor infiltrating CD8* T cells and graphs show the
percentage of both markersin CD8" T cells (bars represent the mean and samples

Treatment days

Treatment days

were compared using two-way ANOVA followed by uncorrected Fisher’s LSD
multiple comparisons) (f). g, Concentration of cytokines in NCI-H929 tumor
supernatant (n = 6 mice per group, bars represent the mean + s.d. and samples
were compared using one-way ANOVA followed by uncorrected Fisher’s LSD
multiple comparisons). h-k, KMS-12-BM tumor volume following treatment in
NSG tumor-bearing mice inoculated with PBMCs from healthy human donors
(n=8mice per group, except for teclistamab where n =7) (h) and HIS-NXG

mice (n =9 mice per group, except for vehicle where n =12) pretreated with

200 mg kg of IVIG (i-k). Mean + s.e.m. are shown (h,i). Tumor volumes were
compared using a two-way ANOVA with Tukey’s multiple comparisons. Tumor
growth ofindividual mice shownini (0.1 mg kg ISB 2001 group) (j). Tumor
growth of individual mice upon treatment with the indicated molecules (k). Each
line represents anindividual mouse (j k). Number of mice rejecting the tumor is
indicated on the graphs. Statistical differences are shown in graphs as exact
Pvalue when statistically significant (P < 0.05).
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(Fig. 7g). No systemic activation was observed (Extended Data Fig. 7b).
No orvery low levels of other cytokines found post-TCE treatment such
asinterleukin (IL)-6 and IL-10 were detected in the tumor supernatant
(Extended DataFig. 7¢).

Theinvivo potency comparison between ISB2001and teclistamab
was evaluated ina KMS-12-BM PBMC transfer xenografted model. ISB
2001 induced an antitumor response in all animals at higher doses
(0.1and 0.5 mg kg™). Partial efficacy was observed at the lowest dose
(0.02mgkg™), as well as a reduction in half-life (¢, = 4.3 days), likely
caused by competition for mouse FcRn. In contrast, teclistamab, with
dosing based on a previous study?® (0.1, 0.5 and 2.5 mg kg™), showed
lower overall efficacy despite having slightly superior PK (¢,,=5.8
days) in this model (Extended Data Fig. 7d,e). At 0.1 mg kg™ ISB 2001
induced complete tumor regressionin100% of mice (8 out of 8 mice),
whereas teclistamab showed only partial responses (30.8% of tumor
growthinhibition, 0 out of 7complete regressions) (Fig. 7h). These data
suggest that simultaneous targeting of BCMA and CD38 canlead toan
increased cytotoxicity and tumor clearance in vivo.

To assess the long-termimpact of treatment, ISB 2001 was evalu-
ated in mice engrafted with human CD34" cells. All mice treated with
1mg kg™ of ISB 2001 experienced complete tumor regression. While
all mice treated with 0.1 mg kg™ ISB 2001 responded, only 4 out of 9
mice rejected tumors (Fig. 7i,j and Extended Data Fig. 7f,g). After 3
weeks of treatment, mice continued to be monitored for 46 days and
allmice with palpable tumors experienced tumor regrowth albeit with
greatly reduced kinetics compared to vehicle-treated mice (Fig. 7j).

Finally, the combination of daratumumab with teclistamab was
compared to ISB 2001 using the route of administration and dosage
under clinical evaluation®. While only 4 out of 11 mice rejected the
tumor upon teclistamab treatment (Fig. 7k), ISB 2001 led to tumor rejec-
tionin 8 out of 9 mice, with one nonresponder. Daratumumab as asingle
agent showed no impact on tumor growth but improved the efficacy
ofteclistamab treatment. All mice responded to the combination, but
only 4 out of 10 mice rejected the tumor, similarly to teclistamab alone.

QSP modeling allows MPAD prediction of ISB 2001 starting dose
To establish the optimal FIH dose for ISB 2001 in the absence of
cross-reactivity to toxicology species a QSP model was developed to
link TCE mechanism of action to predicted patient outcome?** (Fig. 8a
and Methods).

The model building was an iterative process, using the output of
earlier models to determine key parameters for subsequent models.
First, abinding model was created to describe the formation of phar-
macologically active species (TCE-mediated trimers/tetramers). These
interactions are described using equilibrium binding kinetics (Fig. 8b
and Extended Data Fig. 8a). This model enabled calculation of the
normalized activation (nACT), indicating how many pharmacologically
active trimers/tetramers are present per tumor cell. Second, the in vitro
pharmacology modellinked cytotoxicity, T cell proliferation and acti-
vation to nACT. The model was evaluated by goodness-of-fit diagnostic
plots at the experiment end with experimental data falling close to the
modeled line, confirming a good fit (Extended Data Fig. 8b). Third, a
modified minimal physiologically based PK (PBPK) model®, includ-
ing atumor compartmentwas created. Then a PK/pharmacodynamic

(PKPD) model was built to link drug concentration to nACT during
tumor regression. The goodness of fit was assessed (Extended Data
Fig.8c) showingthat the model described the dataadequately, though
variable tumor growth at some concentrations could not be captured.
Finally, ahuman PBPK model was developed using parameters scaled
from hFcRn Tg32 SCID mice, which have been shown to be predictive
of human clearance of antibodies** (Extended Data Fig. 8d). Finally,
a human QSP model was created to predict the nACT complex levels
in the bone marrow compartment resulting from specific doses and
schedules of ISB 2001 administration enabling FIH calculation.

This QSP model was validated utilizing teclistamab to allow com-
parison of prediction to clinical outcome (Fig. 8a)'. The in vitro and
invivo experiments comparingISB 2001 and teclistamab (Figs. 3i and
7hand Extended DataFig.7d,e) have been used to calibrate the models.
The goodness-of-fit plots of these newly adapted models showed very
good prediction by in vitro (Fig. 8c) and in vivo PKPD models (Fig. 8d).
This gave us calibrated nACT levels for antitumor activity for both TCEs
that could be used for comparisons to clinical data; however, these
calibrated nACT levels were very different depending upon which
preclinical dataset was used.

To understand which data (invitro or in vivo) has the best predic-
tive value, we used the QSP model to calculate the teclistamab doses
required to achieve nACT corresponding to efficacy in the in vitro
and in vivo experiments. These were then compared to the clinically
approved dose levels of teclistamab'. The QSP simulation based only
ontheinvitro data, showed nACT levels of teclistamab above the EC,,
of tumor killing at a dose of approximately 0.7 pg kg™. Using in vivo
datasets single-dose simulations showed that teclistamab RP2D regi-
men of 60, 300 then 1,500 pg kg™ s.c. (including priming) achieved
approximately the predicted 13%, 40% and 73% efficacy (EC,;, EC,,and
EC,;) inthe xenograft model. The teclistamab QSP model predicted that
based on trimer formation, higher doses than1,500 pug kg™'s.c. will not
lead to higher nACT (Fig. 8e). Clinically teclistamab was tested at doses
up to 3,000 pg kg™'s.c. without reaching an maximum tolerated dose
(MTD) but without improved efficacy over the selected phase Il dose
of 1,500 pg kg™ s.c., suggesting the model correctly predicted TCE’s
clinical activity®**®). Inaddition, the clinically reported minimal effica-
ciousdose (38.4 pg kgi.v.) was predicted to correspond to the EC, of
invivo efficacy, againimplying that the model consistently predicted
teclistamab’s behavior in clinical studies.

Following this validation, predictions were made for robust effi-
cacy of ISB 2001, suggesting that nACT levels would continue to rise
until doses 0f2,000 pg kg™ (Fig. Se), likely due to avidity binding of two
TAAs. Arepeated s.c. dose of 180 png kg™ of ISB 2001 is expected to main-
tainthe nACT level corresponding to in vivo ECy, in the bone marrow of
patients with MM (Fig. 8f). In contrast, ateclistamab dose of 200 pg kg™
achieves only the EC,, of killing corresponding to a 45 pg kg™ dose of
ISB2001 (Fig. 8f). Thus, this model shows that ISB2001should achieve
robust efficacy at doses lower than the teclistamab approved dose.

