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Rhabdoid tumours (RT) are malignancies of the central nervous system, kidneys, liver and soft tissues that most commonly affect
very young children with survival rates below 30% in high-risk cohorts. Treatment entails surgery, intensive chemotherapy and
radiotherapy, associated with substantial short- and long-term toxicities. There is an unmet need to develop targeted therapies for
RT to improve patient outcomes and mitigate the toxicities of current therapy. Detailed research followed by a workshop had the
objective of enabling the development of targeted therapeutics for RT. Given the inherent commonality of their biology (i.e. biallelic
inactivation of SMARCBT or more rarely SMARCA4) the therapeutic approach should be similar for intra-cranial and extra-cranial
tumours. DDB1-CUL4-associated factor 5 is a promising target, and the development of small molecule binders/degraders is a
priority. Enhancer of zeste 2 polycomb repressive complex 2 subunit (EZH2) degraders may have greater therapeutic potential than
inhibitors. Fibroblast growth factor receptor and platelet-derived growth factor receptor inhibitors may have value in subgroups.
Mouse double minute 2 homologue (MDM?2) is a priority target for novel therapeutic development and combination trials.
Combinations of EZH2, MDM2 inhibitors and selective inhibitors of nuclear export should be evaluated robustly preclinically and
drive early clinical studies.

British Journal of Cancer; https://doi.org/10.1038/s41416-026-03348-7

INTRODUCTION Survival for children with RT remains very poor: the average
Rhabdoid tumours (RT) are tumours of the central nervous system 5-year overall survival (OS) is ~30-40% [2, 3]. Studies have
(CNS), kidneys, liver and soft tissues primarily affecting infants and revealed several molecular and clinical distinct RT subgroups and
young children. Around 200 patients are diagnosed across Europe have enabled the development of risk stratification models [3].
and the USA each year [1]. Standard therapy typically comprises maximal safe surgery,
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chemotherapy and commonly radiotherapy, sometimes with
myeloablative chemotherapy and stem cell rescue. Treatment is
associated with substantial short- and long-term toxicities,
including impairment of the developing brain in children with
intracranial tumours [4]. To date most trials have divided RTs into
intracranial, renal and extracranial (outside the kidney) tumours
and until recently many trials have enroled relatively small
number of participants. ACNS0333 was the first atypical teratoid
rhabdoid tumours (ATRTs)-specific cooperative group trial and
improved survival compared with historical therapies, now there is
in addition the ATRTO1 trial. There have been no transatlantic
studies for this rare population. Thus, there is a major unmet need
to develop more efficient and less toxic therapies for RT.

The first step in the introduction of a novel therapeutic into
standard of care is drug development. Once developed a new
therapeutic agent should undergo rapid evaluation in an early
phase trial, with a dose finding or confirmation cohort and then an
expansion cohort. Defining go or no-go decisions is crucial, if there
is a positive signal, a confirmatory trial should be undertaken,
ultimately leading to evaluation in front-line. Early dialogue with
regulators, and patient advocates, is essential in the planning
phase, so that early regulatory authorisation can be obtained. A
coordinated global development is mandatory to avoid duplica-
tion and accelerate regulatory approval. The objective must be
that trials carried out for regulatory purposes are of the maximum
clinical benefit.

To facilitate the development of targeted RT therapies, reviews of
the literature were undertaken, to understand the biology and
epidemiology of RT, identify key drug targets and the development
status of relevant drugs. Subsequently a multi-disciplinary virtual
workshop with European and North American clinical and biology
experts in RT, aimed to (i) review epidemiological data; (ii) share and
discuss the scientific evidence for RT-associated targets; (iii)
understand the tractability of targets; (iv) recommend targets for
which the optimal therapeutic did not yet exist for RTs and to
prioritise, based on their state of validation and tractability; (v)
discuss priority drug combinations to advance into the clinical
space. The objective was to develop, based on scientific evidence,
an international consensus of researchers, clinicians and patient
advocates of the unmet needs in RTs and prioritisation of new
therapeutics. It envisioned that this consensus would be of strategic
value to academic, industry, regulatory, charity and patient
advocate global communities to focus resources for development.

