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Beyond First-Generation KRAS Inhibitors:
BBO-8520 Tests the Dual Mechanism Hypothesis ®

Zhiwei Zhou'2 and Kenneth D. Westover!2

Summary: This issue highlights the development of a first-in-class small-molecule covalent KRAS6!2C inhibitor,
BB0-8520, which targets both the active (ON) and inactive (OFF) states of KRAS. This dual-state targeting
offers a significant opportunity to overcome the resistance mechanisms that have limited the efficacy of
first-generation KRAS inhibitors and addresses critical challenges in KRAS-targeted therapy.

See related article by Maciag et al., p. 578

The journey of KRAS inhibitor development has been
one of the most compelling narratives in precision oncology,
marked by both groundbreaking successes and persistent
challenges. KRAS, a frequently mutated oncogene found
across multiple cancer types, has long been considered a
“holy grail” in cancer therapy. Initial clinical breakthroughs
came with the development of sotorasib and adagrasib,
which specifically target the KRASS!2¢ mutation through
covalent binding to the GDP-bound (inactive/OFF) state
of KRASS12€ (1, 2). This approach emerged from the seren-
dipitous discovery that an inducible pocket in KRASG!12C,
the dominant allele in lung cancer, could be exploited by
covalent chemical fragments (3). These first-generation
inhibitors demonstrated clinical efficacy, validating KRAS
as a druggable target. However, their impact has been tem-
pered by modest response rates and limited durability
compared with other transformative precision oncology
therapies, such as osimertinib for EGFR-mutated cancers
or alectinib for ALK-mutated cancers.

The limitations of first-generation KRAS inhibitors have
been attributed by some to their mechanism of action. These
inhibitors bind exclusively to KRAS in its GDP-bound (OFF)
state, leaving the active GTP-bound (ON) form unaffected.
Early developers justified this approach based on the obser-
vation that KRASS!2¢ exhibits nucleotide cycling, allowing
transient opportunities to target the GDP-bound state (4).
However, subsequent research has revealed that cancer cells
adapt to KRAS (OFF) inhibitors by increasing the proportion
of KRAS in its active state, contributing to drug resistance.

IDepartment of Radiation Oncology, The University of Texas Southwestern
Medical Center at Dallas, Dallas, Texas. 2Department of Biochemistry,
The University of Texas Southwestern Medical Center at Dallas, Dallas,
Texas.

Corresponding Author: Kenneth D. Westover, UT Southwestern Med-
ical Center, 5232 Harry Hines Blvd., L4.268 Dallas, TX 76092. E-mail:
Kenneth.westover@utsouthwestern.edu

Cancer Discov 2025;15:455-7
doi: 10.1158/2159-8290.CD-24-1885
©2025 American Association for Cancer Research

This idea and supporting evidence have driven the field
to explore whether targeting the KRAS (ON) state alone,
or targeting both (ON) and (OFF) states, could yield im-
proved clinical outcomes. The “dual mechanism hypothesis”
posits that inhibitors capable of targeting both conforma-
tional and functional states of KRAS will achieve superior
efficacy (Fig. 1).

BBO-8520 represents a major advance in addressing
these challenges. Through meticulous structural optimiza-
tion, Maciag and colleagues have developed a compound
that binds to the same pocket as first-generation inhibi-
tors but with the capacity to engage both GDP-bound and
GTP-bound KRASS12€ (5). This dual-state targeting is par-
ticularly noteworthy because previous attempts to target the
GTP-bound state have often relied on complex strategies,
such as tri-complex inhibitors requiring cyclophilin A as a
cofactor (6). Although preclinical and early clinical results
for tri-complex inhibitors have been promising, their reli-
ance on cofactors raises questions about their broad clinical
applicability. It is possible that the interaction could provide
significant clinical benefits but also conceivable that this
feature could pose limitations in selected patients. In con-
trast, BBO-8520 circumvents these complexities by directly
targeting KRASS!2€ while achieving dual-state inhibition.