Finally,an MPAD simulation of nACT following a single dose* was
runforbothISB2001and teclistamab (Fig. 8g). Single doses with nACT
maxima reaching the EC,,, EC;, and EC,, were calculated. Using the
most conservative EC,, calculation, teclistamab doses of 110 pg kg™
s.c. were predicted. However, this low dose was in the range where

Fig. 8 | Human QSP modeling. a, Workflow for developing QSP model.

b, Simplified binding schematic with accompanying equations below, where
[D]isISB 2001 concentration; [T1], [T2] and [ T3] are the concentrations of free
CD3,BCMA and CD38; [D:T1] is a concentration of dimer complex of ISB 2001-
CD3;[D:T1:T2]is a concentration of trimer complex of ISB2001-CD3-BCMA;
[D:T1:72: T3] is a concentration of tetramer complex of ISB2001-CD3-BCMA-
CD38; k,,T1, k,,T2 and k,,, T3 are the association rate constants for CD3, BCMA and
CD38, respectively; and k71, kT2 and kT3 are the dissociation rate constants
for CD3, BCMA and CD38, respectively. ¢,d, Goodness-of-fit plots for ISB 2001
and teclistamab dose-response data in vitro and in vivo post-calibration of killing

models. RSE for in vitro (CD8, CD4 and tumor) ISB 2001 (30%, 29% and 12%) and
teclistamab (20%, 33% and 10%). RSE in vivo ISB 2001 4.7% teclistamab 9.9%.
Symbols represent individual experimental data points (tumor, CD4* T and CD8"
T cell counts for n =1representative donor out of 6 (¢) and tumor volume for
n=8mice per group (d)). Lines show model simulations. e, nACT plots showing
maximum nACT for a range of doses. f, Repeated dose nACT levels reach the
ECs,and EC,, thresholds (ISB 2001) and EC,, threshold for teclistamab. g, MPAD
predictions for ISB 2001 and teclistamab. All RSE values are calculated at the EC,
of the effect modeled. Graphs in e-g show model predictions of nACT levels in
simulated patients.
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teclistamab was delivered IV. Based on clinical results, the minimally
efficacious dose of teclistamab was 38.4 pug kg'i.v.**. At that dose, the
model predicted peak nACT levels in the bone marrow of a patient
with MM equivalent to approximately the EC,, in the in vivo mouse
KMS-12-BM xenograft model. Thus, we calculated an additional EC,,
value for ISB 2001 and predicted that an s.c. dose of 10.5 pg kg™, the
peak nACT level in the bone marrow, will be equivalent to EC,;; hence
this represents the MPAD for ISB 2001 (Fig. 8g).

Additional evaluation of the starting dose was conducted by con-
sidering in vitro cytokine release assay results using ISB 2001 and
teclistamab to determine a dose that should resultin minimal cytokine
release. The EC,, of the most sensitive in vitro cytokine release assay
(TNF) wasselected, and the QSP modeling suggested that this concen-
trationwould be achieved atadose of 5 pg kg™ (ref. 38). The similarity
between the MPAD and the minimal in vitro cytokine release doses
(10.5 pg kgand 5 pg kg™, respectively) strengthened the prediction of
starting dose, and the lower of the two was selected for the FIH clinical
studies of ISB2001.

Discussion

Outcomes for patients with r/r MM have substantially improved with
the introduction of BCMA-targeted TCEs and CAR-Ts. Teclistamab
showed similar efficacy toide-cel, an anti-BCMA CAR-T cell, approved
with median overall survival 0f18.3 months’ and 19.4 months, respec-
tively*. Recently, elranatamab has also been approved based on phase
2 MagnetisMM-3 study, with an overall response rate of 60% (ref. 39).
Despite these encouraging results, patients continue to relapse.
Therefore, itisimperative to develop new therapies to further extend
patients’ remission.

Several mechanisms are potentially responsible for long-term
remission*’. Among many factors, depth of response (DOR) consist-
ently correlates with improved overall survival and progression-free
survival in patients with MM**%, Patients with great DOR remained
longer in remission than minimal residual disease (MRD)-positive
patients*****, Roughly 26.7% of patients treated with teclistamab were
found MRD negative’. Inaddition, alarge meta-analysis established the
role of MRD negativity in long-term survival outcomesin patients with
MM, indicating that potent and rapid killing of tumor cells required
for MRD negativity is warranted for the success of MM therapy*.. The
dual targeting trispecific TCE, ISB 2001, showed superior potency
compared to teclistamab and other tested TCEs, on cells with variable
expression levels of CD38 and BCMA, mimicking the natural expression
heterogeneity observed in patients with MM. Current clinical trialsin
patients withr/r MM are evaluating the combination of teclistamab with
daratamumab®, an alternative strategy also targeting both CD38 and
BCMA. ISB 2001 showed superior potency in vitro and in vivo relative
to thiscombination, suggesting that dual TAA targeting by a single mol-
ecule, which possesses higher avidity against heterogeneous targets,
is superior to combinations of approved therapeutics targeting BCMA
and CD38. Of note, assessment of the CD38" undifferentiated hemat-
opoietic progenitorsin CD34 humanized mice shows that neither ISB
2001 nor teclistamab treatmentimpact their numbers. Taken together
this suggests that ISB 2001 could lead to superior MRD negativity
associated with prolonged patient benefit relative to TCEs targeting a
single TAA or two antibodies targeting the same receptors but having
amixed mode of action,a TCE and amonoclonal antibody in this case.

Another factor associated with low response durability is TAA
downregulation'***¢, This was first observed in the context of treat-
ment with daratumumab*®~*%, where downregulation of CD38 was
observed up to 6 months after therapy and this was associated with
relapse. BCMA expression after T cell-mediated therapies is still
under investigation, but antigen downregulation was observed with
anti-BCMA CAR-T treatment'*,

One mechanism of antigen downregulation is reversible antigen
loss, mostly due to heterogeneity of target expression that enables

expansion of pre-existing minor myeloma cell populations with lower
expression of BCMA and/or CD38 (refs. 19,49,50). To address this,
multi-targeted immunotherapies are being explored for the treat-
ment of patients with MM with antigen downregulation or loss®.
A BCMA/CD38-targeted bispecific CAR-T was described to have
robust cytotoxicity against MM cells expressing either BCMA or CD38
(ref. 51). Similarly, the dual targeting by ISB 2001 induces strong anti-
tumor responses, which could counteract antigen downregulation/
loss of either CD38 or BCMA. When compared to teclistamab, ISB
2001 demonstrated a much higher cytotoxic potency in the context
of BCMA'*CD38""-expressing cells (KMS-12-BM) as well asin CD38 KO
cells while slightly higher when compared in BCMA KO cells.

Antigenshedding could alsointerfere with binding of TCE*2. Strong
potency reduction was observedin all BCMA-targeted TCEs whenincu-
bated in the presence of SBCMA.ISB 2001 has amuch lower sensitivity
to soluble factors than monotargeting TCEs. This may contribute to
DOR and prolonged antitumor response.

Despite being arare mechanism, irreversible antigen loss has also
been described**. Shortly after treatment initiation with anti-BCMA
CAR-T,some MM cells may become BCMA ™~ and patients develop resist-
ance. Such clones derive from MM cells, which have previously accu-
mulated a heterozygous mutation on the TNFRSF17(BCMA) gene>*.
Heterozygous deletions were found in several MM-associated genes
varying from15% of GPRC5D to 4% of TNFRSF17 (ref. 54). Arecentreport
on a larger cohort, showed mono-allelic loss of TNFRSF17in 8.58% of
newly diagnosed patients, associated with increased deletion fre-
quency in other chromosomes*®. The authors suggested that as more
patients with MM receive monotargeted TCEs, an increasing number
of patients may develop irreversible antigen loss and treatment with
dual-antigen-targeting therapies, such as ISB 2001, could prevent
such escape by killing cells expressing only BCMA or CD38, even if at
alower potency.

T cell quality also plays a role in the primary response and in
long-term treatment outcome. T cell exhaustion in patients with
MM has been correlated with progressive disease®. When assessing
cytotoxicity mediated by patients’ T cells, ISB2001 showed a potency
100-fold higher than teclistamab. Of note, in one ex vivo sample from
apatientwithMM who relapsed after elranatamab treatment, ISB 2001
induced superior cytotoxicity compared to teclistamab, highlighting
the high cytotoxic potency of ISB 2001, which s capable of overcoming
escape mechanisms linked to monotargeted TCEs.

The most common adverse event observed during the treatment
with TCEs is cytokine release syndrome (CRS). Patients with severe or
life-threatening CRS require intensive care and safety mitigation meas-
ures are warranted”*®, Despite exhibiting 10-100-fold higher cyto-
toxic potency than teclistamab, ISB 2001 induced a similar cytokine
secretion in vitro. These data are in line with previous observations®
indicating that the threshold for T cell activation and cytolytic activity
requires10,000-fold lower concentration of TCR stimulation than for
the onset of CRS. In addition, assessment of the on-target/off-tumor
activity of ISB 2001, which could contribute to CRS, showed a profile
more similar to BCMA-targeted TCEs rather than a CD38-targeted
TCE. These data provided biological evidence that trispecific TCEs can
achieve high cytotoxic potency without a corresponding increase in
cytokine release.

TodefineISB2001FIH dose, aQSP modeling approach was used with
teclistamab asbenchmark, leading to several advantages. First, TCEs can
be optimized entirely for activity against human tumors without com-
promising preservation of cross-reactivity to animal species. Second, by
increasing the starting dose using QSP modeling, fewer patients willbe
exposed tosubtherapeuticdoses inthe FIH trial. The proposed 5 pg kg™
starting doseis 50-100-fold higher than the MABEL-based starting dose
(ranging from 0.045 pg kg™ to 0.1 pg kg™). Third, such models could
minimize the use of cynomolgus monkeys supporting the 3Rs principles
evenwhen evaluating fully cross-reactive molecules.
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In conclusion, ISB 2001 is a trispecific TCE with the potential to
induce deep responses in patients with r/r MM, by overcoming several
factorsthatlimitthe response to other BCMA-and CD38-monotargeted
TCEs. Based onthe preclinical data, a phasel clinical trial of ISB2001in
patients with r/r MM has been initiated using the FIH dose calculated
employing the QSP model (NCT05862012).

Methods

Our research complies with all relevant ethical regulations. Refer to
each specific section for details in the committee and institution that
approved the study protocol.