The RT workshop was the first in the series of LifeArc Paediatric
Therapeutic Development Workshops, with topics identified by an
international survey of paediatric oncologists from Children’s
Oncology Group (COG) and Innovative Therapies for Children with
Cancer’s (ITCC) as those with the greatest unmet needs (https://
www.lifearc.org/wp-content/uploads/2024/09/Unmet-needs-
childhood-cancer.pdf). The workshop was organised by the
Childhood Cancer Translational Challenge of LifeArc (a self-
funded, not-for-profit medical research organisation and charity),
ITCC (a clinical trials network focused on delivering new
treatments for children and adolescents), Cancer Research UK (a
medical research charity), and their translational arm Cancer
Research Horizons and the Cancer Grand Challenges PROTECT
team. Following the workshop, future therapeutic development of
any target could progress via C-Further, the LifeArc-Cancer
Research Horizons Children’s Cancer Therapeutics Consortium
(https://www.c-further.org/) which provides funding and drug
discovery laboratory support to de-risk early stage therapeutic
projects. This article summarises the discussions and conclusions
of the workshop.

BACKGROUND
Histologically, RTs are characterised by the presence of rhabdoid
cells, with uncondensed chromatin, prominent nucleoli and

cytoplasmic eosinophilic inclusions. RTs in the CNS are termed
ATRTs and outside the CNS, most commonly in the kidney and
soft tissues including the liver, neck, thorax, retroperitoneum and
pelvis, extra-cranial malignant rhabdoid tumours (eMRTs) [3, 5].
ATRTSs represent around 65% of all RT diagnoses, around 20% of all
intracranial tumours in children below 3 years of age and are the
most commonly diagnosed embryonal CNS tumour in children
below 1 year [1].

Several molecular subgroups of RTs have been defined by DNA
methylation and transcriptional signatures, including at least three
main subgroups of ATRT: ATRT-TYR, ATRT-SHH and ATRT-MYC
[6, 7]. Integration of molecular with clinical data suggest that
patients with ATRT-TYR tumours have the highest 5-year OS and
one study indicated that patients with ATRT-SHH and SHH and
MYC tumours have a similarly inferior survival [8].This remains to
be validated across different types of treatment regimens in
prospective studies. Similarly, combining clinical and genetic risk
factors revealed two risk-groups of eMRTs [9]. Table 1 summarises,
publicly available data on epidemiology, clinical features and
molecular features of the subgroups.

Current therapeutic approach

In the COG’s ACNS0333 for patients with ATRT maximal safe
resection, chemotherapy, high-dose chemotherapy with autolo-
gous stem cell rescue and involved field radiotherapy resulted in
37% 4-year event-free survival (EFS) and 43% 4-year OS [2]. The
majority of European countries enrol patients with ATRT into the
randomised European Society for Paediatric Oncology (SIOPE)
ATRTOT1 trial, which compares high-dose chemotherapy followed
by autologous stem cell rescue to radiotherapy as a consolidation
therapy  (https://www.clinicaltrialsregister.eu/ctr-search/search?
query=2018-003335-29). For eMRT, a standard multimodal proto-
col of surgery, radiotherapy and chemotherapy over 30 weeks has
resulted in 72% 5-year EFS and 58.3% 5-year OS for patients with
localised disease, without loco-regional lymph node involvement
[5, 7]. Survival remains significantly lower for patients with stage 3
disease or with metastatic disease, with a 7% 2-year EFS and
13-16% 5-year OS [5, 7].

Biology of malignant rhabdoid tumours

All RTs are associated with biallelic inactivating somatic mutations
in the SWI/SNF subunits SMARCBT (>95% of cases [10, 11] or
SMARCA4 (<5% [12])). In about one third of patients with RTs there
is a germline heterozygous mutation [13]. The type of SMARCB1
mutations differs between RT subgroups. ATRT-TYR tumours
mostly have point mutations in one allele accompanied by loss
of the other allele via LOH of 22q. ATRT-SHH tumours usually have
no LOH of 22q and display inactivating mutations in both alleles of
SMARCBI. In contrast, in ATRT-MYC and eMRT subgroups,
SMARCBT is most commonly inactivated by homozygous focal
deletions. SMARCA4-deficient RTs are extremely rare entities,
distinct from the others [9]. ATRT-SMARCA4 have been associated
with a higher frequency of germline mutations, younger age and
an inferior prognosis in comparison to SMARCBT mutated cases
[14]. Individuals with germline-inactivating variants of SMARCBT or
SMARCA4 are considered to have RT predisposition syndrome
(RTPS 1 and 2, respectively).

