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Introduction

Foralmost four decades, the Helene Harris Memorial Trust, in conjunc-
tion with Ovarian Cancer Action (UK), has invited leaders in ovarian
cancer management and research from around the world to discuss
new approaches tounderstanding and treating the disease. Influential
Perspective articles authored by meeting delegates published in Nature
Reviews Cancerin 2011' and 2015% outlined roadmaps for understand-
ing ovarian cancer broadly and then more specifically for high-grade
serous carcinoma (HGSC), the most common histotype. As discussed
below, substantial progress has been made inunderstanding the cellular
origins, genetic risk factors, molecular composition, tumour micro-
environment (TME) and immunobiology of ovarian cancer. Although
once controversial, there is now consensus among HGSC researchers
andclinicians worldwide that the Fallopian tube is the site of origin for
the majority of HGSC®™.

Over the decades since the introduction of platinum-based
chemotherapy, there have been notable improvements in the clini-
cal management of HGSC, including the use of some targeted drugs
andimproved surgical approaches (Fig. 1). One of the most impactful
therapeutic advances during this period has been the introduction
of poly(ADP-ribose) polymerase inhibitors (PARPi). These con-
fer a survival benefit, particularly in first-line maintenance treat-
ment, for patients with HGSC with BRCAI or BRCA2 (BRCAI/BRCA2)
mutations or other genes that render tumour cells homologous
recombination-deficient (HRD)®’. Despite the benefit of PARPi treat-
ment, disease progression during PARPi therapy remains a chal-
lenge, necessitating a deeper exploration of resistance mechanisms®.

First clinical trial of
carboplatin and
paclitaxel combination
for ovarian cancer

First clinical trial
of cisplatin in
ovarian cancer

First clinical trial
of paclitaxel in
ovarian cancer

Furthermore, nearly half of patients, particularly those with homolo-
gous recombination-proficient (HRP) cancer, do not benefit from
maintenance PARPi. Thus, frontline treatment with carboplatin and
paclitaxel, with or without the anti-angiogenic agent bevacizumab,
remains unchanged. Given that 50-70% of patients experience mul-
tiple relapses’, treating recurrent ovarian cancer remains a chal-
lenge. Surgical developmentsinclude the expansion of cytoreductive
surgery to patients with higher tumour burden without an associ-
ated increase in surgical morbidity and mortality, and the broader
introduction of secondary cytoreductive surgery in the relapsed
setting, with the definition of well-defined selection criteria for sur-
gical candidates™. The timing and appropriate patient population
for hyperthermic intraperitoneal chemotherapy remain to be firmly
established" ™.

Although the use ofimmune-checkpointinhibitors (ICls) in cancer
types such as melanoma and microsatellite instability-high colorectal
cancer has been successful, large randomized controlled trials of
ICIsin ovarian cancer, eveninthefirst-line setting with chemotherapy
and bevacizumab, have been disappointing in unstratified patient
populations® . While the lack of efficacy of ICIs in HGSC may be due
to alower mutational burden relative to microsatellite instability-high
colorectal cancer and melanoma'®, there is ample evidence that the
endogenous immune response in HGSC is strongly associated with
survival”. Modulation ofimmunosuppressive cells and factors present
inthe TME?*, patient and/or tumour stratification, and optimal timing
of treatment®?** may be required to achieve greater efficacy of ICIs and
otherimmunotherapiesin HGSC.

Neoadjuvant chemotherapy and interval debulking surgery
found to be non-inferior to primary debulking surgery

ICON7 and GOG-0218 clinical trials incorporating
bevacizumab into primary treatment

Study 19 clinical trial of
olaparib for relapsed BRCA1-deficient
or BRCA2-deficient HGSC MIRASOL clinical

trial of the ADC
mirvetuximab
soravtansine

SEE-FIM protocol
implemented leading
to better detection

Carboplatin and
paclitaxel become SOC

Association between salpingectomy
and decreased HGSC risk

CA125 established
as a biomarker

Discovery of
BRCAT and
BRCA2 genes

Fig.1| Timeline of major practice-changing clinical studies relevant to

HGSC over the preceding decades. High-grade serous carcinoma (HGSC)

has the highest frequency of pathogenic germline mutations in BRCAI or

BRCA2 (BRCAI/BRCA2) of any cancer type, imparting defective homologous
recombination DNA repair. In addition to the importance of these genes in
identifying genetically at-risk individuals, germline or somatic mutationsin
BRCAI/BRCA2 or other genes involved in homologous recombination DNA repair
are the main determinant of response to carboplatin and poly(ADP-ribose)
polymerase (PARP) inhibitors. The identification of the distal Fallopian tube

as the major source of HGSC had important implications for approaches to

STIC discovered Establishment of frequency of BRCA1 Negative
as site of origin or BRCA2 mutations and HRD result for

| | UKCTOCS
TIL density CCNET amplification strj(\jlennon
observed to be recognized as a driver Y
prognostic ‘

PARP inhibitors as first-line therapy for

BRCAT-mutant or BRCA2-mutant and HRD* HGSC
risk-reducing surgery and the development of accurate animal models of the
disease. Inaddition to the established therapeutic backbone of cisplatin, and
later carboplatin and paclitaxel, targeted therapies that have become standard
of care (SOC) inrecent years include PARP inhibitors, the vascular endothelial
growth factor (VEGF)-attenuating monoclonal antibody bevacizumab, and the
antibody-drug conjugate (ADC) mirvetuximab soravtansine targeting the folate
receptor-o (FRa). CA125, cancer antigen 125; HRD, homologous recombination-
deficient; SEE-FIM, Sectioning and Extensively Examining the Fimbriated
End; STIC, serous tubal intraepithelial carcinoma; TIL, tumour-infiltrating
lymphocyte; UKCTOCS, UK Collaborative Trial of Ovarian Cancer Screening.
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Box 1| Patient advocate perspectives at
the 15th Helene Harris Memorial Trust
International Forum on Ovarian Cancer

At the 15th Helene Harris Memorial Trust International Forum on
Ovarian Cancer, each supporting global charity partner — Ovarian
Cancer Action (UK), Ovarian Cancer Research Alliance (USA),
Ovarian Cancer Canada and Ovarian Cancer Research Foundation
(Australia) — invited patient advocates to share their experiences
and hopes for research. Their videos, shown before each session
discussion, connected delegates’ thinking to real-world impact.

Advocates very strongly emphasized the need for treatments
that would be more efficacious and less toxic than conventional
therapies, which can have life-changing consequences. They
were very concerned that information was lacking about how to
manage symptoms in non-white women and the lack of guideline
care provided to these women?®*. They highlighted the effects of
primary resistance, which typically occurs in the non-BRCA group
who have not benefited from the development of poly(ADP-ribose)
polymerase (PARP) inhibitors. The added distress of being diagnosed
with a rare form of ovarian cancer was highlighted, and they
emphasized the need for international collaboration for laboratory
studies and clinical trials to overcome the small numbers of
patients at single centres. The distressing effects of the evolution of
progressive drug resistance were a consistent cause of great concern.
They noted that the observation that early detection of recurrence
does not alter long-term survival had been made before important
newer therapeutic developments, and hence, they valued increased
research attention on the early detection of recurrence. Immuno-
therapy in its several forms — cellular, antibody, vaccines, immune
modulators of the tumour microenvironment — were seen as a
continuing vital research priority.

These videos are included in the Supplementary Information to
highlight how patient voices shaped the recommendations in this
paper and their potential to drive global change. Informed consent
was obtained from all patients.

In October 2024, 38 established and emerging leaders in ovar-
ian cancer research and treatment were invited by the Helene Harris
Memorial Trustand Ovarian Cancer Action to reflect on advances made
over the last decade and debate critical directions for research and
treatment, focusing on HGSC. For the first time, representatives from
other major ovarian cancer philanthropic research foundations and
alliances, involving Ovarian Cancer Research Foundation (Australia),
Ovarian Cancer Research Alliance (USA) and Ovarian Cancer Canada,
joined the meeting to discuss how the challenges identified by the
researchers could be collectively addressed.

The meeting programme covered five themes: prevention,
initiation and early detection; tumour spatial ecosystem; immu-
nity and immunotherapy; acquired resistance; and new therapeu-
tic approaches. Recorded personal experiences shared by patient
advocates (Box 1) were played before the discussion session of each
theme, providing a powerful context for the dialogue. In these vid-
eos, advocates emphasized the need for treatments that would be
more efficacious and less toxic than therapies that have been used
for decades, and for increased attention to the early detection of

recurrence. Disparities experienced globally by non-white women
formed an additional theme that cut across all sessions, and this is
summarized in Box 2.

In this Expert Recommendation, we present some of the main
advances in our understanding and treatment of HGSC over recent
years, outline challenges in the field, and provide research priorities
that were identified during the meeting.

Prevention, initiation and early detection

Context and challenges

The identification of secretory epithelial cells of the distal Fallopian
tube (FT-SECs) as the progenitors of most HGSC has catalysed abroad
effort to understand Fallopiantube biology inthe context of cancer risk,
microenvironmental influences and age-related changes®. This grow-
ing knowledge base is reshaping how we conceptualize HGSC initiation
andlays the groundwork for new prevention and detection strategies.

Recentsingle-cell and spatial transcriptomic studies have revealed
substantial heterogeneity within the Fallopian tube epithelium, high-
lighting region-specific transcriptional programmes and immune
microenvironments that may influence cancer susceptibility?*'. The
median age of HGSC diagnosis is 60 years and is only slightly lower in
carriers of high-risk mutations (50-53 years old in BRCAI mutation
carriersand 57-59 years old in BRCA2 mutation carriers). This suggests
that age-related changes may play a role in tumour initiation. With
menopause, the Fallopian tube undergoes substantial remodelling,
including epithelial thinning, ciliary loss and stromal remodelling.
These changes are accompanied by increased inflammatory and inter-
feron signalling, which together may foster a pro-tumorigenic niche
in the distal tube®> ™,

Serous tubalintraepithelial carcinomas (STICs) are precursors of
invasive HGSC and arise predominantly from transformed FT-SECs.
TP53 mutations are seen in all STICs and HGSC tumours®*¥, Notably,
age-related epigenetic alterations, changes in stem-like cell popula-
tions and anaccumulation of TP53-mutant clones have been described
in histologically benign Fallopian tubes from both BRCA1/BRCA2 muta-
tion carriers and the general population® . These findings suggest
that Fallopian tube epithelium may acquire oncogenic alterations
longbefore the development of HGSC, potentially decades earlier***,
Other studies indicate a 5-7 year gap between a STIC diagnosis and
HGSC development*,

Recent results indicate that mesenchymal stem cells (MSCs)
contribute to HGSC initiation®. With age and/or a BRCA mutation,
Fallopian tube-derived MSCs can become epigenetically altered in
a manner that mirrors cancer-associated MSCs (CA-MSCs). These
MSCs, termed high-risk MSCs (hrMSCs), can be found prior to the
emergence of STICs. They are also enriched in the stroma underly-
ing STICs and can induce oxidative stress by producing high levels
of lipid peroxidase, which catalyses lipid peroxidation as well as
driving DNA double-strand breaks in FT-SECs in vitro. Such interac-
tions caninduce full malignant transformation of otherwise healthy
human Fallopian tube epithelial cells in mice, inducing BRCAI and
APC (encoding adenomatous polyposis coli) mutations and ulti-
mately resulting in metastatic cancers that genomically mirror
HGSC.Invitro analysesindicated that hrMSC loss of AMP-activated
protein kinase (AMPK) and the subsequent production of reactive
oxygen species and lipid peroxides is a key mediator of the effects
of hrMSCs on Fallopian tube epithelium, suggesting that AMPK
agonists and anti-oxidant therapies may represent approaches for
prevention®.
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Therecognitionthat the Fallopian tubeis the predominant site of
originfor HGSC has also led to a paradigm shiftin prevention strategies
for HGSC. For women with BRCAI or BRCA2 mutations, risk-reducing
salpingo-oophorectomy has been typically offered; however, inter-
national clinical trials are now evaluating whether salpingectomy
with delayed oophorectomy can offer equivalent protection, while
potentially preserving hormonal function, quality of life and even
fertility**~°, Importantly, early findings indicate high uptake of the
procedure and acceptance of these protocols, particularly among
younger women who are mutation carriers and are concerned about
the long-term effects of premature menopause. Studies show that
removal of the Fallopian tubes may interrupt early clonal evolution or
dissemination from occult STICs from both BRCA1/BRCA2 mutation
carriersand women at average risk, but most of the dataso farare from
women at high risk® .,

In populations at average risk, findings from large epidemiologi-
cal retrospective studies suggest that opportunistic salpingectomy
performed for benign indications is associated with a substantial
reduction in the incidence of ovarian cancer. This appears to occur
without added perioperative risk or impact on ovarian function®*~%;
however, long-term data are not yet available. Findings from cost-
effectiveness analyses and modelling studies increasingly support
the integration of opportunistic salpingectomy into routine gynae-
cological care, particularly during hysterectomy or sterilization pro-
cedures, as a feasible and impactful population-level intervention
strategy®°.. The concept of opportunistic salpingectomy has also
expanded into non-gynaecological procedures in recent years as a
further preventative strategy. Initial results demonstrate feasibil-
ity and cost-effectiveness during general abdominal surgeries such
as cholecystectomy and bariatric surgery®’. Current large-scale clini-
cal trials are in progress to provide further evidence of safety and an
estimate of the number of patients required to receive risk-reducing
salpingectomy for a cancer to be prevented”. Its broader, more routine
establishment will require increased education and awareness from
both patients and physicians, and coordination between the different
surgical disciplines®” 2,

Despite a deeper understanding of Fallopian tube biology and
theidentification of STICs as key precursors to HGSC, early detection
remains a major unmet need. STIC lesions are typically microscopic,
asymptomatic and lack an anatomical barrier to prevent dissemina-
tioninto the peritoneal cavity. Currently available screening methods,
including measurements of the cancer antigen 125 (CA125) in the blood
and transvaginal ultrasound, lack the sensitivity to detect early lesions,
and randomized trials such as the UK Collaborative Trial of Ovarian
Cancer Screening (UKCTOCS) have failed to show a survival benefit
with these approaches®. Furthermore, the Sectioning and Extensively
Examining the Fimbriated End protocol, involving systematic section-
ing of salpingectomy samples as part of the diagnostic pathological
assessment toidentify STICs, yields limited tissue for research analysis
and thus restricts opportunities for molecular and cellular charac-
terization. Currently, there is little consensus on whether adjuvant
chemotherapy should be given to patients with anisolated STIC, even
though the risk of subsequent invasive disease is substantial®*°,

Molecular and cellular characterization of early Fallopian tube
lesions. Advances in single-cell RNA sequencing, spatial transcrip-
tomics and proteomics, and artificial intelligence-enhanced histo-
pathology are enabling unprecedented resolution of precancerous
lesions, such as STICs, within the Fallopian tube epithelium®%,

These technologies are helping to dissect early mutational events,
transcriptional plasticity and chromatin alterations that precede
malignant transformation, while also illuminating the interactions
between epithelial,immune, and stromal cells that may promote or
constrain tumour progression®®®*’°, Precancerous lesions, includ-
ing STICs, coincide with progressive shifts in the TME, transitioning
from active immune surveillance, characterized by the presence of
immune cells, including tissue-resident memory CD8" T cells in early
STICs, to animmune-suppressive microenvironmentinadvanced STICs

Box 2 | Social and ethnic disparities in
high-grade serous carcinoma incidence
and outcomes

The burden of ovarian cancer globally is expected to increase by
40% in 2045 (ref. 255). However, different regions are projected to
have a significant increase in incidence, including Africa (102%) and
Latin America and the Caribbean (52%), compared to theprojected
increase in Europe (9%) and in North America (28%)°. The rise

in global incidence of ovarian cancer aligns with the increase in
non-communicable disease burdens in developing countries.