Production of ISB 2001 and other antibody constructs
ISB2001and other antibody constructs were expressed transientlyin
CHO-S cells (cGMP banked, Invitrogen, cat. no. A1136401). Typically,
cellswere prepared at 8 million cells per mlin CD-CHO medium (Gibco).
Cells were then co-transfected with engineered chains vectors and a
vector encoding Epstein—Barr virus nuclear antigen-1 (EBNA-1) using
polyethyleneimine (PEI) at 37 °C. Four hours post-transfection, the
cell culture was diluted 1:1in PowerCHOTM 2 (Lonza) supplemented
with4 mML-glutamine and incubated for 10 days with orbital shaking
at 32 °C, 5% CO, and 80% humidity. Clarified cell culture supernatants
containing the recombinant proteins were prepared by centrifugation
followed by filtration. Antibodies were purified by protein A, followed
by asecond step of purification by cation exchange chromatography
to reach monodispersity >95%, as judged by analytical SE-HPLC. ISB
2001 could be made available upon agreement.

Expression vectors for teclistamab and alnuctamab were syn-
thesized using publicly available sequences information. Molecules
were produced transiently in CHO-S cells. Teclistamab was expressed
as two separate monoclonal antibodies with anti-BCMA or anti-CD3
binding domains and further reconstituted®. For the preparation
of the 2 +1 CrossFab IgG alnuctamab, cells were transfected with the
four corresponding expression vectors, using an optimal expression
vector ratio®. Antibodies were purified as above and then transferred
to an appropriate buffer.

Production of EM801 (83A10-TCBcv) instable HD-BIOP3 pools

EM801was deemed tobe 83A10-TCBcv, described in W02018083204 as
per the datacomparison between W02018083204 and a published arti-
cle®. Sequences of 83A10-TCBcv were extracted from WO2018083204.
In brief, HD-BIOP3 cells were electroporated (Neon electroporation
system, Thermo Fisher) with the ATUM Leap-In transposase mRNA
and adonor vector containing the genes for the expression of the two
light chains and two heavy chains of 83A10-TCBcv. These genes, as well
as the glutamine synthetase gene (selection marker), were flanked
by two inverted terminal repeats for transposase-driven integration
in the host cell’s genome. Selection was performed by transferring
cellsin a glutamine-free medium and carried out until cell recovery
(viability >90% and 20-25-h doubling time). After selection, a 12-day
fed-batch productionwas performedinashakeflask (37 °C, 5% CO,, 80%
humidity and 150 rpm), with a temperature shift to 32 °C on day 4. At
the end of the process, clarified cell culture supernatants containing
the recombinant proteins were prepared by centrifugation followed
by filtration. EM801was purified as described in the previous section.

Biophysical characterization of antibodies

SE-HPLC was run on a TSKgel G3000SWXL 7.8 mm x 30 cm L column
with 5-pum particles and 250 A pores (Tosoh Bioscience) at room tem-
perature with 0.1 M sodium phosphate buffer, 0.15 M sodium chlo-
ride, pH 6.8 as eluent at 1 mI min™ flow rate on an HPLC Alliance 2695
(Waters) or an Acquity Arc HPLC (Waters) with column heater and either
UV/Vis detector (2487 or 2489 from Waters) or PDA detector (2996
or 2998 from Waters). Capillary gel electrophoresis was performed
on a Beckman Coulter PA 800 system with DAD/PDA detector (Diode

Array Detector/Photodiode Array Detector). The IgG Purity kit (Beck-
man Coulter) was used according to the manufacturer’s instructions.
Samples were desalted before the run and mixed withiodoacetamide
(Sigma-Aldrich) for nonreduced samples or with 3-mercaptoethanol
(Sigma-Aldrich) for reduced samples. Resulting electropherograms
were analyzed and integrated using the Empower software (Waters).
Calorimetric measurements were carried out on a VP-DSC differential
scanning calorimeter or a MicroCal PEAQ-DSC differential scanning
calorimeter (Malvern Instruments) using a1°C min™ heating rate.
ISB 2001 was used at a concentration of 1-2 mg mlin PBS. The molar
heat capacity of the molecule was estimated by comparison between
duplicate samples containing identical buffer, from one of which the
protein had been omitted. The partial molar heat capacities and melt-
ing curves were analyzed using standard procedures (non-two-state
model) in the manufacturer software.

BCMA-APRIL and BCMA-BAFF blockade assay

Blockade of the BCMA-APRIL or BCMA-BAFF interaction upon bind-
ing of anti-BCMA Fab to BCMA was assessed by SPR on a Biacore
8K+ instrument (Cytiva). Human APRIL HisTag protein (Acrobiosys-
tems, APL-H5244) or human BAFF HisTag protein (Acrobiosystems,
BAF-H5248) was immobilized on an anti-histidine-coated sensor chip
(Cytiva). Pre-mixed solutions of 50 nM human BCMA FcTag protein
(Acrobiosystems, BC7-H5254) and of anti-BCMA Fab at various con-
centrations (0, 25, 50 and 200 nM), were individually flushed over
immobilized APRIL or BAFF.

Competition assays by BLI

Competition of Fab domains or antibody constructs was assessed
using BLI. Measurements were carried out on an OctetRED96e instru-
ment (Sartorius). Streptavidin biosensors (Sartorius) coated with
biotinylated human CD38 protein (Acrobiosystems, CD8-H82E7) were
dipped into a solution of a saturating Fab or antibody, followed by a
successive dip into a mixed solution of the same and of competing Fab
or antibody. The putative binding site of ISB 2001 was mapped to the
surface of human CD38 based on competition profile to daratumumab
and isatuximab using their respective published structures (Protein
DataBank (PDB) 7DHA and 4CMH).

Affinity measurements by SPR
SPR measurements were performed on a Biacore 8K+ instrument
(Cytiva).

For binding to CD3e8, BCMA and CD38, biotinylated human
CD3e&CD36 protein (Creative Biomart, CD3E & CD3D-377H), bioti-
nylated human CD38 protein (Acrobiosystems, CD8-H82E7) or bioti-
nylated human BCMA protein (Acrobiosystems, BCA-H82E4) were
immobilized on aBiotin Capture (CAP) sensor chip (Cytiva) andincreas-
ing concentrations of ISB2001 were flushed onto theimmobilized ligand.
Concentrations ranged from1 pMto1.37 nM or from100 nM to 0.05 nM
inal:3dilutionseries for binding to CD3e6 and BCMA or to CD38, respec-
tively. Data were fitted to a steady-state affinity model (CD3e8) ortoal:l
kineticmodel (BCMA and CD38). The same procedure was followed for
the assessment of the binding of alnuctamab, teclistamab and EM801
to CD3e6 and BCMA, using concentrations from 400 nM to 0.55 nM to
CD3edand from 50 nMto 0.07 nM (alnuctamab and teclistamab) or from
100 nMto 0.14 nM (EM801) to BCMA in 1:3 dilution series.

For binding to the Fcy receptors, the antibody constructs were
immobilized on a Protein G sensor chip (Cytiva) for human FcyRIA,
FcyRIIA, FcyRIIB and FcyRIIIA binding or on a Protein L sensor chip
(Cytiva) for FcRn binding and increasing concentrations of the recep-
tors were flushed onto the immobilized antibodies. Measurements to
FcRnwere conducted at pH 6.0, whereas measurements to the other Fcy
receptors were performed at neutral pH. Binding to FcyRIA was fitted
usingal:1kinetic model and binding to FcyRIIA, FcyRIIB, FcyRIIIA and
FcRn were fitted using a steady-state affinity model.
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Human T cell activation

Anti-human CD3 produced ashuman IgG1LALA were coated atincreas-
ing concentrations up to 200 nM in PBS in a 96-well plate overnight
(ON) at 4 °C. Isolated T cells from buffy coats (EasySep Human T Cell
Isolation kit, STEMCELL technologies, 17951) were added to the coated
plateat10°cells per mland incubated at 37 °C for 48 h. T cell activation
was measured as the proportion of live CD8* T cells expressing CD69
by flow cytometry (Cytoflex-S, Beckman Coulter).

Human primary samples and cell lines

BMAs or peripheral blood samples from patients with MM without sex
distinction were obtained from University Hospital Geneva (Geneva
ethical committee 2021-02416), Oxford University Hospitals (Oxford
Clinical Research Ethics Committee (17/SC/0572) and the HaemBiobank
Governance Committee (BBProj-27.0 and BBProj-13.0)) and Nantes
Université (MYRACLE cohort®; NCT03807128) with written informed
consent under each site ethical approvals. Human PBMCs (hPBMCs)
from HDs and patients with MM and BMMCs were isolated using Ficoll
gradients. KMS-12-BM (DSMZ, cat. no. ACC551), MOLP-8 (DSMZ, cat.
no. ACC569), NCI-H929 (Sigma-Aldrich, cat. no. 9505041), NCI-H929
deficient for BCMA or CD38 (Methods), were tested as Mycoplasma-free
and cultured inthe medium recommended by the supplier in ahumidi-
fied atmosphere of 5% CO, at 37 °C. The identity of the cell lines was
confirmed at early passages and at the end of the culture using short
tandem repeats performed according to Microsynth guidelines.
Human samples were used in their totality.