SMARCB1 and SMARCA4 are subunits of SWltch/Sucrose Non-
Fermentable (SWI/SNF) chromatin-remodelling complexes, which
play an essential role in genome maintenance and gene
regulation, controlling chromatin compaction and accessibility
for transcription. The Polycomb Repressive Complex 2 (PRC2)
methylates histone 3 lysine 27 trimethylation (H3K27me3), which
leads to the repression of gene transcription and alters the
structure of chromatin. However, SWI/SNF works to mobilise
nucleosomes, in opposition to PRC2 and alter the structure of
chromatin and typically leads to an open chromatin state
associated with active transcription [15] Fig. 1.
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Residual SMARCB1-deficient complex
allowing tumor cell survival
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Fig. 1 SWI/SNF complex. The SWI/SNF complex and its interactions with chromatin and other direct genetic modifiers discussed in the

workshop.

SWI/SNF complexes contain core subunits: SMARCB1 (also
known as SNF5, INI1, BAF47), SMARCC1 (BAF155), SMARCC2
(BAF170) and one ATPase subunit, either SMARCA4 (BRG1) or
SMARCA2 (BRM), plus 6 to 11 lineage-restricted subunits [16].
Subunits interact to form three distinct configurations: canonical
BAF (cBAF), polybromo-associated BAF (PBAF) and non-canonical
BAF (ncBAF, or gBAF, the sole configuration remaining wholly
intact within RT) [17].

SWI/SNF complexes drive the activation of developmental
enhancers and bivalent promoters involved in cell fate determina-
tion and tumour suppression. Upon loss of SMARCBI1, the function
of SWI/SNF complexes at enhancers is substantially impaired
although ncBAF complexes, of which SMARCB1 is not a
component, still function. This leads to genome-wide transcrip-
tional dysregulation that impairs cell differentiation and enables
continued proliferation of progenitor cells facilitating develop-
ment of RTs. The complex is still able to bind super-enhancers to
enhance transcription of oncogenes [18] Fig. 1.

RTs demonstrate remarkably low mutational burden [19]; rhabdoid
tumourigenesis is likely caused by the activation of oncogenic
transcriptional programs in response to widespread changes in
chromatin remodelling [10, 16]. Full functionality of the SWI/SNF
complex can be rescued by SMARCBI re-expression, restoring
chromatin affinity, reactivating genome-wide enhancer activation
and opposing PRC2 repression at bivalent promoters [15, 18].

There is incomplete understanding of SMARCA4-deficient
tumours compared to their SMARCB1-deficient counterparts, due
to the rarity of these tumours and a dearth of available preclinical
models and clinical data.

Targeting the vulnerabilities of RT

As dysfunction of SWI/SNF complexes is a common biological
driver of all RTs, targeted therapeutics may be applicable across
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subgroups, although blood-brain barrier penetrance is an addi-
tional requirement for ATRT. Targeting vulnerabilities associated
with RT could benefit a wide range of additional indications as
20% of cancer types harbour mutations leading to dysregulated
SWI/SNF subunits [20], and SMARCBT mutations are estimated to
occur in 5% of all cancers [21]. However, reconstituting lost
subunits would be challenging as a therapeutic intervention.
SMARCA4 is a very good target in SMARCB1 deficient tumours, as
the two proteins are both critical subunits of the SWI/SNF
chromatin remodelling complex, and SMARCB1 loss creates a
dependency on SMARCA4’s function. When SMARCB1 is deficient,
SMARCA4 becomes essential for maintaining the cancer cell’s
survival - a synthetic lethal vulnerability. Targeting other subunits
of the SWI/SNF complex and associated vulnerabilities may
represent other opportunities for targeted treatments as synthetic
lethal relationships have been reported where loss of one subunit
confers a dependency on another [22]

