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BB0-10203 inhibits tumor growth without inducing
hyperglycemia by blocking RAS-PI3Ka interaction
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BB0-10203 is an orally available drug that covalently and specifically binds to the RAS-binding domain of phosphoinositide 3-
kinase o (PI3Ka), preventing its activation by HRAS, NRAS, and KRAS. It inhibited PI3Ka activation in tumors with oncogenic
mutations in KRAS or PIK3CA, and in tumors with human epidermal growth factor receptor 2 (HER2) amplification or
overexpression. In preclinical models, BBO-10203 caused significant tumor growth inhibition across multiple tumor types and
showed enhanced efficacy in combination with inhibitors of cyclin-dependent kinase 4/6 (CDK4/6), estrogen receptor (ER),
HER2 and KRAS-G12C mutant, including in tumors harboring mutations in Kelch-like ECH-associated protein 1 (KEAP1) and
Serine/Threonine Kinase 11 (STK11). Notably, these antitumor effects occurred without inducing hyperglycemia, as insulin
signaling does not depend on RAS-mediated PI3Ka activation to promote glucose uptake.

Phosphoinositide 3-kinases function in many aspects of cell
physiology, including growth, differentiation, survival, and
migration. PI3Ko is regulated by receptor tyrosine Kinases
and contributes to insulin homeostasis. The catalytic subunit
of PI3Ko, pl10a (encoded by the PIK3CA gene), is recruited
to activated receptors through its direct interaction with the
PI3Ka regulatory subunit p85, or in the case of insulin and
insulin-like growth factor 1 (IGF-1), through p85 binding to
insulin receptor substrate (IRS) proteins (I). Deletion of
pll0x causes embryonic lethality (2), whereas mice
heterozygous for p110« survive but are glucose intolerant and
suffer from hyperinsulinemia and hyperphagia, among other
phenotypes associated with defective insulin signaling (1).

Lipid kinase activity associated with v-Src and polyoma-
virus middle T oncoproteins (3-6) led to the identification of
PI 3-kinase (7). Subsequently, three classes and multiple
isoforms of PI 3-kinases were characterized. An oncogenic
form of PI 3-kinase o (PIK3CA) was discovered in an avian
retrovirus (8), and activating mutations in PIK3CA were later
identified in human tumors (9). These mutations occur in 24-
46% of endometrial cancers, 20-32% of breast cancers, 20-
27% of bladder cancers, and at notable frequencies in most
other cancer types (10).
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Canonical RAS proteins bind directly to PI 3-kinases (I1I)
but with lower affinity than to RAF kinases (72). Oncogenic
RAS proteins activate PI3Ko when overexpressed (13). Fur-
thermore, disrupting RAS-PI3K« interaction through muta-
tions T208D and K227A in the PI3Ko RAS-binding domain
(RBD) severely impairs tumor formation driven by KRAS-
G12D (14). Systemic disruption of RAS-PI3K« interaction in
mice is well tolerated and does not provoke hyperglycemia
(15). Tumors driven by oncogenic mutants of EGFR regress
after genetic disruption of RAS-PI3K« binding (15), and neo-
angiogenesis is impaired (I6). These findings indicate that
RAS binding to PI3K« is not essential in normal cells, or for
insulin homeostasis, but is vital for tumor formation and
maintenance.

We describe an orally available drug, BBO-10203, that
phenocopies the PI3Ka T208D-K227A mutant. It binds cova-
lently to PI3Ko near the RAS binding site, and blocks its in-
teraction with the canonical RAS proteins HRAS, NRAS, and
KRAS. It is effective in multiple mouse models and, im-
portantly, does not affect insulin homeostasis.
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BBO0-10203 binds covalently and specifically to p110«
The crystal structures of MRAS, RRAS2, and KRAS bound to
p110a have been solved, with the KRAS-p110a complex stabi-
lized by a molecular glue compound D927 (I7). Figure 1A
shows a structure of KRAS bound to non-hydrolyzable GTP
analog (GMPPNP) in complex with p110«, highlighting its in-
teraction primarily through the RBD (PDB: 9C15). RAS bind-
ing to the p110a RBD does not alter the conformation of the
kinase domain, supporting a proposed model where RAS ac-
tivates PI3Kuo by stabilizing contacts between the p110« and
the plasma membrane, where the substrate phosphatidylino-
sitol 4,5-bisphosphate (PIP2) resides, without affecting kinase
activity directly or allosterically (17-19).

