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Efficiency metrics are useful in medicinal chemistry to track small molecule progress in lead optimization
(LO). Molecular glue degraders are small molecules that mediate targeted protein degradation by
chemically inducing proximity between an E3 ligase and a protein target. The potency and depth of protein
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degradation are important factors in identifying molecular glue drug candidates. We developed degradation
efficiency metrics based on both potency and depth of degradation to track lead optimization objectives.
We applied these efficiency metrics retrospectively to track optimization of a clinical molecular glue
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degrader series, resulting in the identification of Golcadomide (CC-99282). This work illustrates that
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Targeted protein degradation can be accomplished by small
molecules that act as heterobifunctional degraders or as
molecular glue degraders leading to the induction of
proximity between an E3 ligase and a protein target."” In
order to interact with both the E3 ligase and the target
protein of interest (POI), heterobifunctional degraders are
often characterized by molecular sizes larger than normal
small molecule drugs since they feature binders to both the
E3 ligase and the POI connected by a linker. Conversely,
molecular glue degraders may have similar size and
properties as traditional small molecule drugs.® Both types of
degraders are expected to work catalytically where a single
molecule can mediate the degradation of multiple copies of
the proteins of interest.*” This mode of action may lead to a
“deeper” pharmacological response at an equivalent level of
exposure compared to stoichiometric inhibition. In addition
to a dose response measurement of potency (DCs, — effective
concentration at which half-maximal degradation is
achieved), another critical characterization of molecular
degraders is the maximal depth of protein degradation (Dpax
or sometimes referred to as Ymin, Fig. 1).° In a degradation or
cell proliferation dose response assay, Dmax is obtained at the
drug concentration where maximum degradation or cell

“ Bristol Myers Squibb, 10300 Campus Point Dr. Suite 100, San Diego, CA 92121,
USA. E-mail: Christoph. Zapf@bms.com

b Bristol Myers Squibb, 700 Bay Rd, Redwood City, CA 94063, USA

¢ Bristol Myers Squibb, 3551 Lawrenceville Rd, Lawrence Township, NJ 08648, USA
9 Bristol Myers Squibb, 250 Water St, Cambridge, MA 02141, USA

t Electronic supplementary information (ESI) available. See DOI: https://doi.org/
10.1039/d4md00870g

1 These authors contributed equally.

This journal is © The Royal Society of Chemistry 2025

efficiency metrics are beneficial for the identification of molecular glue drug candidates.

growth inhibition is achieved. In an extreme case, Dyax = 0
indicates that all target protein is effectively degraded, or cell
proliferation is completely inhibited, relative to control.

A retrospective analysis was performed as a proof of
concept for utilizing efficiency metrics in a Cereblon E3
Ligase Modulating Drug (CELMoD) program. A rich internal
dataset exists in our organization from medicinal chemistry
programs targeting the zinc finger transcription factors
IKZF1 (Ikaros) and IKZF3 (Aiolos), proteins critical for
lymphoid development and differentiation. The program
that identified the clinical compound Golcadomide (CC-
99282) was selected for our analysis. At the outset, the
program goal was to develop a compound with improved
activity for high unmet medical need indications such as
relapsed/refractory non-Hodgkin's lymphoma (R/R NHL).
While early IKZF1/3 degraders such as lenalidomide have
shown some modest clinical promise in R/R NHL, it was
hypothesized that a deeper degrader of both IKZF1 and
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Fig. 1 A representative dose response curve and definition of Dpax
(sometimes to be called as Yy,in) and DCsq. The figure is for illustration
purposes only.
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IKZF3 with preferential tissue distribution in lymph nodes
would lead to superior efficacy, regardless of cereblon
expression. This program successfully delivered
Golcadomide which is now in phase III clinical trials for
large B-cell lymphoma.’

Similar to traditional stoichiometric small molecule
inhibitors, improving degradation potency by increasing the
size or lipophilicity of cereblon-based molecular glue
degraders may not be an appropriate medicinal chemistry
design strategy as it could lead to promiscuous compounds
with poor physicochemical properties and in vivo exposures.®
Analogous to stoichiometric inhibitors, the optimization of
small molecule degraders may similarly benefit from
efficiency metrics considerations balancing their potency
with fundamental molecular properties such as size (number
of heavy atoms or molecular weight) and lipophilicity (log D,
log P or clogP) of drug molecules. Efficiency metrics can be
extended from binding affinity to functional studies such as
cell proliferation whose potency can be obtained from a dose
response measurement as well.°'? In order to leverage cell
proliferation assays for tracking potency, compounds should
be selective to avoid being misled by off-target activity. The
cell proliferation readout from a promiscuous degrader may
suggest increased potency due to undesired off-target
degradation. Efficiency metrics such as ligand efficiency (LE)
and lipophilic efficiency (LipE or LLE) have been an effective
tool for medicinal chemistry to track the progress of small
molecules toward a preferred profile by balancing potency
with the size or lipophilicity, respectively, of the molecule in
lead optimization (LO).*"'*71¢

