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SERDs: A Case Study in Targeted Protein Degradation 
Lucia Wang and Abhishek Sharma*

Endocrine therapies for breast cancer target ERα which is found in more than 70% of breast cancers. Unfortunately, 
endocrine resistance typically occurs, in which case Selective Estrogen Receptor Degraders (SERDs) represent the last line of 
treatment for metastatic breast cancer patients. Fulvestrant, the only currently approved SERD and one of the first targeted 
protein degradation therapies, presents poor drug-like properties which has led to the development of a new generation of 
oral SERDs. This review summarizes recent progress in the evolution of SERDs, focusing on clinical candidates and their 
degradation motifs within the broader context of targeted protein degradation therapies.

1. Introduction
Breast cancer remains the most common cancer among 

women, accounting for approximately 25% of new cases and 
16% of cancer mortality worldwide.1 Breast cancer is a highly 
heterogeneous disease, characterized by different 
immunohistochemical biomarkers, risk factors, clinical outcome 
and response to treatment.2 Of the clinical molecular subtypes, 
70-80% are Estrogen Receptor alpha (ERα)-positive and are 
dependent on ERα signaling for tumor growth and progression.3 
Endocrine therapies represent the standard-of-care treatment 
for early-stage ERα-positive breast cancer and act by inhibiting 
estrogen biosynthesis (e.g. aromatase inhibitors, AIs)4 or 
competitive binding to ERα (e.g. Selective ER Modulators, 
SERMs).5 However, long-term treatment with the pioneer SERM 
tamoxifen (1, Figure 1) is known to promote endometrial cancer 
and thromboembolic disease due to its partial ERα agonism.6 
Second generation SERMs, including raloxifene (3) and 
lasofoxifene (4), present decreased uterotrophic activity but 
none have been proved to be effective in advanced disease.7 In 
addition, disease recurrence and resistance typically occur in as 
many as 30-50% of patients, restricting the use of the above-
mentioned agents and posing a significant challenge for optimal 
clinical management of advanced metastatic breast cancer 

patients.8  Multiple molecular mechanisms are known to 
contribute to therapeutic resistance, including ligand-
independent activation via PI3K-AKT-mTOR and 
RAS/RAF/MEK/ERK pathways9 as well as ESR1 gain-of-function 
mutations (Y537S, D538G)10 in the gene region encoding the 
ligand binding domain of the receptor. Based on the previous 
observations, high-affinity ERα ligands that fully antagonize and 
target ERα for proteasome-dependent degradation have been 
proposed to overcome tamoxifen/AI refractory disease.11
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 Selective Estrogen Receptor Degraders (SERDs) offer the 
ability to not only antagonize ERα but also downregulate ERα 
protein levels. These molecules represent one of the earliest 
examples of targeted protein degradation therapeutics. 
Fulvestrant (5, Figure 1) is the first and only clinically approved 
SERD, showing efficacy in tamoxifen-refractory patients and 
postmenopausal women with ESR1 mutations who had 
progressed on prior aromatase inhibitors.12 However, 
Fulvestrant has multiple pharmacokinetic limitations that 
hamper its widespread use and clinical efficacy. Because of Its 
low aqueous solubility, it is administered as an intramuscular 
injection.13 The current approved loading-dose regimen (500 
mg dose on days 1, 15 and 29) improved in vivo exposure and 
progression-free survival, compared with the AI anastrazole (2, 
Figure 1), but steady-state plasma concentrations take months 
to establish and residual ERα expression remains detectable in 
in vitro experiments.14, 15 Moreover, the distribution and 
metabolism of Fulvestrant are significantly limited by its high 
degree of binding to plasma proteins (99%) and extensive 
metabolism in vivo.16 Therefore, there is a compelling medical 
need for potent orally bioavailable SERDs that could reach 
steady-state free drug levels more rapidly, leading to faster 
clinical responses, and achieve complete receptor knockdown. 
Here, we briefly review recent progress in the design and 
development of SERDs, with special emphasis on those that 
have progressed into clinical trials over the past few years and 
their degradation motifs.

