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CBL-B - An upcoming immune-oncology target
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ABSTRACT

Introduction: The E3 ubiquitin ligase Cbl-b is a novel target in immune-oncology, with critical roles in
regulating T-cell activation and signaling pathways. By facilitating the ubiquitination and degradation of
key signaling proteins, Cbl-b modulates immune responses, maintaining immune homeostasis and
preventing unwarranted T-cell proliferation. The therapeutic potential of Cbl-b as a cancer immunother-
apy target is underscored by its contribution to an immunosuppressive tumor microenvironment, with
efforts currently underway to develop small-molecule inhibitors.

Areas covered: We reviewed the small molecules, and antibody-drug conjugates targeting Cbl-b from
2018 to 2024. The patents were gathered through publicly available databases and analyzed with in-
house developed cheminformatic workflow, described within the manuscript.

Expert opinion: Targeting Cbl-b presents a promising approach in immuno-oncology, offering a novel
pathway to potentiate the immune system’s ability to combat cancer beyond PDL1/PD1 inhibition. The
development and clinical advancement of Cbl-b inhibitors, as evidenced by the ongoing trials, mark
a significant step toward harnessing this target for therapeutic benefits. Overall, the strategic inhibition
of Cbl-b holds substantial promise for improving cancer immunotherapy outcomes, heralding a new era
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in the fight against cancer.

1. Introduction

The E3 ubiquitin ligase Cbl-b (also termed RNF56) is a member of
a highly conserved family of Cbl (casitas b-lineage lymphoma)
proteins, which play a pivotal role as the negative regulators of
T-cell activation, growth factor receptor, and nonreceptor-type
tyrosine kinase signaling. Cbl proteins mediate ubiquitination
and consequently proteasomal or, in some cases, lysosomal
degradation of various signaling transducers, resulting in
attenuation of the relevant signals [1]. Among Cbl proteins,
Cbl-b, preferential expression in CD4+ and CD8+ T cells, plays
a critical role in the down-regulation of immunological signaling
to induce T-cell anergy [2].

Cbl-b, as an intracellular mediator, serves as a crucial link
between CD28 and CTLA-4 receptor signaling (Figure 1). The
receptor CD28 provides a secondary signal to activate
T cells upon TCR/MHC-II binding. Following T cell activation,
the expression of CTLA-4 increases to outcompete the bind-
ing of CD28 to its ligands, CD80 and CD86, which reduces
the risk of unnecessary T cell proliferation in normal
‘healthy’ conditions. In the absence of CD28 co-
stimulation, Cbl-b initiates the ubiquitination of crucial pro-
teins such as PI3K, PLCy, the zeta-subunit of TCR, and
NEDD4, resulting in the prevention of Vav1-mediated cytos-
keletal activation, TCR phosphorylation, and PTEN inactiva-
tion. Cbl-b also promotes TGF-B signaling through the
ubiquitination of SMAD7. Conversely, ubiquitination of Cbl-b

and its subsequent lysosomal degradation occurs after
a successful CD28 receptor co-stimulation, preventing an
anergic response [3,4].

The inhibitory effect of Cbl-b promotes an immunosuppres-
sive tumor environment, making it a potential therapeutic target
for cancer immunotherapy besides immune-related disorders,
such as infections and autoimmune diseases [5]. Several reports
have shown that Cbl-b deficient animals reject tumors in various
autochthonous and transplanted tumor models [6-8]. As a well-
established and significant immune checkpoint, no approved
drug for inhibiting Cbl-b is currently on the market.
Nonetheless, at present, two small molecules of Cbl-b inhibitors,
HST-1011 (ClinicalTrials.gov ID: NCT05662397) and Nx-1607
(ClinicalTrials.gov ID: NCT05107674), are in the clinical trials by
HotSpot and Nurix, respectively. Several biology and chemistry-
centric reviews were recently published [2,5,9,10]. In the present
review, we focus on summarizing patents and literature of Cbl-b
small-molecule inhibitors until January 2024.