Women from the African diaspora face a higher incidence of
high-grade aggressive ovarian tumours®’2*°, Subgroup survival
differences across different Asian and Hispanic ethnic groups have
also been observed®”. Despite advances, innovative approaches
to clinical care, such as personalized genomic medicine, remain
infrequently used by populations who may benefit. While overall
mortality due to ovarian cancer is decreasing in the USA, Black
women or women of African ancestry continue to experience
the worst survival rates among all racial groups®®°. Historically,
these women and others have faced medical and scientific
marginalization, leading to disparities in disease aetiology and
outcomes.

Relatively little is known about the prevalence of hereditary
ovarian cancer among the African diaspora, with initial findings
suggesting substantial differences between populations. For
example, among women of Caribbean ancestry in the Bahamas,
20-25% of those with a personal history of breast or ovarian cancer
have a pathogenic mutation in BRCAT or BRCA2, compared with 11%
for those from the islands of Trinidad and Tobago?*°-***. Improved
understanding of germline mutation frequency offers important
opportunities for risk-reducing surgery for a disease for which there
is currently no effective early detection test.

Recognizing disparities experienced by many non-white women,
increased efforts are required in understanding individual-level
factors, including how genetic, biological, environmental and/or
socioeconomic factors influence disease risk and survival?**?6>°¢,
Improvement in outcomes requires access to timely equitable care,
awareness of the influence of social determinants of health, access
to personalized genomic medicine, and inclusion in clinical
trials®®’ — all factors that could ‘level the playing field'.

Finally, it is vital that research in populations with a
disproportionate increase in incidence and demonstrated worse
outcomes includes investigators from these populations to ensure
contextualization of the data, obtain buy-in, and ensure future
dissemination and implementation of findings.
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and cancer®®. Complementary studies of normal and menopausal Fal-
lopiantube tissues, especially in the context of germline risk variants,
are further refining our understanding of tissue susceptibility and
clonal evolution®**,

Meeting insights and recommendations

Fallopian tube secretory cell vulnerability. Given that BRCA1 and
BRCA2arecritical tohomologous recombination-mediated DNA repair,
aprocess thatis expected to be required by awide range of cell types,
acritical question is why FT-SECs in particular should be vulnerable
to tumorigenesis in carriers with germline mutations in these genes.
Recent data indicate that even normal Fallopian tube cells, whether
ciliated or secretory, mount a slower replication stress response and
activate cell cycle checkpoints less efficiently than ovarian surface
epithelial cells,and that BRCA heterozygosity further exacerbates these
defects”. Haploinsufficiency resulting from germline BRCA mutations
impairs the DNA damage response, particularly by compromising the
repair of stalled replication forks, leading to increased replication
stress and genomic instability, both for mammary’>7* and Fallopian
tube epithelial cells”. Surprisingly, mammary epithelial cells and skin
fibroblasts from BRCAI or BRCA2 heterozygous cells do not exhibit hap-
loinsufficiency for homologous recombination’>”*. It is plausible that
haploinsufficiency arising from germline BRCA mutations, combined
with intrinsically delayed DNA damage responses, and compounded by
randomly occurring TP53 mutations, may trigger the early evolution
of STICs in carriers. The underlying causes of the delayed response to
DNA damage apparentin FT-SECs are unknown but, if modifiable, they
could potentially reduceinitial eventsin STIC formation and therefore
cancer risk in BRCA1/BRCA2 mutation carriers.

Novel detection approaches. Insights into early stages of HGSC are
alsofuelling the development of novel detection approaches, including
the possibility that aberrant expression of retrotransposon elements,
such as long interspersed element 1 (LINE1) open reading frame 1p
(ORF1p), which is detectable in early lesions, may serve as a useful
biomarker”7°. Additionally, artificial intelligence-assisted profiling
of cell-free DNA (cfDNA) fragmentation patterns (‘fragmentomic
profiling’), epigenetic modifications or mutational signatures has
demonstrated potential to outperform CA125 in sensitivity and speci-
ficity for detecting early HGSC®*®., In particular, cfDNA fragmentomes
combined with existing protein biomarkers non-invasively detected
early-stage ovarian cancer and distinguished these lesions from
benign ovarian masses, providing anew accessible approach for early
detection of ovarian cancer®.

Another promising approach for early detectioninvolves endocer-
vical sampling. A recent systematic review of studies employing DNA
methylation or mutation analysis, microbiome profiling, and prot-
eomics on cervicovaginal specimens concluded that DNA methyla-
tiontechniques show the greatest potential for detecting ovarianand
endometrial cancers. This conclusion is supported by the relatively
high diagnostic accuracy of these tests and the large sample sizes
included in the analysed studies®.

Together, these approaches reflect a worthwhile effort to trans-
late molecular understanding of Fallopian tube tumorigenesis into
clinically actionable strategies for early detection of disease.

Genetic risk variants. All of the multi-case, multi-generational,
high-risk germline genetic variants and many of the moderate-risk
and low-risk germline genetic variants for HGSC have been identified®.

Rare, highly penetrant loss-of-function variants in BRCAI and BRCA2 are
responsible for almost all multi-case, multi-generation ovarian cancer
cases in families and account for ~30% of the inherited component of
ovarian cancer risk in most populations. Rare, moderately penetrant
variants in BRIPI (encoding BRCAl-interacting protein C-terminal
helicase1),RAD51C,RADSID, PALB2 (encoding partner and localizer of
BRCA) and the mismatch repair genes, and more than40 common low
penetrance susceptibility alleles identified by large-scale genome-wide
associationstudies, contribute less than 10% of risk®*®. Thus, less than
halfof the inherited component of risk is explained by the known vari-
ants. Other common variants are estimated to account for 40%*, with
rare variations in the non-coding genome likely to be responsible for
the remainder.

The identification of rare genetic variants in the non-coding
genome that are associated with disease susceptibility presents a
considerable challenge. In principle, it would be possible to sequence
a very large number of cases and controls and evaluate the disease
associations onavariant-by-variant basis. This hasbeen the approach
to common risk variant discovery in genome-wide association stud-
ies. However, the cost of sequencing tens of thousands of cases and
controlsinasingle project remains prohibitively expensive. Eventhen,
the statistical power would be limited to detecting an association for
individual rare variants. Additionally, the best approach to estimating
the contribution of individual rare non-coding variants to risk and
functionally evaluating non-coding variants remains unclear.

Genetic testing for high-risk and moderate-risk genes is well
established in family cancer clinics as part of familial risk assess-
ment and risk management; however, uptake is uneven within and
between countries®®. Mainstream testing of patients with HGSC for
BRCA1/BRCA2 mutations to guide therapeutic decision-making, most
commonly to guide access to PARPi, is standard practice in many coun-
tries. By contrast, the role of polygenic risk evaluation for newly diag-
nosed patients and their families or in the general populationis yet to
be established, and we recommend its further investigation®”. Most
genetic studies have surveyed the white population, and there is a
need to understand the influence of genomic ancestral variations on
risk factors (Box 2).

Tumour ecosystem

Context and challenges

Aswith other solid cancers, the TME in HGSC is highly complex, encom-
passing not only immune cells like tumour-infiltrating lymphocytes
and myeloid cells****%*° but also cancer-associated fibroblasts (CAFs),
adipocytes, MSCs, abnormal vasculature and other recently identi-
fied cell types such as sensory nociceptive fibres’*?!, Extracellular
matrix (ECM) composition is also a key feature in shaping the TME®>*>,
Despite these insights, therapeutic targeting of the tumour ecosystem
inHGSC remains challenging due to the heterogeneous nature of both
the TME and malignant cells, both within and between patients.

In HGSC, the foundational context of the tumour ecosystem is
built by clinical features and patient characteristics, which influence
tumour initiation and progression. Tumour genomic and molecular
featuresreflect the tumour’sintrinsic properties, further shaping the
tumour-host interaction dynamics and responses to treatments. For
example, BRCAI/BRCA2-mutated HGSCs show higher T cell infiltra-
tion compared to BRCA wild-type tumours in different regions of
the patient’s tumour, including primary tumours, metastases and
ascites?®?*894%  Antitumour immunity is differentially activated
depending on the histological, genomic and anatomical context, and
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these factors likely play arole in the patient’s response to treatments
such as chemotherapies and immunotherapies.

The TME structureis dynamic and evolves over the course of HGSC
initiation and progression®® and with the evolution of therapy resist-
ance; for example, via increased infiltration of inflammatory CAFs
associated with chemotherapy resistance?°. Neoadjuvant chemo-
therapy (NACT) also alters the TME composition and organization?
andelicitsaugmented lymphocyteinfiltration with concurrentimmune
modulation”'°°, NACT responses may reveal patient-specificimmune
activationand escape mechanisms amenable to therapeutic targeting.

Bevacizumab, avascular endothelial growth factor (VEGF) inhibi-
tor, is the only TME-targeted treatment widely used in HGSC'". Post hoc
analyses from clinical trials have shown that certain molecular subtypes
may derive the greatest benefit from this treatment and suggest that
further validation of such biomarkers may help to stratify patient selec-
tion from a heterogeneous patient population'®>'°*, VEGF receptor 2
(VEGFR2) is also expressed on HGSC cells'”, potentially indicating a
role in autocrine or paracrine signalling, and could therefore also be
importantin determining tumour response to VEGF inhibition.

To enhance TME targeting and patient stratification, it is crucial
to understand the spatial and functional dynamics of the TME and how
these dynamics relate to treatment responses. Tumour progression,
immune evasion and resistance mechanisms are ultimately driven by
the functional TME via molecular interactions, including distinct cellu-
lar phenotypes and signalling networks. These interconnected factors
form a complex ecosystem that governs the biology and clinical out-
comesinovarian cancer. Thereisaclear need for acoordinated effort
to collect tumour samples from clinical trials, including window-of-
opportunity studies'®, that allow for pre-treatment and post-treatment
biopsies to better investigate the molecular response and differences
dueto treatment.

Meeting insights and recommendations

Emerging technologies, such as spatial transcriptomics and
imaging-based proteomics, provide unique opportunities to detect
and map tumour and host cell populations in situ. However, further
advancements are needed in spatial DNA-based analytics for accurate
tumour clonal mapping and in spatial mass spectrometry to detect
cytokines and ECM to link the physical and functional elements of
the TME.

Non-immune components of the TME. While there has been a con-
certed effort to characterize and understand theimmune components
of HGSC', as discussed below, recent work underscores the impor-
tance of various non-immune cells in the TME in HGSC biology. Local
tissue-derived MSCs in the TME can be epigenetically reprogrammed
by tumour cells and hypoxia to assume a pro-tumour phenotype'”.
CA-MSCs are multipotent cells that can differentiate into CAFs or
adipocytes'”®. CA-MSCs perform many pro-tumour functions in estab-
lished tumours: increasing chemotherapy resistance via secreted fac-
torssuchasbone morphogenetic protein (BMP) and Hedgehog family
members, generation of polyunsaturated fatty acids, and induction of
a cancer stem-like state'®® ™. CA-MSCs also differentiate into CAFs to
increase tumour desmoplasia, recruiting and polarizing macrophages
to an immunosuppressive CCR2"F4/80*CX3CR1*CD206" phenotype
to drive tumour immune exclusion™* ™,

Other locally derived mesenchymal cell types, mesothelial cells,
adipocytes and CAFs similarly play a critical role in the ovarian TME,
influencing both metastasis and treatment response. For example,

mesothelial cells are known to promote metastasis through the secre-
tion of ECM-associated factors such as angiopoietin-like 4 (ANGPTL4)
and lysyl oxidase-like 2 (LOXL2)">"* LOXL2 is implicated in some
fibrotic diseases and cancer™, and inhibitors are being explored
clinically"®. The identification of stromal factors such as these suggests
potential for the additional development of TME-targeted therapeu-
tics giventhat ECM-associated factors may contribute to therapeutic
resistance'’. Adipocytes are a key component of the TME, as they are
a predominant cell type in the omentum, the primary site of HGSC
metastasis. Despite this, acomplete rather than a partial omentectomy
has not been found to improve survival if there is no visible disease.
Additionally, several clinical trials have shown that there isnoimprove-
mentinsurvival with upfront radical debulking compared to debulking
after NACT"®2°, However, functional crosstalk between nutrient-rich
adipocytes and malignant cells within the TME has been demonstrated
toreprogramme the cellular metabolism of disseminating cancer cells
as well as to contribute to therapy resistance'"'?,

Additionally, interactions between CAFs and malignant cells
contribute to cancer progression and treatment sensitivity through
the regulation of metabolic*'** and stress pathways®. Expression of
nicotinamide N-methyltransferase (NNMT), an enzyme involved in
nicotinate and nicotinamide metabolism, in CAFsis necessary and suf-
ficientto promote ovarian cancer migrationand proliferationinvitroas
well as growth and metastasis in vivo'*. High levels of NNMT attenuate
histone methylationin fibroblasts via depletion of S-adenosyl methio-
nine, leadingtoincreased production of tumour-promoting cytokines
that affect malignant cell migration and proliferation'**. Subsequent
studies have highlighted the ability of this metabolic pathway to not
only influence tumour cell behaviour but also to modulate immune
infiltration and activity'”. NNMT and other metabolic pathways in
CAFs may be amenable to therapeutic targeting™*. Indeed, a recent
paper describes apotent NNMT inhibitor thatinhibited tumour growth
and metastases in a range of preclinical models, restoring the action
ofimmune-checkpoint blockade'®.

A role for sensory nociceptor neurons in modulating tumour
immunity has been identified in several tumour types®, including
HGSC®. Recent studies demonstrated a significantincreasein TRPV1
sensory nervesin ovarian tumours as compared to control tissues’*'?.
Genetic or pharmacological ablation of these nerves in mouse models
led to improved disease control, underscoring the importance of
tumour-nerve interactions in disease progression’. These findings
highlight nociceptor neurons as a novel therapeutic target that could
complement conventional treatment strategies.

