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Antibodies will continue to lead the global sales race in the next 10-15 years, 
with the growth of bispecifics, especially with T Cell Engagers (TCE)

o >60% of the top 100 molecules in global drug sales in 
2028 from biotech

o First 4 molecules expected in 2028 in worldwide sales = 
antibodies (3 out of 4 in immunotherapy):
1. Keytruda (pembrolizumab) = $17 Bn in 2021, $32 Bn in 

2028 (cancer)

2. Opdivo (nivolumab) = $8 Bn in 2021, $14 Bn in 2028 
(cancer)

3. Dupixent (dumiplumab) = $6 Bn in 2021, $14 Bn in 2028 
(asthma)

4. Darzalex (daratumumab) = $7 Bn in 2021, $13.5 Bn in 2028 
(cancer)

o Complex antibodies (bi- and multi-specific; ADC) 
expected as the new generation of antibodies:
 Epcoritamab (Abbvie / Genmab): BsAb TCE anti CD3 x 

CD20 in Lymphoma: expected sales 2028: 1.7 Bn$
Evaluate Pharma: WORLD PREVIEW 2022 Outlook to 2028

Top 6 selling products worldwide in 2028
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A true momentum on IPO or M&A operations on CD3+ or non-conventional 
TCEs, demonstrating great potential for Biomunex

2021: Maverick acquisition by Takeda 
T-Cell Engager Therapies (gamma-delta) for Solid Tumors and Expand Novel IO Portfolio

2021: Lava Therapeutics IPO: 100M$ levés
=> 380 m$ market cap at IPO raised

2022: Adaptate acquisition by Takeda 
Develop Novel (gamma-delta) γδ T Cell Engager Therapies for Solid Tumors

2021: GammaDelta acquisition by Takeda 
Accelerate Development of Allogeneic γδ T Cell Therapies (gamma-delta) for Solid Tumors

2021: Amunix acquisition by Sanofi pour $1Bn
For targeted, safer T cell engagers for cancer

2021: Teneobio acquisition by Amgen for $900M Upfront cash + future contingent milestone to 
Teneobio equity holders potentially worth up to an additional $1.6 Bn in cash

2022: TeneoTwo Acquisition by AstraZeneca CD19/CD3 TCE (Ph. 1 in RR B-cell non-Hodgkin 
lymphoma) Upfront US$100M cash + R&D milestones de $805m + commercial milestones $360m

With two unique and completely disruptive proprietary MAITs in Clinical Phases 1 and 2 and a sublicensed 
antibody in Phase 2-3 (Onward), the IPO or M&A potential for Biomunex is major in 2026-2027
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Recent partnerships and transactions highlight the interest of Pharma & 
BioPharma companies in BsAb and CD3+ T cell engagers or γδ TCE 

Company Partner Platform/Stage Year Details

Janux Merck MSD 2 programs BsAb TRACTr platform (T 
Cell engagers)

2020
Deal value (milestones) per program: $500.5m
Total deal value: unknown upfront + $1Bn for 2 programs

Lava Therapeutics J&J Janssen BsAb to gamma-delta T cell engagers 2020
Upfront + development and commercial milestones + tiered royalties (not 
disclosed)

F-Star Astra & Zeneca Fcab platform / STING
BsAb programs

2021
Upfront $12 + $300m milestones + single digit % royalty payments per 
program (nb of programs not disclosed)

Merus Loxo/Lilly Biclonic platform 
3 BsAb programs

2021 Upfront $40m upfront + $20m equity investment + $1.6Bn

F-Star J&J Janssen Fcab platform 
5 BsAb programs

2021 Upfront 17.5 M + $1,35bn overall for 5 programs

Immatics BMS Immatics’ TCR bispecific program 2021 Upfront $150 M + milestones to $770 m + tiered double-digit royalties

Biomunex Pharma. Onward Ther. BiXAb bispecific antibody development 
candidate

2021
Upfront + development and commercial milestones + tiered royalties + other 
payments (not disclosed)

Dragonfly Roche Tri-specific NK Engager (TriNKET) 
platform + licence for DF7001

2022
Upfront $300 M with an option for royalties up to 20% on global net 
sales

Harbour Biomed AstraZeneca CLDN18.2xCD3 Bispecific Antibody 2022
Upfront US$25 M + US$325 m development, regulatory and commercial 
milestones + tiered royalties

Lava Therapeutics Seagen Gamma-delta T Cell engagers
(LAVA-1223; preclinical)

2022
Upfront US$50 M + up to $650m development, regulatory and 
commercial milestones + tiered royalties

Macrogenics Gilead Phase 1-stage CD123 x CD3-directed 
+ 2 programs (preclinical)