1.1. Structural biology information

Cbl-b, consisting of 982 amino acid residues, has a highly
conserved N-terminal region, including a tyrosine-kinase-
binding domain (TKB) composed of a 4-helix bundle (4 h),
a calcium-binding EF domain, and a variant SH2 domain.
These three domains form an integrated phosphoprotein-
recognition module [11]. A short linker-helix region (LHR)
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Article highlights

e This review covers the patents featuring Cbl-b targeting small-
molecule inhibitors and antibody-drug conjugated disclosed up to
January 2024.

e Cbl-b is a E3 ubiquitin ligase that mediates ubiquitination and degra-
dation of various signaling inducers.

e Cbl-b promotes immunosuppressive tumor environment, making it
a promising immune checkpoint target in cancer treatment.

e The binding target is well described, making for straightforward
structure-based drug design.

e 2 compounds, NRX-1607 and HST-1011, are undergoing clinical trials
at the date of manuscript publication.

e Data from patents was analyzed with help of in-house developed
cheminformatic workflow based on open source and/or publicly
available software.

connects the N-terminal region to a central RING finger domain,
which binds the E2 conjugating enzyme and mediates the trans-
fer of ubiquitin between E2 and target substrates [12]. The
COOH-terminal region contains multiple proline-rich sequences,
serine and tyrosine phosphorylation sites, and a ubiquitin-
associated domain (UBA), which interacts with ubiquitin [13]. It
has been shown that the phosphorylation of Tyr363, located in
the LHR, eliminates Cbl-b autoinhibition and induces its ligation
activity. The mutation of this highly conserved Tyr residue to Phe
eliminates the E3 activity of Cbl-b [12].

In 2011, Kobashigawa et al. reported the structural analysis
of the N-terminal region of Cbl-b both in the unphosphory-
lated and Tyr363-phosphorylated states using small-angle
X-ray scattering (SAXS) and NMR spectroscopy (PDB ID:
3VGO). Their results revealed that Cbl-b has a compact struc-
ture in the unphosphorylated state due to an interaction
between the TKB domain and several residues within the

CD80-CD86

PKCe
CcMmB

complex

Cytoskeleton reorganization

}
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linker-helix region, especially Tyr363. In this compact confor-
mation, the RING finger domain is restricted to the side of the
TKB domain, and its interaction surface with the E2 ubiquitin-
conjugating enzyme is completely masked. The phosphoryla-
tion of Tyr363 regulates the E3 activity of Cbl-b by disrupting
the mentioned interdomain interaction to remove the mask-
ing of the RING domain from the TKB domain. Additionally,
the phosphate group of phosphorylated Tyr363 is situated
near the interaction surface with UbcH5B, resulting in
a reduction of their electrostatic repulsion and, consequently,
an increase in affinity [14].

Dou et al. have determined the crystal structure of
phosphoTyr363-Cbl-b bound to a ZAP-70 substrate peptide
and a Ub-linked E2 complex to investigate how monomeric
RING E3s promote Ub transfer (PDB ID: 3ZNI). Their data
indicate that both the pTyr363-induced structural element
and pTyr363’s direct interaction with Ub are required for
positioning Ub for catalysis and improving the catalytic
efficiency of Ub transfer by ~200-fold [15].

The identification of Cbl-b as a promising therapeutic target
led to the discovery of multiple small-molecule inhibitors
(Figure 2(a)), both from academia and industry. Published litera-
ture includes several co-crystal structures of these inhibitors with
Cbl-b (PDB-IDs 8GCY,8QTK,8QTJ,8QTG,8QNG,8QNI,8QTH,8QNH).
A comparative analysis of the co-crystallized Cbl-b structures has
led to the formulation of a consensus pharmacophore model
(Figure 2(b)). Based on the analysis of the crystal structure
(Figure 2(c)) three primary pharmacophoric interactions critical
for inhibitor efficacy: a solvent-exposed amine that engages
Glu268 through electrostatic interactions (Figure 2(d)); the
encapsulation of the central isoindolone substructure by sur-
rounding amino acids (Figure 2(e)); and a hydrophobic channel
that accommodates the 3-methyl cyclo-butane moiety, with
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Figure 1. Involvement of Cbl-b in different pathways as the critical regulator of T-cell activation.
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Figure 2. Structural biology information of Cbl-b small molecule interactions. a) 2D structures of the co-crystallized small molecules; b) Alignment of all small
molecules of the co-crystallized Cbl-b structures supporting a common pharmacophore model; c) Overview of Cbl-b protein structure (PDB-ID 8GCY); d-f) Zoom into
the small molecule binding site of the isoindolone structure partitioned into the three pharmacophore substructures; d) The solvent exposed amine binding site
governed by a charge-charge interaction with Glu268 indicated as yellow dotted lines; €) The amino acids enclosing the central isoindolone substructure; f)
A hydrophobic channel enclosing the 3-methyl cyclo-butane moiety; a triazole-N(3) forms a hydrogen bond to the Tyr260-oh and triazole-N(4) hydrogen bond to

a water which is repeatedly involved in a H,O cluster.

notable hydrogen bonds between triazole nitrogens and both
Tyr260-OH and a water molecule within an H,O cluster

(Figure 2(f)).

2. Patent review

The patent review is ordered according to companies and
patent priority dates.