While cellular components of the TME are an important focus, it
is critical to also consider the physical microenvironment of the ECM
scaffold uponwhich these components are arranged. Certain features
of the ECM, such as the expression and alignment of collagens as well
as the expression of proteoglycans, glycoproteins, and their associ-
ated molecules, predict disease characteristics, including response
to chemotherapeutic agents, in both mouse and human HGSC*>"*128,
For example, the proteoglycan versican is highly expressed in many
cancer types, including HGSC, and can either facilitate orimpede T cell
trafficking, facilitated through the type of chondroitin sulfate glycans

attached toits peptide backbone'”.

Complex models of the TME. Increasing insight into the roles of dif-
ferent cell types within the TME should accelerate the development
of models more complex than patient-derived xenografts (PDXs) or
malignant cell monocultures. Models of the human TME are essential
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todevelop therapies that are influenced by its composition, including
immunotherapies. HGSC organoids as well as the other 3D models,
which re-aggregate combinations of cell types in defined matrices in
combination with live cellimaging, may represent important in vitro
models to evaluate interactions identified through genomic and pro-
teomic studies™**', Additionally, short-term cultures of precision-cut
tumour slices can remain viable for at least 7 days and appear to be
valuable in moderate-throughput screens of immunotherapies™*'>.
Furthermore, recent syngeneic mouse models may more completely
mirror HGSC genomics, immunobiology, and tumour epithelial and
TME interactions than PDX HGSC tumours that usually have human
malignant cells with a mouse TME?**3¢_ A recently developed,
humanized stromal PDX model' should allow testing of new agents
invivointhe context of ahuman TME.

Coupling drug response data from models that incorporate the
TME to genomic data obtained from the starting tumour material,
possibly assisted by artificial intelligence-based computational mod-
elling, may reveal insights into mechanisms of immune suppression
and biomarkers of response. Therefore, emphasis should be given to
exploring the development and use of these complex models to predict
patient response to therapy, including the development of affordable
andscalable methods that could ultimately be used for routine clinical
pathology assessment.

Immunity and immunotherapy
Context and challenges
HGSCwasone of the firsthuman cancers inwhich the extent and loca-
tionwithin the tumour of tumour-infiltrating lymphocytes were shown
to correlate with patient survival”. The density of tumour-infiltrating
T cells (TIL-Ts) in tumours at diagnosis is strongly linked to improved
prognosis™®®, especially of CD8* T cells expressing PD1, CD103
(also known as integrin aE), CD39 and CXC-chemokine ligand 13
(CXCL13)"“>™ Intratumoural y§ T cells also predict survival in HGSC,
and their modulation in vivo by targeting CD277 leads to increased
activity of tumour-specific o TIL-Ts'*2. While the identity of ovarian
tumour antigens recognized by TIL-Ts remains under investigation,
CD4"and CDS8' T cell populations recognizing neoantigens and shared
tumour-associated antigens (TAAs; for example, NY-ESO-1, human epi-
dermalgrowth factor receptor 2 (HER2), mesothelin, humantelomerase
reverse transcriptase (hTERT)) can be detected in most patients'* ™%,
Highly immune-infiltrated HGSC tumours also contain
tumour-infiltrating B cells and antibody-producing plasma cells (col-
lectively termed TIL-Bs), which are among the strongest predictors
of long-term survival***'*’, Such tumours often contain tertiary lym-
phoid structures (TLS)*™*8, which are induced by CXCL13-producing
CD4" T cells'’ and are associated with increased cytolytic T cells'*5'°,
TIL-Bs from HGSC make IgG and IgA antibodies against TAAs, pos-
sibly leading to disruption of target protein function and induction of
antibody-dependent phagocytic and cytotoxic responses™ >3,
HGSC tumours are myeloid-dominated but distinct anatomical
sites and immune phenotypes exhibit different TIL-T and myeloid cell
networks?#**155 For example, during NACT, tumour-associated mye-
loid cell programmes can modulate the exhaustion states of TIL-Ts that
arise from persistent antigenic stimulation®. Recent work'* showed
that myeloid cell networks actively re-establish original immune
phenotypes at recurrence, suggesting a form of immune memory
within the HGSC microenvironment. This study also found that BRCAI-
mutant (HRD) tumours retained CD8" T celland CD11c* dendritic cell
niches, whereas wild-type BRCAI tumours evolved towards TREM2*

macrophage and galectin 3* malignant cell dominance, underscoring
how genomic background dictates TME remodelling and immuno-
therapy sensitivity. Myelonets, defined as networks of spatially inter-
acting myeloid cells, also spatially interact with TIM3* exhausted CD8*
Tcells, withevidence of substantial suppressive interactions between
macrophages and T cells®’.

In‘inflamed’ tumours, thatis, tumours withastronginflammatory
infiltrate, antigen-specific T cells secrete interferon-y (IFNy), which
activates myeloid antigen-presenting cells to recruit additional CD8"
TIL-Ts via CXCL9">"*° together with tumour-derived CC-chemokine
ligand 5 (CCL5). Myeloid antigen-presenting cells sustain antitumour
CDS8'TIL-Tsand are crucial for effective PD1 blockade'**'>*, By contrast,
‘immune excluded’ and ‘immune desert’ ovarian cancers exhibit low
intraepithelial CD8' T cellinfiltration restrained by stromal endothelial
and CAF barriers®*'°° and immune-suppressive tumour-associated
myeloid cell states?"**>>, With respect to HGSC metastasis, in mouse
studies, neutrophils facilitate the formation of premetastatic omental
niches by expanding immunosuppressive innate-like B cells that, in
turn, recruit regulatory T cells*****. Immune-modulating mechanisms
that support progression from precursor STIC lesions to invasive can-
cer havebeendescribed, including persistent interferon signalling and
changesinthe T cell repertoire®.

Despite extensive evidence that treatment-naive HGSC tumours
areimmunologically active, ICIs and otherimmunotherapies applied
inthefirstlineandrecurrent setting have shown limited efficacy. This
may be due to the relatively low tumour mutational burden of HGSC,
which, combined with prevalent major histocompatibility complex
(MHC) allelicloss, results in alow number of clonal neoantigens®'*',
HGSC also exhibits very high copy number variation and whole-genome
duplication™®, the latter of which has been associated with diminished
expression of genes encoding proteins involved inimmune pathways
such as stimulator of interferon genes (STING) and MHC class II'°.
In a study of long-term survivors of HGSC, the prognostic benefit of
pre-treatment TIL-T and TIL-B levels was most evident in tumours with
a‘differentiated’ molecular phenotype'*’, which is characterized by a
more stable genome and reduced sub-clonality'®°. Specific mutations
may establish animmunological set pointin HGSC, with HRD tumours
generally showing strongerimmune and/or inflammatory features and
spatial immune surveillance®. In contrast, tumours bearing foldback
inversions tend to have an immunosuppressed phenotype?*8146:155,
Mutational landscape notwithstanding, patients with HGSC often pre-
sentwith amixture ofimmunologically ‘hot’ and ‘cold’ tumour sites®,
which presents a major challenge to personalized immunotherapy
approaches. Oncogenic signalling pathways can also influence anti-
tumour immunity; for example, out of 21 solid cancers in The Cancer
Genome Atlas, HGSC ranks third for expression of MYCN, the protein
product of which suppresses tumour-intrinsic immune signalling,
including DNA-sensing and RNA-sensing pathways'®"'*>, Activated
PI3K-AKT signalling via PTEN loss, detectable in up to 59% of HGSCs,
isassociated with the presence of suppressive HMOX1" resident mac-
rophagesinboth mouse models and HGSC biopsy samples'®>, Ovarian
cancer cell-encoded immune mediators can further drive immune
recognition or exclusion. In a mouse model, IL-4 production by can-
cer cells promoted differentiation of suppressive myeloid cells in the
HGSC TME™*; however, the prevalence of this mechanism in human
HGSC remains to be determined.

Other features that may make HGSC less sensitive to immuno-
therapy include exceptionally potent regulatory T cells as compared
to melanoma'®’, fewer and less mature TLS and associated stem-like
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CD8" TIL-Ts as compared to lung cancer™’, and the immunosup-
pressive nature of malignant ascites, which induces endoplasmic
reticulum stress-mediated immune suppression of oy T cells via lipid
signalling'®®™°8,

While most of our understanding of the TME in HGSC comes
from untreated tumours, several studies have shown that standard
chemotherapy enhancesimmune infiltrates. However, TIL-T patterns
post-NACT are not associated with improved prognosis’”?%'%’, raising
questions about their functional properties. Indeed, NACT was recently
shown to promote CD8" T cell exhaustion via T cell-myeloid interac-
tions involving the TIGIT-NECTIN2 pathway? and to limit priming of
T cell responses via upregulation of stabilin 1 on tumour-associated
macrophages™, both of which represent potential therapeutic targets
on myeloid cells in the TME. Furthermore, TREM2 blockade restored
leukocyte infiltration and delayed recurrence after chemotherapy
in BRCAI-wild-type models, highlighting the potential therapeu-
tic advantage of reprogramming rather than deleting suppressive
myeloid populations'. This study also suggests that cyclooxygenase
(COX)-prostaglandin E, (PGE,) signalling drivesimmune dysfunction
in BRCAI-mutant tumours following chemotherapy or PARP inhibition,
providing a rationale for combining PARPi with prostanoid-pathway
modulators'’. Finally, immune escape appears to be common in
end-stage disease, where there is a dramatic increase inimmunologi-
cally cold tumours associated with CCL5 promoter hypermethylation,
MHC loss of heterozygosity, and lower expression of MHC class Il
transactivator (CIITA)'°*7°, The chemokine CCL5 is a major mediator
of lymphocyte infiltration, and its hypermethylation, leading to its
downregulation, could explain the immunologically cold nature of
these tumours'*"°,

Despite having a relatively low single-nucleotide variant-derived
neoantigen load, HGSC may have a wider antigenic landscape than
previously thought. For instance, a higher number of neoantigens
were predicted to originate from alternative splicing events than
single-nucleotide variants in breast and ovarian cancer'”’. Moreover,
with the advent of in situ T cell receptor (TCR) and B cell receptor
(BCR) sequencing paired to spatial gene expression data'’?, research-
ers can now visualize the locations of individual TIL-T and TIL-B clones
in relation to tumour cells and to each other. This may help distin-
guish tumour-reactive clones from bystanders based on their intra-
tumoural versus stromal location and could enable the identification
of T cell-B cell pairs that functionally interact through recognition of
shared antigens.

Recent proteogenomic studies on primary and metastatic HGSC
samples have identified MHC class I-associated peptides derived from
non-coding transcripts, including pseudogenes, long non-coding
RNAs and antisense RNAs"”>'*, These cryptic peptides outnumber
TAAs and neoantigens and are often overexpressed in tumours and
shared across patients, making them attractive targets for personal-
ized cancer vaccines. Chimeric transcripts containing expressed seg-
ments of transposable elements may also represent potential TAAs in
ovarian cancer'”. There is encouraging precedent for personalized
vaccine approaches in HGSC®, and clinical-grade proteogenomic
workflows have been developed'”’. Such strategies are further enabled
by advancesin circulating tumour DNA (ctDNA) profiling, which allows
continuous tracking of tumour evolution’%'7?,

Meeting insights and recommendations
Although HGSCis generally unresponsive to single-agent ICIs"*’, neo-
adjuvant anti-PD1 combined with chemotherapy can enhance CD8"

180

T cellinfiltration and may have therapeutic benefit'®. In contrast with
anumber of trials showing limited benefit from immune-checkpoint
inhibition in HGSC, the phase Il KEYNOTE-B96/ENGOT-ové65 trial
(NCTO05116189) showed that combining anti-PD1 to weekly paclitaxel
(with or without bevacizumab) improved progression-free survival
(PFS) for patients with platinum-resistant ovarian cancer'®*. Moreover,
dual immune-checkpoint inhibition with CTLA4 and PD1 antibodies
showed animproved response rate'® but this trial was not sufficiently
positive to alter clinical care. Such findings suggest that targeting
more than just the PD1 pathway, for instance, with the recently devel-
oped anti-VEGFA-anti-PD1 bispecific antibody, may be efficacious in
HGSC™*. Likewise, combination therapies targeting two or more of
theimmune checkpoints with VEGF or PARP pathways are under clini-
cal evaluation'®. Notably, however, it remains difficult to predict the
outcome of combination therapies; for example, results published in
abstract form from the phase Il ATHENA trial” (NCT03522246) sug-
gested that the combination of anti-PD1and PARPi was associated with
shorter PFS than PARPi alone. With hundreds of immunotherapies in
clinical development, complex human tumour models thatinclude
immune effector cellsand immunosuppressive elements of the human
TME are needed that allow rapid functional evaluation of individual
drugs, gene-engineered cell constructs and combinations™**1%,

In other cancer types, TIL-Bs and TLS are predictive of response
to IClIs, suggesting that enhancing this immune axis in HGSC through
vaccination may prove effective for sensitizing tumours toICls. Moreo-
ver, the antibodies made by TIL-Bs could themselves have therapeutic
potential, as demonstrated in mouse models of HGSC™'. However, on
a cautionary note, studies to date have shown that TIL-Bs primarily
recognize self-antigens, which brings with it the risk of autoimmune
toxicities that needs to be carefully considered'®®. Moreover, while
there has been limited characterization of the antigens recognized
by tumour-associated antibodies in HGSC to date, a considerable
proportion appear to be intracellularly located (B.H.N. and D.D.B.
unpublished observations).

The use of gene-engineered cells, including chimeric antigen
receptor (CAR) T cellsand TCR T cells, is feasible in HGSC, with some
responses reported'®, HGSC has several attractive cell surface antigens
for CAR-T cell therapy, and efforts are under way to identify new targets
by studying TIL-B responses. Non-conventional immune cell types,
including y8 T cells and natural killer cells, are being evaluated owing to
theirinnate tumour recognition mechanisms, which may help combat
intra-tumour heterogeneity'*"'s$,

Metabolic states associated with HGSC can shape immune
responses. Disturbances in glucose and lipid metabolism, NAD" avail-
ability, amino acid and metal deprivation, and production of immu-
noregulatory metabolitesall resultin T cellanergy'>'**$%1°_ Therefore,
anincreased understanding of the metabolomic profile of HGSC offers
opportunities for novel forms of immune modulation™*%,

The assembly of international cohorts and tissue samples
from rare but exceptional immunotherapy responders, followed by
advanced multi-dimensionalimmune profiling, could uncover the key
determinants of treatment success versus failure in this malignancy
(Box 3). Likewise, systematiclongitudinal tissue collection before and
after treatmentinclinical trials should be prioritized to decipher how
tumour and immune clonal dynamics are affected by ICIs and VEGF
and PARP inhibitors.