Figure 1. Chemical structures of SERMs (1, 3, 4), AIs (2), SERDs (5-7, 9) and SERCAs (8). 

2. Mechanism of action of SERDs
2.1. ERα conformational changes

Figure 2. ERα signaling pathway. Estradiol (E2) diffuses across the plasma 
membrane and binds to cytosolic ERα, causing receptor dimerization and 
translocation to nucleus. The ERα dimer binds to specific DNA promoter 
sequences (estrogen response elements, ERE) activating downstream gene 
transcription. This process is dependent on recruitment of coactivator peptides 
(SRC3) and RNA polymerase.

ERα is a member of the nuclear receptor superfamily of 
proteins that act as transcription factors.17 The receptor is not a 
molecular on/off switch but rather presents a highly plastic 
pharmacology, where its overall conformation is determined by 
the nature of the bound ligand. In particular, helix-12 (h12) of 
the ligand binding domain (LBD) is highly dynamic and allows 
the formation of protein-protein interaction surfaces with 
coregulator peptides of the SRC family of proteins. Following 
estradiol (E2) binding, h12 is aligned over the ligand binding 
cavity and converts the activating function 2 (AF-2) domain into 
a hydrophobic groove able to recruit coactivator peptides with 
the conserved LXXLL sequence motif.18 This active ERα 
conformation causes its nuclear translocation and binding to 
DNA promoter regions known as estrogen response elements 
(EREs), activating the transcription of downstream target genes 
(Figure 2). On the other hand, antiestrogens sterically interfere 
with h12 and maintain the LBD in an “open” conformation 
which is no longer suitable for coactivator recruitment, but 
instead accessible to corepressors.19

The molecular design of antiestrogens (Figure 3) consists of 
a phenolic core which mimics the Glu353/Arg394 hydrogen 
bond network found in the E2-ERα complex. This core serves as 
anchor for different side chains, the nature of which determines 
the overall ERα conformation. Selective ER Modulators (SERMs) 
bear a positively charged basic side chain that forms an ionic 
interaction with Asp351, displacing h12 and blocking further 
coactivator binding, while Selective ER Degraders (SERDs) 
increase the exposed hydrophobic surface and target the 
receptor for ubiquitination and proteasomal degradation.20 
Furthermore, Fulvestrant and GW5638 (6) cause ERα 
downregulation through different protein conformations. The 
long alkyl side chain of Fulvestrant protrudes out of the ligand 
binding pocket (Figure 4A) and directly blocks the coactivator 
binding groove21 whereas the acrylate carboxyl group of 
GW5638 establishes a hydrogen bond with Asp351 (Figure 4B) 
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Figure 3. Molecular design of ERα antagonists, consisting of various side chains 
attached to a central ERα ligand core. Functionalities highlighted in blue indicate 
chemical groups involved in key binding interactions with ERα protein residues 
(labeled in orange). 

and partially displaces h12 from its interaction site within the 
coactivator binding cleft.22 More recently, a new class of ERα 
antagonists termed as Selective ER Covalent Antagonists 
(SERCAs) was disclosed.23 H3B-5942 (8) has an acrylamide 
moiety which acts as a Michael acceptor and reacts with a 
nonconserved cysteine residue (C530) located at the end of 
helix-11. The gain of potency through such covalent interaction 
inactivates both wild-type and ESR1 mutant ERα. 
2.2. Role of the ubiquitin-proteasome system