Generation of NCI-H929 BCMA KO and NCI-H929 CD38 KO cells
NCI-H929 BCMAKO and CD38 KO cell lines were derived from original
NCI-H929 cells (Sigma-Aldrich, cat.no.9505041) by targeting the first
exon of the TNFRSF17(BCMA) or CD38 gene using clustered regularly
interspaced short palindromic repeats (CRISPR)/Cas9 technology
(guide RNA target sequences CAATAACGCTGACATGTTAG and TACT-
GACGCCAAGACAGAGT, respectively). The NCI-H929 cell line was trans-
fected using 4D-nucleofector (Lonza) according to the manufacturer’s
recommendation, then sorted using Melody sorter (BD Biosciences)
to generate cell pools. The lack of BCMA or CD38 expression was fur-
ther verified by flow cytometry using QIFIKIT reagent (Agilent DAKO,
K0078) and mapping breakpoint analysis using TA-cloning, Sanger
sequencing and ICE (Synthego) software.

Redirected lysis assay

Cell lines were labeled with 0.5-1 uM eFluor 670 dye (Invitrogen,
65-0840-85) and co-cultured for 72 h with hPBMCs or for 48 h with
isolated T cells from HD- or patient sample (PS)-PBMCs or BMA at an
effector totargetratio (E:T) of 5:1withincreasing concentration of the
tested molecules diluted in RDL medium (Supplementary Table 2).In
assays evaluating the effect of soluble factors on the cytotoxic potency,
soluble BCMA (150 ng ml™), APRIL (100 ng ml™) and soluble CD38
(2.8 ng ml™) were added to the cultures, alone or in combination. When
indicated, effector cells were labeled with 5 uM of eFluor450 dye (Invit-
rogen, 65-0842-85). Tumor cell killing was measured as the percentage
of dead target cells or as the decrease of live target cells count normal-
ized to the untreated condition. Data acquisition was performed by
flow cytometry (IntelliCyt iQueScreenerPlus, Sartorius) and analysis
was performed using ForeCyt Software (Sartorius). T cell activation
was measured as the percentage of live CD4" or CD8" T cells expressing
CD25and theloss of eFluor450 dye was used to measure T cell prolifera-
tion (see Supplementary Table 3 for antibody references).

High-density PBMC assay

PBMCs from HDs were cultured at 10 cells per ml for 48 h, then incu-
bated for an additional 48 h at 0.5 x 10° cells per ml with increasing
concentrations of tested molecules in HD-PBMC medium (Supple-
mentary Table 2). T cell activation was measured as the percentage of

CD4" or CD8'T cells expressing CD25, granzyme B and perforin using
Cytoflex-S cytometer. Alternatively, quantification of the events of
CD4,CD8,CD14,CD20 and CD56 was assessed. Analysis was performed
using CytExpert software (Beckman Coulter).

Confocallive imaging

KMS-12-BM cells were stained with 15 uM of CellTracker Blue Dye (Inv-
itrogen, C2111) and plated with T cells from HDs labeled with 5 pM
CellTracker Orange Dye (Invitrogen, C2927) at an E:T of 5:1. Tested
antibodies were labeled using Zenon Alexa Fluor 647 Goat IgG Labe-
ling kit (Invitrogen, Z25608). Labeled molecules (10 nM) were added
to the cells on ibiTreat pre-coated slides (Ibidi) for 4 h at 37 °C. Live
microscopy was carried out using a Zeiss LSM 800 inverted confocal
microscope incubation system (Carl Zeiss). Images were processed
with Imaris software (Oxford Instruments).

Tumor T cell interaction by live imaging

KMS-12-BM cells were labeled with 2 pM CellTracker Red Dye (Invitro-
gen, C34552) and co-cultured for up to 24 hwithisolated T cells, labeled
with 2.5 uM CellTracker Green Dye (Invitrogen, C2925) at an E:T ratio
of 5:1 with tested samples at doses ranging from 2000-2 pM. Images
were acquired on Incucyte S3 with x20 objective every 30 min for 6 h
and every hourupto24 h.

Cytokinerelease quantification
Cytokinereleaseinthe culture supernatant of RDLand HD-PBMC assays
were assessed by LEGENDplex Multi-Analyte Flow Assay kit (BioLegend)
according to the manufacturer’s instructions. Human CD8/NK Mix
and Matched Subpanel was used to quantify IFNy, TNF, granzyme B,
perforin, IL-2, IL-6 and IL-10. Samples were acquired on a Cytoflex-S
cytometer and data were analyzed with LEGENDplex online tool. Lower
limits of detection (LLOD) were set for each cytokine using the lowest
concentration of the calibration curve or quality control sample with
acoefficient of variation below 30 %. Upper limits of detection (ULOD)
were set for each cytokine using the highest concentration of the cali-
bration curve. When cytokine release was below the LLOD or above the
ULOD the value of the sample was set at LLOD or ULOD respectively.
Cytokinerelease in serum and tumor supernatant samples (undi-
luted) was assessed by multiplex Luminex quantification, according to
the manufacturer’sinstructions. The cytokine and chemokine 34-Plex
Human ProcartaPlex Panel 1A kit (Invitrogen, EPXR340-12167-901) was
used. Acquisition was carried out with aLuminex 200 instrument and
data were analyzed with ProcartaPlex Analyst 1.0 software. Cytokine
concentration was normalized to the upper and lower limit of quan-
tification (defined using ProcartaPlex standards) for each cytokine/
chemokine. The final concentration was then normalized per gram
of tumor.

Multiple mode of action killing assay

Human PBMCs labeled with 5 M eFluor450 dye (Invitrogen, 65-0842-
85) were co-cultured with KMS-12-BM cell line previously labeled with
1M eFluor 670 dye (Invitrogen, 65-0840-85) in MMoAK medium
(Supplementary Table 2) at an E:T of 5:1. Effector and target cells were
incubated with increasing concentrations of ISB 2001 or teclistamab.
Daratumumab (Darzalex, Janssen Biotech) was tested at 100 nM either
alone or in combination with ISB 2001 or teclistamab. After 48 h, MM
cells were stained for viability (Live/Dead Green) and tumor cell killing
was measured as the percentage of dead target cells using an Intel-
liCyt iQueScreenerPlus flow cytometer (Sartorius). Analyses were
performed using ForeCyt Software (Sartorius).

Specific antibody-binding capacity by flow cytometry

Specific antibody-binding capacity of human CD38 and human BCMA
was measured using QIFIKIT (Agilent DAKO, KO078) or Human IgG Cali-
brator (BioCytex, CP010) according to the manufacturer’sinstructions.

Nature Cancer


http://www.nature.com/natcancer
https://clinicaltrials.gov/ct2/show/NCT03807128

Article

https://doi.org/10.1038/s43018-024-00821-1

Mouse anti-human CD38, mouse anti-human BCMA and mouse isotype
IgGlwere used as primary antibodies at saturating concentration with
QIFIKIT. Daratumumab (Darzalex, Janssen Biotech) and anti-human
BCMA (produced in-house from vectors synthesized using publicly
available sequence information) were used as primary antibodies at
saturating concentration with Human IgG Calibrator kit.

Cell-based affinity assay

KMS-12-BM, MOLP-8,NCI-H929, NCI-H929 deficient for BCMA or CD38
or purified T cells from hPBMCs were incubated with increasing doses
of tested molecules in a 96-well plate at 4 °C in the dark for 30 min,
washed with FACS buffer supplemented with 0.05% sodium azide, then
stained with Live/Dead NIR. Binding was detected using an APC-labeled
anti-human Fc monoclonal for MM cells or a PE-labeled anti-human Fc
monoclonalfor T cell secondary antibody. For binding to T cells, addi-
tional staining with anti-CD38 FITC antibody was performed. Acquisi-
tion was performed on an IntelliCyt iQueScreenerPlus flow cytometer
(Sartorius). The geometric mean of fluorescence intensities (MFI) of the
viable single cells (for cell lines) or viable CD38™ T cells (for T cells) was
extracted using ForeCyt Software (Sartorius). The values of MFI from the
control antibody were subtracted to the matching concentration MFI
ofthetested antibodies to generate the relative fluorescence intensity.

Ex vivo cytotoxic assay on samples from patients with MM

BMMCs or peripheral blood of patients were co-cultured at 1-2 x 10°
cells per ml with increasing concentration of tested molecules in PS
medium for 17-32 h at 37 °C (Supplementary Table 2). Samples were
acquired using Cytoflex-LX cytometer (Beckman Coulter) or LSR-
Fortessa cytometer (BD Biosciences). Tumor cell killing was calculated
as the decrease of the remaining live target cell counts CD138" after
treatment and normalized to the untreated condition. T cell activa-
tion was measured as the percentage of CD8" T cells expressing CD69.

Mice

NCG (NOD-Prkdcem26Cd52112rgem26Cd22/NjuCrl) mice were
purchased from GemPharmatech Co. and used in PK evaluation at
Crown Bioscience and in a subcutaneous tumor model at Crown
Bioscience in accordance with reviewed and approved Institutional
Animal Care and Use Committee protocols. hFcRn Tg32 SCID mice
(B6.Cg-FcgrttmlDcr Prkdcscid Tg(FCGRT)32Dcr/DcrJ; JAX stock
no. 018441) were purchased from The Jackson Laboratory and used
directly at The Jackson Laboratory for PK evaluation in accordance
withJAX Institutional Animal Care and Use Committee protocols. NSG
((NOD.Cg-Prkdcscid I12rgtm1Wjl/Sz)) and HIS-NXG (humanimmunized
system-NOD-Prkdcscid-IL2rgTm1/Rj, reconstituted with human cord
blood CD34" cells) mice were purchased from Janvier France and used
at the animal facilities of the University of Lausanne in accordance
with protocols approved by the veterinary authorities of the Can-
ton de Vaud. All mice were maintained under standardized environ-
mental conditions in rodent cages (20-26 °C temperature, 40-70%
relative humidity and 12-h light-dark cycle). Mice received irradiated
food and bedding and 0.22-pm-filtered drinking water ad libitum.
Tumor-bearing mice were killed when the tumor volume reached
>1,000 mm?in accordance with approved protocols.