2.1. Nurix therapeutics

Nurix Therapeutics has filed five patents featuring Cbl-b inhi-
bitors in 2019-2022 [16-20] that were publicly disclosed in the
following years. One of the patented compounds, NX-1607
(structure undisclosed), is currently undergoing a phase 1a
clinical trial as an immune-oncology therapeutic agent (ID
NCT05107674). Through all five patents, binding affinities of
the disclosed small molecules were evaluated with Surface

R, R3
0 Q R4
/
O
\ N
X / z7
R1

General Structure 1 F

Plasmon Resonance (SPR), Fluorescence Resonance Energy
Transfer (FRET) assays, and displacement assays and disclosed
as ranges of 1Cso. The T-Cell IL-2 secretion and CD25 surface
expression were used for the evaluation of the biological
activity of some compounds. Selected compounds were tested
for T-cell, NK cell, and B-cell activities in vivo mouse models.

The first patent disclosed in 2019 features a fused benzo
lactam (isoindoline-1-one) scaffold (General Structure 1), with
the key pharmacophoric interaction being represented by the
Hydrogen Bond between the lactam’s carbonyl group and the
backbone of the Phe263 (Figure 2(e)) [16]. The scaffold is
joined through a (hetero) benzene linker to the pharmacopho-
ric part of the molecule, consisting of an alkyl component
(that includes the R, and Rz group) and a triazole, as well as
heterogeneous substitution on the A part of the molecule. The
nature of an alkyl moiety R,/Rs did not substantially affect the
ICs5o — for example, compounds 1 and 2 both have the same
ICso range of 500 nM.

FIoF
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Various structures with 6-member aromatic linkers, such as
phenyl and pyridyl, were also disclosed. Many different het-
erocyclic substituents were explored in A, including piperidine,
morpholine, and more complex heterocycles such as
naphthyridine, quinuclidine, and diazabicyclooctane. The
molecules with an azaspiroheptane moiety showed the lowest
IC50, like 3 and 4 with 1C5q less than 100 nM. The triazole group
is notably prevalent across most of the disclosed structures.
Chemists also explored an oxadiazole variant but observed no
difference in activity. This likely occurred because both cases
feature a nitrogen capable of forming a water bridge with the
crystal water present in the subpocket around Tyr363.

R1

General Structure 2

The following three patents [17-19] were disclosed in 2020.
They feature compounds with two central scaffolds: one ben-
zamide and the cyclized isoindolin-1-one version (General
Structure 2), and hence, they will be discussed together. All
the compounds exhibit a broad range of activities up to
50 uM, independent of the central scaffold structure.

A typical example of a compound disclosed in the patent is
5 (ICsp 5 uM), which usually has a 4-member ring at the R2-R3
position - replacing it with the 5-member ring oxolane results
in compound 6 with an ICs, of over 100 uM. Interestingly, in
the instances where a 4-membered ring has a chiral center, no
significant difference in activity was observed between R and
S configurations or among the various substitutions, like in
compounds 7 and 8 (ICso 5 uM).

Generally, adding piperazine in the A position tends to
enhance the activity significantly, often tenfold. This is demon-
strated by the difference in activity between 9 (IC5o 5 uM) and
10 (IC50 12 uM). The presence of minor substitutions at the

3-position of the piperidine ring helped improve the activity,
demonstrated by 11 (ICso 1 uM). However, adding a bigger or
additional substituent is deleterious, widely decreasing the
activity (12 and 13, 50 uM). Additional substitutions in other
areas of the piperidine did not strongly affect the 1C5q (14,
5.0 uM), thus making these substitutions a useful tool for
adjusting the pharmacokinetic values.

Below are several notable examples that feature substi-
tuted pyridine attached to an isoindolin-1-one core. An addi-
tional ortho substituent can influence the compound’s activity.
For example, the binding affinity of 15 (ICso of 1 uM) with an
ethoxy moiety is much higher than that of 16 (ICso — 50 uM)
with a choline moiety.

In the last patent disclosed by Nurix, the chemists intro-
duced a urea linker instead of the amide or lactam linker
(General Structure 3) [20].

They further explored the A portion of the molecule from
earlier patents, experimenting with various moieties such as
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pyridoxazine (17, ICso 5 uM) and a pyridine condensed morpho-
line spiro substituted. A notable example is 18, featuring
a complex condensed morpholino pyridine cycle that exhibits
an activity of 100 nM. This heightened activity is likely due to
optimal interaction with the accessory subpocket (Figure 2(f)).
Another intriguing example is 19 (ICso 100 nM), which shed the
phenyl-urea linker for a pyrazolopyridine core that interacts with
Phe263 (Figure 2(e)) through the appropriate hydrogen atom.