The ubiquitin-proteasome system (UPS) constitutes the 
main protein degradation machinery along with autophagy-
lysosomal pathway. The mechanisms of ubiquitin-dependent 
protein degradation were revealed through pioneering 
biochemical studies from Aaron Ciechanover, Avram Hershko 
and Irwin Rose,24–26 culminating in the award of the 2004 Nobel 
Prize in Chemistry. This system comprises a cascade of enzymes 
(Figure 5) that activate (E1 activating enzyme), conjugate (E2 
conjugating enzyme) and ligate (E3 ligase) ubiquitin molecules 
to lysine residues on the surface of the target protein. Initially, 
ubiquitin is activated in an ATP-dependent step, resulting in 
formation of a high-energy thioester bond with a cysteine 
residue within the active site of the E1 activating enzyme. 
Subsequently, ubiquitin is trans-thiolated to the E2 conjugating 
enzyme active-site cysteine and the E3 ligase facilitates the 
transfer of ubiquitin from the E2-Ub intermediate to the 
substrate protein. E3 ligases exert a special role within this 
cascade as they bring the substrate and E2-Ub intermediate in 
close spatial proximity forming a ternary complex which 
simultaneously enhances the rate of ubiquitin transfer. 
Ubiquitin contains several lysine residues itself which undergo 
ubiquitination as well, forming polyubiquitinated chains which 
direct the conjugated protein to the 26S proteasome for ATP-
dependent proteolysis.

 Cellular levels of ERα are tightly regulated by distinct 
degradation pathways that converge on the ubiquitin-26S 

Figure 4. A) Key binding interactions of ICI164,384 9 (an analog of fulvestrant 3, PDB code 
1HJ1) within the ERα ligand binding pocket (orange ribbon). The long side chain of 
ICI164,384 9 (green carbon atoms) exits the ligand binding pocket and blocks h12 
repositioning over the coactivator binding groove. B) The acrylate functionality of 
GW5638 6 (PDB code 15RK) forms a hydrogen bond with Asp351. 

proteasome system and are differentially affected by the nature 
of the bound ligand.20 In the absence of E2, apo-ERα is degraded 
by dynamic interactions with heat-shock proteins (including 
Hsp90), cochaperones and the ubiquitin ligase CHIP, resulting in 
a half-life of 4-5 h.27, 28 Specifically, lysine residues K302 and 
K303, located in the hinge-region, play a key role in regulating 
receptor polyubiquitination and subsequent turnover.29 
Estradiol binding accelerates receptor degradation in a typical 
hormone-dependent negative feedback loop, reducing its half-
life to 3-4 h due to a transcription-coupled degradation pathway 
requiring new protein synthesis.27 However, inhibition of 26S 
proteasomal activity prevents but does not entirely inhibit E2-
induced degradation.30 This observation suggests the presence 
of other cellular proteolytic mechanisms that regulate receptor 
abundance and cell proliferation, including lysosomal and 
autophagy pathways.30, 31 

Time course experiments showed that ERα protein levels 
decreased by 60% and 80% after 1 h and 4 h of E2 treatment, 
respectively.32 After 16 h, protein levels are restored and 
equivalent to the ones observed 1 h after addition of E2. In 
contrast, treatment with Fulvestrant caused 95% ERα turnover 
after 1 h exposure. The observed higher degradation rate is 
related to the greater degree of protein ubiquitination.20 
Interestingly, the extent to which the GW7604-ERα complex is 
ubiquitinated is not significantly different from basal levels,
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Figure 5. Overview of the ubiquitin/proteasome system (UPS). Initially, ubiquitin is activated in an ATP-dependent step, resulting in formation of a high-energy thioester bond with 
a cysteine residue within the active site of the E1 activating enzyme. Subsequently, ubiquitin is trans-thiolated to the E2 conjugating enzyme active-site cysteine and the E3 ligase 
facilitates the transfer of ubiquitin from the E2-Ub intermediate to the substrate protein.

suggesting that the mechanisms leading to GW7604- and 
Fulvestrant-induced degradation are uncoupled and that other 
factors besides ubiquitination may affect the rate at which ERα 
is degraded. However, ERα downregulation and transcriptional 
activity do not have a direct correlation. The decrease in ERα 
protein levels is more pronounced after treatment with SERDs 
than after addition of E2, while E2 and SERDs have a comparable 
effect on ESR1 mRNA transcription levels. 20

