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HSF1 and the oncogene-associated 
stress response

Adapted from de Billy, Travers & Workman Oncotarget 3 741-743 2012
See also Workman and de Billy Nature Med  13 1415-1417 2007
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• HSF1 is an ancient transcription factor regulating the classical 
eukaryotic Heat Shock Response (HSR) and is a master 
regulator of proteotoxic stress (Li et al Trends Cell Biol 2017)

• In response to oncogenic stress, HSF1 is hijacked in cancer 
cells to regulate a gene set overlapping with but distinct from 
the canonical HSR (Mendillo et al Cell 2012)

• Depleting HSF1 inhibits the oncogenic effects of p53 loss and 
RAS activation in mouse models (Dai et al Cell 2007) –
indicating therapeutic potential

• HSF1 is amplified, over-expressed and activated in human 
cancers and these and the oncogenic stress signature predict 
clinical outcome in numerous human cancers, including ovarian 
(Mendillo et al Cell 2012; Powell et al Trends Cell Biol 2017) –
indicating possible patient populations

• In flies and mice, HSF1 is dispensable for growth and survival 
(Jedlicka et al EMBO J 1997; Xiao et al EMBO J 1999) –
indicating potential therapeutic index
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• In flies and mice, HSF1 is dispensable for growth and survival 
(Jedlicka et al EMBO J 1997; Xiao et al EMBO J 1999) –
indicating potential therapeutic index

• An HSF1 pathway inhibitor could block multiple cancer 
hallmarks and exert  powerful anticancer effects
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Mutant p53 
mouse 
oncogenesis 
model

HRAS-driven 
mouse skin 
carcinogenesis 
model

Dai et al Cell 30 1005-18 2007

A wealth of data validates HSF1 as 
a cancer drug target 

• In cancer cells, HSF1 is validated as controlling proliferation, survival, 
migration, protein synthesis, metabolism, EMT and the tumor 
microenvironment, and immune evasion

• Example of exploiting ‘non-oncogene addiction’ and ‘stress overload’ 
(Luo/Elledge et al Cell 2009; Nager/Berns et al EMBO Rep 2016)

Human 
ovarian 
cancer cell 
lines
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HSF1 is highly challenging to drug 
directly 

Electrostatic surface 
Red is negative charge
Blue is positive charge
White is hydrophobic 

• Only the DNA-binding domain 
is structurally characterized

• No druggable cavity detected 
in the limited structural space 
available

• Likely to need indirect ways to 
target HSF1

• We decided to take the 
approach of a cell-based 
phenotypic HSF1 pathway 
screen

3D structure of HSF1 DBD dimer complex with DNA
PDB code: 5D5V

canSAR cansar.icr.ac.uk
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Discovery of bisamide HSF1 pathway 
inhibitors by phenotypic screening
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HSP72 IC50 = 2.8nM
U2OS cell GI50 =18nM

U2OS GI50 =
18 n

Rye et al Med Chem Commun.7 1580–1586 2016
Cheeseman et al J Med Chem  60 180-201 2017

• Very potent ‘bisamide’ inhibitor of the 
HSF1 pathway in cancer cells

• Potently inhibits cancer cell growth
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Red=HSP72 Blue=DAPI (DNA)
• Above example: SK-OV-3 human ovarian cancer cells; IN Cell Analyser™
• For main screen: U2OS human osteosarcoma cells; ArrayScan™
• 200K compounds from AstraZeneca collection were screened

Phenotypic screen with heat shock gene product reporter

‘Bisamide’ N,N′-4-methyl-1,3-phenylenediamide core



Cheeseman et al J Med Chem 60 180-201 2017
Patent No. 9701664 2017

Pasqua et al in preparation

Hit
No efficacy from PO dose

Low Solubility

Lead & tool
Efficacy from PO dose

High PGP Efflux
High predicted human dose

Clinical candidate
Tumor regressions from PO dose

Low PGP efflux
Low predicted human dose

Steep cell SAR
essential
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Optimization

CCT361814/NXP800
HSP72 (SK-OV-3) IC50=94 nM
Cell Growth (SK-OV-3) GI50=8.5 nM
PGP (CACO2) ER=2.8

Vector-to-solvent
Solubilizing group
Target-ID linker  Broad cell SAR High Efflux

High rat Clint,u Low efflux
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CCT245232
HSP72 (SK-OV-3) IC50