Another important potential target is enhancer of zeste
homologue 2 (EZH2), the catalytic subunit of PRC2 that mediates
histone 3 (H3) methylation to inhibit transcription [23]. Normally
antagonised by SWI/SNF, loss of SMARCB1 results in increased
EZH2 activity [24]; inhibition of EZH2 in SMARCB1-deficient
tumours causes tumours to shrink in vivo [25]. In the first phase
I/Il trial of tazemetostat, an inhibitor of EZH2 (NCT01897571), 5 of
13 (38%) adult patients with SMARCB1- or SMARCA4-deficient
tumours, showed clinical benefit, including a complete response
in one patient with RT [26]. In a phase | study of tazemetostat in
children with relapsed or refractory RT, other SMARCB1-deficient
tumours and synovial sarcoma, 14% of patients exhibited
objective responses, with a 24% response in ATRT [27]. In the
COG-MATCH APEC1621C trial in relapsed EZH2-mutant or
SMARCB1- or SMARCA4-deficient paediatric tumours, 25% of
children across all indications evaluated, including one of 12 RT
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patients, had disease stabilisation, suggesting tazemetostat alone
does not result in adequate responses [28]. Resistance to EZH2
inhibition may arise from mutations in EZH2, but tumours may still
be sensitive to other members of the PRC2 complex, such as
embryonic ectoderm development (EED,) and from mutations in
the retinoblastoma protein (RB1)/E2F axis, that in normal
circumstances represses EZH2. RB1 inhibits cell cycle kinases
(e.g. CDK2 and aurora kinase B) and inhibition of these kinases
may overcome resistance to EZH2 inhibition. EZH2 inhibition may
increase dependency on ATR kinase signalling, therefore combi-
nation with ATR inhibitors may be rational [29]. Secondary
malignancies have been associated with EZH2 inhibitors -
myelodysplastic syndrome or acute myeloid leukaemia occurred
in 0.7% of 729 adults who received tazemetostat and one
paediatric patient developed a T-cell lymphoblastic lymphoma
and another acute lymphoblastic leukaemia. Limiting the duration
of therapy may mitigate this risk, however it is uncertain if
degraders would have a similar association.

Immunotherapies, such as immune checkpoint inhibitors, may
demonstrate potential for RT patients. Despite a very low tumour
mutational burden, ATRT-TYR, ATRT-MYC and eMRT subgroups are
reported to have significant immune cell infiltration, similar to
those in highly immunogenic adult tumours such as melanoma
[6]. Immunotherapies are predicted to be ineffective in ATRT-SHH
tumours due to their low infiltration. In a review of 251 children
who had received immune checkpoint inhibitors only one of 12
(8%) with RT responded compared to 6.8% overall [30] RT robustly
express B7-H3, and chimeric antigen receptor (CAR) T-cells
administered intra-cerebroventricularly or intratumourally have
demonstrated potent anti-tumour effects against cerebral ATRT
xenografts in mice [31]. Therefore, CAR T-cells, bispecific
antibodies and antibody-drug conjugate targets may be potential
therapeutic approaches.

THE RT PAEDIATRIC THERAPEUTIC DEVELOPMENT WORKSHOP
The workshop sought to prioritise (1) targets for which the optimal
therapeutic did not yet exist for RTs (this will have medium-long
term benefit to patients) and (2) combinations of drugs that were
in development or already approved for other conditions and
could provide a new, more immediate therapeutic option for
children with RT.

Therapeutic development pipeline and clinical trials
landscape for RT

To provide context to the workshop, literature and diligence
reviews were undertaken, to understand the biology and
epidemiology of RT and each subgroup. Literature reviews were
based on PubMed publications with the following search terms:
(atypical teratoid rhabdoid tumour OR AT/RT OR ATRT) AND
(therapeut* OR Target OR drug). This search returned 688 results
and a small subset, determined by best match search order, were
reviewed. Compared to other paediatric malignancies, there are
relatively few preclinical models of RT. However, there are patient-
derived xenograft, patient-derived organoid and genetically
engineered preclinical models of ATRT-SHH, ATRT-MYC and eMRT
that can be used to support drug discovery. ATRT-TYR samples are
difficult to maintain ex vivo or in mouse models [32]. Searches in
GlobalData and Cortellis pipeline databases, complemented with
literature searches were carried out. For GlobalData, we consid-
ered both the Drugs and Clinical Trials databases, where AT/RT is
indexed. For Cortellis, a free-text search was performed for
‘rhabdoid’. All therapeutics, clinical trials and targets were
included. Twenty-one therapeutic assets currently under devel-
opment for RT (Table 2) were identified. The clinical pipeline is
dominated by drugs already marketed for other, primarily adult
indications, with trials open to a range of cancer types that include
RT, rather than specifically targeting RT biology.