2.2. Genentech

Genentech has released three patents [21-23] detailing com-
pounds that exhibit inhibitory activity against Cbl-b. These
molecules are claimed to act as inhibitors of Cbl-b. The bind-
ing activity data for the compounds were disclosed as TR-FRET
IC5q activities. The in vitro biological activity was tested with
Jurkat T-Cell assay and disclosed as ECso concentration.

The first patent was disclosed in 2022 [21]. The scaffold
under examination is anilino benzamide, characterized by
General structure 4.

Q is an aromatic five-membered ring containing at least one
heteroatom, while the central rings are often benzene or pyri-
dine. R; and R, frequently feature oxetane, while in R; and/or R,
the presence of a halogen seems to be crucial. Finally, R5 experi-
ences predominant substitution with a heterocycloalkyl group,
such as cyclopentyloxy group or N-cyclopentyl group.

Compound 20 shows the best ICs, value, corresponding to
7,1 nM. Various analogues of this compound have been ana-
lyzed, revealing that when R3 and R4 are both hydrogens, like
in structure 21, the potency is reduced (ICs, of 7,5nM).
Similarly, when in structure 22, the carbon linking the fluorine
in R3 has an S configuration, the potency is diminished (ICsq of
11 nM). Regarding the four-membered ring, when it corre-
sponds to an oxetane, the IC5o values measured tend to be
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General Structure 3

higher. In structure 23, for example, showing an oxetane and
two hydrogens in R3 and R4, the ICsy value is 10 nM.

Compound 24, instead, differs from the previously described
compounds, because of the presence of a spirocyclic system
substituted on the pyridine and because of the trifluoromethyl
substituent. On the other hand, the complete absence of a third
ring, as in compound 25, leads to a drastic decrease of the
inhibitory activity (ICso of 20 uM). This observation could be
elucidated by the fact that the receptor pocket is not filled, as
occurs when a third ring is present in the structure.

Interestingly, the oxygen atom in the oxetane ring is
moved from the achiral position —3 to the chiral position —2:
in compound 26, that shows a achiral oxetane moiety, the ICsq
is 0.2 uM; in compound 27, where the oxetane oxygen instead
changed position, the ICsq is 15 pM.

A second patent filed by Genentech was disclosed in 2023
and describes a group of y-lactams, specifically the isoindo-
line-1-one core, summarized in general structure 5. [22]

Our analysis reveals similarities with the previously con-
ducted study on the above anilino benzamides, suggesting
that the g-lactams patent represents a progression or devel-
opment of the one related to amides. Thus, similarities are
observed in the substitutions in Q, R1, R2, R3, R4, and R5
positions. Z represents a versatile substitution pattern, taking
the form of -CH,NR,Rg, where R; and Rg are flexible and can
be alkyl, cycloalkyl, heterocyclic, or spirocyclic groups.
Furthermore, these substituents can be adorned with halo-
gens, alkyl, cycloalkyl, and hydroxyalkyl groups. This substitu-
tion pattern allows for diverse modifications within the
molecular scaffold.
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In compound 28, R; and R, are oxetane, while R3 and R, are
two hydrogens, and Q is a 4-methyl-1,2,4-triazole. This combi-
nation is frequent, particularly in compounds with good inhi-
bitory activity. In the case of compound 29, the ICs5y value
corresponds to 5,5 nM.

A cyano group is in Rs, such as in compound 30, is also
tolerated, with the ICsq is 11 nM, so is an ethyleneamine group
like in compound 31 with the IC5q is 12 nM. Nevertheless, as an
interaction is likely occurring with a lipophilic sub-pocket of
the receptor, the substitution in Rs enhances the activity. In
compound 32, a phenyl group in X significantly reduces the
ICs0 to a value higher than 20 pM.

The compound 33 is one of the most active compounds
disclosed in the patent with an ICs, of 7nM, incorporating
a methyl substituent with an S stereocenter in the oxazepane
moiety. When the same carbon shows an R configuration, like
in compound 34, the ICs increases considerably to 48 nM.

A third patent was disclosed in 2023 [23]. Once again, the
compounds described are lactams with the isoindoline-1-one
core and of General Structure 6.

The main distinguishing factor from the previously analyzed
lactams is the absence of a carbon atom between the substitu-
ents Rs/R; and the Q ring, which results in a loss of a rotatable
bond in this region and therefore increases the conformational
rigidity. In 35, the isoindoline-1-one scaffold is decorated with
a cyclobutyl in Rs, with a methylene bridge to a cyano group. Q is
a 4-methyl-1,2,4-triazole, while in R, a trifluoromethyl group is
present. Finally, in Z, there is a 1-methylcyclobutylaminomethyl
group. This combination leads to the best compound described
in this patent, with an ICso of 2,5 nM. On the other hand, what
seems to decrease the compounds’ inhibiting activity are the
substitutions in J, like for compounds 36 (with a methoxy group,
ICs0 of 20 uM) and the difluoromethyl group in R; position, like in
37, with an ICsq of 9.9 uM.