For PK experiments, mice of either sex were used, based on avail-
ability and bodyweight (to ensure ethical blood sampling as maximum
blood volume is determined by weight). Only female mice were used
in studies with tumors to respect the need for social housing and the
3Rs after randomization based on tumor volume. Mice with the same
treatment were co-housed to minimize the animal stress and the risk
of experimental error.

PK evaluationin NCG and hFcRn mice
The PK profile of ISB2001 was assessed in NCG mice following either i.v.
ors.c.administrationat 0.5 mg kg or 5 mg kg™ on day 0. For the study

comparing ISB 2001 and teclistamab, mice also received 200 mg kg™
of IgG (Boxin Biotech) i.v. on day -1, day 6 and day 13, to mimic the
conditionsintheimproved KMS-12-BM xenografted model (see below).
Micro-samplings (25-30 pl blood) were collected at 15 min, 4 h,1day,
2 days, 4 days, 7 days, 9 days, 15 days and 21 days post-dose. Plasma
concentrations of ISB 2001 and teclistamab were determined using
an electrochemiluminescence (ECL) method using a Meso Scale Dis-
covery (MSD) platform. For PK evaluation in hFcRn Tg32 SCID mice,
micro-samplings were collected at 5 min, 1day, 3 days, 7 days, 10 days,
14 days, 17 days, 21 days, 24 days and 28 days afteri.v. administration of
ISB2001 (5 mg kg™). Plasma concentrations of ISB 2001 were assessed
using Mabtech (ref. 3850-1AD-6) total human IgG Fc ELISA kit. All PK
calculations were performed using noncompartmental analysis with
Phoenix WinNonlinv.8.3 (Certara).

ECL quantification using MSD from mouse plasma

Antibodies in mouse plasma were quantified by an exploratory
ECL-based immunoassay method developed using the MSD platform.
Assays were performed as per the manufacturer’s instructions, using
their reagents except for plate coating, which was carried out over-
night at 2-8 °C with recombinant human BCMA HisTag protein at
2.0 pg ml™ (ISB 2001) or 1.0 pg ml™ (teclistamab), and for detection,
where sulfo-tag conjugated anti-idiotypic antibody of CD38 domains
of ISB2001 at 2 pg ml™ oramixture of biotin conjugated anti-idiotypic
antibody of CD3 domains of teclistamab at 1 pg ml™ and 0.25 pg ml™*
streptavidin sulfo-tag was used. Casein was used in the blocking step
and diluent buffer.

Tumor models

The 6-7-week-old NSG or NCG female mice were engrafted s.c. with
1x107 KMS-12-BM or 1 x 10’ NCI-H929 tumor cells, respectively and
inoculated intraperitoneally (i.p.) with 1 x 10’ PBMCs from human
HDs on the same day. When tumors reached an average of 150 mm?,
mice were randomized based on the tumor volume and injected i.v.
on the following day with vehicle, ISB 2001 or CD3DU control at the
indicated doses once per week for 3 weeks. Tumors and spleens of
satellite animals (that received a single dose of molecules) were col-
lected at day 2 and 6 post-dose. Single-cell suspensions were analyzed
by flow cytometry. Human cytokine detection was performed with a
Luminex assay on the serumand tumor supernatant. When comparing
ISB 2001 and teclistamab, mice were injected i.v. with 200 mg kg™ IVIG
(Privigen) 1day before treatmentinjection, a pretreatment mimicking
physiological levels of irrelevant immunoglobulin to compensate for
the mouse B cell deficiency.

HIS-NXG mice (24-30-week-old mice reconstituted with CD34"
from five donors) were stratified into control and treatment groups
based on tumor size and donors (Extended Data Fig. 6f). At 24 h after
pre-conditioning with IVIG (i.p.), mice were treated s.c. with ISB2001,
teclistamab, daratumumab or both teclistamab and daratumumab.

Tumor volumes were measured by caliper and calculated using
the formula: V= (L x Wx W)/2, where Vis the tumor volume (mm?), L
isthelongest tumor dimension and Wis the longest tumor dimension
perpendicular to L. The last observation carried forward was applied
todisplay the tumor volume. An exclusion criterion was that if animals
demonstrated signs of graft-versus-host disease, acommon effect in
systemic PBMCs of humanized mice, they were killed before the study
end point and excluded from the analysis.

Assessing progenitor cells in humanized mice bone marrow

The 30-34-week-old HIS-NXG mice were pretreated with 200 mg kg™
IVIG (i.p.) 24 h before s.c. injection with 1.5 mg kg™ ISB 2001, teclis-
tamab, CD38 x CD3 control antibody or with PBS. CD34* humanized
mice were reconstituted from three different donors, equally dis-
tributed in the treated groups. Three days after treatment with the
different molecules, mice were killed and both femurs were collected.
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CD38 expression on progenitor cellsin thebone marrow was analyzed
by flow cytometry.

Sample preparation and staining for flow cytometry

To obtain the cell suspension, femurs were flushed with PBS, spleens
were mashed through a 70-pM nylon cell strainer and tumors were dis-
sociated using a tumor dissociation kit from Miltenyi (130-095-929) ina
gentleMACS dissociator. Cell suspensions were incubated with viability
dye, humanand mouse FcBlock for15 minat4 °Cin FACS buffer (PBS and
2% FBS), followed by surface staining with an antibody cocktail (or rela-
tive controls) for 30 min at 4 °Cin FACS buffer. Samples were acquired
onthe Cytek Aurorainstrument and analyzed with FlowJo v.10.8.1.

QSP model

The QSP model was built by combining a minimal PBPK model with a
target-binding model based on the published method*”**. The method
of Betts was modified toinclude binding interactions of three binders
(CD3, CD38 and BCMA) and the available preclinical datasets. The
building, benchmarking and prediction strategy of the QSP model are
described here sequentially (Fig. 8a).

Model building. The QSP modelis constituted by sequentially gener-
ated mathematical models. Each model was built by aniterative process
using assumptions and experimental data to define key parameters
applied in subsequent models. MATLAB/Simbiology v.R2021a (The
MathWorks), was used for all PKPD/QSP analyses and simulations.

Target-binding model. This model, based on equilibrium binding
kinetics (Fig. 8b), was created using SPR binding data, cell numbers
along with CD38 and BCMA receptor densities on MM cell lines, CD3
receptor density on T cells” and internalization ¢, for each target from
the literature®® **. This model assumes that the following complexes
couldbe formed: (1) dimers of ISB2001 with either CD3, CD38 or BCMA;
(2) trimers of ISB2001-CD3 with one of the targets (CD38 or BCMA) or
withISB2001with CD38 and BCMA on the tumor; and (3) tetramers of
ISB 2001-CD3 with both targets on the tumor (CD38 and BCMA). The
sum of trimers and tetramers consisting of TCE, CD3, BCMA and/or
CD38were assumed to be equipotent pharmacologically active species
(ACT) thatdrive T cell activation and tumor cell killing. A single com-
partment was used for the binding model consistent with the in vitro
test conditions used for RDL (Extended Data Fig. 8a). To facilitate the
translation across various experimental conditions in vitro, in vivo and
ultimately to clinical scenario, ACT was expressed as normalized ACT
per tumor cell (nACT).

In vitro cytotoxicity and T cell activation model. This model simu-
lates tumor cell growth and degradation, as well as T cell proliferation
andactivation consistent withan RDL assay at 72 h. The tumor cytotoxic
effect of ISB2001was modeled through the formation of nACT, which
stimulated the tumor cell degradation rate as a sigmoidal function of
the nACT. T cell activation and proliferation was modeled as a sigmoidal
function of ACT per T cell, stimulating the activation rate and prolifera-
tionrate, respectively (Extended Data Fig. 9).

In vivo mouse PKPD model. The PK data from NCG, NSG and hFcRn
TG32 SCID mice were fitted to a minimal PBPK model®. This model
assumed that ISB 2001 behaves like a typical IgG antibody without
cross-reactivity of its binding domains to mouse. This model gave a
dose-time-exposure relationship, which was used in mouse PKPD
modeling. The model estimated clearance (CL) from single-dose PK
data of hFcRn TG32 SCID was scaled to a human model (Extended
DataFig. 8d).

To develop a mouse PKPD model”’, an additional tumor com-
partment was added to the PBPK model developed earlier®, to esti-
mate the nACT profile in the tumor. It was assumed that following i.v.

IZ7

administration of PBMCs, T cells were able to distribute to the tumor
andback tothe central compartment with fixed rate constants; the CD3
density on T cells, permeability and diffusivity of TCE into the tumor
were obtained fromtheliterature”. As PD datawere available from early
post-ISB2001administration, but limited laterin the treatment due to
tumor regression, trafficking rather than proliferation was assumed to
be the dominant mechanism of delivering T cells to the tumor in this
model. Tumor regression was described as a sigmoid function of the
nACT profileinthe cell distribution transduction model explained by
Betts et al.” (Fig. 7 and Extended Data Fig.10a).