In this paper, we report efficiency metrics tailored for
degraders to capture both potency and depth of
degradation in a single score. This score can aid in the
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optimization of degraders with consideration of both DCs, and
Dmax-
Legacy ligand efficiency (LE)" is defined as

1.37
LE = m X pICSO

where pICs, is the negative logarithm of half inhibition

concentration from a dose response measurement and HA
is the number of heavy atoms in the compound. Potency
can also be expressed as pDCs,, the negative logarithm of
half effective concentration in a functional assay such as
cell proliferation assay.'®'°

Legacy lipophilic ligand efficiency (LipE or LLE)*® is
defined as

LipE = LLE = pICs, — log D

where logD is the measured distribution coefficient in
n-octanol and water at a given pH. The calculated partition
coefficient in n-octanol and water clog P can be approximated
as a surrogate value in the absence of a measured value.

For the degradation case, a composite degradation potency
(CDP) term was defined to consider both DCs, and Dyay:

(PDCSO X Dmax)
SF

CDP =

where Dy, is the effective maximum degradation (or
inhibition) normalized to a percentage. DCso and Dy,.x are
obtained from a degradation or a cell proliferation assay. Cell
proliferation assay data was used in the present analysis. SF is a
scaling factor and was set to 100 in this analysis. CDP, being

Tracking progress in lead optimization:
advanced compounds move to higher LipE
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Fig. 2 LE and LipE plots of compounds in LO of CC-99282 series. Potency is from an anti-proliferation assay using Su-DHL-4 cell line. Arrow
indicates the desired space on the plots. Lead compounds at different stages are highlighted with colored star shape. Detailed depiction of drug

candidate CC-99282 can be found in Fig. S1.f
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Fig. 3 Correlation between D..x and pDCsqg in Su-DHL-4 cell
proliferation assay.

considered as a fitness function, is defined to follow the LO
objective i.e., to increase pDCs, and to decrease Dy,ax. Note that
the fitness function can be adjusted based on LO focus of DCs,,
and Dy

Ligand efficiency for degraders (LED) is then defined as

1.37xCDP
HA

LED =

Lipophilic efficiency for degraders (LipED) is then defined as
LipED = CDP - log D

Legacy LE and LipE plots were generated to track LO
progress (Fig. 2). Lead compounds in different LO stages
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demonstrate the effectiveness of LE and LipE. In the LE
space, compounds are optimized toward high LE primarily
through potency improvement. Throughout the Golcadomide
program, the molecules were not optimized by significantly
decreasing their size. Because of the high potency of the
molecules, an attractive LE level can be reached without a
need of further decreasing the size. LipE distinguishes later
stage lead compounds more effectively than the LE in the
Golcadomide program, as later stage compounds are typically
more potent and better optimized for physicochemical
properties compared to earlier lead molecules.

The original definition of LE and LipE is based on binding
affinity or potency and meant to represent the effectiveness
of a drug candidate. In the degradation case, binding does
not always lead to the degradation of targeted proteins and,
ultimately, the inhibition of cell proliferation.*’>* Although
not as common as using binding potency to compute
efficiency metrics, there are cases of using potency from cell
proliferation assays to compute efficiency metrics for non-
degradation drugs.'®' In our study, the cell proliferation
assay was used as the endpoint of degradation to describe
effectiveness of a drug candidate. Ultimately, the optimized
Golcadomide degrader series had uniformly high degradation
potency and depth as well as downstream inhibition of cell
proliferation was better able to distinguish effective
compounds.

In protein degrader optimization, both potency DCs, and
the depth of degradation D, are important and a focus of
the optimization campaign of a discovery program. While the
two are not necessarily correlated, in practice both are often
optimized simultaneously, with stronger DCs, and Dy
correlation as LO moves toward late stage, when compounds
become more potent and deeper degraders (Fig. 3). Potency/
depth of degradation improvement is often a goal during the
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Fig. 4 LED and LipED plots of compounds in LO of CC-99282 series. Arrow indicates the desired space on the plots. Lead compounds at different

stages are highlighted with colored star shape.
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Fig. 5 Time series plots of LED and LipED during the LO progress. Lead compounds at different stages are highlighted with colored star shape.

LO process of a drug discovery program while optimizing
ADMET properties simultaneously. While potent and efficient
cell proliferation inhibiting degraders were identified early in
the program (red/brown data points), these compounds were
unsuitable as drug candidates due to other sub-optimal
properties. Continued SAR exploration resulted in later-stage
compounds (green data points) which had improved
properties across a number of critical in vitro and in vivo
parameters. Legacy LE and LipE only capture the DCs, but
not Dy,ax. Degrader specific efficiency metrics LED and LipED
were created to consider both DCs, and Dy ax.