Single-cell RNA and TCR sequencing of matched non-cancerous
Fallopian tubes and tumour metastases demonstrated a significant
overlap between their clonotypes. These results provide a plausible
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Box 3 | Exceptional responders in
ovarian cancer

Exceptional responders are patients who exhibit unusual responses
to treatment such as particularly prolonged survival that exceeds
the expected outcomes for their cancer type and treatment.
Understanding the biological mechanisms underlying clinical
outliers may point to new therapeutic approaches with broader
application. Exceptional patients with ovarian cancer may include
long-term survivors (10+ years from diagnosis), multiple responders
(=3 complete responses to the same drug), durable responders
(long progression-free interval), or rapid or hyper-progressors'®.
Multiple tumour and patient features have been linked to durable
treatment response and/or long-term survival, including:

e The extent of tumour mutational burden, genomic scarring and
DNA repair deficiency'6?20268:269,
Active immune responses, including the presence of
tumour-infiltrating T cells, B cells, macrophages and natural
killer cells at diagnosis'***"%-?"%,
Loss of the RB1 tumour suppressor and/or increased proliferation
of cancer cells”*?"%?",
Reduced pro-tumorigenic signalling and fibroblasts in the
tumour microenvironment®”>,
Healthy lifestyle factors such as not smoking and regular green
tea consumption?®2”’,

rationale for personalized adjuvant vaccines following surgery for
established disease'”’.

Therefore, although current immunotherapies appear to have
limited efficacy in HGSC, anumber of novel approaches are suggested
by current experimental data from preclinical models and patient

samples. These emerging concepts are summarized in Fig. 2.

Acquired resistance to current treatments
Context and challenges
Thelength of remission following first-line therapy is primarily deter-
mined by the extent of surgical debulking and the sensitivity of the
tumour to platinum-based chemotherapy, which in turnis a function
of its homologous recombination status. One in five patients experi-
ences disease progression less than 6 months after completing first-line
treatment, displaying intrinsic resistance to chemotherapy'**. Amore
common pattern is aninitial response to chemotherapy followed by
the development of treatment resistance over a period of months to
several years following successive lines of therapy. Known resistance
mechanisms (Fig. 3) to platinum chemotherapy and PARPi overlap.
Tumour cell and TME phenotypes at relapse remain poorly char-
acterized as most samples are obtained at diagnosis or after NACT,
thereby hampering the exploration of tumour adaptation and resist-
ance. Impediments to the collection of research samples late in a
patient’s journey include the fact that surgery and/or biopsy at recur-
rence is not standard of care, the time required for biopsies may lead
totreatment delays, and biopsy samples are typically small, likely with
clinical priorities for their use. Tounderstand mechanisms of resistance
tonew therapies, sequential collection of tissue samples from patients
onclinicaltrialsis probably the best opportunity to obtain prospective
cohorts that allow summation of resistance mechanisms arising over

the course of multiple therapies. However, such an approach is only
possibleinwell-resourced centres with highly motivated patients and
clinicians, or where secondary debulking is performed™.

Multi-site tumour sampling has revealed distinct tumour evolution-
ary patterns'” and spatial and temporal tumour heterogeneity within
patients, even for HRD testing™*"**'”. These genomic assays are typically
performed on one tumour site and, for example, may fail to reflect a
functional homologous recombination status’®. Genomic changes that
mark restoration of homologous recombination status and that could be
easily used as biomarkers only occurinaminority of patients, and they
aretypically subclonal”*"?, Mutations in genes impairing homologous
recombination activity result in genomic damage or scars and thus pro-
videabiomarker of homologous recombination deficiency'®. However,
these are not dynamic biomarkers and therefore cannotberelied onto
ascertain homologous recombination status on relapse.

With the advent of HRD testing as part of standard care in many
countries, anew challenge is the management of patients with a‘posi-
tive’ HRD test performed ON primary tissue who nevertheless progress
early onmaintenance PARPi. While some of these cases will be because
current HRD testing methods typically use abinary threshold for what
isacontinuous numeric variable, sampling confounders and inconsist-
encies associated with undynamic genomic scaring that do not truly
reflect the functional homologous recombination status of the tumour
add to the imprecision?°2%,

Meeting insights and recommendations

Understanding how tumours evolve to drug-resistant states remains
a critical question. High-resolution proteomic and metabolomic
approaches that address cell state and properties of the ECM should
provideinsightincombination with ex vivo functional experiments'>.
Spatial studies that map individual tumour clones and the associated
microenvironment might also identify cooperative interactions fos-
tering acquired resistance’®. Such spatial analyses are augmented by
rapid autopsy studies that enable sampling from distinct metastatic
locations"”?%, However, autopsy programmes, involving consent of
terminally ill patients, are ethically and logistically complex and, to
ourknowledge, few HGSC programmes exist worldwide?*®. Leveraging
artificialintelligence for the identification of biomarkers may facilitate
early prediction of resistance and optimize patient selection for clinical
trials by analysing otherwise inscrutable biological patterns?>?° but
requires large standardized, multimodal datasets. It appears that suf-
ficientgenomic characterization has been completed using relapse and
autopsy samples to identify the most common DNA-level alterations
associated with conventional therapy”%***%, Alterations, for exam-
ple, BRCA1, BRCA2 and BRIPI reversion mutations, TP53BPI (encoding
p53-binding protein 1) loss and MREII amplification, are largely sub-
clonal and, when present, occur in only some of the metastatic sites.
The almost complete absence of recurring, clonal driver-acquired
resistance mutations suggests that yet-to-be-defined non-genetic
changesin cell state, including stemness, dormancy, quiescence and
subsequent reactivation, may be especially important. Quiescent or
dormant cells can be inherently resistant to therapy and secrete par-
acrine factors thatincrease the therapeutic resistance of surrounding
cancer cells®®, By definition, some cancer cells must withstand therapy
to causerelapse. Evidence from other tumour types suggests that these
persistent cells provide the necessary pool of cells to develop diverse
mechanisms of drug resistance”?. Of particular interest in the HGSC
setting is the phenotype of non-reverted tumour cells in metastatic
siteswhere subclonal BRCAI or BRCA2reversions have been detected.
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Reversion mutations, most likely mediated by the microhomology
end-joining pathway, are the most-studied genetic mechanism of resist-
ance in BRCA1/BRCA2-mutated tumours®". However, the sub-clonality
of reversion mutations and other genetic resistance mechanisms
poses a major challenge for both understanding resistance and
effective targeting. Indeed, it is unclear whether and to what extent
targeting any individual mechanism of resistance will be clinically
beneficial.

Currently, molecular assessment of specific mechanisms of
resistance is not part of the routine clinical management of patients
with HGSC. Dynamic biomarkers of homologous recombination sta-
tus obtained from biopsies or liquid biopsies (for example, ctDNA)
might be used to guide second-line treatments, moving beyond the

Immune activation

simple dichotomy of platinum-sensitive versus platinum-resistant
relapse, for example, by making use of functional markers of homolo-
gous recombination status such as phospho-replication protein A
(RPA2)™2,

Conventionally used DNA-damaging agents, such as carboplatin,
may promote resistance by generating enrichment for ovarian cancer
stem-like cells? in the residual viable tumour; therefore, research
should explore non-genotoxic strategies to target and eliminate can-
cer cells. Targeting vulnerabilities that exploitacommon abnormality
in cancer cells, such as whole-genome doubling®***, while sparing nor-
mal cells, isafocus of ongoing researchin HGSC. Epigenetic-modifying
drugs show potential pre-clinically”**” but clinical efficacy and toxicity
remain hurdles™®, Lastly, studying exceptional responders may reveal

Boost T cell responses with vaccines
against novel classes of tumour antigens

Immune suppression

Tailor therapy to tumour subtype
~——— o MYCN signature: AURORA

« Alternative splicing events kinase or BET inhibitors
o Atypical translation events e HRP: TREM2 blockade
» Transposable elements e HRD: COX1/2 inhibitor
MHC class Il BCR
el ST ) CD8*
CD4* ‘ — B cell — T cell PGE2
Tcell aBTCR —\, O TREM2 and
e .. Tumour , © APOE* TAMs
ﬁ'x.T- Tumour s, JL cell @ ©
CD40 CD40L antigen +  MHC { Qe
Promote coordinated : v class I / > — P
T:B responses : Antibody ) (COX K
« Agonistic anti-CD40 v | = ! S Y
« B cell-based vaccines f 4
Killing (MYCN
Plasma - — \CGTAS,, Anti-tumour
cell N T STING | immune responses
F V5 TCR
C receptor )
4 - -
4 « ADCC Killing | (S TRty 15 7 cell
Promote antibody- ~ @ ‘ * ADCP v . BTNSAT
dependent innate TAM 2o | ° CDC S (stimulatory)
mechanisms | W
e Fc-optimized | -
. 22?:_388?73 NK Apoptotic = BTN3AT1 To boost the efficacy of ICls,
el tumour cell (inhibitory) explore new combinations with:
* Antibody-drug conjugates
Immune ﬁCDAS ¢ Oncolytic viruses
complex () » Designer cytokines
o NECTIN2  Innate immune stimulators
L ! cD8* o Agonistic anti-BTN3A
Artificially redirect antitumour L NECTIN2* Q—\J?_ T cell CTLA4
immune responses towards DC PPt ias v TAMs
new promising targets (%) TIGIT NG PDI
Modalities: \/ -
e CARTcells e CARNKcells
(o or yd) * BiTEs l STABI:
Promising targets: TAMSs () Selectively deplete NACT-
e Claudin e B7-H3 Priming of ‘: induced, immunosuppressive TAMs
and CLDN18.2 e Others antitumour | F— * NECTIN2 blockade
e FSHR T cells e Stabilin 1 inhibitor

Fig.2 | Emerging immunotherapy concepts in HGSC. Schematic summary of
new therapeuticideas arising from recent insights into the positive and negative
features of the tumour-immune interface in high-grade serous carcinoma
(HGSC). To ensure clinical success, all these emerging immunotherapy
approaches should be evaluated first with in vitro models and then with

more complex in vivo models that recapitulate key features of HGSC. ADCC,
antibody-dependent cellular cytotoxicity; ADCP, antibody-dependent cellular
phagocytosis; APOE, apolipoprotein E; BCR, B cell receptor; BET, bromodomain
and extraterminal; BiTEs, bispecific T cell engagers; CAR, chimeric antigen

receptor; CDC, complement-dependent cytotoxicity; CLDN, claudin; COX,
cyclooxygenase; DC, dendritic cell; FSHR, follicle-stimulating hormone
receptor; HRD, homologous recombination-deficient; HRP, homologous
recombination-proficient; ICls,immune-checkpoint inhibitors; MHC,

major histocompatibility complex; NACT, neoadjuvant chemotherapy;

NK, natural killer; PGE,, prostaglandin E,; STING, stimulator of interferon
genes; TAM, tumour-associated macrophage; TCR, T cell receptor; TIGIT, T cell
immunoreceptor withimmunoglobulin and ITIM domains; TREM2, triggering
receptor expressed on myeloid cells 2.
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Fig. 3| Acquired resistance mechanisms in high-grade serous carcinoma.
High-grade serous carcinoma can acquire resistance to therapy through a
variety of tumour cell-autonomous changes, including restoration of DNA
repair, such asintra-genic mutations that restore the reading frame of BRCAI-
mutated and BRCA2-mutated genes, upregulation of hypomorphic BRCA1
alleles, or increased chemotherapy efflux through over-expression of the
ABCBI (also known as P-glycoprotein 1) transporter. However, DNA mutations
seem to explain only a minority of resistance changes, and it appears that
non-genetic alterations, such as enhanced stem-like and dormancy properties,
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may be important. Non-autonomous changes to the tumour microenvironment
include enhanced stromal deposition that reduces drug perfusion. Coincident
withacquired resistance, increased immune evasion and depletion ofimmune
effectors accompany progressive disease. *Note that, although CCNE1
amplification may be acquired, it is principally associated with primary
resistance. Allq, Allq alternative splice isoform; CAF, cancer-associated
fibroblast; DC, dendritic cell; HR, homologous recombination; LOH, loss of
heterozygosity; TAM, tumour-associated macrophage.

important factors that may be therapeutically harnessed to prevent
relapse or promote long-term survival'*®?**° (Box 3).

New therapeutic approaches

Context and challenges

Broadly, therapy for HGSC following initial diagnosis comprises
debulking surgery and adjuvant carboplatin and paclitaxel, and this
has remained mostly unchanged for over 30 years. Animportant modi-
fication of this regime involves the timing of surgery, which has shifted
inmany centresto favour NACT before interval debulking surgery over
primary debulking surgery (PDS) and subsequent adjuvant chemo-
therapy. While the use of NACT is associated with lower morbidity, there
remains debate about whether overall survivalisimpacted by surgical
timing, and guidelines continue to recommend PDS if complete surgical
excision canbe achieved?”**>. The performance status of an individual
patient caninfluence the choice of NACT versus PDS and can therefore
actasaconfounderinevaluating overall survivaliin patients receiving
these options. Thus, current trials randomize patients for NACT versus
PDS with a maximal surgical approach to better understand whether
timing of surgery may affect overall survival*>,

Precision medicine approaches. Overall, precision medicine
approachesare muchless developedin HGSC compared to other can-
cer types. The relatively high response rates to first-line therapy?***,
complex structural variantsin HGSC and lack of actionable mutations
present challenges for improvement on existing therapy®®.
Althoughthereisahighrate ofinitial response, this poorly predicts
long-termdisease control, and the factors that trigger recurrence after
aninitial complete response are not understood. Maintenance therapy
with PARPi following first-line treatment has provided improved out-
comesbut the highestbenefitis limited to patients with BRCA1/BRCA2
mutations”?**, Maintenance therapy with bevacizumab produces
only modest improvements in PFS' in the overall population but

demonstrates greater benefitin patients at highrisk, defined as having
stage 4 disease or those with residual disease in the ICON7 trial, includ-
ing asignificantimprovementin overall survival”. The lack of first-line
curative treatments for most patients and effective second-line treat-
ments is reflected in limited improvement in long-term survival.
Despite extensive research to understand and overcome acquired
resistance to current treatments, the complex adaptive mechanisms
inHGSC are yet to be fully deciphered (see previous section).