Compound D927, used to crystallize the KRAS-p110c com-
plex, was identified through phenotypic screening for anti-
diabetic compounds (20). It functions as a molecular glue by
enhancing RAS-pl110«a interactions (I7). Structural analysis
revealed that D927 binds by inducing a pocket in the p110«
RBD, with its aniline moiety interacting with KRAS residues
Y40 and R41 (17). Given this structural insight, we tested
whether substituting the flexible aniline group in D927 with
a rigid moiety linked to the pyridazine ring would sterically
clash with KRAS Y40, thereby disrupting the KRAS-p110« in-
teraction (fig. S1). Structure-based drug design and molecular
modeling led to the discovery of compound 1, which breaks
instead of stabilizes the KRAS-p110« interaction. A consider-
able increase in cell potency was achieved by introducing an
acrylamide electrophile that specifically targets the native
cysteine C242 in the p110o RBD binding pocket, leading to
compound 2. Subsequent optimization of potency and phar-
macokinetic properties led to the development candidate
BBO-10203.

BBO-10203 (Fig. 1B) covalently binds to p110¢, as deter-
mined by MALDI-TOF mass spectrometry (Fig. 1C and fig.
S2). The crystal structure of PI3Ka RBD complexed with
BBO-10203 shows covalent engagement with C242 via an
acrylamide warhead (Fig. 1D and table S1). Key residues in
PI3K«o RBD that interact with BBO-10203 include Q205, Y207,
1225, K228, Y246, and Y250 (fig. S3), which are adjacent to
mutations T208D and K227A known to disrupt RAS-p110«
binding (14). Figure 1E shows that BBO-10203, covalently
bound to PI3Ka, would sterically clash with KRAS, prevent-
ing its binding.

BB0-10203 is specific for PI3Ka and exhibits no affinity
for the other three PI3K isoforms: PI3KR, PI3K5, and PI3Ky
(fig. S4A). Comparisons of the sequence and structure of the
RBD of PI3K« with the other three PI3K isoforms elucidate
this specificity. The other isoforms have deletions in this re-
gion and differ at critical residues within the binding site,
and the cysteine (C24:2) to which BBO-10203 binds covalently
is present only in the o isoform (Fig. 1, F and G).

KRAS binds to pll0x with a Kp of 17 uM under
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physiological salt and pH conditions (Fig. 1H), decreasing to
2.2 uM under lower salt and pH conditions (17, 2I), as meas-
ured using isothermal titration calorimetry. BBO-10203, co-
valently bound to the p110a RBD, completely blocked KRAS
binding (Fig. 1H), with similar effects observed for HRAS and
NRAS (fig. S4, B and C). BBO-10203 blocked the interaction
of KRAS-G12D with PI3Ko in human embryonic kidney
(HEK) 293T cells with an IC5 of 6 nM but did not affect
KRAS-G12D binding to the protein kinase CRAF (Fig. 1I). Co-
valent modification of p110ax by BBO-10203 did not alter its
kinase activity in vitro (Fig. 1J), unlike the PI3K« inhibitor
alpelisib, which binds in the ATP pocket and potently inhibits
kinase activity (18).

Responses to BBO-10203 in specific cell genotypes
BBO-10203 inhibited the PI3K« pathway, as indicated by re-
duced phosphorylation of protein kinase AKT in multiple cell
lines (Fig. 2A and table S2). Responses clustered into three
groups: a non-response group characterized by PTEN loss, an
intermediate group that includes KRAS-G12X mutations and
mutations in PIK3CA (helical or kinase domains), and a
highly responsive group with HER2 amplification. Figure 2B
shows that most HER2-amplified cell lines showed near-com-
plete inhibition of phosphorylated AKT (pAKT) by BBO-
10203 with ICs, values below 10 nM (table S2).