2022
Upfront US$60 M + up to $1.7Bn in target nomination, option fees, and 
development, regulatory, commercial milestones & double-digit royalties

Zymeworks Jazz Pharma. Zanidatamab, HER2 BsAb (biparato-
pic); phase 2 in CEA (comb.° or mono) 2022

Upfront $ 375M (in 2 tranches: $50M + 325M) + potential milestones for 
total potential payments of up to $1.76 Bn, plus royalties on net sales

Akeso Summit Ther. ivonescimab, anti-PD1 VEGF BsAb in 
clinical (approved in China)

2022
Upfront $500 M + up to $4.5 Bn in milestones + low double-digit 
royalties on net sales
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Biomunex: an international recognition,
notably in the USA
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First level of disruptive innovation: Unique features of a BiXAb® antibody 
enabling the platform to be “Plug-and-Play” and easy to use

Heavy chain

Light chain  
of FAB1

Light chain
of FAB 2 Proprietary “pairing” mutations 

in the Constant Light Chain / 
Constant Heavy Chain domain 

of FAB 2  

Proprietary “pairing” mutations 
in the Constant Light Chain / 

Constant Heavy Chain domain 
of FAB 1  

Variable HC  
Variable LC  

Constant HC

Constant LC

Proprietary linker

• Plug and Play 
format.

• Swap any 2 FABs.

• Bispecific

• Bivalent (for each
target).

• Fc effector function 
competent or null.

• IgG1 or other.
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The BiXAb ® platform fulfills all key properties of a “best-in-class” bispecific 
technology; it generates genuine “drug-like” candidates
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Rapid generation and 
modularity

Excellent drug-like 
properties

Versatility & Multi-specific 
capability 

Excellent 
manufacturability

● IgG1 format

● Excellent pairing

● No steric hindrance

● Low aggregation & immunogenicity risk

● High stability 

● High titer 

● High production yield = parental mAbs

● Competitive COGS

Bispecific development with BiXAb®

● “Plug-and-Play” 
● Proprietary computational modelling approach 
● Rapid generation, selection & purification (< 2 months)
● Bivalency for each target
● Fast IP generation of new composition of matter

● Versatile platform

● Supports tri- and tetra-specific formats

● Fab-Fab, IgG and Fab-Fab-plus formats

BiXAb®

Technology

Bivalent              
Fab-Fab

Tetravalent
BiXAb

Main properties
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BiXAb® is the unique platform overcoming challenges 
and limitations of other bispecific antibody technologies

Format BiXAb® DVD-Ig
scFv/Fv-

IgG
fusions

Asymmetr
ic

IgG
F-mab2 scFv,

nanobody
Scaffolds

Scaffold-
IgG

fusions

Plug-and-Play

Antibodies as building 
blocks

Simultaneous 
unobstructed binding 

Affinity and bi-
valency maintained

Stability

Pharmacokinetics

Multispecific
capability

Manufacturability /
High production yield
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An article recently showed the high value of the BiXAb platform to generate 
many druggable efficacious BsAb in a very short period of time
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T Cell engagers have brought substantial promise to
the immunotherapy field

• T Cell CD3-targeted redirection approach => immunotherapy promise

• > 60 clinical trials evaluating CD3+ T Cell redirection => high interest of pharma companies
• > 20 TAAs evaluated by > 20 different pharma companies

• Therapeutic areas: mainly hematological malignancies

• 1 BsAb T cell engager on the market (Blincyto), 2 recently approved (Tecvayli, Lunsumio) and several 
BsAb/TCE in Phase 3

Problems associated with CD3+ T Cell redirection approaches:
• Pan-T cell activation including Th and Treg subsets

• Cytokine release syndrome

• Other dose-limiting toxicities

• Limited anticancer efficacy in solid-tumors

10
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BiXAb® approach for MAIT-cell redirection 
conceived together with the Curie Institute

 Multiple Mechanisms would contribute to final 
tumor control (Spark effect)

 A series of BiXAb®s against several TAAs in initial 
proof-of-principle studies with Curie Institute

 A first DC targeting HER2+ cancers ready for CMC 
in Q2 2023

 Another program targeting another TAA (from 3 
novel TAAs) is ongoing

 Strong patent position for the redirection of MAIT

 Together with Institut Curie (Dr. Amigorena, Dr. Lantz), Biomunex has co-invented and is co-owner of the 
unique approach of MAIT engagers (first globally)

 Biomunex has developed a BiXAb® that targets specifically the MAIT iTCR and does not bind other T-cell 
populations

 A BiXAb® targeting the iTCR on MAIT cells and a TAA on a cancer cell will permit the formation of an 
effective immunological synapse =>Activation / degranulation / proliferation / cytotoxicity
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What we expect from BiXAb®-mediated MAIT cell 
redirection: Multiple mechanisms
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MAIT

Granzyme B
Perforin

Cytokines

BiXAb®

Tumor
cell

iTCR

TAA

• Immunological cell death
• Neoantigen presentation .
• New adaptive immune response.
• Influx of primed CTLs. 
• CTL-directed tumor killing.