2.3. HotSpot therapeutics

HotSpot Therapeutics filed a patent for Cbl-b inhibitors in
2021, which was published in 2022 [24]. The company’s
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Rs small molecule, HST-1011 (structure undisclosed), is under-

o Rs going clinical trials (ClinicalTrials.gov ID: NCT05662397) for

A R4 treating solid tumors. The patent showcases a series of struc-
H Q tures of substituted imidazolo[1,5-a]pyridine-3(2 h)-ones,

R1 Rz along with their corresponding TR-FRET activity data pub-
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lished as a range of 1C5q values.

The general structure (General structure 7) of the active
compounds in the patent consists of a heterocycle-benzene
moiety that acts as a bridge between A (typically alkyl-triazole)
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Figure 3. Structure of the in-house developed pipeline for high-throughput patent processing. At first DECIMER extract SMILES from the PDF document; the
molecular activities are then assigned manually. Free Wilson analysis in than performed on the resulted table same table is further used for computing tanimoto
pairwise matrix and dimensionally reduced through CMAP (in house python script used). Open Source DataWarrior software was used to perform cliff analysis that
obtains a SALI (structure-Activity Landscape Index) plot.
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and a combination of the central aromatic ring (benzene or
pyridine) with R2 (typically a hydrophilic alkylamine
substituent).

The first structure (General structure 7) contains a sequence
of oxetane connected to a triazole moiety by a small methyl
bridge. The R, part of the molecule typically consists of polar
hydrophilic groups, such as piperidine or ethylene glycol. The
molecules like 38, with hydrogen at the exact location already
exhibits good activity in 300-1000 nM range. Most disclosed
structures contain the trifluoromethyl group in position R1
(39). Substituting the R, moiety with methyl (40), difluoro-
methyl (41), or aldehyde (42) decreases the ICso of the com-
pound, with the latter substitution significantly reduces the
activity range to 3000-10,000 nM compared to 300-1000 nM
of 39. The activity of the following structure can be further
enhanced by adding an amine group, reducing the I1Cs, range
from 300-1000 nM to less than 100 nM. With the right combi-
nation of amine and alkyl substituents, chlorine substitution
on R1 can be tolerated, resulting in compound 43 with an
activity below 100 nM. Moreover, the binding pocket can tol-
erate a wide range of these polar substituents, as demon-
strated by the activities of the substructures 44-46.

A second characteristic substructure of the HotSpot patent
features an aromatic ring conjugated to the methyl stereocen-
ter connected to a cyclobutyl moiety and a triazole com-
pound. The molecule’s stereochemistry is particularly
important, as demonstrated by the compounds 47 and 48. The
IC5o of the S isomer 47 is lower than 100 nM, while the
R isomer 48 is a few orders of magnitude less potent, render-
ing it virtually inactive. In addition, the ICso of structure 49 is
more active than 38 (<200 nM vs 300-1000 nM), indicating
better promise behind the following substructure type.
Interestingly, the addition of hydrophilic amine moieties
reverses the preference from S isomer to R isomer, as

pIC50 of Genentech Dataset

Cluster_O

Cluster_1

evidenced by the activity of the 49 and 50. Few substitutions
are also tolerated at the cyclopropyl moiety. Addition of the
methoxy group to compound 51 results in the compound 52
with similar activity range lower than 100 nM. However, intro-
ducing 2 fluorine atoms decreases the activity of the com-
pound 53 to a higher activity range (300-1000 nM).

2.4. Nimbus

Nimbus Therapeutics has disclosed two patents featuring Cbl-b
inhibitors. In 2022, the company reported Cbl-b compound NTX-
801 (structure not disclosed) in the preclinical trial phase [25,26].
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ing, followed by CMAP dimensional reduction and K-Means clustering. Each
data point represents a molecule, and the relative distance represents the
similarity.
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Figure 5. Pairwise tanimoto similarity matrix using ECFP Morgan fingerprinting, followed by CMAP dimensional reduction and K-Means clustering. Each data point
represents a molecule, with the hue indicating the plCso. The cluster centroids are shown as black dots.
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No updates have been disclosed since then, and the list of the
companies pipeline does not feature Cbl-b anymore.