Several aspects of the design of BBO-8520 make it partic-
ularly remarkable. First, it retains the ability to form a cova-
lent bond with cysteine 12 while accommodating GTP in the
nucleotide-binding pocket—a significant feat in drug design.
Structural studies reveal how subtle modifications to the
binding pocket interactions enable this dual-state targeting.
Second, BBO-8520 demonstrates remarkably rapid target
engagement, achieving significant pathway inhibition within
30 minutes—substantially faster than first-generation inhib-
itors. This rapid action likely reflects its ability to directly
engage KRAS in its active state rather than waiting for nu-
cleotide cycling. Third, and perhaps most importantly, BBO-
8520 shows promising activity against RAS-driven laboratory
cancer models that are resistant to first-generation inhibitors.
These findings suggest that dual-state targeting could over-
come some of the most pressing resistance mechanisms as-
sociated with first-generation therapies.
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Figure 1. First-generation KRAS inhibitors directly target KRASG12C (OFF), whereas BBO-8520 directly targets both inactive (OFF) and active (ON)
states of KRASG612C Targeting of KRASG12C (ON) is less potent (light gray line) than that of KRASG12C (OFF), but this may not matter.

Despite these promising advancements, the emergence of
BBO-8520 raises critical questions for the field. Although the
compound demonstrates that targeting GTP-bound KRAS
is feasible through careful optimization, kinetic analysis
of BBO-8520 binding showed that KRASS!2¢ (OFF) is more
readily inhibited by BBO-8520 by orders of magnitude. It is
unclear if this property can be improved, or if doing that will
matter. The analysis suggests that BBO-8520 binding kinetics
to KRASSI2C(ON) are already in the ballpark of sotorasib with
KRASS!2¢(OFF), which may be enough. It also remains unclear
if dual-state inhibition will address the root causes of real-world
KRAS inhibitor resistance. Recent studies have highlighted
the role of nongenetic mechanisms, such as transcriptional
reprogramming and cellular plasticity, in KRAS inhibitor
resistance (7). Perhaps related, the unfolded protein response
has been implicated in resistance to KRAS (OFF) inhibitors (8).
Finally, clinical resistance mechanisms to KRASS!2¢ inhibi-
tors have included the emergence of other activating forms of’
KRAS or activation of RTK pathways, raising motivation for
pan-KRAS-targeted approaches (9). How these mechanisms
might affect responses to dual-state inhibitors remains an im-
portant area for investigation.

Another challenge lies in identifying the appropriate pa-
tient population for KRASS12€ inhibitors. Although KRAS¢2¢
mutation status has been the primary biomarker for patient
selection, recent analyses of more than 400 KRAS%2C-positive
patients treated with first-generation inhibitors have sug-
gested that co-mutations in genes such as KEAP1, SMARCA4,
and CDKN2A are major independent determinants of dra-
matically shortened progression-free survival (10). This sug-
gests that intrinsic resistance mechanisms may exist in these
patients, though their causality and underlying mechanistic
biology remain unelucidated. Dual-state inhibitors like BBO-
8520 may hold the potential to overcome such resistance, but
additional confirmatory research is needed.

The ongoing phase I trial of BBO-8520 will be pivotal in
determining whether its mechanistic advantages translate
to superior clinical efficacy. Combination strategies are also
likely to play a key role in improving outcomes. For exam-
ple, KRAS-mutated cancers are thought to be responsive to
immunotherapy. However, combining KRAS inhibitors with
immunotherapies has resulted in liver toxicity (11). It remains

unclear whether this is a nonspecific effect of certain KRAS
inhibitors or a broader class effect. As these questions are ad-
dressed, the results of trials for BBO-8520 and other KRAS
(ON) inhibitors are eagerly anticipated and could reshape the
landscape of KRAS-targeted therapy.

In summary, BBO-8520 represents a promising advance
in KRAS-targeted drug development, with the potential to
overcome resistance mechanisms and expand the therapeutic
options for patients with RAS-driven cancers. Although sig-
nificant challenges remain, its innovative approach to dual-
state targeting marks a critical step forward in the ongoing
effort to tackle one of oncology’s most formidable targets.
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