3. Trends in SERD development
3.1. Phenol bioisosteres

The earliest efforts to synthesize orally bioavailable SERDs 
consisted of Fulvestrant analogs where the long alkyl chain at 
the 7α position of the estrogen core was modified to increase 
its aqueous solubility.33, 34 Although the resulting compounds 
were more effective than tamoxifen or Fulvestrant at degrading 
ERα and inhibiting the growth of human breast cancer 
xenografts, serum concentrations did not increase at 4-24 h 
after injection compared to Fulvestrant.33 This observation 
could be explained by the fact that these studies did not address 
the metabolic soft spots arising from the common phenol 
group, which is known to undergo rapid and extensive O-
glucuronidation and O-sulfation to form inactive phase II 
metabolites.35 In 2016, Liu and co-workers reported a boronic 
acid analog36 (ZB716 10, Figure 6) of Fulvestrant which exhibited 
similar SERD and antiproliferative potencies while 
demonstrating enhanced oral bioavailability. In 2017, the same 
group applied this phenol-boronic acid bioisosterism to the 
acrylic acid-based SERD GW7604 (7, Figure 6), resulting in 
compound GLL398 11.37 The boronate derivative had a 10-fold 
higher binding affinity but exhibited comparable ERα 
degradation potency, highlighting the complex pharmacology 
of ERα. 

In 2020, El Ahmad and co-workers performed a medium-
throughput screening which led to the development of 
SAR439859 (Amcenestrant, 12, Figure 7).38 SAR439859 induces 
ERα degradation in MCF-7 cells at subnanomolar 

Figure 6. Boronic acid derivatives ZB716 (10) and GLL398 (11) of Fulvestrant (5) and 
GW7604 (7), respectively.

concentrations (ERα degradation IC50 = 0.2 nM) with maximal 
degradation levels of 98% comparable to the in vitro activity of 
Fulvestrant. Medicinal chemistry efforts centered around the 
phenol moiety, which was replacted with a carboxylic acid in 
order to lower the logD and optimize metabolic stability while 
maintaining the Glu353/Arg394 hydrogen bond network (Figure 
8A). Additionally, expanding the initial cyclohexene ring to

Figure 7. SAR summary of SAR439859 (12). 
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Figure 8. X-ray crystal structures of selected SERDs (green carbon atoms) bound to ERα (orange ribbon): SAR439859 12 (panel A, PBD code 6SBO), LSZ102 13 (panel B, PDB code 
6B0F), AZD9496 15 (panel C, PDB code 5ACC), GDC-9545 17 (panel D, PDB code 7MSA) and AZD-9833 18 (panel E, PDB code 6ZOR). Key hydrogen bonds are represented as dashed 
lines. 

cycloheptene ring provided a slight increase in degradation 
activity, most likely due to conformational constraint. SAR 
studies around the aminoethoxy pyrrolidine side chain showed 
that opening the pyrrolidine ring, increasing the length of the 
alkyl chain or incorporating other heterocycles was detrimental 
to degradation activity. Overall, the data suggest that the 
oxygen and nitrogen atoms of the side chain must be separated 
by two carbon atoms for optimal degradation efficacy. 
Regarding the distal phenol moiety, which is associated with 
high clearance issues, halogenated aryl moieties are required to 
improve metabolic stability. Interestingly, SAR439859 12 has 
one extra methylene group compared with the fluoropropyl 
azetidine moiety in GDC-9545 (17) and AZD9833 (18), rendering 
higher lipophilicity. 
3.2. Disruption of planarity