The first patent describes a set of molecules with benzazole
core linked to a 6-membered (hetero)aromatic moiety acting
as a bridge to a triazole ring (General Structure 8) [25]. Their
binding affinities to Cbl-b were measured by TR-FRET and
disclosed as IC5o ranges. In some compounds, the triazole
may be replaced by diazole or tetrazole.

This substructure can tolerate various substituents at the
hydrophilic moiety at R; and aromatic substituents R,, Rs, and
Rs. Some exemplary compounds, 54 and 55, have TR-FRET
activities below 200 nM, Jurkat T-Cell assay activities below
200 nM, and Alphalisa activities less than 1 uM.

The second Nimbus patent features the iso-oxindole sub-
structure that acts as a linker between the pharmacophores
similar to the one disclosed in the previous patent. [26] Most
of the disclosed compounds inhibited the Cbl-b activity with
ICso values <200 nM, tested by RT-FRET. For example, 56 is
very active in all the performed assays, including ICsq of TR-
FRET activities in below 200 nM, ECsy of Jurkat T-Cell assay
activities below 200 nM and Alphalisa activities less than 1 uM.

2.5. Simcere

The Chinese company Simcere has published two patents on
small-molecule inhibitors for Cbl-b [27,28]. The first patent
highlights a series of 94 substituted naphthalactones
(General Structure 9) [27]. This motif serves as a bridging link
between an amine moiety and a combination of aromatic,
cyclopropyl, and tetrazole moieties. Activities of the 14 most
potent compounds were also disclosed, specifically as 1Csg
values from ubiquitination assay based on HTRF, which ranged
from 16.5nM to 107.5 nM. Additionally, five of these com-
pounds were tested in the Jurkat T-cell assay, yielding ECsg
values in the range of 264-616 nM. Compound SIM94 stands
out with the lowest IC55 of 16 nM and an ECsy of 355 nM. in
the Jurkat assay. Compound 57 has a slightly higher ICsq of
25.3 compared to 58, but it demonstrates more significant
activity in the Jurkat assay, with a low ECsq of 264 nM.

The second patent by Simcere, filed in 2023, involves the
General Structure 10 where a chromone is connected through
an m-phenyl linker to R3. R3 consists of a substituted carbon
linked to a 4-membered triazole moiety [28]. The compounds
showed activity for inhibition of Cbl-b with IC5, values of 5 nM
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2.6. Orum therapeutics

In 2023, Orum Therapeutics has disclosed a patent featuring
antibody conjugates with small-molecule Cbl-b inhibitors [29].
Orum scientists investigated in vitro and in vivo biological
activity of the Cbl-b inhibitor compounds in conjugation
with anti-PD-1, anti CD7 and anti-CD25 antibodies. The
General Structure 11 of the compounds involves a pyridine-
oxindole core that binds an alkyl-tetrazole fragment with the
amine moiety. Contrasting with other molecules discussed

to 450 nM, assessed in the ubiquitination assay based on HTRF
assay. The activities of 16 compounds for activating an IL-
2 secretion in Jurkat T-cells were also disclosed, resulting in
ECso values ranging from 53 nM to 688 nM. Among the mole-
cules presented, the 59 was the most active with the smallest
ICso for Ubiquitination and ECsq in Jurkat T cell assay, 5.4 nM
and 53.6 nM, respectively.

above, these molecules contain an extra secondary amine on
the pyridine that can be modified with a linker for the anti-
body conjugation. Although the individuals ICso of these
molecules were not disclosed, the T-Cell activation data in
seven different cell lines for three small-molecule compounds
60-62 was shown. Compound 63 is an example of compound
61 with a linker for antibody conjugation.
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2.7. InSilico design

InSilico Design has filed a Cbl-b related patent in 2023, that was
made available publicly in January 2024 [30]. It features com-

EXPERT OPINION ON THERAPEUTIC PATENTS e 57

3. Expert opinion

Cbl-b is a new frontier in cancer drug discovery and develop-
ment. It promises to revolutionize treatment by targeting the
immune system'’s intricate controls, potentially offering a more
precise and potent attack on cancer cells compared to tradi-
tional methods. Unlike therapies focusing solely on PD-1/PD-
L1 pathways, which primarily lift the ‘brakes’ on immune cells,
CBL-B inhibition could amplify the immune response more
broadly, offering a dual advantage of enhancing cell-killing
capabilities while potentially reducing the risk of resistance
and improving outcomes across a wider range of cancers. This
innovative approach embodies the next leap forward in
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pounds with General Structure 12 and General Structure 13. The
binding affinity of these compounds was measured by the HRTF
assay and disclosed as concentration ranges — some exemplary
compounds with 1Csy <20 nM 64 and 65 are shown below.