Human QSP model. Finally, a human QSP model integrating the tar-
get engagement and the PBPK model was developed (Extended Data
Fig. 10b). A published minimal PBPK model, including blood, leaky
tissue, tight tissue and lymph was adapted to estimate the nACT pro-
files in the bone marrow®. The leaky tissue compartment in the base
model was splitinto two subcompartments: bone marrow and leaky tis-
sues®>*®, ForISB 2001, all physiological parameters, except for CL, were
fixed to the parameters published for typical IgG®*%. The clearance of
ISB 2001 in the human model was estimated by allometric scaling of
CL from hFcRn TG32 SCID mice using an exponent of 0.85 (ref. 28). To
model subcutaneous injection bioavailability and absorption, rates
were taken from the literature®. Additional assumptions were obtained
from the literature: cell counts™® (https://my.clevelandclinic.org/),
soluble BCMA and CD38 levels***, CD3, CD38 and BCMA expression
levels**”®. This model predicted the nACT profile in the bone marrow
over time following eitheri.v. or s.c. administration. ThisnACT profile
was then related to efficacy based on the calculated nACT levels at a
specific EC, (tumor cell killing) from the invitro and in vivo PD models.
The final QSP model used outputs from all previous models either
as parameters or linked active species levels to possible outcomes.
(Extended DataFig.10c).

Calibration and benchmarking. The QSP models were recalibrated
and fine-tuned to describe the ISB 2001 and teclistamab preclinical
datasets. The teclistamab target-binding model was achieved by adapt-
ing the ISB 2001 target-binding model to use teclistamab-specific
affinity parameters for BCMA and CD3 binding determined by SPR
and setting the CD38 affinity to ‘O’ (Extended Data Fig. 8a). A similar
approachwas takento adapt theinvitro model (Extended Data Fig. 9).
For theinvivo modeling, the same minimal PBPK model was used with
single-dose PK data for teclistamab to determine the dose-exposure
relationship (Extended DataFig. 10a).

Human model. The teclistamab clinical PK data’* were used to build
the human PBPK model®, including bone marrow, blood, leaky tissue,
tight tissue and lymph (Extended Data Fig.10b).

Statistical analysis
Statistical analysis and graphs were generated using GraphPad Prism
software (GraphPad Software). For in vitro experiments, no statistical
methods were used to predetermine sample size, the experiments were
not randomized and the Investigators were not blinded to allocation
during experiments and outcome assessment. A nonlinear one-site
binding (hyperbola) regression was applied to calculate K, in cell bind-
ing assays. To allow K calculations, tested concentrations inducing a
>20% hook-effect were excluded. The percentage of tumor cell killing,
killing of CD138* cells and T cell response (activation or proliferation)
were fitted with four-parameter logistic nonlinear regression with a
variable slope. EC, values were excluded when the R? of the fitting
curve was <0.7, the observed maximum response was <25% or the
calculated EC,, values were below or above the tested concentrations.
EC;,and K werelog,,-transformed before performing any statisti-
calcomparison. The normality of data was checked using the Shapiro—
Wilk or Kolmogorov-Smirnov test and homogeneity of the variance
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was tested using a Bartlett or Spearman’s test. All ECy, and K statistical
comparisons were performed two-sided. Differences between two
groups were analyzed by a multiple paired t-test using Holm-Sidak’s
or false discovery with the two-stage step-up (desired false discov-
ery rate Q set at 1%) method. A classical one-way analysis of variance
(ANOVA), repeated measures (RM) one-way ANOVA (assuming sphe-
ricity), two-way ANOVA or mixed-effects model (REML) were used
for multiple group comparisons or using Friedman or Kruskal-Wallis
tests for nonparametric comparisons. Post-hoc comparisons were
performed for parametric testing using Tukey’s multiple comparisons
between all groups, a Dunnett’s test for comparisons with a control
group, the uncorrected Fisher’s LSD comparison or aSidak’s multiple
comparison for two samples in a specific group. For nonparametric
post-hoc comparisons, Dunn’s multiple comparisons test was used. For
invivo studies, 7-9 mice per group were used based on power calcula-
tions using G*Power (90% power and 0.05 error probability)””. Intumor
models, arandomization based on the tumor volume was carried
out before starting the treatment. Data collection and analysis were
performedblind for the outsourced in vivo experiments performedin
Crown Bioscience and The Jackson Laboratories but not for the other
models and experiments. P< 0.05 was considered significant. The
number of biological replicates, independent experiments performed
and statistical analysis performed are stated in all figure legends.
RSE (relative standard error) was calculated in MATLAB at the
EC;,of each predication shown inthe modeling goodness-of-fit plots.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

Source data for Figs. 1-8 and Extended Data Figs. 1-10 are provided
with the paper. The ISB 2001 sequence is pending a patent submis-
sion publication. The crystal structures of CD38 in complex with the
Fab fragments of daratumumab and isatuximab are available in the
PDB under accession codes 7DHA and 4CMH, respectively. All other
informationisavailable fromthe corresponding author onreasonable
request. Requests will be processed within 30 days. Source data are
provided with this paper.
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Extended Data Fig.1| Target binding properties of ISB 2001, alnuctamab,
teclistamab and EM801, and biophysical characterization of ISB2001.

(a) Curves representing the binding of ISB 2001 to CD38™¢ T cells compared
to teclistamab, EM801 and alnuctamab (n= 6 T cell donors for ISB 2001 and
EM801and n =5 for teclistamab and alnuctamab performed in 2independent
experiments). Symbols represent the mean + SD. (b-c) Quantification of the
maximum binding (RFI) (b) and K, (nM) (c) to T cells (n =6 T cell donors for
ISB2001and n=5T cell donors for teclistamab and alnuctamab). Average of
maximal binding or Log,,(Kp) was compared using repeated measure ANOVA and
Dunnett’s multiple comparisons to ISB 2001. Statistical differences are shown
inthe graphs when significant (P < 0.05). (d) Size-Exclusion chromatography
profiles of ISB 2001. ISB 2001 eluted mainly as amonodisperse sample (main
peak=99.7%) with a retention time of 7.35 min. (e) Non-reducing capillary Gel
Electrophoresis (cGE (NR)).ISB 2001 accounts for 88.1% of the total species

detected. Traces of disulfide bond variants, with one (4%) or two (3.6%) reduced
interchain disulfide bonds was observed. The other species detected at smaller
molecular weights (ranging from 0.5 to 2% of the total of the species detected),
likely arise from artefactual degradation of the molecule in the analysis sample
buffer. (f) cGE profile in reducing conditions (R) showing three main peaks
corresponding to the common light chain (cLC) (37.6%), BEAT chain A (BTA)
(26.0%), and BEAT chain B (BTB) (35.0%) at respectively 15.2,19.0 and 20.8 min,
and accounting for 98.6% of the total species detected. (g) Thermal stability

by Differential Scanning Calorimetry (DSC) shows afirst transition at 70.0 °C,
corresponding to the melting of ISB 2001 CH2 and CH3 domains, and a second
transition at 83.1 °C corresponding to the cooperative unfolding of the different
FabsinISB 2001. A280=Absorbance at 280 nm; AU=Absorbance Units; Tm=melting
temperature; Cp=specific heat capacity.
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Extended Data Fig. 2| ISB 2001 Binding to Fc receptors by Surface Plasmon
Resonance. (a) Binding to the FcyRis silenced in ISB 2001. The binding of
ISB2001to Fcyreceptorsa, lla, Ilb, Illaand FcRn was measured by SPR and
compared to trastuzumab, a classical Fc-competent IgG1. Cartoons on top show
schematic of the respective assay settings. For each receptor and molecule
tested, the binding sensorgram and plot of equilibrium response versus
concentration, when applicable, of a representative measurement are shown.

Onthe binding sensorgrams, colored lines represent experimental dataand

Concentration (M)

Concentration (M)

black lines represent the fitted data. On the plot of equilibrium response versus
concentration, colored dots represent experimental data, black curve represent
fitted data and vertical blue bars represent inferred equilibrium dissociation
constants (Kp). For FcyRIA, I1A, 1IB and 11I1A no or too weak binding of ISB 2001 to
Fcreceptors was observed to infer aKp value. (b) Summary table of equilibrium
dissociation constants (Kp). Dataare reported as the average of 3 independent
measurements +SD.
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Extended DataFig. 3 | On-target off-tumor T cell cytokine release and
characterization of surface target expression on patient samples and MM
celllines. (a-c) Quantification of cytokines and cytolytic factors (granzyme