Currently, the largest area of drug development in HGSC centres
around the use of antibody-drug conjugates (ADCs). Targeting folate
receptor-a (FRa) with the use of an ADC (mirvetuximab soravtan-
sine) has shown benefitin patients with recurrent disease with high
FRa expression in a large phase Ill trial*”” and novel agents possess-
ing distinct characteristics are currently under development®*,
ADCs may substantially increase the therapeuticindex for the linked
therapeutic warhead, typically a cytotoxic agent, and hold potential
for therapies targeting stromal and immune components®”’. How-
ever, the degree to which ADCs increase the therapeutic window in
patients should be carefully evaluated given that most ADC mol-
ecules are catabolized in healthy cells, contributing to substantial
off-tumour toxicity®*°. Further research is needed to understand
their biodistribution and pharmacodynamics®*. Besides ADCs,
the development of small-molecule therapy has focused on target-
ing the DNA damage response pathway and cell cycle-checkpoint
pathways?*?%,

Meeting insights and recommendations

Novel targeted agents. DNA damage response inhibitors, including
inhibitorstargeting ATR, checkpoint kinase 1(CHK1) or CHK2, ATM and
ATR, and WEE1 and PKMYT], are currently being evaluated in clinical
trials, although toxicity seen in the early trials of WEEl inhibitors has
been a major barrier?**. Epigenetic therapies that evoke viral mimicry
also offer potential new therapeutic approaches****, Currently, there
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are many ADCs in development against a range of targets for HGSC,
including those targeting claudin 6, TROP2,HER2, cadherin 6, B7H4 or
mesothelin®’, and some have reached clinical trials. Most ADCs are not
associated witha predictive biomarker, and the molecular and clinical
contexts in which these therapies are most effective are undefined.
ADCsalso carry the potential for side-effects, which present a consid-
erable challenge for trial designs that aim to add ADCs to, or serve as
maintenance following, conventional therapy®”.

Other promising therapeutic targetsinclude the cell cycle regula-
tor cyclin E1, encoded by CCNEI, which is amplified in approximately
30% of the HRP subgroup?*?*. Cyclin El is also overexpressed in
tumours without amplification; however, these tumours appear to
be biologically distinct from the amplified group?*. Clinical trials
in the CCNEI-amplified HGSC subgroup include the use of recently

developed, more selective cyclin-dependent kinase 2 (CDK2) inhibitors
aswellas the targeting of synthetic lethality associated with inhibition
of PKMYT1or WEEI (refs. 234,238,239,241).

DNA Pol6%*, CDK12 and CDK13 (ref. 243), and RNA-binding motif
protein 39 (RBM39)*** show promise as therapeutic targets, especially
against HRD tumours and those with acquired PARPi resistance. Target-
ing these proteins will likely benefit only specific subsets of patients
with HGSC, and stratifying patients with HGSC based on molecular
features can present challenges for trial accrual. However, recent stud-
iesin patients with CCNEI-amplified tumours showed that such trials
cannevertheless meetaccrual targetsinanacceptable timeintertiary
centres®*. Finally, arecent phase Il study showed that modulating the
cortisol pathway can benefit some patients, underscoring the necessity
of elucidating the mechanisms involved*”.

Glossary

Ascites

An abnormal accumulation of fluid in
the peritoneal cavity due to malignancy
or portal hypertension.

Haploinsufficiency

Where a single allele of a gene is not
enough for the normal function of the
gene product.

Bariatric surgery
A surgical operation on the stomach
and/or intestines to achieve weight loss.

Cholecystectomy
Surgical removal of the gallbladder.

Cytoreductive surgery

Surgical removal of macroscopic
tumour material either following initial
diagnosis (primary debulking surgery)
or after several cycles of chemotherapy
(interval debulking surgery).

Homologous recombination
A DNA repair process that fixes
double-strand breaks by copying
information from an intact homologous
DNA sequence.

Hyperthermic intraperitoneal
chemotherapy

The direct application into the
peritoneal space of chemotherapy that
has been warmed, typically to 41-43°C,
for 30 to 90 min. This is generally given
after interval debulking surgery.

Desmoplasia

Formation of dense, fibrous connective
tissue around a tumour, produced by
cancer-associated fibroblasts that

can contribute to cancer stiffness and
resistance to therapy.

Endoplasmic reticulum stress
Occurs when the endoplasmic
reticulum cannot properly fold
proteins, leading to the accumulation
of misfolded or unfolded proteins in the
endoplasmic reticulum.

Foldback inversions

Large, inverted DNA duplications,
common in high-grade serous
carcinoma genomes, especially those
with ampilification of the CCNET gene
encoding cyclin E1.

Hysterectomy
Surgical removal of the uterus.

Maintenance treatment
Treatment given after an initial response
to prevent or delay tumour recurrence
or progression.

Microhomology end-joining
pathway

An imprecise mechanism of DNA repair
in which short homologous sequences
flanking a double-stranded break are
used during the repair process, resulting
in deletions flanking the break.

Omentum

Fat-containing apron-like visceral
peritoneal structure overlying
abdominal organs that is a frequent
site of metastasis in high-grade serous
carcinoma.

Oophorectomy

Surgical removal of the ovaries as

part of debulking surgery for newly
diagnosed patients or for risk reduction
inindividuals with increased genetic risk
of high-grade serous carcinoma.

Oxidative stress

Occurs when production of reactive
oxygen species exceeds the capacity
of antioxidants, leading to damage in
the cell.

Platinum-sensitive versus
platinum-resistant relapse

The length of remission following

the last use of carboplatin provides a
measure of platinum response, with
greater than 6 months from the end of
chemotherapy being regarded as the
most common threshold for a tumour to
be regarded as platinum sensitive.

Replication stress

Occurs when DNA replication forks are
disrupted, leading to incomplete or
faulty DNA replication.

Microsatellite instability

A type of genomic instability where
insertion or deletion mutations
accumulate because DNA mismatch
repair is defective.

Retrotransposon elements
Mobile genetic elements that can move
within the genome through an RNA
intermediate.

Salpingo-oophorectomy
Removal of both the Fallopian tubes
(salpingectomy) and ovaries.

Synthetic lethality

Occurs when inactivation of two genes
together is lethal but inactivation of one
gene is not. This principle is exploited

in poly(ADP-ribose) polymerase (PARP)
inhibitor treatment of patients with
BRCAT or BRCA2 mutations.

Tertiary lymphoid structures
(TLS). Ectopic immune cell aggregates
within the tumour whose lymphocytic
and vascular structure resembles that
of germinal centres of lymph nodes and
spleen.

Viral mimicry

Cellular responses, typically elicited by
exogenous RNA or DNA, that resemble
the changes associated with viral
infection.

Window-of-opportunity
studies

Short clinical trials with pathological
and/or molecular read-outs, carried out
in a short ‘window’ before commencing
standard treatment. May provide a
cost-effective stepping-stone before
longer, more expensive therapeutic
trials.
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Box 4 | Priorities for reducing incidence and improving outcomes in HGSC

Prevention, initiation and early detection

¢ Monitor data on salpingectomy and high-grade serous carcinoma
(HGSC) incidence.

¢ |dentify the earliest driver events in serous tubal intraepithelial
carcinoma lesions.

¢ Develop insights into the ubiquity of TP53 mutation.

o Understand the impact of menopause, ageing and
microenvironment on initiation.

e Unravel secretory cell vulnerability to BRCAT or BRCA2 mutations.

e Develop novel technologies and biomarkers for early detection.

e Ensure equitable access to high-risk and medium-risk mutation
screening.

Tumour ecosystem

¢ Integrate spatial proteomics, including cytokine measurements,
and DNA analytics to interpret cell-cell associations and clonal
mapping.

e Improve multi-cellular in vitro human cell and mouse models
of the tumour microenvironment to allow faster testing of small
molecules, antibodies, and cell therapies and combinations.

¢ Increase research on non-immune components of the tumour
microenvironment.

e Explore interactions between cells and the extracellular matrix.

¢ Increase understanding of the metabolomic profile.

Immunity and immunotherapy
¢ Investigate combinations of immune-checkpoint therapies with
existing treatments.
e Characterize antigens recognized by tumour-associated antibodies.
e Further develop gene-engineered immune cells.
e Establish models that allow rapid functional evaluation of novel
immunotherapies.

Clinical considerations. Thereis aneed torevisit clinicaland molecu-
lar concepts of platinum sensitivity and resistance, particularly in
recurrent disease settings®*®. The arbitrary cut-off of 6 months for
platinum sensitivity needs to be redefined in the precision oncol-
ogy era’* as discussed in current international guidelines®*®. As most
patients respond well to first-line treatments but still relapse, there
may be substantial value in focusing on how best to detect, quantify
and molecularly assess minimal residual disease to treat patients earlier
in disease progression. Minimal residual disease can be identified as
biochemically detected relapse as observed by an increase in CA125
levels or, as newer data suggest, positive ctDNA, but how the latter is
defined in HGSC is currently being assessed**.

Considerable limitations persist in determining the optimal
dose and schedule for existing agents as well as the potential for
biomarker-directed treatment optimizationin HGSC. For example, the
efficacy of drug combinationsisrarely truly synergistic>°, they require
careful balancing of toxicities, and it is unclear which patients actually
benefit fromthe carboplatin-paclitaxel combination. Approximately
50% of HGSCs are HRP, and typically, such tumours are relatively
resistant to platinum'®. Consequently, early identification of patients
who are resistant or refractory to platinum could enable the use of
non-platinum or targeted combination therapies for these patients.

¢ Investigate therapies that target myeloid cells.

e Understand the metabolomic profile of HGSC and its influence on
immune response.

o Exploit the latest information on exceptional responders.

Acquired resistance to current therapies

o Prioritize sequential sampling of tissue during clinical trials.

e Explore non-genetic mechanisms of quiescence, dormancy or
desmoplasia.

o Use high-resolution proteomic and metabolomic approaches to
define cell state and extracellular matrix properties.

o In patients with BRCA1 or BRCA2 germline mutations, where the
tumour has undergone subclonal BRCA reversion mutations,
determine the homologous recombination status and resistance
mechanisms of non-reverted tumour cells.

o Target vulnerabilities associated with whole-genome doubling.

New therapeutic approaches and future trial design

o Develop therapies targeting homologous
recombination-proficient tumours.

e Conduct window-of-opportunity studies with biomarkers and/or
pathological surrogates of long-term outcome in patients with
platinum-sensitive relapse.

e Address barriers to access to patient samples from
industry-sponsored studies to allow translational research.

o Basket trial designs to allow sub-setting of patients based on
molecular features.

The influence of social and ethnic disparities underpins all these
themes.

However, many patients presentinanacutely unwell state at diagnosis,
necessitatingimmediate treatment and limiting the implementation
of biomarker-driven trial designs in the first-line setting.
Maintenance therapy with associated side-effects may be less
acceptable to patients who have no visible evidence of disease. Future
efforts should be centred on translational research to enable optimal
patient selection and interrogate the sequencing of treatment with the
potentialimpact of subsequent therapy. A remaining questionis deter-
mining the optimal duration of maintenance therapy, particularly for
patientswhoachieve sustained disease control, to minimize unnecessary
treatment exposure and associated toxicity. For example, this remains
anunresolvedissue, years later, for some patients who were enrolled on
the early trials of PARPi where the trial protocol specified continuation
until progression”’. New tools for disease monitoring, such as cfDNA,
should be evaluated. As ADC use in HGSC gains approval by regulatory
agencies and enters wider use, it willbecome important to understand
the mechanisms of ADC resistance, which are highly likely to emerge.

Clinical trial design. Early treatmentin patientsinwhomanincrease
in CA125 was detected had no impact on overall survival compared
with treatment that commenced upon radiological or clinical
progression®2, Therefore, early biochemical relapse may provide
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awindow to investigate novel treatment options without delaying
subsequent treatment with conventional therapy. Patients with HGSC
who have responded to a carboplatin-containing regime for 6 months
or more without detectable disease recurrence are considered plati-
num sensitive. After this time, rising CA125 levels, positive ctDNA or
measurable disease detected by imaging may occur. Targeted thera-
pies that attenuate a rising biomarker or show pathological changes
in pre-treatment and post-treatment biopsies of measurable and
biopsy-accessible tumours may provide surrogates of a longer-term
clinical response. Theinitial phase of such trials would typically takea
few months, after which patients would transition to carboplatin-based
care or continue on the experimental therapy if a substantial patho-
logical response was observed. Thisapproachis attractive asoutcome
data, albeit using surrogate markers, are obtained relatively rapidly
compared to a trial where long-term disease control is studied. An
additionallogistic advantage of the platinum-sensitive relapse period
is that there should have been sufficient time to perform molecular
tests withinitial diagnostic samples that could pre-stratify patients for
trialinclusion. By contrast, patients with platinum-resistant disease are
morelikely tobe entered directlyinto atherapeutictrial as re-treatment
with carboplatin-based therapy is usually not considered, and overall
response rates to other chemotherapies are generally less than 27%.

Accessto patient samples fromindustry-sponsored trials remains
a considerable barrier to biomarker discovery. For example, in the
decades since the introduction of anti-VEGF treatment, there remains a
poor understanding of the precise mechanisms of action, development
of acquired resistance, and which patient populations would benefit
most from treatment. Prioritizing access to clinical trial samples for
collaborative research and inclusion of translational objectives as
fundamental components in trials will facilitate better identification
of biomarkers that are crucial forimplementing precision oncologyin
HGSC. Theincreasing use of NACT for the primary treatment of ovarian
cancer should be exploited to perform window-of-opportunity stud-
ies and procure biospecimens prior to and after treatment to better
understand tumour response to therapy.

Currently, commercial trials aim for therapies applicable to a
wide patient population, but this approach may not be compatible
with the genomic and clinical heterogeneity observed in HGSC.
Biomarker-focused, molecularly stratified trials, while providing
insights into tumour biology, adaptive responses and the value of
patient stratification, also represent a challenge to recruitment and
evaluation of outcomes due to small sample sizes, highlighting the
need for international collaboration. In some circumstances, asmall
sample size may be partially countered by the use of basket trials that
span more than one cancer type but share common molecular fea-
tures. Investigator-led trials that prioritize biological discovery should
remain animportant focus for consumers, clinicians and researchers
rather thanrelying on large-scale, one-size-fits-all strategies®*. Future
trial designs should answer questions about treatment scheduling,
agent synergy, and the interplay between cancer cells and the TME.
This will help improve our understanding of HGSC and, ultimately,
drive the development of more effective therapies.

The future of HGSC treatment lies in moving away from the uni-
versal application of platinum-based chemotherapy towards more
personalized therapeutic approaches, underpinned by comprehensive
tumour and TME analysis and multi-dimensional trial designs. The
integration of advanced technologies and tumour profilinginto clinical
trial strategies will be essential to overcoming the current challengesin
patient stratification and improving outcomes for patients with HGSC.