2.8. Arcus biosciences

Arcus Biosciences has filed a Cbl-b-related patent in 2023, that
was published in January 2024. [26] The general structure 14
features a pyrollopyridinone core with some variability of sub-
stituents, connecting an ensemble of benzyl rings, alkyl moiety,
and tetrazole substitutes with the hydrophilic part of the mole-
cule. The compounds’ affinity for Cbl-b and their effect on IL-
2 secretion were assessed using HTRF and AlphaLISA assays,
respectively, with data presented as concentration ranges. This
resulted in ICso and ECsq values in the range of less than 100 nM
to up to 5 uM. For example, compound 66 showed potent bind-
ing with ICso and ECsq values of less than 100 nM.

immuno-oncology, aiming to outsmart cancer's cunning
defenses with unmatched precision. In the highly dynamic
landscape of Cbl-b research, the last few years have witnessed
remarkable progress in patent disclosures, displaying
a plethora of compounds by various companies. The intricate
dance of two totally opposite fragments of the molecule:
hydrophobic and hydrophilic are united by the greasy trifluor-
omethylated scaffold to create an assemble of pharmacopho-
ric interactions.

After analyzing the molecules disclosed in the patents, we can
speculate on some aspects of the Structure—Activity Relationship

General Structure 7
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(SAR). Most structures, across various patents, display remarkably
similar characteristics (General Structure 15). A Hydrogen Bond
Donor (HBD) is crucial for targeting the backbone of Phe263
carbonyl (Figure 2(e)) with a hydrogen bond; numerous com-
pounds achieve this through either a benzyl amide or a benzyl
lactam, as seen in many structures from Nurix and Genentech.
Another significant substitution at R1, widely represented in all
patents, is a trifluoromethyl group that targets a greasy sub-
pocket defined by the apolar side chain of Lys145, Arg141, and
the backbone of Thr144.

This scaffold acts as a bridge between two separate substruc-
tures. Substructure A, which explores a wide range of moieties,
targets a subpocket (see Figure 2(d)) capable of accommodating
various moieties without compromising activity (so-called ‘dis-
continuous’ SAR since chemically different substituents do not
widely impact the activity). This allows for a diverse array of
chemical substituents. It is believed to be in a rather solvent-
accessible area of the receptor, highlighting its potential in

pharmacokinetic applications. Despite the variety of substituents
presented by different companies, a consistent trend is observed:
compounds with the appropriate stereochemistry for interacting
with a subpocket, composed of Glu258, Glu268, and Pro72, show
increased activity. It is notable that several compounds disclosed
by various companies feature a piperidine-like substitution on
the A portion. This suggests that the enhanced activity occurs
due to hydrogen bond formation with Glu268.

Substructure B of the molecule is crucial for the activity and
follows the principles of a ‘continuous’ Structure—Activity
Relationship (SAR) [31], meaning that small changes can criti-
cally impact the activity cliff. It interacts with a critical
Y-shaped subpocket (Figure 2(f)). Numerous compounds fea-
turing a spiro substituent have been identified, whether mod-
ified on the 3’ carbon or not. These compounds are linked to
an aromatic 5-member ring, typically a triazole. The triazole
occupies one side of the Y-shaped subpocket and engages in
pi-stacking with Tyr363, while the spiro substituent fills the
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other side. A cluster of water molecules around the Tyr363 is
common among the different crystal structures, and since the
triazole moiety is also common among the molecules within
the patents, we might speculate that the presence of a water
bridge stabilizes the triazole moiety in this pocket. A direct fit
into the Y-shaped subpocket is essential as demonstrated by
the poor activity of larger substituents such as 5-member ring
(compound 6).

Overall, the well-characterized structure of the target protein
and biological pathways allow for a precise identification of key
pharmacophoric interaction, this leading to efficient structure-
based discovery pipeline. In fact, based on the disclosed
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4, Chemoinformatic workflow

Patent information plays a crucial and supplementary role along-
side published scientific literature, harboring key insights often
obscured by the proprietary and economically valuable nature of
drug discovery and development. The inherent complexity and
guarded content within patents make them challenging to deci-
pher, rendering patent analysis a labor-intensive task that typi-
cally requires expert intervention. Additionally, the vast amount
of data contained in patents is not readily accessible through
mere visual inspection. To address these challenges, we intro-

N—N

General Structure 9

structures and activities, we can see that it is easy to engineer
molecules that performs well in pre-clinical studies.
Nevertheless, the good performance in pre-clinical trials does
not guarantee successful clinical trials and subsequent adoption
of the drug into clinical practice. Out of several analyzed com-
panies, only Nurix and HotSpot are doing clinical trials. It is our
opinion that the outcome of these clinical trials will both deter-
mine the viability of Cbl-b as a target in immunooncology and
confirm that positive in-vitro data transfers into the patient
outcome. Therefore, the success of these ongoing trials might
encourage other companies to initiate their own clinical trials.