Pipeline database searches were complemented with literature
searches to identify 42 targets associated with or validated in RT
(Table 3). From this initial target list, 23 were identified where the
optimal therapeutic did not yet exist for RTs. Professors Marcel
Kool and Franck Bourdeaut (experts in the biology of rhabdoid
tumours) identified six targets that did not have therapeutics in
the clinic and had the highest potential for development in this
indication. These six targets were the focus of discussion at the
workshop.

Targets discussed at workshop

The targets prioritised for discussion were: (i) SMARCA4; (ii) DDB1
and CUL4 associated factor 5 (DCAF5), a cancer dependency in
SMARCB1-deficient cells; (iii) BRD9 and GLTSCR1, subunits of
ncBAF, the non-canonical SWI/SNF complex; (iv) EP400/TIP60, a
chromatin remodelling complex; (v) mouse double minute 2
homologue (MDM2), a regulator of p53; and (vi) the receptor
tyrosine kinases fibroblast growth factor receptor (FGFR) and
platelet-derived growth factor receptor (PDGFR), which show
increased expression in RT.

SMARCA4

SMARCA4 inhibition has potential as a targeted treatment for
SMARCB1-deficient RT as SMARCA4 can maintain the catalytic
activity of the SWI/SNF complex, enabling residual activity at
super-enhancer regions of the genome and driving oncogenic
transcription programmes [33]. This suggests tumourigenesis in
SMARCB1-deficient cells may depend on SMARCA4 presence and
activity [34, 35]. Knockdown of SMARCA4 using an inducible RNAi
system impairs growth of rhabdoid cells, but pharmaceutical
inhibition was detrimental for non-RT cell viability [36]. Addition-
ally, given SMARCA4’s tumour suppressor properties, inhibition
could conceivably result in the development of other malignan-
cies, impeding its potential as a therapeutic target. A combination
approach may overcome challenges, potentially with the simulta-
neous inhibition of SMARCA4 and upregulation of mutually
exclusive catalytic subunit, SMARCA2.

DCAF5

DCAF5 and other members of the DCAF family facilitate targeted
ubiquitination and protein degradation by conferring target
specificity to the CRL4 ubiquitin ligase complex [37, 38]. DCAF5
is required for the survival of SMARCB1-mutant cancers; in these
tumours, DCAF5 recognises the SWI/SNF complex as misas-
sembled and targets it for degradation [38, 39]. Inhibition,
knockdown or degradation of DCAF5 causes SWI/SNF complexes
to reaccumulate and, despite continued absence of SMARCB1, the
residual SWI/SNF complexes retain sufficient function to mediate
rapid, marked anti-cancer effects without obvious effect upon
healthy cells [40, 41].

DCAFS5 is thus a promising therapeutic target in RT and other
cancers associated with mutations in SMARCB1. Although it is
unclear whether DCAF5 is druggable, other members of the DCAF
family have been demonstrated as druggable [42], and PROTACs
and other inhibitors have been developed for WD repeat-
containing protein 5 (WDR5) and EED, which share a similar -
propeller structure with DCAF5 [43, 44].

BRD9 and ncBAF

One of three forms of the SWI/SNF complex, non-canonical BAF
(ncBAF or gBAF) remains unperturbed in SMARCB1-deficient cells
and may be responsible for activity at super-enhancer sites [18].
Two of its subunits, BRD9 and GLTSCR1, are incorporated into
ncBAF at higher rates in SMARCB1-deficient cell lines, with BRD9
associated with loci that potentially contribute to tumourigenesis
[17, 18]. Inhibiting BRD9 can deplete ncBAF function and impair
survival in RT cell lines and organoids [17, 18]. Exposing RT cells to
BRD9 degraders and performing a genome-wide screen could
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inhibitors for adult advanced epithelial
ovarian, fallopian tube, primary peritoneal
cancer

Most advanced asset in any indication
Bevacizumab, sunitinib, sorafenib and
pazopanib Several marketed VEGFR

Most advanced asset and development stage
No drug development in RTs found

in RT

Summary rationale and validation
activated following IGF1 stimulation.