Nonplanar SERMs, such as lasofoxifene 4 (Figure 1), have 
attenuated phase II metabolism and, consequently, high 
bioavailability (>60%).39 Raloxifene has a limited absolute 
bioavailability of only 2% due to extensive glucurodination at 
the 6- and 4’-hydroxy positions of the planar benzothiophene 
(BT) core.40 Motivated by this rationale, Tria and co-workers 
introduced substituents at the ortho position of the 2-aryl ring 
and reported the discovery of LSZ102 (13, Figure 9) in 2018.41 
The so-called “ortho effect” triggered a torsional constraint 
which caused the 2-aryl ring to be almost orthogonal to the 
plane of the BT core. This conformation not only enhances the  

pharmacokinetic properties, but it also increases hydrophobic 
interactions within the ligand binding pocket by occupying a 
lipophilic pocket near Leu428:Phe425 (Figure 8B). This 
structural information explained why polar groups are not 
tolerated in this region of the molecule while o-difluoroethyl 
proved to be optimal for ERα degradation (ERα degradation IC50 
= 0.2 nM) and antagonism (ERα transcription IC50 = 17 nM). 
Additionally, halogen substituents at the para position of the 2-
aryl ring further increased bioavailability by blocking phase I 
hydroxylation metabolic sites.

Figure 9. SAR summary of LSZ102 (13).

3.3. Non-phenolic ERα ligand cores
The phenol ring mimicking the A-ring of estradiol can be 

replaced with nitrogen-containing heterocycles presenting a 
suitably oriented N-H hydrogen bond donor for binding. In 
2015, Lai and co-workers optimized the triphenylalkene scaffold 
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of GW7604 (7) with the aim to improve exposure following oral 
dosing. As a result, the authors published an indazole series of 
SERDs that led to the discovery of GDC-0810 (14, Figure 10).42 
In preclinical studies, GDC-0810 displayed robust activity in 
antagonism (ERα transcription IC50 = 2 nM), degradation (ERα 
degradation EC50 = 0.7 nM) and cell viability (MCF-7 
antiproliferation IC50 = 2.5 nM) assays. However, it behaved as 
a mixed SERM/SERD and showed partial agonism in uterine 
models in vitro and in vivo, in addition to inconsistent ERα 
downregulation in later reports. Analysis of the SAR studies 
indicated that the directionality of the indazole N-H was crucial 
for activity since the corresponding 6-indazole isomer lost > 
100-fold ERα degradation potency. Bicyclic heterocycles, 
including benzothiazalone and benzoxazolone, with weakly 
acidic N-H groups were able to form weak hydrogen bonds with 
the canonical Arg391 and Glu353 residues and retained ERα 
degradation potency. Introduction of methyl or methoxy 
substituents at the phenyl linker did not lead to an increase in 
potency while heterocycles (pyridine) led to a 10-fold decrease 
in ERα degradation potency. Regarding the pendent aryl ring, 
simultaneous substitution at the ortho and para positions with 
halogens provided the most potent analog. 

Figure 10. SAR summary of GDC-0810 (14).

In 2015, De Savi and co-workers identified indole derivative 
AZD9496 (15, Figure 11) as a potent ERα degrader (ERα 
degradation IC50 = 0.14 nM) and antiproliferative agent (MCF-7 
antiproliferation IC50 = 0.04 nM).43 This compound lacked the 
common phenolic group for interaction with Arg394 and Glu353 
but gained potency through a novel hydrogen bonding 
interaction between the indole N-H group and the carbonyl of 
Leu346 (Figure 8C). Furthermore, the chiral methyl substituent 
provided additional van der Waals interactions within the 
Phe404:Phe425 lipophilic pocket and the isopropyl fluoro side 
chain exploited the Leu525:Leu384 lipophilic hole. 

Figure 11. SAR summary of AZD9496 (15).