B, IFN-y, IL-2, IL-6, IL-10, perforin and TNF-a) in a high-density PBMC assay
comparing the secretioninduced by (a) CD3 x DU xCD38 and CD3 x CD38 x DU,
(b) CD3 x BCMA xDU and CD3 x DU x BCMA and (c) ISB 2001 and CD3 x CD38 x
BCMA. Graphs show the maximum secretion in pg/mL.LLOD for each cytokine
are the following: granzyme B = 43.4 pg/ml, IFN-y =13.7 pg/ml, IL-2 = 39.5 pg/
ml, IL-6 = 3.4 pg/ml, IL-10 = 3 pg/ml, perforin=9.3 pg/ml and TNF-a. = 2.9 pg/
ml.Each dot corresponds to a different PBMC donor (n = 6 individual PBMC
donors from 3 independent experiment). Samples were compared for each
cytokines using multiple paired T-Test (two-sided, using false discovery with the
two-stage step-up method) and statistical differences are shown in the graphs

when statistically significant (P < 0.05). LLOD=Lower limit of detection (d-e)
BCMA and CD38 human antibody binding capacity (BioCytex) on three MM
celllines (KMS-12-BM, NCI-H929 and MOLP-8) and on MM tumor cells from five
patients. Each dot represents one patient sample, bars the mean and error bars
the SD. The staining on the cell lines were done in parallel to each patient sample.
Dotted line corresponds to the mean of all patients tested (f) Representative
histograms (from 5 repeats) of SABC staining for BCMA (top, orange) and CD38
(bottom, blue) on KMS-12-BM, NCI-H929 and MOLP-8 MM cell lines compared
to theisotype antibody (gray). Numbers show the mean of the experiments

for specific antigen binding capacity with mouse anti-BCMA and anti-CD38
antibodies followed by anti-mouse FITC-labeled secondary antibody (QIFIKIT).
See Supplementary Figure 1 for gating strategy.
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Extended Data Fig. 4 | See next page for caption.
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Extended Data Fig. 4 | ISB 2001 shows avidity-driven tumor cell binding,
killing and synapse formation. (a-c) Binding to MM cell lines of ISB 2001
(pink), CD3 x BCMA xDU (orange) and CD3 xDUxCD38 (blue). Graphs

show 4-parameters logistic curve fitting using variable slope with symbols
representing the mean + SD of 3 experiments (top) and maximum binding
and K, for the three molecules are shown (bottom), each dot represents one
independent experiment. Log,,(Kp) and Max binding of 3 experiments were

compared using repeated measure ANOVA model and Tukey HSD comparison.

Statistical differences are shown on the graph when statistically significant
(P <0.05) (d) Curves showing the binding of ISB 2001 to NCI-H929 cell line
expressing CD38 and BCMA (WT, full line), not expressing CD38 (CD38

KO, dashed line) or not expressing BCMA (BCMA KO, dotted line). Graph
shows 4-parameters logistic curve fitting using variable slope with symbols
representing mean + SD (n = 3 independent experiments). (e) EC,, values for

cytotoxicity of ISB2001, CD3xDUxCD38 and CD3 x BCMAxDU on MM cell lines
expressing different SABC levels of BCMA and CD38. Log,,(ECs,) (n = 6 individual
T cell donors from 2 experiments; before exclusion based on acceptance criteria)
were compared using repeated measure ANOVA or mixed-effect model

(for RPMI-8226 only) followed by Tukey’s multiple comparisons test.

(f) Representative images captured at 20X of Incucyte data (from 2 independent
experiments) from one donor after 18 h of incubation with ISB 2001 (left), CD3 x
BCMAXDU (middle) and CD3xDUxCD38 (right), at 2000 pM. Greenshow T cells,
red KMS-12-BM and yellow the interaction between effector and target cells.

(g-i) Quantification of T cell and KMS-12-BM tumor cell interaction over time
using Incucyte live imaging for ISB 2001, CD3 x BCMAxDU and CD3xDUxCD38 at
(g) 200 pM, (h) 20 pM and (i) 2 pM. Graphs show mean (n = 6 technical replicates
performed on 2 independent experiments using 2 different T cell donors).
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Extended Data Fig. 5| APRIL and sBCMA decrease the killing potency
of BCMA TCE and to alesser extent the potency of ISB2001. (a) Table

summarizing average EC,, (pM) killing values in the absence or presence of

soluble factors (sSBCMA, APRIL and sCD38) for ISB 2001, teclistamab, EM801

and alnuctamab in KMS-12-BM cell line. (b) EC,, killing potency of ISB 2001,

teclistamab, EM801 and alnuctamab against the KMS-12-BM cell line in the

presence of SBCMA, APRIL or sCD38 alone. PBMC were used as effector cells at
aS:1ratio.Log,o(ECs,) (n=6 PBMC donors from 2 experiments) were compared
using repeated measure ANOVA model and Tukey HSD comparison and statistical
differences are shown only to compare ISB 2001 to TCEs for each soluble factors
when statistically significant (P < 0.05).
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Extended Data Fig. 6 | ISB 2001 tumor cell killing of bone marrow aspirates is driven by the avidity effect. Tumor cell killing of bone marrow aspirates (BMA) of ISB

2001 (pink), CD3 x BCMA xDU (orange) and CD3 xDU xCD38 (blue). Graphs show three Multiple Myeloma patients performed in 3 independent experiments. Each dot
represents one dose for each molecule.
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Extended Data Fig. 7 | ISB 2001 shows superior antitumor activity to BCMA
TCEbenchmarks in xenograft mouse models. (a) Schematic representation
of KMS-12-BM and NCI-H929 hPBMC xenograft mouse models. (b) KMS-12-BM
tumors of ISB 2001 or CD3xDUxDU (0.5 mg/kg) treated mice were analyzed
ex vivo (n =3 mice/group, except for ISB 2001 where n =2 from1experiment
using 2 PBMC donors). Contour plots show the expression of human CD69 vs
human CD25in splenic CD8" T cells and graphs show the percentage of
human CD69 (left) and human CD25 (right) positive CD8 T cells in the spleen
onday 2 (bars represent the mean). See Supplementary Figure 2 for gating
strategy. (c) Graphs display the concentration of the indicated cytokine in
the NCI-H929 tumor supernatant normalized per gram of tumor atday 2 or 6
postsingle dose (bars represent the mean and error barsthe SD, n = 6 from1
experiment using 2 PBMC donors). (d) NCG mice pretreated with 200 mg/kg of
Intravenous Immunoglobulin (IVIG) were injected i.v. with two concentrations
(0.5 0or 5 mg/kg) of ISB 2001 or teclistamab and monitored for the presence of

antibody in plasma at various time points. Graph depicts mean concentration
+SD (ng/mL) vs time of sample collection (n = 4 mice/group,1 experiment).

(e) KMS-12-BM tumor volume (in mm?®) is shown following treatment with ISB
2001 (left) or teclistamab (right) at the indicated concentrations in NSG tumor-
bearing mice inoculated with PBMCs from healthy human donors and pretreated
with200 mg/kg of IVIG. Each dot represents the average of 8 mice/group
(except for teclistamab at 0.5and 0.1 mg/kg where n =7) and error bars
represent the SEM with Last Observation Carried Forward (LOCF). Differences
intumor volume were determined using a two-way ANOVA with Tukey’s
multiple comparisons test and differences are shown in the graphs when
statistically significant (P < 0.05). (f) Table summarizing the distribution of
the CD34-reconstituted mice shownin Fig. 7i, j. (g) Graphsis depicting the
survival of the mice showninFig. 7i,j (n =9 mice/group, except for vehicle
where n =12 mice/group). (h) Table summarizing the distribution of the
CD34-reconstituted mice shownin Fig. 7k.
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Extended Data Fig. 8 Human QSP modeling. (a) Full Schematic of binding
model (in vitro). Green circles show species with CD38 binding not found with
teclistamab. (b) Goodness of fit plot for in vitro parameterization. RSE CD8-30%,

CD4-29%, Tumor-12% Residual distribution plots for tumor, CD4 and CD8 T cells
(c) Goodness of fit plot for in vivo parameterization. RSE KMS-116%, NCI-35% (d)
TG32SCID single-dose PK. (5 mg/kg).
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Data collection  INSTRUMENTS
Biacore 8K+ instrument (Cytiva)
Biacore T200 instrument (Cytiva)
Octet Red96E instrument (Sartorius)
HPLC Alliance 2695 (Waters)
MicroCal PEAQ-DSC differential scanning calorimeter (Malvern Instruments)
Beckman Coulter PA 800 system with DAD/PDA detector (Diode Array Detector/Photodiode Array Detector PDA)
Cell counter Logos Biosystems LUNA-FL™ Automated Fluorescence Cell Counter
Flow Cytometer Beckman Coulter CytoflexS or LX
Flow Cytometer Sartorius iQue Screener Plus
LSRFortessa
Incucyte S3 with 20X objective
Zeiss LSM800inverted confocal microscope
Microplate Reader Synergy™ NEO HTS
SOFTWARES
Biacore Insight control software v3.0 (Cytiva)
Biacore T200 control sofware v3.2 (Cytiva)
Octet Data Acquisition software 11.1 (Sartorius)
Empower 3 sofware FR4 (Waters)
MicroCal PEAQ-DSC software v1.61 (Malvern)
SpectroFlowv3.3.0

Beckman Coulter PA 800 system software (32 Karat software)

Data analysis GraphPad Prismv. 9.0
JMP v15
FlowJo,v10.8.1
CytExpert2.5.0.77
iQue Forecyt v9
FACSDiva
Imarisversion9
LEGENDplex Online tool
Microsoft Excel
Biacore Insight Evaluation software v3.0 (Cytiva)
Biacore T200 Evaluation sofware v3.2 (Cytiva)
Octet Data Analysis HT 11.1 (Sartorius)
Empower 3 sofware FR4 (Waters) (SE-HPLC + cGE)
MicroCal PEAQ-DSC software v1.61
Phoenix®WinNonlinversion 8.3 (Certara, USA)
PyMol v2.5 (Schrodinger, LLC)

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:
- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability
- For clinical datasets or third party data, please ensure that the statement adheres to our policy

All Source data for Figure 1-8 and Extended Data 1-10 are provided with the paper. ISB 2001 sequence is pending patent submission publication. Crystal structures
of CD38 in complex with the Fab fragments of daratumumab and isatuximab are available in the protein data bank (PDB) (https://doi.org/10.2210/pdb7DHA/pdb
and https://doi.org/10.2210/pdb4CMH/pdb, respectively). All other information are available from the corresponding author on reasonable request. Requests will
be processed within 30 days.
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Reporting on sex and gender We received human samples from healthy donors and patients in an anonymized setting. So no information about sex are
available. In addition, due to limited availability of fresh primary patients’ material, samples were used as they were
available and priority was given to different treatment history rather the the gender of each patients.