The inhibited growth of HER2-amplified tumors by BBO-
10203 was unexpected. Inhibition of the interaction between
RAS proteins and PI3Ko causes regressions in tumors driven
by activated EGFR, suggesting that RAS activation of PI3K«
might extend beyond KRAS mutant cancers (15). However,
multiple noncanonical RAS-related proteins, including
RRAS, RRAS2, and MRAS, can activate PI3Kao (13, 22), and it
is not known which proteins are important in this context.
The effects of BBO-10203 on pAKT and cell viability were less
pronounced in cells driven by receptor tyrosine kinases other
than HER2. In HER2-amplified tumors, canonical RAS pro-
teins have been excluded (23), suggesting other non-canoni-
cal RAS proteins are involved in this process. The extent to
which multiple non-canonical RAS proteins may be involved
in each cell line, along with the ability of BBO-10203 to in-
hibit them, might be responsible for the heterogeneity ob-
served within the group. Regardless of the precise
mechanism, the effects of BBO-10203 on these cells are quite
strong and suggest a potential role in treating patients suf-
fering from tumors of this genotype.

Hotspot mutations in PIK3CA occur in the helical and Kki-
nase domains. Kinase domain mutations, particularly
H1047R, are considered less dependent on RAS than helical
domain mutations (E542K or E545K) (8). In our panel of cell
lines, both classes of mutation responded to BBO-10203, alt-
hough kinase domain mutants were indeed less sensitive
(Fig. 2C and table S2).
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We tested a panel of human cell lines with KRAS muta-
tions and observed pAKT inhibition ranging from 40% to 70%
(Fig. 2D and table S2). The incomplete response could result
from partial target engagement or due to RAS-independent
pathways leading to PI3K« activation. To test these possibil-
ities, we developed a target engagement assay measuring free
pll0a after exposure to BBO-10203, revealing complete or
near-complete engagement across all genotypes genotype
(Fig. 2E). Specifically, target engagement was observed in the
PTEN-null glioblastoma cell line U87-MG, where pAKT re-
mained unaffected; in the GP2d pancreatic cancer (KRAS-
G12D), NCI-H358 lung cancer (KRAS-G12C), and MCF7 breast
cancer (PI3Ka-E545K) cell lines, where pAKT was partially
reduced; and in the BT-474 breast cancer cell line with HER2
amplification, where pAKT was completely inhibited. We
conclude that variations in response to BBO-10203 reflect
varying dependencies on RAS proteins for PI3Ko activation.

We compared BBO-10203 to RMC-6236, which inhibits ac-
tive canonical RAS proteins HRAS, NRAS, and KRAS (24). In
four KRAS G12 mutant cell lines, both compounds produced
highly similar responses, particularly in terms of E..x, repre-
senting the maximum inhibition achievable, regardless of
dose. In contrast, RMC-6236 had little effect on cell lines with
HER2 amplification, where BBO-10203 completely inhibited
PAKT, suggesting that PI3K« activation in these cells likely
depends on non-canonical RAS proteins (Fig. 2F). In a breast
cancer cell line, MCF7, which has a PI3K« helical domain mu-
tation (E545K), both RMC-6236 and BBO-10203 caused par-
tial reduced pAKT levels, indicating RAS-independent
signaling. In another breast cancer cell line, T47D, harboring
a PI3Ko kinase domain mutation (H1047R), BBO-10203 sim-
ilarly produced a partial response, whereas RMC-6236 had no
effect, further implicating contributions from non-canonical
RAS proteins to PI3Ka signaling (Fig. 2QG).