3.4. Basic side chains 
Acrylic acid-based oral SERDs (LSZ102 13, GDC-0810 14 

AZD9496 15) have been discontinued after phase I/II clinical 
trials due to poor patient tolerability, which could partially be 

attributed to the high chemical reactivity derived from the 
acrylate degradation motif. In this regard, there has been 
growing interest in switching to basic side-chain SERDs, with the 
hope of achieving a more promising safety profile. In 2018, 
Kahraman and co-workers reported the discovery of GDC-0927 
(16, Figure 12),44 a chromene-based SERD which was designed 
to further improve the potency over GDC-0810 (14). GDC-0927 
exhibited increased in vitro potency (ERα degradation IC50 = 0.1 
nM, ERα degradation efficacy = 97%) and more robust reduction 
of intratumoral ERα levels. SAR studies focused on optimizing 
ERα degradation efficacy through side-chain substitution, with 
azetidine giving the most efficient ERα degrader. Pyrrolidine 
and piperidine displayed a significant reduction in degradation 
efficacy. Further extension of the side chain with methyl group 
was hypothesized to disturb h12 while the terminal fluorine 
atom minimized phase I metabolism.  The development of GDC-
0927 (16) was discontinued due to low oral exposure and 
subsequent high pill dosage in clinical trials, which limited dose-
escalation studies. A more recent study revealed that the high 
clearance of GDC-0927 was likely due to the presence of two 
electron-rich phenols in the molecule.45 Attempts at replacing 
the 3’-OH with fluorine, heterocycles, cycloalkyl or alkyl 
moieties failed to improve the metabolic stability while 
maintaining potency, reinforcing the requirement for two 
phenolic groups when it comes to chromene ERα ligands. Had 
any of these substitutions been successful, they could have 
expanded the pool of ERα binding motifs to heterocyclic 
structures lacking the canonical O-N or N-H hydrogen bond 
donors, thereby inducing a unique ERα conformation and 
pharmacological profile. 

Figure 12. SAR summary of GDC-0927 (16). 

In 2021, Liang and co-workers published the medicinal 
chemistry efforts leading to GDC-9545 (Giredestrant, 17, Figure 
13),46 aiming to address the limitations of GDC-0810 (14) and 
GDC-0927 (16). In preclinical studies, GDC-9545 (17) displayed 
potent ERα antagonist activity (ERα transcription IC50 = 0.05 nM) 
and degradation efficacy (ERα degradation efficacy = 101%), 
which are superior to Fulvestrant and other SERDs in 
development, including SAR439859 (12), AZD-9833 (18) and 
RAD1901 (19). GDC-9545 exhibited a full antagonist profile with 
a reduction in the uterine wet weight and no effect on the 
endometrium in rat uterine assays.  The polar difluoro propyl 
alcohol chain established a hydrogen bond interaction with 
His524 (Figure 8D) and significantly attenuated lipophilicity 
(clogP = 5.0) compared with SAR439859 12 (clogP = 9.4) and 
RAD1901 19 (clogP = 6.8). Additionally, switching the oxygen 
atom with a nitrogen atom on the basic amino side chain turned 
out to be critical for optimal antagonism and antiproliferative 
profile while improving solubility. 
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Figure 13. SAR summary of GDC-9545 (17). 

Tricyclic indazole AZD-9833 (Camizestrant, 18, Figure 14) 
was disclosed in 2020 by Scott and co-workers47 as a full ERα 
antagonist and a more potent ERα degrader (ERα degradation 
IC50 = 0.16 nM) than AZD9496 (15). AZD9833 and AZD9496 
share common structural features, including the chiral methyl 
group on the piperidine ring and the azetidine side chain, 
pointing to a shared induced ERα conformation. However, the 
N-H group of the [5.6.6] indazole core was described to form 
hydrogen bonds with Arg394 and Glu353 of the ERα binding 
pocket (Figure 8E), rather than Leu346 as seen in the case of 
AZD9496 (15) and GDC-9545 (17). Moreover, the N-H found in 
this class of SERDs is more basic than the indole N-H of GDC-
9545 (17), increasing its solubility in aqueous media. Shifting the 
connectivity of the azetidine ring from an ether was critical to 
maintain ERα degradation potency and efficacy while lowering 
lipophilicity. Interestingly, inconsistent ERα degradation across 
cell lines was observed when the NH linker tether was not 
directly attached to the azetidine degradation motif. Medicinal 
chemistry efforts focused on optimizing the different regions of 
the molecule while modulating logD. To this end, the pyridyl 
linker and trifluoromethyl terminal group were introduced. The 
latter not only helped to control the lipophilicity of the resulting 
compound, but it also modulated the pKa of the neighboring 
piperidine nitrogen atom. 