In ATRT biology, VEGFR2 is cross-
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Assets listed are not necessarily in active development for RT and those listed are the most advanced currently in development; see Table 2 for further information about status of asset development.

*Target prioritised for discussion at workshop.
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help unravel the mechanisms behind toxicity and resistance.
There are four BRD9-targeted drugs currently in development,
including three PROTACs and two that have reached the clinic for
synovial sarcoma (Tables 1 and 2). However, the role of SMARCB1-
loss and the ncBAF complex in synovial sarcoma is different from
the role of these proteins in RTs, therefore the lack of efficacy
observed in synovial sarcoma may not necessarily be reproduced
in patients with RTs. There are substantial concerns regarding
potential toxicity from and efficacy of BRD9 degradation.

Although GLTSCR1 was initially identified as a potential target
(Table 3), there is no further validation evidence available in RT,
and it was de-prioritised during the workshop.

EP400/TIP60 complex

EP400/TIP60 is a chromatin remodelling complex shown to
compensate for the prolonged inhibition of SWI/SNF activity by
eventually re-establishing accessibility at most affected promoters.
A synthetic lethality between EP400 and SWI/SNF in cancer cell lines
and human cancer patients’ data was observed [45]. This
compensatory relationship could represent a synthetic lethal
mechanism to target in RT. One agent targeting TIP60 is currently
in preclinical development (Table 3). However, since EP400/TIP60 is
essential for oligodendrocyte development and myelination in the
CNS, there are concerns regarding toxicity affecting myelination in
mice, Tip60 knockout is embryonic-lethal [46] and although Ep400
knockout mice survive foetal development, they are born with CNS
deficiencies [47]. However, defects in early brain development are
also observed after SMARCA4 [48] and EZH2 [49], knock-out,
therefore this concern may not be unique to EP400.

MDM2

Highly expressed in all ATRT subgroups and upregulated in eMRT,
MDM2 is an E3 ubiquitin ligase whose primary function is to
regulate the stability of tumour suppressor p53. Comprehensive
RNAi and CRISPR-Cas9 gene targeting screens identified that
RT cells were proactively suppressing an otherwise functional p53
pathway to achieve a survival advantage. Since SMARCB1 loss
leads to dysregulation of oncogenic pathways, inhibiting MDM2
could enable greater accumulation of p53 to compensate [50].
Inhibiting MDM2 decreases the growth of ATRT xenografts in
mice, prolonging survival [51], Overall, resistance arising post-
exposure to MDM2 inhibitors is not a major concern given the
stability of RT genomes. There are 24 programmes for MDM2
inhibitors, although none currently indicated for RT (Table 3) and
most of these have been discontinued due to thrombocytopenia,.

Dual targeting of PDGFR and FGFR1

FGFR and PDGFR are subfamilies of receptor tyrosine kinases
(RTKs), known to promote tumour growth, invasion and angio-
genesis [52]. RT cells display increased expression of PDGFRa,
PDGFRB, FGFR1 and FGFR2 [53], particularly in ATRT-TYR and
ATRT-MYC subgroups [32]. Employing tyrosine kinase inhibitors
(TKIs) may be an effective strategy for certain subgroups: ATRT-
MYC cells are sensitive to this approach, but ATRT-SHH cells are
not; ATRT-TYR has not yet been tested, due to lack of models [32].
Dual targeting of FGFR1 and PDGFRa has a synergistic apoptotic
effect in patient-derived RT cell lines, dependent on the activity of
PDGFRa or PDGFR{ [53]. PDGFR status could provide a biomarker
to stratify patients in combination therapy.