In all the cell lines tested, alpelisib inhibited AKT activity
completely only at concentrations 1 uM or higher. At these
concentrations, alpelisib not only targets PI3Kao but also ef-
fectively inhibits PI3-kinase & and vy isoforms (21). These data
indicate that inhibition of multiple PI3K isoforms is neces-
sary for complete inhibition of AKT activity (22). In most
cases, BBO-10203 inhibited PI3K« signaling more potently
than alpelisib but did not achieve complete inhibition of AKT
activity (Ema.x) because its effect only reflects inhibition of
RAS-driven PI3Ko activity. Despite differences in mecha-
nism, potency, and En.., when alpelisib was used at concen-
trations mostly selective for PI3Ko, RNA Seq analysis and
Western blot analysis revealed almost identical changes in
global transcription and post-translational downstream sig-
naling. The similarities confirm that BBO-10203, like alpelisib
at concentrations below 1 uM, does indeed act through inhi-
bition of PI3K« (figs. S5 and S6). Furthermore, BBO-10203
showed excellent selectivity in the Eurofins Discovery
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SafetyScreen44, KINOMEscan screening panel, and cellular
cysteine profiling assays (figs. S7 and S8). The specificity of
BB0-10203 for C242 on PI3Ko was further assessed using a
NanoBioluminescence Resonance Energy Transfer (Nano-
BRET) protein-protein interaction assay. BBO-10203 showed
strong activity in disrupting the interaction between PI3K«
and KRAS, with an ICs of 3 nM (fig. S9). When the C242 in
PI3Ko was mutated to a serine, BBO-10203 no longer po-
tently inhibited the PI3Ka (C242S): KRAS interaction, with
an ICs of 2000 nM, a 650-fold decrease in potency.

Target engagement in vivo and effects on glucose uptake
BBO-10203 demonstrated good oral bioavailability in mice
with a dose-proportional increase in plasma levels, enabling
its evaluation in xenograft tumor models (fig. S10). BBO-
10203 inhibited accumulation of pAKT in the KYSE-410 CDX
model of esophageal squamous cell carcinoma, in a dose-de-
pendent manner from 3 to 100 mg/kg and showed sustained
inhibition over 24 hours at 30 and 100 mg/kg (Fig. 3A). A sin-
gle 30 mg/kg dose of BBO-10203 achieved complete target en-
gagement in KYSE-410 tumors as measured in a Western
blot-based streptavidin mass shift (SMaSh) assay (Fig. 3B).
Dose-dependent and effective anti-tumor activity was ob-
served after daily oral treatment with BBO-10203 in the
KYSE-410 CDX model, with tumor regression observed at 30
mg/kg (Fig. 3C). Both the KRAS-G12C inhibitor sotorasib and
the HER2 Kkinase inhibitor tucatinib showed minimum effi-
cacy in this model, and the PI3K«o kinase inhibitor alpelisib
led to tumor stasis at the clinically relevant dose of 20 mg/kg
(fig. S11).

The PI3K« kinase inhibitor alpelisib is FDA-approved for
treating hormone receptor-positive (HR+), HER2-negative
(HER-) breast cancer in which the PIK3CA is mutated (25).
Despite its efficacy in tumors expressing mutated PIK3CA, al-
pelisib also inhibits wild-type PI3Ka, resulting in significant
on-target side effects, including hyperglycemia. BBO-10203
does not provoke hyperglycemia, because insulin signaling to
PI3Ko does not depend on RAS (26). Figure 3D shows that in
an oral glucose tolerance test, glucose accumulates in a dose-
dependent manner in mice treated with alpelisib, but mice
treated with 100 mg/kg of BBO-10203 (3 times the efficacious
dose) show no accumulation of glucose and no increase in
serum c-peptide (Fig. 3E). C-peptide measurements are a
commonly used surrogate for insulin measurements due to
the short half-life of insulin (27).

BBO-10203 causes tumor regression in combination
with targeted therapies

BBO-10203 caused tumor regressions in the KYSE-410 model,
but in most models, combinations of treatments are required
to achieve tumor regression. Increased pAKT signaling pro-
vides acute resistance to multiple targeted therapies such as
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trastuzumab in HER2-positive (HER2+) breast cancer pa-
tients, ER antagonists and CDK4/6 inhibitors in HR+ HER2-
breast cancer patients, and KRAS-G12C inhibitors in non-
small cell lung cancer (NSCLC) patients with KRAS-G12C mu-
tant tumors.