Conclusion

Several aspects of HGSC biology combine to hinder rapid improve-
mentsinoutcome. Theseinclude the potential for rapid dissemination
fromtiny STIC lesions to widespread invasion of the peritoneal cavity,
where there is ample room for asymptomatic growth, chromosomal
instability as adriver of oncogenesis rather than dominant targetable
point mutations, extreme tumour heterogeneity, and a highly dynamic
TME. Despite these challenges, advances have been made in the area
of risk reduction through adetailed understanding of geneticdrivers,
demonstrated benefit of PARPi when the right patient subgroup is
treated soon after diagnosis, and ever-growing evidence that the endog-
enousimmune response can promote long-termsurvival. Asummary
of ourrecommended areas of research focus is provided in Box 4. Criti-
cal consideration of what has and has not worked and integrating that
knowledge into future research directions and innovative clinical trial
design are essential if substantial progress is to be made. Addressing
disparities apparent in low-income and regionally remote communi-
ties willbeimportant for women to access timely diagnosis, referral to
specialist surgical intervention, genetic risk assessment, and current
and new advances in HGSC detection and treatment.

Supplementary Information

HHMT24 Patient Video - GEORGIE Session 2 Early Detection
HHMT24 Patient Video - SBBA Session 3 Tumour Microenvironment
HHMT24 Patient Video - ANNE Session 4 Immunity

HHMT24 Patient Video - LILIANA Session 5 Resistance

HHMT24 Patient Video - LISA Session 6 New Therapeutic Approaches

Published online: 13 April 2026

References

1. Vaughan, S. et al. Rethinking ovarian cancer: recommendations for improving outcomes.
Nat. Rev. Cancer 1, 719-725 (2011).

2. Bowtell, D. D. et al. Rethinking ovarian cancer II: reducing mortality from high-grade
serous ovarian cancer. Nat. Rev. Cancer 15, 668-679 (2015).

3. Lee, Y.etal. A candidate precursor to serous carcinoma that originates in the distal
fallopian tube. J. Pathol. 211, 26-35 (2007).

4.  Perets, R. et al. Transformation of the fallopian tube secretory epithelium leads to
high-grade serous ovarian cancer in Brca; Tp53;Pten models. Cancer Cell 24, 751-765
(2013).

5. Vang, R., Shih le, M. & Kurman, R. J. Fallopian tube precursors of ovarian low- and
high-grade serous neoplasms. Histopathology 62, 44-58 (2013).

6. Ray-Coquard, . et al. Olaparib plus bevacizumab first-line maintenance in ovarian
cancer: final overall survival results from the PAOLA-1/ENGOT-ov25 trial. Ann. Oncol. 34,
681-692 (2023).

7. DiSilvestro, P. et al. Overall survival with maintenance olaparib at a 7-year follow-up
in patients with newly diagnosed advanced ovarian cancer and a BRCA mutation: the
SOLO1/GOG 3004 trial. J. Clin. Oncol. 41, 609-617 (2023).

8.  Xu-Vuillard, A. et al. Efficacy of chemotherapy after progression during or following
PARPi exposure in ovarian cancer. ESMO Open 9, 103694 (2024).

9. Hanker, L. C. et al. The impact of second to sixth line therapy on survival of relapsed
ovarian cancer after primary taxane/platinum-based therapy. Ann. Oncol. 23, 2605-2612
(2012).

10. Harter, P. et al. Randomized trial of cytoreductive surgery for relapsed ovarian cancer.

N. Engl. J. Med. 385, 2123-2131(2021).

1. van Driel, W. J. et al. Hyperthermic intraperitoneal chemotherapy in ovarian cancer.
N. Engl. J. Med. 378, 230-240 (2018).

12.  Lim, M. C. et al. Survival after hyperthermic intraperitoneal chemotherapy and primary or
interval cytoreductive surgery in ovarian cancer: a randomized clinical trial. JAMA Surg.
157, 374-383 (2022).

13. Classe, J. M. et al. Hyperthermic intraperitoneal chemotherapy for recurrent ovarian
cancer (CHIPOR): a randomised, open-label, phase 3 trial. Lancet Oncol. 25, 1551-1562
(2024).

14. Butterfield, L. H. & Najjar, Y. G. Imnmunotherapy combination approaches: mechanisms,
biomarkers and clinical observations. Nat. Rev. Immunol. 24, 399-416 (2024).

15.  Monk, B. J. et al. Chemotherapy with or without avelumab followed by avelumab
maintenance versus chemotherapy alone in patients with previously untreated epithelial
ovarian cancer (JAVELIN Ovarian 100): an open-label, randomised, phase 3 trial.

Lancet Oncol. 22,1275-1289 (2021).

Nature Reviews Cancer | Volume 26 | June 2026 | 452-471

465


http://www.nature.com/nrc
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fyoutu.be%2FY6eh9-i7kG8&data=05%7C02%7Cf.balkwill%40qmul.ac.uk%7C4bc3a3a6f6cf480ec3d408dd1e8f86bc%7C569df091b01340e386eebd9cb9e25814%7C0%7C0%7C638700323968044101%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=3%2FiZclUHc2sQJNu4hP6pxE5cT%2FpslZcs0CMw4poub7g%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fyoutu.be%2FawZnLE7xyYY&data=05%7C02%7Cf.balkwill%40qmul.ac.uk%7C4bc3a3a6f6cf480ec3d408dd1e8f86bc%7C569df091b01340e386eebd9cb9e25814%7C0%7C0%7C638700323968064398%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=azlUbQ0ClkMOPn1pOxmaFeWIbMBjGi9Lrq1CgR9XD6c%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fyoutu.be%2F5YQUlBD56MM&data=05%7C02%7Cf.balkwill%40qmul.ac.uk%7C4bc3a3a6f6cf480ec3d408dd1e8f86bc%7C569df091b01340e386eebd9cb9e25814%7C0%7C0%7C638700323968078991%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=fpXAiYvLELNl2MdnFI6rsBB%2Bgwbe3UEVQ7EuSgHhf14%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fyoutu.be%2FdRrnGwCpEJY&data=05%7C02%7Cf.balkwill%40qmul.ac.uk%7C4bc3a3a6f6cf480ec3d408dd1e8f86bc%7C569df091b01340e386eebd9cb9e25814%7C0%7C0%7C638700323968093849%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=qcX8EC46F3gCQbfdHoV0Gz7aj8rylY5GZmFEjWLKOz8%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fyoutu.be%2FfhhX0pZreWg&data=05%7C02%7Cf.balkwill%40qmul.ac.uk%7C4bc3a3a6f6cf480ec3d408dd1e8f86bc%7C569df091b01340e386eebd9cb9e25814%7C0%7C0%7C638700323968110656%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=DnLdx7jSqphdLUi4F%2FkBX6YIRF33huINNSsDfPSfP50%3D&reserved=0

Expert recommendation

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Moore, K. N. et al. Atezolizumab, bevacizumab, and chemotherapy for newly diagnosed
stage Ill or IV ovarian cancer: placebo-controlled randomized phase Il trial (IMagyn050/
GOG 3015/ENGOT-0V39). J. Clin. Oncol. 39, 1842-1855 (2021).

Monk, B. J. et al. ATHENA (GOG-3020/ENGOT-ov45): a randomized, phase lll trial to
evaluate rucaparib as monotherapy (ATHENA-MONO) and rucaparib in combination
with nivolumab (ATHENA-COMBO) as maintenance treatment following frontline
platinum-based chemotherapy in ovarian cancer. Int. J. Gynecol. Cancer 31, 1589-1594
(2021).

Lawrence, M. S. et al. Mutational heterogeneity in cancer and the search for new
cancer-associated genes. Nature 499, 214-218 (2013).

Hwang, W. T., Adams, S. F., Tahirovic, E., Hagemann, I. S. & Coukos, G. Prognostic
significance of tumor-infiltrating T cells in ovarian cancer: a meta-analysis.

Gynecol. Oncol. 124, 192-198 (2012).

Jimenez-Sanchez, A. et al. Heterogeneous tumor-immune microenvironments among
differentially growing metastases in an ovarian cancer patient. Cell 170, 927-938.e20
(2017).

Jiménez-Sanchez, A. et al. Unraveling tumor-immune heterogeneity in advanced ovarian
cancer uncovers immunogenic effect of chemotherapy. Nat. Genet. 52, 582-593 (2020).
Véazquez-Garcia, I. et al. Ovarian cancer mutational processes drive site-specific immune
evasion. Nature 612, 778-786 (2022).

Launonen, I. M. et al. Chemotherapy induces myeloid-driven spatially confined T cell
exhaustion in ovarian cancer. Cancer Cell 42, 2045-2063.€10 (2024).

This multi-omic study of ovarian cancer biopsy samples shows that NACT promotes
immunosuppressive interactions between NECTIN2* macrophages and TIGIT* CD8*

T cells, which could potentially be disruptd with ICls.

Farkkila, A. et al. Immunogenomic profiling determines responses to combined PARP
and PD-1inhibition in ovarian cancer. Nat. Commun. 11, 1459 (2020).

Meserve, E. E. K., Brouwer, J. & Crum, C. P. Serous tubal intraepithelial neoplasia:

the concept and its application. Mod. Pathol. 30, 710-721(2017).

Hu, Z. et al. The repertoire of serous ovarian cancer non-genetic heterogeneity revealed
by single-cell sequencing of normal fallopian tube epithelial cells. Cancer Cell 37,
226-242.e7 (2020).

Ulrich, N. D. et al. Cellular heterogeneity of human fallopian tubes in normal and
hydrosalpinx disease states identified using scRNA-seq. Dev. Cell 57, 914-929.e7 (2022).
Lengyel, E. et al. A molecular atlas of the human postmenopausal fallopian tube and
ovary from single-cell RNA and ATAC sequencing. Cell Rep. 41, 111838 (2022).

Beddows, I. et al. Impact of BRCA mutations, age, surgical indication, and hormone
status on the molecular phenotype of the human fallopian tube. Nat. Commun. 16, 2981
(2025).

Using integrated whole-genome methylation, transcriptomic and proteomic profiling
of over 100 normal human fallopian tubes, this study shows that heterozygous
germline BRCA1/BRCA2 status has minimal effect on the baseline molecular
landscape before loss of heterozygosity, with age, reproductive state and surgical
indication — mainly via changes in cellular composition — accounting for most
molecular variability.

Lee, W. et al. Neutrophil extracellular traps promote pre-metastatic niche formation in the
omentum by expanding innate-like B cells that express IL-10. Cancer Cell 43, 69-85.e11
(2025).

Weigert, M. et al. A cell atlas of the human fallopian tube throughout the menstrual cycle
and menopause. Nat. Commun. 16, 372 (2025).

Using paired single-cell RNA and ATAC sequencing, this study creates a
high-resolution atlas of the human fallopian tube across the menstrual cycle and
menopause, identifying hormone-driven change in cell composition, chromatin
accessibility and epithelial states, and linking post-menopausal secretory cells to
ageing-associated transcriptional programmes and a mesenchymal-like signature
reminiscent of HGSC.

Crawford, A. J. et al. Combined assembloid modeling and 3D whole-organ mapping
captures the microanatomy and function of the human fallopian tube. Sci. Adv. 10,
eadp6285 (2024).

Yu, B. et al. Identification of fallopian tube microbiota and its association with ovarian
cancer. eLife 12, 89830 (2024).

Brand, J. et al. Fallopian tube single cell analysis reveals myeloid cell alterations in
high-grade serous ovarian cancer. iScience 27, 108990 (2024).

Garcia, G. L. et al. Aged and BRCA mutated stromal cells drive epithelial cell
transformation. Cancer Discov. 15, 1203-1224 (2025).

This study identifies an epigenetically altered hrMSC niche in the fallopian tube that
precedes STIC formation, creating a stromal field effect that induces DNA damage
and supports survival of fallopian tube epithelial cells; hrMSCs can drive malignant
transformation and metastasis in vivo, and are enriched in BRCA1/BRCA2 mutation
carriers and with ageing, implicating the stroma as an active initiator of HGSC.
Ahmed, A. A. et al. Driver mutations in TP53 are ubiquitous in high grade serous
carcinoma of the ovary. J. Pathol. 221, 49-56 (2010).

Cancer Genome Atlas Research Network. Integrated genomic analyses of ovarian
carcinoma. Nature 474, 609-615 (2011).

Ardighieri, L. et al. Characterization of the immune cell repertoire in the normal fallopian
tube. Int. J. Gynecol. Pathol. 33, 581-591(2014).

Dinh, H. Q. et al. Single-cell transcriptomics identifies gene expression networks driving
differentiation and tumorigenesis in the human fallopian tube. Cell Rep. 35, 108978
(2021).

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Qin, G. et al. Distinct niche structures and intrinsic programs of fallopian tube and
ovarian surface epithelial cells. iScience 26, 105861 (2023).

Alsaadi, A. et al. Single-cell transcriptomics identifies a WNT7A-FZD5 signaling axis that
maintains fallopian tube stem cells in patient-derived organoids. Cell Rep. 42, 113354
(2023).

Brown, P. O. & Palmer, C. The preclinical natural history of serous ovarian cancer:
defining the target for early detection. PLoS Med. 6, €1000114 (2009).

Labidi-Galy, S. I. et al. High grade serous ovarian carcinomas originate in the fallopian
tube. Nat. Commun. 8,1093 (2017).

Wu, N. Y., Fang, C., Huang, H. S., Wang, J. & Chu, T. Y. Natural history of ovarian
high-grade serous carcinoma from time effects of ovulation inhibition and progesterone
clearance of p53-defective lesions. Mod. Pathol. 33, 29-37 (2020).

van den Berg, C. B. et al. Does serous tubal intraepithelial carcinoma (STIC) metastasize?
The clonal relationship between STIC and subsequent high-grade serous carcinoma

in BRCA1/2 mutation carriers several years after risk-reducing salpingo-oophorectomy.
Gynecol. Oncol. 187, 113-119 (2024).

In arare series of BRCA1/BRCA2 mutation carriers who developed peritoneal HGSC
years after risk-reducing salpingo-oophorectomy, matched sequencing showed
that STICs and later tumours were clonally related in 71% of casesng direct genetic
evidence that STIC cells can be shed, persist and eventually seed peritoneal HGSC
after long latency.

Stewart, K. T., Hoang, L. & Kwon, J. S. Serous tubal intraepithelial carcinoma (STIC)
outcomes in an average risk population. Gynecol. Oncol. Rep. 51,101334 (2024).
Narayanan, B. et al. Growth kinetics of high-grade serous ovarian cancer: implications for
early detection. Br. J. Cancer 133, 533-538 (2025).

Rufin, K. G. A., do Valle, H. A., McAlpine, J. N., Elwood, C. & Hanley, G. E. Complications
after opportunistic salpingectomy compared with tubal ligation at cesarean section:
a retrospective cohort study. Fertil. Steril. 121, 531-539 (2024).

Kaur, P. et al. Opportunistic salpingectomy between 2017 and 2020: a descriptive
analysis. J. Obstet. Gynaecol. Can. 46, 102278 (2024).

MacArthur, E. et al. Salpingectomy for ovarian cancer prevention: video education for the
surgeon. Gynecol. Oncol. Rep. 53, 101368 (2024).