Prioritisation of targets

RT cell lines in the Cancer Dependency Map, DepMap [54] (https://
depmap.org/portal/) a suite of open-access, cancer dependency-
related tools to analyse and visualise large-scale screens using
CRISPR and genome-wide RNAi, may inform the prioritisation of
targets. Data from DepMap and PRISM Repurposing screens at the
time of the workshop demonstrated that, compared with other
cancer cell lines, RT cells show higher specific dependency on
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(listed from higher to lower dependency): DCAF5 > EZH2 > BRD9 >
SMARCA4 > PDGFR = FGFR1. When compared to other cancer
cell lines RT cell lines have increased sensitivity to MDM2
inhibitors idasanutlin and milademetan, followed by TKIs lenva-
tinib and cabozantinib, with responses seemingly linked to
PDGFRa status. Full loss of EZH2 has a greater impact on RT cell
viability than EZH2 inhibition by tazemetostat, consistent with the
hypothesis that EZH2 degradation may be more effective for RT
treatment than enzymatic inhibition.

The participants at the workshop ranked the targets based on
previously published methodologies [55, 56] and findings from
DepMap. The greatest priority was DCAF5; followed by MDM2; 3-
SMARCA4; 4-PDGFR and FGFR; 5-ncBAF (BRD9); 6-EP400/TIP60.

Additionally, although not novel, EZH2 is an important
therapeutic target. Enzymatic inhibition of EZH2 has demon-
strated only modest efficacy. However, alternative approaches
such as degradation of EZH2 may be more effective, as RT are
primarily dependent on a non-catalytic role of EZH2 in the
stabilisation of the PRC2 complex, and are only partially
dependent on EZH2 histone methyltransferase activity. This
suggests that EZH2 enzymatic inhibitors may not fully suppress
the oncogenic activity of EZH2 [57]. In addition, sustained
inhibition of EZH2 is believed to be superior to acute inhibition
due to short target occupancy times of current inhibitors, which
presents a possible advantage for a degrader approach.

COMBINATORIAL STRATEGIES

Ongoing combination trials

Immunotherapy: Since ATRT-TYR, ATRT-MYC and eMRT and RTK
exhibit high immune cell infiltration, immune checkpoint inhibi-
tors may be beneficial in patients with these subgroups® and there
has been case reports of activity. Trials are currently testing
different combinations of checkpoint inhibitors (NCT04416568),
also in combination with EZH2 inhibition NCT05407441, in
patients with SMARCB1- and SMARCA4-deficient tumours (Table 2).
In addition, combining a checkpoint inhibitor with a T-cell
immunoreceptor with immunoglobulin and ITIM domains (TIGIT)
inhibitor (Tirogolumab) was being evaluated, since there is
increased expression of the TIGIT ligand in SMARCB1-deficient
tumours (NCT0528680). However, the development of Tirogolu-
mab has ceased and caused NCT0528680 to close.

Tyrosine kinase inhibitors (TKI): Vulnerabilities of RT cells to TKI,
via non-canonical oncogenic mechanisms, have been consistently
shown across preclinical studies [58], providing opportunities to
leverage this observation in the clinic where there are potentially
available drugs.

Chemotherapy: Ongoing clinical trials (Table 3) include pax-
alisib, a CNS-penetrant PI3Ki inhibitor, with gemcitabine
(NCT06208657), as in vitro the combination is synergistic and
alisertib (aurora kinase A inhibitor) chemotherapy and radio-
therapy NCT02114229 although single agent phase Il trials of
alisertib demonstrated minimal responses in ATRT patients
(NCT01154816, NCT02114229) (Table 3).

Potential combinations with EZH2 inhibition

Based on mechanism of action, several combinations of EZH2
inhibitors with other, potentially synergistic drugs could improve
efficacy.

® Selective inhibitors of nuclear export (SINE) inhibition:
SMARCBT mutations that truncate the C-terminal region,
mostly seen in ATRT-TYR tumours, can unmask a nuclear
export signal, causing the truncated SMARCB1 protein to
accumulate in the cytoplasm; inhibiting nuclear export with
selinexor or leptomycin retains the truncated SMARCB1
protein in the nucleus and restores its tumour suppressor
activity (NCT05985161) [59].

® Aurora kinase: combining an aurora kinase B inhibitor with an
EZH2 inhibitor has been shown preclinically to bypass
resistance [29]. Similarly, CDK2 inhibition, downstream of
RB1 may overcome resistance to EZH2 inhibition [29].

® EED inhibition: like EZH2, EED is a component of PRC2. Dual
inhibition could disable PRC2 activity and inhibit unrestrained
cell proliferation in SMARCB1-deficient contexts where SWI/
SNF cannot fulfil its usual antagonistic role [43].