Combinations of BBO-10203 with these standard-of-care
therapies are predicted to prevent pAKT-driven resistance
while being well-tolerated. A combination of BBO-10203 with
the HER2 inhibitor trastuzumab caused inhibition of cell pro-
liferation at concentrations of each agent that are ineffective
on their own (Fig. 4A). Near complete and sustained inhibi-
tion of pAKT for 72 hours was achieved by the combination
of these agents, without affecting p110x expression (Fig. 4B).
Similar results were achieved in another HER2-amplified cell
line, ZR-75-30, with the same combination. BBO-10203 was
also effective in combination with the ER antagonist fulves-
trant, the CDK4/6 inhibitor palbociclib, and a novel KRAS-
G12C ON inhibitor, BBO-8520 (Fig. 4, C and D) (28).

Analysis of PI3K« inhibitors in cell lines may underrepre-
sent their potential as therapeutics in vivo, because growth
in vitro often provokes activation of PI3K« through integrin
engagement. Therefore, we tested the combinations de-
scribed above in xenograft models. Tumor stasis or regres-
sions were achieved in the selected representative models in
combination with trastuzumab, fulvestrant, palbociclib, or
BBO-8520 (Fig. 5, A to C).

To evaluate the mechanism of action driving the efficacy
in the NCI-H2122 CDX model, BBO-10203 and BBO-8520
were dosed alone or in combination. Although amounts of
bromodeoxyuridine (a measure of cell proliferation) signifi-
cantly decreased and amounts of cleaved caspase-3 increased
6 hours after a single dose of BBO-10203, the combination of
BBO-10203 and BBO-8520 exhibited much larger effects at
both 6 hours and 24 hours. These results demonstrated that
BB0O-10203 has tumor intrinsic effects on cell proliferation
and survival, and the combination with a KRAS-G12C inhibi-
tor enhances these effects (Fig. 5D).