 =91 nM

Cell Growth (SK-OV-3) GI50=8.4 nM
Kinetic Sol (pH 7.4) <1.0 μM

NH

O

N O

H
N

O

NO
O

Probe 
Optimization

CCT251236
HSP72 (SK-OV-3) IC50=25 nM
Cell Growth (SK-OV-3) GI50=2.4 nM
Kinetic Sol (pH 7.4)=72 μM
PGP (CACO2) ER=16
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Good correlation between HSF1 pathway 
inhibition and cell growth inhibition 
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Pre-clinical profile of CCT361814/NXP800 clinical 
candidate

• Activity in multiple xenograft models of ovarian clear cell cancer – intrinsically resistant to 
platinum-based chemotherapy

• Acceptable oral absorption across the preclinical species, mouse, rat and dog

• Clean profile across in vitro hERG, Cyp450, kinase and Cerep-Safety-87 inhibition assays 

• Acceptable toxicity profile and therapeutic index with dose-limiting toxicity studies complete in 
rat and dog

• Kilogram scale-up synthesis and solid state properties optimization complete to deliver GLP 
API suitable for human po dosing in capsules   
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Clinical Candidate
CCT361814/NXP800

SK-OV-3 ovarian cancer xenograft PK/PD study

Pharmacologic 
Audit Trail

Yap et al Nature Rev 
Cancer 2010
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Identifying ARID1A as a predictive 
biomarker for NXP800

Response of three different human ovarian tumour xenografts 

Response of larger tumour xenograft panel Sanger cancer 
cell panel 

Link to ARID1A status
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Further annotation & analysis showed  a 4.7 fold 
difference in mean GI50 between the ARID1A 
mutant & WT ovarian cell lines p value =0.001



Identifying gene signature 
biomarkers for PD with NXP800

• NanoString gene signature established 
from microarray profiling experiments

• Heat map of all genes in the signature 
altered 4 and 6 hours post-treatment

• Genes encoding heat shock proteins 
are repressed and the integrated stress 
response activated eg CHAC1

• Provides biomarkers for PK/PD

Mice with IGROV-1 human ovarian tumour xenografts treated with CCT361814/NXP800
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Further validation of ARID1A as a 
predictive biomarker in isogenic pairs 

ARID1A

Vinculin

ARID1A

Vinculin
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HCT116 human colon 
cancer line model

RMG-1 human ovarian 
cancer model
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• The Phase 1 trial commenced December 31, 2021 and first patient was treated in January 2022

• The study involves dose-escalation (Phase 1a) and expansion (Phase 1b) phases

• PK, safety and tolerability of NXP800 will be evaluated in patients with advanced solid tumors aiming to 
identify a dose and schedule for the Phase 1b

– accelerated titration schedule with single-patient cohorts at the lowest dose levels

– combination of rule-based and Bayesian approaches

• In the Phase 1b, the safety and preliminary anti-tumor activity of NXP800 will be evaluated in ARID1A 
biomarker-selected patients

– initially those with ovarian clear cell carcinoma and endometrioid carcinoma (high unmet need)

• Builds on preclinical data and the Pharmacologic Audit Trail principles

• See www.clinicaltrials.gov/ct2/show/NCT05226507?term=hsf-1&draw=2&rank=3

• Future studies would look at drug combinations and additional cancer types

Phase 1 clinical trial of NXP800

https://clinicaltrials.gov/ct2/show/NCT05226507?term=hsf-1&draw=2&rank=3
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• NXP800 is a first-in-class, orally active small-molecule HSF1 pathway inhibitor

• Discovered at ICR and developed by Nuvectis Pharma

• Strong validation for modulating this pathway in a range of human cancers

• Bisamide series was discovered in phenotypic pathway screen

• Optimised through lead compound/chemical tool to clinical candidate

• Biomarkers discovered and validated to provide PK/PD relationship and Pharmacologic Audit Trail

• ARID1A loss cancers show increased sensitivity of NXP800

• Based on exciting preclinical activity, initial clinical studies will focus on ovarian clear cell carcinoma 
and endometrioid carcinoma – which have a very high unmet need

• Therapeutic potential in additional tumour types – being explored preclinically, also combinations

• Multiple orthogonal approaches are being applied to identify the precise key molecular target(s)

Summary and future plans
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