Van Bommel, M. H. D. et al. Salpingectomy with delayed oophorectomy versus
salpingo-oophorectomy in BRCA1/2 carriers: three-year outcomes of a prospective
preference trial. BJOG 132, 782-794 (2025).

Pélcher, M. et al. Intergroup statement: opportunistic salpingectomy-molecular
pathology, clinical outcomes and implications for practice (German Ovarian
Cancer Commission, the North-Eastern German Society of Gynecologic Oncology
(NOGGO), AGO Austria and AGO Swiss). Arch. Gynecol. Obstet. 311, 1451-1459
(2025).

Cook, I. C., Podwika, S. E., Hallowell, P. T., Conaway, M. R. & Landen, C. N. The potential
for opportunistic salpingectomy to reduce ovarian cancer in women undergoing
non-gynecologic surgery. Gynecol. Oncol. Rep. 58, 101685 (2025).

Using US population and institutional data from three common laparoscopic
non-gynaecological surgeries, this modelling study estimates that offering
opportunistic bilateral salpingectomy (or salpingo-oophorectomy) to eligible patients
could reduce national HGSC incid by approxi ly 20-25% if widely adopted.
Hanley, G. E. et al. Outcomes from opportunistic salpingectomy for ovarian cancer
prevention. JAMA Netw. Open 5, 2147343 (2022).

In this large population-based cohort from British Columbia, individuals who
underwent opportunistic salpingectomy had no observed serous ovarian cancers
and far fewer epithelial cancers than expected, providing real-world evidence that
the procedure meaningful reduces ovarian cancer risk without affecting breast or
colorectal cancer rates.

Kahn, R. M. et al. Salpingectomy for the primary prevention of ovarian cancer: a systematic
review. JAMA Surg. 158, 1204-1211 (2023).

Cathcart, A. M., Harrison, R. & Luccarelli, J. Opportunistic salpingectomy during
non-gynaecological surgery in the United States: a population-based retrospective
study. Br. J. Surg. 110, 1215-1217 (2023).

Kather, A., Arefian, H., Schneider, C., Hartmann, M. & Runnebaum, I. B. Ovarian

cancer prevention through opportunistic salpingectomy during abdominal surgeries:
a cost-effectiveness modeling study. PLoS Med. 22, e1004514 (2025).

Pennington, K. P. et al. Optimization of timing for risk-reducing salpingectomy and
oophorectomy. Obstet. Gynecol. 145, 21-30 (2025).

Karia, P. S. et al. Racial and ethnic differences in the adoption of opportunistic
salpingectomy for ovarian cancer prevention in the United States. Am. J. Obstet.
Gynecol. 227, 257.251-257.e22 (2022).

Sowamber, R., Lukey, A., Huntsman, D. & Hanley, G. Ovarian cancer: from precursor
lesion identification to population-based prevention programs. Curr. Oncol. 30,
10179-10194 (2023).

Mor-Hadar, D., Wilailak, S., Berek, J. & McNally, O. M. FIGO position statement on
opportunistic salpingectomy as an ovarian cancer prevention strategy. Int. J. Gynaecol.
Obstet. 167, 976-980 (2024).

Fisch, C. et al. Opportunistic salpingectomy in non-gynecologic surgeries: barriers
and facilitators from a healthcare provider perspective. Cancer Med. 14, 70945
(2025).

Menon, U. et al. Ovarian cancer population screening and mortality after long-term
follow-up in the UK collaborative trial of ovarian cancer screening (UKCTOCS):
arandomised controlled trial. Lancet 397, 2182-2193 (2021).

Nature Reviews Cancer | Volume 26 | June 2026 | 452-471

466


http://www.nature.com/nrc

Expert recommendation

64.

65.

66.

67.

68.

69.

70.

7.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Steenbeek, M. P. et al. Risk of peritoneal carcinomatosis after risk-reducing
salpingo-oophorectomy: a systematic review and individual patient data meta-analysis.
J. Clin. Oncol. 40, 1879-1891(2022).

In this individual patient-level meta-analysis of over 3,000 BRCA1/BRCA2 mutation
carriers undergoing risk-reducing salpingo-oophorectomy, the presence of a STIC
was linked to a notably higher risk of subsequent peritoneal carcinomatosis (hazard
ratio ~34), with 5-year and 10-year peritoneal cancer risks of ~10% and 8% for those
with STIC versus <1% for those without.

Phillips, K. A. & Friedlander, M. L. Risk of peritoneal cancer after risk-reducing bilateral
salpingo-oophorectomy for women with germline BRCA pathogenic variants: a cause for
concern or potentially avoidable? J. Clin. Oncol. 40, 1850-1852 (2022).

Kader, T. et al. Multimodal spatial profiling reveals immune suppression and
microenvironment remodeling in fallopian tube precursors to high-grade serous

ovarian carcinoma. Cancer Discov. 15, 1180-1202 (2024).

This study maps how fallopian tube precursors acquire chromosomal instability,
persistent interferon signalling, and altered innate and adaptive immunity during
progression to HGSC, revealing a shift from immune surveillance in early STICs

to immune suppression in advanced lesions, and identifying HLA-E and other
interferon-induced pathways as potential biomarkers and interception targets.

Wang, Y. et al. Aneuploidy landscape in precursors of ovarian cancer. Clin. Cancer Res.
30, 600-615 (2024).

This study shows that morphologically similar p53 signatures and STICs are
molecularly distinct, with specific chromosomal gains and losses distinugishing
proliferative from dormant lesions. The authors introduce the REAL-FAST

algorithm, which accurately identifies a potentially aggressive STIC subtype, offering
avaluable tool for precursor diagnosis.

Bogaerts, J. M. et al. Assessing the impact of deep-learning assistance on the
histopathological diagnosis of serous tubal intraepithelial carcinoma (STIC) in fallopian
tubes. J. Pathol. Clin. Res. 10, e70006 (2024).

Cheng, Z. et al. The genomic trajectory of ovarian high-grade serous carcinoma can be
observed in STIC lesions. J. Pathol. 264, 42-54 (2024).

Devenport, J. M. et al. APOBEC3A drives ovarian cancer metastasis by altering
epithelial-mesenchymal transition. JCI Insight 10, 186409 (2025).

Galhenage, P. et al. Replication stress and defective checkpoints make fallopian tube
epithelial cells putative drivers of high-grade serous ovarian cancer. Cell Rep. 42, 113144
(2023).

Pathania, S. et al. BRCA1 haploinsufficiency for replication stress suppression in

primary cells. Nat. Commun. 5, 5496 (2014).

Karaayvaz-Yildirim, M. et al. Aneuploidy and a deregulated DNA damage response
suggest haploinsufficiency in breast tissues of BRCA2 mutation carriers. Sci. Adv. 6,
eaay2611(2020).

Lim, P. X., Zaman, M., Feng, W. & Jasin, M. BRCA2 promotes genomic integrity and
therapy resistance primarily through its role in homology-directed repair. Mol. Cell 84,
447-462.€10 (2024).

Pisanic, T. R. et al. Long interspersed nuclear element 1 retrotransposons become
deregulated during the development of ovarian cancer precursor lesions. Am. J. Pathol.
189, 513-520 (2019).

Xia, Z. et al. Expression of L1 retrotransposon open reading frame protein 1in
gynecologic cancers. Hum. Pathol. 92, 39-47 (2019).

Taylor, M. S. et al. Ultrasensitive detection of circulating LINE-1 ORF1p as a specific
multicancer biomarker. Cancer Discov. 13, 2532-2547 (2023).

This study demonstrates that plasma ORF1p holds promise for early detection
(including ovarian cancer), improves multi-analyte diagnostic panels, and supports
treatment monitoring and prognostication.

Sato, S. et al. LINE-1 ORF1p as a candidate biomarker in high grade serous ovarian
carcinoma. Sci. Rep. 13,1537 (2023).

Ishak, C. A. et al. Chronic viral mimicry induction following p53 loss promotes immune
evasion. Cancer Discov. 15, 793-817 (2025).

Medina, J. E. et al. Early detection of ovarian cancer using cell-free DNA fragmentomes
and protein biomarkers. Cancer Discov. 15, 105-118 (2025).

By combining whole-genome cfDNA fragmentome features with CA125 and human
epididymis protein 4 (HE4) in a machine-learning model, this study achieved over 99%
specificity and markedly improved sensitivity for detecting early-stage ovarian cancer
compared with either protein marker alone.

Bruhm, D. C. et al. Genomic and fragmentomic landscapes of cell-free DNA for early
cancer detection. Nat. Rev. Cancer 25, 341-358 (2025).

Kwinten, K. J. J. et al. Cervicovaginal specimen biomarkers for early detection of ovarian
and endometrial cancer: a review. Cancer Med. 13, 70000 (2024).

Jones, M. R., Kamara, D., Karlan, B. Y., Pharoah, P. D. P. & Gayther, S. A. Genetic epidemiology
of ovarian cancer and prospects for polygenic risk prediction. Gynecol. Oncol. 147,
705-713 (2017).

Pavanello, M. et al. Rare germline genetic variants and the risks of epithelial ovarian cancer.
Cancers 12, 12103046 (2020).

Dareng, E. O. et al. Integrative multi-omics analyses to identify the genetic and functional
mechanisms underlying ovarian cancer risk regions. Am. J. Hum. Genet. 111, 1061-1083
(2024).

Lau-Min, K. S., McCarthy, A. M., Nathanson, K. L. & Domchek, S. M. Nationwide trends and
determinants of germline BRCA1/2 testing in patients with breast and ovarian cancer.

J. Natl Compr. Canc Netw. 21, 351-358.e4 (2023).

87.

88.

89.

90.

.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

10.

m.

2.

Yang, X., Kar, S., Antoniou, A. C. & Pharoah, P. D. P. Polygenic scores in cancer. Nat. Rev.
Cancer 23, 619-630 (2023).

Milne, K. et al. Systematic analysis of immune infiltrates in high-grade serous ovarian
cancer reveals CD20, FoxP3 and TIA-1 as positive prognostic factors. PLoS One 4, 6412
(2009).

Launonen, I. M. et al. Single-cell tumor-immune microenvironment of BRCA1/2 mutated
high-grade serous ovarian cancer. Nat. Commun. 13, 835 (2022).

Barr, J. L. et al. Intra-tumoral nerve-tracing in a novel syngeneic model of high-grade
serous ovarian carcinoma. Cell 10, 10123491 (2021).

Balood, M. et al. Nociceptor neurons affect cancer immunosurveillance. Nature 611,
405-412 (2022).

This paper, together with Barr et al. (2021), describes sensory innervation in the

TME and shows how these nocioceptive fibres contribute to immunosuppression,
particularly by inducing exhaustion in CD8* T cells.

Pearce, O. M. T. et al. Deconstruction of a metastatic tumor microenvironment reveals a
common matrix response in human cancers. Cancer Discov. 8, 304-319 (2018).

This study demonstrates how the human ovarian cancer TME evolves over the course
of disease, incorporating molecular, cellular and mechanical components, and
highlights the heterogeneity that emerges during this progression.

Delaine-Smith, R. M. et al. Modelling TGFBR and Hh pathway regulation of prognostic
matrisome molecules in ovarian cancer. iScience 24, 102674 (2021).

Zheng, X. et al. Single-cell analyses implicate ascites in remodeling the ecosystems of
primary and metastatic tumors in ovarian cancer. Nat. Cancer 4,1138-1156 (2023).
MacFawn, I. P. et al. The activity of tertiary lymphoid structures in high grade serous
ovarian cancer is governed by site, stroma, and cellular interactions. Cancer Cell 42,
1864-1881.e5 (2024).

This study shows that variations in TLS maturity across ovarian cancer sites sites
influence antitumour immunity and prognosis, highlighting how tumour-associated
stroma can restrictimmune organization and affect outcomes in HGSC.

Zhang, K. et al. Longitudinal single-cell RNA-seq analysis reveals stress-promoted
chemoresistance in metastatic ovarian cancer. Sci. Adv. 8, eabm1831(2022).

Bohm, S. et al. Neoadjuvant chemotherapy modulates the immune microenvironment
in metastases of tubo-ovarian high-grade serous carcinoma. Clin. Cancer Res. 22,
3025-3036 (2016).

Lo, C. S. et al. Neoadjuvant chemotherapy of ovarian cancer results in three patterns of
tumor-infiltrating lymphocyte response with distinct implications for immunotherapy.
Clin. Cancer Res. 23, 925-934 (2017).

Spagnol, G. et al. The impact of neoadjuvant chemotherapy on ovarian cancer tumor
microenvironment: a systematic review of the literature. Int. J. Mol. Sci. 25, 7070
(2024).

Yaniz-Galende, E. et al. Spatial profiling of ovarian carcinoma and tumor
microenvironment evolution under neoadjuvant chemotherapy. Clin. Cancer Res. 30,
2790-2800 (2024).

Oza, A. M. et al. Standard chemotherapy with or without bevacizumab for women

with newly diagnosed ovarian cancer (ICON7): overall survival results of a phase 3
randomised trial. Lancet Oncol. 16, 928-936 (2015).

Kommoss, S. et al. Bevacizumab may differentially improve ovarian cancer outcome in
patients with proliferative and mesenchymal molecular subtypes. Clin. Cancer Res. 23,
3794-3801(2017).

Moffat, G. T. et al. Real-world outcomes associated with bevacizumab combined with
chemotherapy in platinum-resistant ovarian cancer. Gynecol. Oncol. 184, 51-56
(2024).

Grillo, E. et al. The expression level of VEGFR2 regulates mechanotransduction, tumor
growth and metastasis of high grade serous ovarian cancer cells. Eur. J. Cell Biol. 103,
151459 (2024).

Maugeri-Sacca, M. et al. Presurgical window of opportunity trial design as a platform
for testing anticancer drugs: pros, cons and a focus on breast cancer. Crit. Rev. Oncol.
Hematol. 106, 132-142 (2016).

Yeh, C. Y. et al. Mapping spatial organization and genetic cell-state regulators to target
immune evasion in ovarian cancer. Nat. Immunol. 25,1943-1958 (2024).

Fan, H. et al. Epigenomic reprogramming toward mesenchymal-epithelial transition in
ovarian-cancer-associated mesenchymal stem cells drives metastasis. Cell Rep. 33,
108473 (2020).

McLean, K. et al. Human ovarian carcinoma-associated mesenchymal stem cells regulate
cancer stem cells and tumorigenesis via altered BMP production. J. Clin. Invest. 121,
3206-3219 (2011).

Roodhart, J. M. et al. Mesenchymal stem cells induce resistance to chemotherapy
through the release of platinum-induced fatty acids. Cancer Cell 20, 370-383 (2011).
Coffman, L. G. et al. Human carcinoma-associated mesenchymal stem cells promote
ovarian cancer chemotherapy resistance via a BMP4/HH signaling loop. Oncotarget 7,
6916-6932 (2016).