Summary

Mutations in PIK3CA occur frequently in cancer along with
driver oncogenes and, in model systems, potentiate driver ac-
tivity. For example, the expression of an activated allele of
PIK3CA accelerates the onset and penetrance of tumors
driven by BRAF-V600OE in mice (29). In another example,
treatment of mice with KRAS-GI12D-driven tumors using
PI3K inhibitors demonstrated synergy with MEK inhibitors
in reducing established tumors (30). We show that BBO-
10203 combined with KRAS inhibitors causes the regression
of tumors unresponsive to KRAS inhibitors alone, including
those with KEAP1/STK11 mutations. We also observed tumor
regression in response to BBO-10203 in combination with
drugs targeting CDK4/6, ER, and HER2. BBO-10203 achieved
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these effects without detectable toxicity and, most im-
portantly, without provoking hyperglycemia. In tumors with
HER2 amplification, BBO-10203 completely inhibited PI3Kc,
revealing a pathway essential for tumor cell survival, likely
involving a non-canonical RAS protein. BBO-10203 is cur-
rently being tested in patients and is expected to provide sub-
stantial clinical benefits through a differentiated mechanism
that alleviates toxicities that have previously restricted use of
PI3Ka inhibitors.
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Fig. 1. BBO-10203 covalently binds PI3Ka-RBD, preventing interaction with HRAS, KRAS, and NRAS.
(A) Structure of the KRAS-p110a complex (PDB: 9C15), stabilized by glue D927 showing interaction
between pl10a-RBD (cyan) and KRAS (wheat). The C2, helical, and kinase domains are colored yellow,
blue, and green, respectively. (B) Chemical structure of BBO-10203. (C) Mass chromatogram of PI3Ka-
RBD covalently labeled with BBO-10203 after 30 min; a minor peak at 17569.5 m/z is a MALDI matrix
artifact generated during ionization. (D) Crystal structure of PI3Ka-RBD (cyan, cartoon) covalently
labeled with BBO-10203 (pink, ball and stick). Key PI3Ka residues interacting with BBO-10203 are
illustrated in stick representation. (E) Model of KRAS in complex with PI3Ka-RBD covalently bound to
BB0-10203 shows steric clash between BB0O-10203 and KRAS Y40. (F) Superposition of the RBD
structures of PI3Ka, PI3KB, PI3K3&, and PI3Ky highlights differences at the BBO-10203 binding site. (G)
Sequence alignment of the RBDs of all four PI3K isoforms shows deletions and lack of conservation of
key residues (indicated by triangles above the aligned sequences), which form the BBO-10203 binding
pocket in PI3Ka. (H) ITC measurements showing the binding affinity of KRAS (GMPPNP) for both
unlabeled and BBO-10203-labeled forms of PI3Ka. (1) BBO-10203 disrupts the interaction between
KRAS-G12D and pl10q, with an ICso of 6 nM. HEK 293T cells were transfected with 3SXFLAG-KRAS-G12D.
Twenty-four hours later, cells were treated for 2 hours with BBO-10203. Following immunoprecipitation
with anti-FLAG antibodies, Western blots were probed for endogenous pl10cand CRAF. A representative
blot from n=3 replicates is shown. Below: Dose-response curve of pllOx bound to KRAS using
quantification of Western blot bands. (J) PI3Ka kinase activity assay comparing BBO-10203 and alpelisib.
Dose titration of inhibitors was tested with recombinant PI3Kq, lipid substrate, and ATP, measuring
ATP/ADP conversion via luciferase activity, reported as percent activity.
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Fig. 2. BBO-10203 activity in various cell lines with diverse cancer genotypes. (A) Inhibition of
phospho-AKT by BBO-10203 in cancer cell lines carrying different genetic variations, including PTEN
loss-of-function mutations (magenta), HER2 ampilification (blue), PIK3CA mutations (red), and KRAS
mutations (green). (B) Inhibition of phospho-AKT by BBO-10203 in HER2-amplified or overexpressing
cancer cell lines. (C) Inhibition of phospho-AKT by BB0-10203 in PIK3CA-mutated cancer cell lines,
encompassing helical domain mutations (red), kinase domain mutations (blue), and others (black). (D)
Inhibition of phospho-AKT by BBO-10203 in KRAS-mutated cancer cell lines. (E) Target engagement of
P110a by BBO-10203 in cancer cell lines with different genotypes, including HER2-amplified, KRAS-
G12X, PTEN-null, and PIK3CA-mutated, using a customized Meso Scale Discovery (MSD) assay to
measure the unbound fraction of p110a. (F) Inhibition of phospho-AKT by BBO-10203 (red), the PI3Ka
kinase inhibitor alpelisib (blue), and the RAS(ON) inhibitor RMC-6236 (green) in KRAS-mutated cancer
cell lines, including NCI-H2122 (G12C), NCI-H358 (G12C), Capan-2 (G12V), and GP2d (G12D). (G)
Inhibition of phospho-AKT by BBO-10203 (red), the PI3Ka kinase inhibitor alpelisib (blue), and the
RAS(ON) inhibitor RMC-6236 (green) in HER2-amplified or PIK3CA-mutated cancer cell lines, including
KYSE-410 (HER2AMP), BT-474 (HER2AMP), MCF7 (Helical®>4%K), and T47D (Kinase™047R),
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Fig. 3. Inhibition of PI3Ka activity without inducing hyperglycemia. (A) Tumor pAKT levels in KYSE-
410 tumor-bearing mice at the indicated time points after a single dose of the indicated levels of vehicle
or BB0O-10203. The indicated groups showed statistically significant inhibition of pAKT compared to the
vehicle group (¥*p<0.0001). (B) pll0« target engagement of BBO-10203 in KYSE-410 tumors was
measured via a Western blot-based band-shift SMaSh assay. A dose-dependent response in pl10a
target engagement was observed 8 hours after dosing. (C) KYSE-410 tumor-bearing mice were dosed
with the indicated levels of vehicle or BBO-10203. All treatment groups exhibited statistically significant
anti-tumor activity compared to the vehicle group (¥*p<0.0001). (D) An oral glucose tolerance test
(OGTT) was conducted with fasted male C57BL/6 mice following a single dose of the indicated levels
of vehicle, alpelisib, or BBO-10203. The indicated groups demonstrated a statistically significant
increase in blood glucose concentrations compared to the vehicle group at each timepoint (*p<0.05,
**p<(0.01, ***p<0.001, ****p<0.0001) (left panel) and in blood glucose concentration AUC compared
to the vehicle group (¥*p<0.001, **p<0.0001) (right panel). (E) Serum c-peptide levels were measured
from the mice in (D) at 150 min following the glucose dose. The indicated groups showed a statistically
significant increase in c-peptide levels compared to the vehicle group (¥p<0.001).
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Fig. 4. Invitro activity of BBO-10203 in combination with multiple agents. (A) Growth inhibition
from mono- and combination therapies of BBO-10203 and trastuzumab was assessed in
clonogenic assays using HER2+ cancer cell lines BT474 and ZR-75-30. Cell confluence was
measured every 12 hours on an Incucyte S3 imaging system for continuous 2-3 weeks. For panels
4A, 4C, and 4D, confluence (+ SEM) with two-way repeated measures ANOVA followed by a
Tukey multiple comparison test showed that the indicated treatment groups had a statistically
significant activity for the combination treatment compared to each respective monotherapy
(*p<0.001). (B) Western blot analysis of the upstream and downstream signaling changes of
PI3K/AKT and MAPK pathways at various time points post-treatment with BBO-10203,
trastuzumab, or a combination of both. (C) Growth inhibition from mono- and combination
therapies of BBO-10203 with fulvestrant or palbociclib was evaluated in clonogenic assays using
the ER+/HER2-/PIK3CA-E545K cancer cell line MCF7. Cell confluence was measured every 12
hours on an Incucyte S3 imaging system for four weeks continuously. (D) Growth inhibition from
mono- and combination therapies of BBO-10203 with the KRAS-G12C (ON) inhibitor BBO-8520
was assessed in clonogenic assays using the cancer cell line NCI-H2122. Cell confluence was
measured every 12 hours continuously for two weeks on an Incucyte S3 imaging system.