• MAIT cell-directed tumor killing

• Activation and recruitment 
of NK cells.

• NK-mediated tumor killing.

• Influx of effector memory 
MAITs from the periphery.

• BiXAb®-mediated tumor
killing

• MAIT-induced activation 
of macrophages.

• MAIT-cell activation 
and proliferation and 
cytokine release
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Advantages of MAIT engagers compared to classical TCEs 
in solid tumors

Cancer 
cell

iTCR
CYTOKINES

TReg

HER2

MAITT

CD4

CD8

MAITP

CD8

CYTOTOXIC 
GRANULES

CYTOKINES

MAITT

HER2
Cancer 

cell

TReg

CD4

MAITP
CD8

CD8

iTCR

• BiXAb-mediated MAIT activation and direct cytotoxicity
• Limited cytokine release to initiate secondary immune 

response. 
• No Treg activation
• Influx of MAITs and immune cells from periphery

• Classical TCE activate all T-cell subsets
• Activated Tregs can supress activity of other T cells in 

TME
• Activated CD4 (and others) release significant cytokines

Classical TCE BiXAb MAIT engager

BLOOD VESSEL BLOOD VESSEL
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Comparison of T-cell redirection modalities: the MAIT engager approach could 
provide a clear superiority to other T cell engagers
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Feature MAITs a/b T-cells g/9d2 T cells

Treg activation No Activate Tregs
g9d2 can potentially differentiate into 
Tregs (in response to TGFb and IL-15).

Cytokine release Limited Widespread Limited

Resistant to chemo-therapy 
(MDR gene)

Resistant Not resistant Not resistant

TCE activation Restricted to MAITs Activate all T cells Restricted to g/d T cells

Subsets Very limited subsets Variety of subsets limited subsets (but could be Treg)

Tissue resident Naturally resident in barrier tissues (and 
others) Traffic through tissues and resident g9d2 are not naturally tissue resident

Abundance Up to 20% of circulating T cells Majority of T cells <3% of circulating T cells

Cytotoxic function Strong cytotoxic activity Strong cytotoxic activity Strong cytotoxic activity

TCR repertoire Very limited: semi-invariant Vast Limited 

Global Landscape
First-of-its-kind
BsAb to MAIT cell 
engagers

Crowded space, with unsolved problems

Several examples: Lava Therapeutics, 
(Nasdaq), Adaptate, Maverick Ther., 
Gamma-Delta Ther. (acquired by 
Takeda)

Growing evidence strongly suggests that MAIT cell redirection would significantly impact solid tumors
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First BiXAb-MAIT engager development candidate:
BMX-501 has an extrinsic MOA, HER2 is a cancer anchor

1515
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Trastuzumab

Pertuzumab

Signal transduction:
Cancer cell survival 

and proliferation

Lapatinib 
Neratinib
Tucatinib

HER2EGFR
HER3

X
Trastuzumab-ADC

e.g. Enhertu

X
Internalization:

cytotoxicity

Instrinsic mechanisms
(Work via HER2 pathway to inhibit cancer cell)

CANCER CELL

Extrinsic mechanism
(Recruits external effector cells (MAITs))

I
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I
VHER2

MAITiTCR

BMX-501 Granzyme B
Perforin

Cytokines

Secondary anti-cancer 
immune response

CANCER CELL
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The Biomunex MAIT-cell redirection platform is able to
rapidly generate new MAIT engagers targeting new TAAs

16

• First candidate nomination
• BMX-501: Evaluating HER2 (as an anchor for MAIT redirection) for an initial indication in solid tumors (i.e.

for HER2+ lung or colorectal or small intestine or pancreatic or bladder cancers, etc)

• Platform approach development
• Generating a large proprietary panel of antibodies (diverse epitopes and affinities) towards the MAIT iTCR

• BMX-50X: 3 different TAAs evaluated to define the best BiXAb targeting MAIT + a specific TAA

• Additional TAAs in the pipeline being evaluated 

• Potential for several programs in solid tumors
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A Poster at AACR 2023 presenting BiXAb-MAIT engagers
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