duce a chemoinformatic pipeline designed to streamline and
expedite the analysis of patent data. For this, we have imple-
mented a straightforward, yet effective cheminformatics proto-
col to address this complexity to aid visual analysis (Figure 3).
This protocol consists of a Deep Learning component capable of
mining and converting the structure drawings into Simplified
Molecular Input Line Entry System (SMILES) and a more tradi-
tional cheminformatics analysis that can decipher the covariance
in R groups. We emphasize that certain types of cheminformatics
analysis play a vital role in patent analysis due to the increasing
quantity and complexity of such documents, helping avoid
biases.

4.1. Structure mining

To better understand the diversity in structure and activity of
entities described in patents, we chose Genentech’s patent
structures as our case study. This decision was based on
Genentech providing specific ICso values, unlike other compa-
nies offering only a range of values. Nonetheless, it is impor-
tant to highlight that our overall pipeline also remains
applicable to patents that offer activity data in ranges, not
just precise values. The first step involves extracting structures
from patents while ensuring the exclusion of any other gra-
phical images; then, it is necessary to convert these structures
into SMILES representation for inclusion in a cheminformatics
workflow.
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The Optical Chemical Structure Recognition (OCSR) tool,
DECIMER, can perform the listed operations into a single
workflow, taking as input just the pages/scans containing
the drawing of the structures [32]. DECIMER is not capable
of extracting ICso values and associating them with SMILES,
so we manually conducted this operation. This resulted in
a table containing the molecule name, the SMILES, and the
activity ready for an exploratory chemoinformatic analysis.

4.2. Free Wilson Analysis

Free Wilson Analysis is a method utilized to understand sub-
stituents’ impact on activity [33]. This approach involves
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constructing a matrix with rows corresponding to compounds
and columns reflecting the presence or absence of each sub-
stituent. Regression analysis is then performed on this matrix,
yielding coefficients for each substituent that indicate their
contribution to the molecule’s activity. This analysis is most
effective when the dataset has a diverse range of single sub-
stituent combinations, enabling more accurate inferences
from regression-based machine learning. In the test dataset
from Genentech, not all compounds met this criterion.
However, combining this type of analysis with a simple
SMART pattern search can effectively identify molecules with
single substituent modifications, thereby facilitating a better
comparison of their activities.
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4.3. CMAP Analysis

The first type of information crucial for rationalizing the SAR is
understanding whether the SARs are ‘continuous’ or ‘discon-
tinuous’ [31]. In the first case, minor structural modifications
can dramatically affect the activity (activity cliff), while chemi-
cally diverse compounds exhibit the same activity in
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the second case. One type of SAR does not exclude the
other, and both these antithetic behaviors can rationalize the
same pocket; this is possible because the 3D similarity can be
vastly different from the 2D similarity.

So, to rationalize this behavior, the following operations on
the dataset were performed through an in-house Python script
(1) The similarity of all the compounds was assessed using the
Tanimoto Similarity Score (TSS), resulting in a 2D matrix of
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General Structure 13

similarity, (2) The Tanimoto similarity matrix was then subjected
to CMAP dimensionality reduction. This step transforms the high-
dimensional similarity data into a more manageable, lower-
dimensional format; (3) Following the CMAP dimensionality
reduction, KMeans clustering was performed, grouping com-
pounds into distinct clusters based on their similarity (Figures
4-5). Each dot in the resulting scatterplot was colored based on
the plCsy, revealing the general behavior of the molecules. Active
molecules were found in all clusters, suggesting that the
Structure—Activity  Relationship ~ (SAR)  would  exhibit
a 'discontinuous’ behavior. However, not surprisingly, many non-
potent molecules were also found in clusters predominantly
occupied by active molecules, suggesting a ‘continuous’ beha-
vior. This analysis helped us identify clusters of distinct structures
with similar activities for patents analyzed above.

4.4. Activity cliff analysis

To improve our understanding of substituent interaction, we
conducted a Cliff Analysis through the chemoinformatic tool
DataWarrior [34]. It computes the Tanimoto Similarity Matrix
and a dimensionality reduction, then examines pairs of similar
structures below a customizable cutoff and calculates the differ-
ence in activity (plCso, pKd) relative to their dissimilarity. This
analysis produces a Structure-Activity Landscape Index (SALI)
plot (Figure 6), offering insights into the significance of changes
in molecular activity compared to their structural variations.
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