® KDM2A inhibition reverses the immune-cold phenotype of
NSD1-deficient tumour cells. NSD1 mediates the antagonism
between SWI/SNF and PRC2 [60]; KDM2A-inhibitory com-
pounds exist [61] but are not in drug development.

® MDM2 inhibition: in RT cell lines and PDX in vivo models, there
appears to be synergy between EZH2 and MDM2 inhibition.

® ATR inhibition as EZH2 inhibition increases dependency on
ATR kinase signalling [29].

Other potential combinations

SINE inhibitor and MDM2 inhibitor has synergy in RT cell lines and
PDX in vivo xenograft models, but less so in the MYC subtype
xenograft model [50].

Other epigenetic modifiers: epigenetic modifiers, including DNA
methyltransferase inhibitors and histone deacetylase (HDAC)
inhibitors, may be promising in combination with immunomodu-
latory agents to target both tumour cells and the tumour
microenvironment (Table 3).

Gemcitabine with SIRT1 inhibition: ATRTs, particularly the ATRT-
SHH subgroup, are highly sensitive to gemcitabine in pre-clinical
models, via disruption of SIRT1-mediated p53 repression. This
combination could achieve a tumour-suppressing effect by acting
synergistically on TP53.

Prioritisation of combinations

There are frequently considerable challenges to obtain therapeutic
in the optimal formulation for early phase clinical trials, especially if
the asset is not part of regulatory submission, is late in its life cycle,
or manufacturing has been discontinued. Proposed combinations
should be evaluated robustly in preclinical models to determine the
probability of success based on scientific evidence. This data should
drive early clinical studies and would substantially aid advocating
for drug access from pharmaceutical companies.

Combinations of therapeutics were prioritised by the partici-
pants of the Workshop based on biological rationale, mechanism
of action (from the literature) and availability of the therapeutic.
The following combinations were prioritised for evaluation in
preclinical models:

EZH2 and MDM2

MDM2 and SINE

EZH2 and SINE

EZH2 and EDD

EZH2 and aurora kinase B.

i
ii
ii
iv
%

S

In addition, it was agreed that the hypothesis that PDGFR status
could provide a biomarker to identify patients who would benefit
from a combination of FGFR1 and PDGFRa inhibitors should be
tested.

CONCLUSION

The first Paediatric Therapeutic Development Workshop identified
the urgent, hitherto unmet need for targeted therapies for RT that
are more effective and less toxic than traditional chemother-
apeutics and radiotherapeutics. Based on biology, therapeutic
approaches should be similar for intra- and extra-cranial tumours,
as dysfunction of SWI/SNF complexes is a common biological
driver of all RTs. DCAF5 was identified as a promising target for
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drug discovery and the development of a degrader targeting
DCAFS5 is being progressed.

The EZH2 inhibitor tazemetostat is the first targeted therapy
tested to show efficacy in some RT patients. EZH2 degradation
theoretically may provide a more effective treatment than
enzymatic inhibition, as EZH2 enzymatic inhibitors may not fully
suppress the oncogenic activity of EZH2. The rationale for
degraders is being explored further.

If there was adherence to the international consensus on
minimum preclinical testing requirements for the development of
innovative therapies for children and adolescents with cancer, all
the future data would be generated in a harmonised manner [55].

Based on the conclusions of the workshop an international
consortium has been formed to address the need to evaluate
preclinically combinations of existing therapeutics, based on
mechanism of action, in order that the most effective combination
could be evaluated in early phase clinical trials. A unique
international, trans-Atlantic consortium has been created, under
the auspices of the ITCC aiming to evaluate robustly these
potential combinations in preclinical in vitro and in vivo models to
determine the probability of success based on scientific evidence.

This data will drive early clinical studies and will substantially aid
advocating for drug access from pharmaceutical companies.
Moreover, a major additional benefit of this initiative, is by
bringing together international clinical trial groups, it will catalyse
international interactions, resulting in more coordinated, harmo-
nised, effective treatments, finally leading to international global
collaborative trials for children with these poor outcome tumours.

The ultimate objective is to deliver new therapeutics and
scientifically based combinations for children with RT.
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