First release: 12 June 2025 science.org (Page numbers not final at time of first release) 13

G202 ‘2T aunr uo 610°80us 105' MMM//:SANY LWOoJ) pepeojumod


https://science.org/

MDA-MB-453 BC CDX

(ER-/HER2 and HER3 Expression/PIK3CAH1047R)

A BT-474 BC CDX
(ER/HER2AMP/PIK3CAKITIN)

;E 1200
-+ Vehicle E 1000 - Vehidle
= BBO-10203 (100 mg/kg) 2 800 -= BBO-10203 (30 mg/kg)
- Trastuzumab (20 mg/kg) _3 600 -+ Trastuzumab (4 mg/kg)
BBO-10203 + Trastuzumab > 400 - BBO-10203 + Trastuzumab
3] g 200 ES S ]
=] v : ! ) 2 0+ ; T
0 7 14 21 28 0 7 14 21 28
Treatment (Days) Treatment (Days)
B MCF7 BC CDX MCF7 BC CDX
. (ER+HER2-/PIK3CAE®SK)  _ \iehicle . (ER+/HER2-/PIK3CAE®5€) « Vehicle
£ 1400 -= BBO-10203 (100 mg/kg) E -= BBO-10203 (100 mg/kg)
£ 200 -+ Fulvestrant (25 mg/kg) E -+ Palbociclib (10 mg/kg)
g1 BBO-10203 + Fulvestrant g BBO-10203 + Palbociclib
5 ]'1.'"2 5
g E "ot - ‘ . ,
= 28 = 0 7 14 21 28

Treatment (Days) Treatment (Days)

C Sensitive Model NCI-H358 NSCLC CDX G12Ci-Resistant Model NCI-H2122 NSCLC CDX G12Ci-Resistant Model SW1573 NSCLC CDX