Figure 14. SAR summary of AZD-9833 (18).

RAD1901 (Elacestrant, 19, Figure 15) is a nonsteroidal SERD 
that displayed a complex U-shaped pharmacology, acting as a 
weak partial agonist at lower doses and as an antagonist at 
higher doses.48 In vitro studies showed dose-dependent 
decrease in ERα levels (ERα degradation IC50 = 0.6 nM) and 
proliferation (MCF-7 antiproliferation IC50 = 4.2 nM) 
comparable to Fulvestrant.49 RAD1901 has demonstrated 
potent antitumor activity in multiple patient-derived xenograft 
models, including some derived from heavily pretreated 
patients, expressing wild-type or mutant ERα-Y537S and ERα-
D538G. 

 

Figure 15. Chemical structure of RAD1901 (19). 

3.5. Hydrophobic degrons
The repertoire of molecular scaffolds known to induce ERα 

degradation has been restricted mainly to long perfluoroalkyl 
chains (as seen in Fulvestrant), the acrylic acid motif found in 
GW-5638 6 and basic side chains that exhibit mixed SERM/SERD 
activity. Expanding the toolbox of degron motifs beyond the 
above scaffolds is expected to provide new avenues in SERD 
design. We reported a series of bisphenolic adamantyl ERα 
ligands attached to structurally novel hydrophobic degrons,50 
among which monocyclic alkanes (20, Figure 16) provided 
antiestrogens having ERα degradation (IC50 = 2 nM) and MCF-7 
antiproliferation (IC50 = 0.5 nM) potencies in the nanomolar 
range. Our studies suggested that the antiproliferative action of 
these compounds likely involves distinct contributions from 
their SERD and ERα antagonism activity. 

Figure 16. Chemical structure of adamantyl-based SERDs with hydrophobic degrons.

3.6. ERα PROTACs
Proteolysis Targeting Chimeras (PROTACs) have emerged as 

an attractive addition to the field of drug development thanks 
to their ability to selectively induce degradation of a protein of 
interest.51 These heterobifunctional compounds work in a 
catalytic fashion, binding simultaneously to an E3 ligase and a 
target protein. The formation of such a ternary complex 
facilitates ubiquitin transfer and subsequent proteasomal 
degradation. This technology has been applied to a wide range 
of target proteins.52 

Early ERα PROTAC design consisted of estradiol-based cores 
linked to short peptidic VHL E3 ligands.53 In 2019, Hu and co-
workers reported a PROTAC (ERD-308, 21, Figure 17) composed 
of a raloxifene derivative and a small-molecule VHL ligand.54 
ERD-308 was a highly potent PROTAC (ERα degradation DC50 = 
0.17 nM and 0.43 nM in MCF-7 and T47D cell lines, respectively) 
which induced more complete ERα degradation and a stronger 
antiproliferative effect than Fulvestrant in MCF-7 cells.  

Arvinas recently disclosed the structure of their clinical 
candidate ARV-471 (22, Figure 17)55, which consists of a tetralin 
core (taken from lasofoxifene 4) connected to a CRBN E3 ligase 
recruiter. ARV-471 induced potent ERα degradation in MCF-7 
cells (ERα degradation DC50 = 1.8 nM) and resulted in superior 
tumor growth inhibition compared to Fulvestrant in an ESR1 
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mutant patient-derived xenograft model. When combined with 
the CDK4/6 inhibitor palbociclib, tumor growth inhibition 
improved to 130%. Initial safety and tolerability reports from 
ongoing phase I clinical trials showed a favorable safety profile, 
with no dose-limiting toxicities and no grade 2-4 adverse events 
observed. 

 

Figure 17. Chemical structure of ERα PROTACs. 