Reporting on race, ethnicity, or The findings in this study were not involved in race, ethnicity, or other socially relevant grouping.
other socially relevant

groupings

Population characteristics No data on population characteristics was collected nor used.

Recruitment Healthy donors were recruited by Transfusion Interregionale CRS (Lausanne, Switzerland). Bone marrow aspirates (BMA)
or peripheral blood samples from MM patients were obtained from University Hospital Geneva (Geneva ethical
committee: 2021-02416), Oxford University Hospitals (Oxford Clinical Research Ethics Committee (17/SC/0572) and the
HaemBiobank Governance Committee (BBProj-27.0 and BBProj-13.0)) and Nantes Université (MYRACLE cohort
NCT03807128) with informed consent under each site ethical approvals.

Ethics oversight All research on healthy human donor was approved by transfusion Interregionale CRS, with all donors provided written

informed consent in accordance with the Declaration of Helsinki and the protocol of the local institutional review board, the
Medical Ethics Committee of Transfusion Interregionale CRS.

All research on multiple myeloma patient's samples were performed in accordance with ethical approvals with collaborating
institutes. Oxford Clinical Research: The study was approved by the Oxford Clinical Research Ethics Committee (17/SC/0572)
and the HaemBiobank Governance Committee (BBProj-27.0 and BBProj-13.0). Nantes: all samples were obtained from the
cohort MYRACLE (Benanina L et al., BMC Cancer, 2019), NCT03807128. University Hospital Geneve (HUG): ethical approval
number 2021-02416. Written informed consent was obtained from all patients.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Z Life sciences :] Behavioural & social sciences D Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size For in vitro experiments, no statistical methods were used to pre-determine sample.Instead sample size was determined empirically
according to previous knowledge of the variation in experimental setup.
For in vivo studies, 7-9 mice/group were used to detect significancy between groups, based on power calculations using G*Power (90 %
power and 0.05 error prob).

Data exclusions EC50 values were excluded from analysis when the R2 of the non-linear regression fitting curve was below 0.7, when the observed
maximum response was below 25% or when the calculated EC50 values were out of the range of the tested concentrations. For binding
measurements by flow cytometry, values were excluded for KD calculations when a hook effect was observed.

Replication Number of biological replicates, independent experiments performed as well as statistical analysis performed are stated in all figure legends.
Overall, all experiments were performed using replications as needed to obtain a valid answer to the scientific questions.

Randomization  For in vivo tumor models, mice randomization was performed when tumors reached an average of 150 mm3 based on the tumor volume.

Blinding Data collection and analysis were performed blind for the outsourced in vivo experiments (NCI-H929 model) performed in Crown Bioscience
Inc (Beijing, China) and The Jackson laboratories (Bar Harbor, Maine, USA) for tumor control and PK experiments. Data collection and
analysis was not blinded for the other models/experiments.
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Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each
material, system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a

response.

Materials & experimental systems Methods

n/a |Involved in the study
Antibodies

Eukaryoticcell lines

Clinical data

XXX [OXIO]
ODOOXOXK

Plants

Antibodies

n/a | Involved in the study

D ChlP-seq
D Flow cytometry

Palaeontologyand archaeology D MRI-based neuroimaging

Animals and other organisms

Dual use research of concern

Antibodies used

Validation

All the commercially available antibodies used in this study (clone, catalog number, supplier, dilution or concentration used and
experiment where they have been used) can be found in Methods Table 2 in Supplementary Information file.

All antibodies were titrated with a dose-response from at least 1/25 with a serial dilution of 1/2 up to 1/3200 on positive cells
and non-expressing cells. Choice of the optimal antibody dilution is based on the stain index calculation Stain Index (SI)=(MFI of
positive population -MFI of negative population)/(2*SD of negative population)

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s)

For in vitro/in vivo experiments, KMS-12-BM (ACC551) and MOLP-8 (ACC569) were purchased from DSMZ. NCI-H929
(9505041) was purchased from Sigma-Aldrich. NCI-H929 deficient for BCMA or CD38 were generated in-house using CRISPR/

Cas9 technology (See Methods section for details). For molecules production, CHO-S cells (cGMP banked) were purchased
from Invitrogen and HD-BIOP3 from Horizon Discovery.

Authentication Authentication was performed using short tandem repeat (STR) analysis evaluated by by Microsynth (Balgach, Switzerland)
at passage 5 and passage 15 according to Microsynth guidelines
Mycoplasma contamination All cell lines were tested negative for mycoplasma

Commonly misidentified lines  No commonly misidentified cell lines were used (according to ICLAC register version 10)

(See ICLAC register)
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Animals and other research organisms
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Research

>
Q
-
=
=
@
©
o
&
g
=

Laboratory animals Mouse (Mus musculus)
Tumor growth experiments were performed in the following mouse strains: 6-7-week-old NSG (NOD.Cg-Prkdcscid 12rgtm1Wi;jl/Sz)),

24-30-weeks old HIS-NXG (human immunized system- NOD-Prkdcscid-1L2rgTm1/Rj, reconstituted with human cord blood CD34+
cells) and 6-7 week-old NCG (NOD-Prkdcem26Cd52112rgem26Cd22/NjuCrl).

PK studies were performed in the following mouse strains: 8-9-week-old NCG (NOD-Prkdcem26Cd52112rgem26Cd22/NjuCrl) and
hFcRn Tg32 SCID mice (B6.Cg-Fcgrttm1Dcr Prkdcscid Tg(FCGRT)32Dcr/Dcrl; JAX stock# 018441).

All mice were maintained under standardized environmental conditions in rodent cages (20-26°C temperature, 40-70% relative
humidity, 12 hours light dark cycle). Mice received irradiated food and bedding and 0.22 um-filtered drinking water ad libitum.

Wild animals No wild animals involved

Reporting on sex Due to the need for social housing AND randomization of mice based on tumor size female mice were used for studies with tumors
to respect the 3Rs and minimize animal stress while minimizing the risk of experimenter error if mice with different treatments
were co-housed.

For PK experiments mice of either sex were used based on availability and bodyweight (to ensure ethical blood sampling as
maximum blood volume is determined by weight).

Field-collected samples  no field samples
Ethics oversight All work conducted at Ichnos sciences was reviewed by the Vaud cantonal committee for animal experimentation and the Swiss

federal authorities. Work conducted at Jackson laboratories was overseen by their IACUC and work conducted at Crown biosciences
was overseen by their IACUC. Both Crown and Jackson labs are AAALAC accredited organizations.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Flow Cytometry

Plots
Confirm that:

> The axis labels state the marker and fluorochrome used (e.g. CDA-FITC).

X The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical

X markers).

X All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation

Instrument

Software

Cell population abundance

Gating strategy

Sample preparation for flow cytometry is described in details in the M&M section of the manuscript in the flow cytometry
assays section. For quantification of surface antibodies bound to cells (ABC), expression levels of CD38 and BCMA were
determined using Qifikit® (for mouse primary antibodies) or Biocytex® kit (for human primary antibodies) according to the
manufacturer’s instructions. The number of primary antibodies bound on the cells (sABC value) was determined by
interpolation using a calibration curve. For in vitro and in vivo experiments, at the readout time point, cells were
resuspended either in PBS, washed and labelled with Live/Dead dyes, or resuspended in FACS buffer (PBS containing 2.5%
FCS 2mM EDTA), washed and stained with an antibody mix diluted in FACS buffer. After 20-30 minutes of staining at 4°C in
the dark, cell

suspensions were washed with FACS buffer twice and resuspended in FACS buffer or Sytox dyes or DAPI and the readout was
performed using Flow Cytometer (Cytoflex-S or -LX (BC), iQueScreenerPlus (Sartorius) or Aurora (Cytek)).

Cytoflex S, Beckman Coulter
Flow Cytometer Sartorius iQue Screener Plus
Aurora (Cytek)

FlowJo, v10.8.1
CytExpert 2.5.0.77
iQue Forecyt

T cells purities after isolation at the start of assay > 95%.

In general, FSC/SSC plot was used to gate cells and exclude debris; FSC-A/FSC-H to gate single cells; Live cells: FSC-A vs Live
Dead; CD138 vs CD38 on single live cells to identify plasma cells .Gating strategies are provided in the source data.

Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.

long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The images or other third party material
in this article are included in the article's Creative Commons license, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons license and

This checklist template is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as @ ®

your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this license, visit

http://creativecommons.org/licenses/by/4.0
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