(KRAS®2C) (KRASSZC/KEAP1™YSTK11™) (KRASC'2C/PIK3CAKIE)
E E £ 1600
E E E
e > o 12001
E E E 8001 ¥
g g g * }
c = = 400+ ]
=} o o
E o E "o E 9
E . - : J E . . . . E . . : ‘
= 0 7 14 21 28 = 0 7 14 21 28 = 0 7 14 21 28
Treatment (Days) Treatment (Days) Treatment (Days)
—s Vehicle -e- Vehicle -s- Vehicle
-=- BBO-10203 (100 mgrkg) - BBO-10203 (100 mg/kg) -= BBO-10203 (30 mg/kg)
-+ BBO-8520 (3 mglkg) -+ BBO-8520 (30 mg/kg) -+ BBO-8520 (30 mg/kg)
BBO-10203 + BBO-8520 BBO-10203 + BBO-8520 BBO-10203 + BBO-8520
D G12Ci-Resistant Model NCI-H2122 NSCLC CDX (KRASS™ZC/KEAP1™/STK11™)
0.04 - = 0.12 ke
w8 . 3% E e Vehicle
%5 E 003 PR N i 2009 I = BBO-10203 (100 mg/kg)
° - A [} @ 3 * =
33‘_'3 goo2 . :T; 2 el " 8823 06 . N 4 BBO-8520 (30 mg/kg)
Th N . £, gL = P BBO-10203 + BBO-8520
m ® 9001 T 222 003 * . T
LR = 38 - g
oot Y D L I
L | L ] L | L |
Time post dose: 6 Hours 24 Hours 6 Hours 24 Hours
First release: 12 June 2025 science.org (Page numbers not final at time of first release) 14

G202 ‘2T aunr uo 610°80us 105' MMM//:SANY LWOoJ) pepeojumod


https://science.org/

Fig. 5. In vivo activity of BBO-10203 in combination with multiple agents. (A) BT-474
(left panel) or MDA-MB-453 (right panel) tumor-bearing mice were dosed with the
indicated levels of vehicle, BBO-10203, trastuzumab, or the combination of BBO-10203
and trastuzumab. The indicated monotherapy vs combination groups had a statistically
significant difference in anti-tumor activity from day 5 to 28 (*p<0.05; **p<0.0001) (left
panel) and from day 3 to 28 (¥*p<0.01; **p<0.001) (right panel). (B) MCF7 tumor-bearing
mice were dosed with the indicated levels of vehicle, BBO-10203, fulvestrant, or the
combination of BBO-10203 and fulvestrant (left panel), or with vehicle, BBO-10203,
palbociclib, or the combination of BBO-10203 and palbociclib (right panel). The indicated
monotherapy vs combination groups had a statistically significant difference in anti-tumor
activity from day 5 to 28 [*p<0.01 (1: fulvestrant) and **p<0.001 (2: BBO-10203) (left
panel); (¥*p<0.01, ¥**p<0.001) (right panel)]. (C) NCI-H358 (left panel), NCI-H2122 (middle
panel), and SW1573 (right panel) tumor-bearing mice were dosed with the indicated levels
of vehicle, BBO-10203, BBO-8520, or the combination of BBO-10203 and BBO-8520. The
indicated monotherapy vs combination groups had a statistically significant difference in
anti-tumor activity from day 4 to 28 (*p<0.01, **p<0.0001) (right panel), from day 5to 28
(*p<0.0001) (middle panel), and from day 4 to 28 (¥p<0.001) (left panel). (D) Tumor
levels of BrdU (left panel) and cleaved caspase-3 (right panel) were measured from NCI-
H2122 tumor-bearing mice at 6 or 24 hours after a single dose of the indicated levels of
vehicle, BBO-10203, BBO-8520, or the combination of BBO-10203 and BBO-8520. The
indicated groups had a statistically significant change in levels compared to the vehicle
group [(*p<0.01, **p<0.001, ***p<0.0001) (left panel); (*p<0.05, **p<0.001,
***p<(0.0001) (right panel)].
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