4. Conclusions
Endocrine therapies constitute the therapeutic backbone 

for the management of ERα-positive breast cancer. The 
progressive evolution in our understanding of the molecular 
mechanisms underlying endocrine therapy together with the 
encouraging clinical efficacy of ERα degraders has sparked 
interest in the development of potent orally bioavailable SERDs. 
Recent advances in structural design and optimization of 
competitive ERα binding, ERα antagonism and ERα degradation 
in parallel with medicinal chemistry strategies to optimize 
ADMET properties has led to the prospective development of 
various clinical candidates. However, a more thorough 
understanding of the molecular mechanisms by which the 
different SERDs induce ERα degradation and the link between 
ERα degradation/antagonism to tumor growth inhibition is 
necessary to streamline the design of next-generation SERDs. 
One of the hypotheses driving the development of novel SERDs 
is that the receptor turnover is one of the best markers for drug 
efficacy. As a consequence, optimization efforts focus on 
generating novel SERDs with a degradation efficacy superior to 
that of Fulvestrant. This assumption may be overlooking other 
cellular mechanisms, including intranuclear ERα immobilization 
and impaired ERα mobility,56 that could be playing a significant 
role in ERα signalling shutdown. Furthermore, pioneering 
studies by McDonnel and colleagues suggested that 
Fulvestrant-mediated ER degradation is not essential for 
efficacy, but it is likely a marker for full antagonism.57 
Interestingly, McDonnel’s recent work also showed the 
feasibility of using lower and clinically relevant dosages of 
Fulvestrant (25 mg/Kg) that led to effective tumor inhibition 
without inducing ER degradation.58 In another related report, 
Nettles and colleagues have demonstrated that full antagonism 

of ER doesn't require degradation of the receptor.59 On the 
other hand, Mader and colleagues showed that suppression of 
ER-transcription activity by Fulvestrant likely involves 
SUMOylation of ER.60 Collectively, these studies highlight 
several intriguing aspects of the role of degradation and 
antagonism in SERD-mediated antitumor action. Some other 
unanswered questions on SERD action involve the gaps in our 
knowledge of the mechanisms that lead to ubiquitination of ER 
after binding to a SERD. 

Additional challenges arise from the observed suboptimal 
pharmacokinetic profiles, which translate to high doses during 
human dose-escalation studies. Modulation of physicochemical 
properties by introduction of heterocycles (namely pyridine, as 
in AZD-9833 18), fluorine atoms and ether to amine exchange 
represent the main current trends in this regard. Further 
structure-based insights, such as exploring new lipophilic 
pockets, could further address this issue while simultaneously 
providing a boost in potency. Any possible efficacy advantages 
will need to be balanced against the emerging safety profile of 
these agents. One of the other unanswered questions in the 
clinical setting involves the mechanisms responsible for the low 
clinical response rate of targeted therapies in endocrine 
resistant breast cancer. It would be useful to know if this is due 
to reduced SERD activity in tumor microenvironments or due to 
posttranslational modification in ER. 

Mechanistically, SERDs function via targeted protein 
degradation (TPD), a therapeutic modality that has recently 
attracted great attention due to its potential to overcome 
challenges associated with traditional drug discovery 
approaches.61 Targeted protein degradation involves catalytic 
knockdown of disease-causing proteins which is ultimately 
expected to confer enhanced efficacy and ability to overcome 
drug resistance. While Fulvestrant represents one of the first 
clinically validated targeted protein degradation therapy, the E3 
ligase recruited by this SERD remains unknown. More recently, 
hetero-bifunctional PROTACs that co-opt VHL or Cereblon E3 
ligases for ERα degradation have been developed. The human 
genome is estimated to encode for 600 E3 ligases,62 but only a 
handful of these degradation-inducing proteins have been 
discovered. Identification of new types of E3 ligases and a better 
understanding of the degradation machinery employed by the 
currently known SERDs is expected to provide a strong 
foundation for rational design of antiestrogens capable of 
overcoming therapy-resistant breast cancer.
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