Fig. 4 shows the corresponding LED and LipED plots
whereas Fig. 5 shows the evolution of the LED and LipED
parameters over the time course of LO, with a trend of
increasing LED and LipED for all compounds. Similar to the
legacy metrics, LIipED can more effectively distinguish later
stage leads comparing to earlier stage leads than the LED
parameter.

Since DCso and Dy, do not correlate well for early to
middle stage LO compounds, LipED can be used to more
effectively differentiate strong degraders ie. more potent
compounds that also degrade the target protein more deeply,
compared to the legacy LipE. To demonstrate LipED's
effectiveness, 10 compounds were randomly selected with
pDCso between 7 and 7.5. They represent early to middle
stage LO compounds with modest potency. Their degradation
depth D,,x ranges between 5% and 50%, with 5% at the
more thorough degradation and 50% at the least thorough
degradation level. The 10 compounds’ pDCs, or CDP were
plotted vs. clogP to form LipE and LipED plot together
(Fig. 6). For the 5 compounds (green color) which have deep

2120 | RSC Med. Chem., 2025, 16, 2117-2123

degradation (low Dy,.), their LipE and LipED are similar.
However, for the 5 compounds which have shallow
degradation (high Dy,), LIpED shows a significantly lower
value comparing to LipE. Thus, LipED can more effectively
rank compounds with consideration of both DCs, and Dpax
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Fig. 6 The LipE or LipED plot for the 10 selected compounds. The pair
of data points from the same compound are connected by a line. Solid
circles denote the pDCsg on Y-axis, thus the LipE plot is formed for
those points. Solid squares denote the CDP number on Y-axis, thus the
LipED plot is formed for those points. Data points are colored by their
corresponding D.x. Compounds with high Dy, are in green and low
Dmax are in red. Data points in the oval demonstrate that using CDP
and LipED effectively adjusts the lipophilic efficiency for those
compounds which have similar pDCsq but low D, value. They have
low LipED and are not favored in LO while the compounds with high
Dmax (green) do not show significant difference between LipE and
LipED.
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Fig. 7 The LE or LED plot for the 10 selected compounds. The pair of
data points from the same compounds are connected by a line. Solid
circles denote the pDCso on Y-axis, thus the LE plot is formed for
those points. Solid squares denote the CDP number on Y-axis, thus the
LED plot is formed for those points. Data points are colored by their
corresponding Dpax. Compounds with high D,,.x are in green and low
Dpax are in red. Data points in the oval demonstrate that using CDP
and LED effectively adjusts the ligand efficiency for those compounds
which have similar pDCsq but low Dy, value. They have low LED and
are not favored in LO, while the compounds with high D, (green) do
not show significant difference between LE and LED.

comparing to LipE. LipED achieved this effectiveness by
adding penalty to compounds which have a shallow level of
degradation (high Dyax)-

The same trend on the LE/LED plot was observed (Fig. 7).
Using the area under the curve (AUC) from dose response cell
proliferation study in exchange of CDP to compute LED and
LipED can also be an effective method in developing
degraders as AUC also considers both potency and the depth
of degradation.>>®

In summary, efficiency metrics such as LE and LipE,
initially introduced for stoichiometric inhibitors, have proven
to be simple and useful tools for tracking LO project
progression and guiding compound design. These metrics
are equally valuable for CELMoDs, however it is crucial to
consider both DCs, and Dp.x when optimizing a series of
protein degraders, to identify compounds that are not only
potent but also maximally effective. Recognizing that both of
these parameters are important measures of activity, we
envisioned a single potency description that accounts for
both: the composite degradation  potency. This
comprehensive metric will provide a more holistic view of a
degrader's effectiveness, thus facilitating better decision-
making in the optimization process. Using this description,
efficiency metrics can be calculated and utilized similar to a
traditional inhibitor program. In the case of the Golcadomide
LO program, we demonstrate that LipED scores can most
effectively distinguish later stage lead compounds from
earlier stage ones and thus track LO progression. While this
present analysis is focused on CELMoDs, future work and
subsequent analyses will have to demonstrate broader utility
for targeted protein degrader modalities beyond cereblon-
based molecular glues or heterobifunctional degrader

This journal is © The Royal Society of Chemistry 2025
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molecules. With the rapid advance of molecular glue
degradation as an exciting and clinically relevant
modality,*”*® we expect efficiency metrics in this space to
garner much interest and utilization in the field.
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LED Ligand efficiency for degrader

LipED Lipophilic ligand efficiency for degrader
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DCs Effective concentration at which half-maximal
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AUC Area under the curve
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