Cascio, S. et al. Cancer-associated MSC drive tumor immune exclusion and resistance to
immunotherapy, which can be overcome by Hedgehog inhibition. Sci. Adv. 7, eabi5790
(2021).

Jeon, E. S. et al. Cancer-derived lysophosphatidic acid stimulates differentiation of
human mesenchymal stem cells to myofibroblast-like cells. Stem Cell 26, 789-797
(2008).

. Bajwa, P. et al. Cancer-associated mesothelial cell-derived ANGPTL4 and STC1 promote

the early steps of ovarian cancer metastasis. JCI Insight 8, 163019 (2023).

Nature Reviews Cancer | Volume 26 | June 2026 | 452-471

467


http://www.nature.com/nrc

Expert recommendation

4.

15.

116.

n7.

8.

19.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131

132.

133.

134.

135.

136.

137.

138.

139.

140.

141

142.

143.

144.

Schab, A. M. et al. Stromal DDR2 promotes ovarian cancer metastasis through regulation
of metabolism and secretion of extracellular matrix proteins. Mol. Cancer Res. 21,
1234-1248 (2023).

Cano, A., Eraso, P., Mazon, M. J. & Portillo, F. LOXL2 in cancer: a two-decade perspective.
Int. J. Mol. Sci. 24, 14405 (2023).

Chitty, J. L. et al. A first-in-class pan-lysyl oxidase inhibitor impairs stromal remodeling
and enhances gemcitabine response and survival in pancreatic cancer. Nat. Cancer 4,
1326-1344 (2023).

Chitty, J. L. & Cox, T. R. The extracellular matrix in cancer: from understanding to targeting.

Trends Cancer 11, 839-849 (2025).

Kehoe, S. et al. Primary chemotherapy versus primary surgery for newly diagnosed
advanced ovarian cancer (CHORUS): an open-label, randomised, controlled,
non-inferiority trial. Lancet 386, 249-257 (2015).

Vergote, |. et al. Neoadjuvant chemotherapy versus debulking surgery in advanced
tubo-ovarian cancers: pooled analysis of individual patient data from the EORTC 55971
and CHORUS trials. Lancet Oncol. 19, 1680-1687 (2018).

Fagotti, A. et al. Randomized trial of primary debulking surgery versus neoadjuvant
chemotherapy for advanced epithelial ovarian cancer (SCORPION-NCT01461850).

Int. J. Gynecol. Cancer 30, 1657-1664 (2020).

Mukherjee, A. et al. Adipocyte-induced FABP4 expression in ovarian cancer cells
promotes metastasis and mediates carboplatin resistance. Cancer Res. 80, 1748-1761
(2020).

Mukherjee, A. et al. Adipocytes reprogram cancer cell metabolism by diverting glucose
towards glycerol-3-phosphate thereby promoting metastasis. Nat. Metab. 5, 1563-1577
(2023).

Akinjiyan, F. A. et al. DDR2-regulated arginase activity in ovarian cancer-associated
fibroblasts promotes collagen production and tumor progression. Oncogene 43,
189-201(2024).

Eckert, M. A. et al. Proteomics reveals NNMT as a master metabolic regulator of
cancer-associated fibroblasts. Nature 569, 723-728 (2019).

Kilgour, M. K. et al. 1-Methylnicotinamide is an immune regulatory metabolite in human
ovarian cancer. Sci. Adv. 7, 1174 (2021).

Heide, J. et al. NNMT inhibition in cancer-associated fibroblasts restores antitumour
immunity. Nature 645, 1051-1059 (2025).

This study shows that altered metabolic profiles, driven by the methyltransferase
NNMT in CAFs within the ovarian cancer microenvironment, suppress antitumour
immunity and highlight this axis as a potential target to restore immune responses
in ovarian cancer.

Gysler, S. M. & Drapkin, R. Tumor innervation: peripheral nerves take control of the tumor
microenvironment. J. Clin. Invest. 131, €147276 (2021).

Maniati, E. et al. Mouse ovarian cancer models recapitulate the human tumor
microenvironment and patient response to treatment. Cell Rep. 30, 525-540.e7
(2020).

Hirani, P. et al. Versican associates with tumor immune phenotype and limits T-cell
trafficking via chondroitin sulfate. Cancer Res. Commun. 4, 970-985 (2024).

Zhang, S. et al. Genetically defined, syngeneic organoid platform for developing
combination therapies for ovarian cancer. Cancer Discov. 11, 362-383 (2021).

Joy, J. D. et al. Human 3D ovarian cancer models reveal malignant cell intrinsic and
extrinsic factors that influence CAR T cell activity. Cancer Res. 84, 2432-2449 (2024).
Dong, M. et al. Perfusion air culture of precision-cut tumor slices: an ex vivo system

to evaluate individual drug response under controlled culture conditions. Cell 12,
12050807 (2023).

Laforéts, F. et al. Semi-supervised analysis of myeloid and T cell behavior in ex vivo
ovarian tumor slices reveals changes in cell motility after treatments. iScience 26,
106514 (2023).

lyer, S. et al. Genetically defined syngeneic mouse models of ovarian cancer as tools for
the discovery of combination immunotherapy. Cancer Discov. 11, 384-407 (2021).
Steinkamp, M. P. et al. Humanized patient-derived xenograft models of disseminated
ovarian cancer recapitulate key aspects of the tumor immune environment within the
peritoneal cavity. Cancer Res. Commun. 3, 309-324 (2023).

Elorbany, S. et al. Inmunotherapy that improves response to chemotherapy in
high-grade serous ovarian cancer. Nat. Commun. 15, 10144 (2024).

Yang, D. et al. A novel humanized immune stroma PDX cancer model for therapeutic
studies. Preprint at bioRxiv https://doi.org/10.1101/2023.1107.1103.547206 (2023).
Zhang, L. et al. Intratumoral T cells, recurrence, and survival in epithelial ovarian cancer.
N. Engl. J. Med. 348, 203-213 (2003).

Goode, E. L. et al. Dose-response association of CD8* tumor-infiltrating lymphocytes and
survival time in high-grade serous ovarian cancer. JAMA Oncol. 3, €173290 (2017).
Laumont, C. M. et al. Single-cell profiles and prognostic impact of tumor-infiltrating
lymphocytes coexpressing CD39, CD103, and PD-1in ovarian cancer. Clin. Cancer Res.
27, 4089-4100 (2021).

Anadon, C. M. et al. Ovarian cancer immunogenicity is governed by a narrow subset of
progenitor tissue-resident memory T cells. Cancer Cell 40, 545-557.e13 (2022).

Payne, K. K. et al. BTN3A1 governs antitumor responses by coordinating af and y3 T cells.

Science 369, 942-949 (2020).

Bobisse, S. et al. Sensitive and frequent identification of high avidity neo-epitope specific
CD8' T cells in immunotherapy-naive ovarian cancer. Nat. Commun. 9, 1092 (2018).

Liu, S. et al. Efficient identification of neoantigen-specific T-cell responses in advanced
human ovarian cancer. J. Immunother. Cancer 7,156 (2019).

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

7.

172.

173.

174.

175.

Duraiswamy, J. et al. Myeloid antigen-presenting cell niches sustain antitumor T cells
and license PD-1 blockade via CD28 costimulation. Cancer Cell 39, 1623-1642.e20 (2021).
Garsed, D. W. et al. The genomic and immune landscape of long-term survivors of
high-grade serous ovarian cancer. Nat. Genet. 54, 1853-1864 (2022).

As the largest multi-omics study of long-term HGSC survivors, this paper identified
molecular and clinical features associated with favourable survival outcomes.

Nelson, B. H. et al. Immunological and molecular features of the tumor
microenvironment of long-term survivors of ovarian cancer. J. Clin. Invest. 134, 179501
(2024).

Kroeger, D. R., Milne, K. & Nelson, B. H. Tumor-infiltrating plasma cells are associated
with tertiary lymphoid structures, cytolytic T-cell responses, and superior prognosis in
ovarian cancer. Clin. Cancer Res. 22, 3005-3015 (2016).

Ukita, M. et al. CXCL13-producing CD4"* T cells accumulate in the early phase of tertiary
lymphoid structures in ovarian cancer. JCI Insight 7, 157215 (2022).

Kasikova, L. et al. Tertiary lymphoid structures and B cells determine clinically relevant

T cell phenotypes in ovarian cancer. Nat. Commun. 15, 2528 (2024).

Biswas, S. et al. IgA transcytosis and antigen recognition govern ovarian cancer immunity.
Nature 591, 464-470 (2021).

Mazor, R. D. et al. Tumor-reactive antibodies evolve from non-binding and autoreactive
precursors. Cell 185, 1208-1222.e21 (2022).

Laumont, C. M., Banville, A. C., Gilardi, M., Hollern, D. P. & Nelson, B. H. Tumour-infiltrating
B cells: immunological mechanisms, clinical impact and therapeutic opportunities.

Nat. Rev. Cancer 22, 414-430 (2022).

Hornburg, M. et al. Single-cell dissection of cellular components and interactions
shaping the tumor immune phenotypes in ovarian cancer. Cancer Cell 39, 928-944.e6
(2021).

Ghisoni, E. et al. Myeloid cell networks govern re-establishment of original immune
landscapes in recurrent ovarian cancer. Cancer Cell 43, 1568-1586.€10 (2025).

This study identifies two immune evasion mechanisms in ovarian cancer: the
upregulation of COX-PGE, signalling in HRD tumours and the accumulation of
immunosuppressive macrophages in HRP tumours.

Peng, D. et al. Epigenetic silencing of TH1-type chemokines shapes tumour immunity and
immunotherapy. Nature 527, 249-253 (2015).

Zhang, A. W. et al. Interfaces of malignant and immunologic clonal dynamics in ovarian.
Cancer. Cell 173, 1755-1769.e22 (2018).

Using multi-site analyses, this report identified three immunological subtypes as well
as mechanisms of immune escape that influence patient survival.

Priestley, P. et al. Pan-cancer whole-genome analyses of metastatic solid tumours. Nature
575, 210-216 (2019).

Burdett, N. L. et al. Timing of whole genome duplication is associated with tumor-specific
MHC-II depletion in serous ovarian cancer. Nat. Commun. 15, 6069 (2024).

This study demonstrates the diversity of genetic and non-genetic mechanisms of
acquired resistance in tumours from individuals with HRD end-stage HGSC.
Geistlinger, L. et al. Multiomic analysis of subtype evolution and heterogeneity in
high-grade serous ovarian carcinoma. Cancer Res. 80, 4335-4345 (2020).

Helland, A et al. Deregulation of MYCN, LIN28B and LET7 in a molecular subtype of
aggressive high-grade serous ovarian cancers. PLoS ONE 6, €18064 (2011).

Miranda, A. et al. N-MYC impairs innate immune signaling in high-grade serous ovarian
carcinoma. Sci. Adv. 10, eadj5428 (2024).

Spear, S. et al. PTEN loss shapes macrophage dynamics in high-grade serous ovarian
carcinoma. Cancer Res. 84, 3772-3787 (2024).

Mollaoglu, G. et al. Ovarian cancer-derived IL-4 promotes immunotherapy resistance.
Cell187, 7492-7510.e22 (2024).

Toker, A. et al. Regulatory T cells in ovarian cancer are characterized by a highly activated
phenotype distinct from that in melanoma. Clin. Cancer Res. 24, 5685-5696 (2018).
Simpson-Abelson, M. R. et al. Human ovarian tumor ascites fluids rapidly and reversibly
inhibit T cell receptor-induced NF-kB and NFAT signaling in tumor-associated T cells.
Cancer Immun. 13, 14 (2013).

Chae, C. S. et al. Tumor-derived lysophosphatidic acid blunts protective type | interferon
responses in ovarian cancer. Cancer Discov. 12, 1904-1921(2022).

Hwang, S. M. et al. Transgelin 2 guards T cell lipid metabolism and antitumour function.
Nature 635, 1010-1018 (2024).

Heath, O. et al. Chemotherapy induces tumor-associated macrophages that aid adaptive
immune responses in ovarian cancer. Cancer Immunol. Res. 9, 665-681(2021).

Burdett, N. L. et al. Multiomic analysis of homologous recombination-deficient end-stage
high-grade serous ovarian cancer. Nat. Genet. 55, 437-450 (2023).

Kahles, A. et al. Comprehensive analysis of alternative splicing across tumors from
8,705 patients. Cancer Cell 34, 211-224.e6 (2018).

Engblom, C. et al. Spatial transcriptomics of B cell and T cell receptors reveals
lymphocyte clonal dynamics. Science 382, eadf8486 (2023).

Zhao, Q. et al. Proteogenomics uncovers a vast repertoire of shared tumor-specific
antigens in ovarian cancer. Cancer Immunol. Res. 8, 544-555 (2020).

Raja, R. et al. Immunogenic cryptic peptides dominate the antigenic landscape of
ovarian cancer. Sci. Adv. 11, eads7405 (2025).

This study, along with Zhao et al. (2020), shows that the immunopeptidome of ovarian
cancer includes cryptic, often immunogenic peptides that could be targeted with
personalized antitumour vaccines.

Shah, N. M. et al. Pan-cancer analysis identifies tumor-specific antigens derived from
transposable elements. Nat. Genet. 55, 631-639 (2023).

Nature Reviews Cancer | Volume 26 | June 2026 | 452-471

468


http://www.nature.com/nrc
https://doi.org/10.1101/2023.1107.1103.547206

Expert recommendation

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

=

20

N

20

]

Tanyi, J. L. et al. Personalized cancer vaccine effectively mobilizes antitumor T cell
immunity in ovarian cancer. Sci. Transl. Med. 10, 5931 (2018).

Huber, F. et al. A comprehensive proteogenomic pipeline for neoantigen discovery to
advance personalized cancer immunotherapy. Nat. Biotechnol. 43, 1360-1372 (2024).
Marchi, G. et al. Extensive mutational ctDNA profiles reflect high-grade serous cancer
tumors and reveal emerging mutations at recurrence. Transl. Oncol. 39, 101814 (2024).
Heo, J. et al. Serial circulating tumor DNA analysis with a tumor-naive next-generation
sequencing panel detects minimal residual disease and predicts outcome in ovarian
cancer. Cancer Res. 84, 468-478 (2024).

Ghisoni, E. et al. Immunotherapy for ovarian cancer: towards a tailored
immunophenotype-based approach. Nat. Rev. Clin. Oncol. 21, 801-817 (2024).
Aronson, S. L. et al. Neo-adjuvant pembrolizumab in stage IV high-grade serous ovarian
cancer: the phase |l Neo-Pembro trial. Nat. Commun. 16, 3520 (2025).

Colombo, N. et al. LBA3 Pembrolizumab vs placebo plus weekly paclitaxel +
bevacizumab in platinum-resistant recurrent ovarian cancer: Results from the
randomized double-blind phase Il ENGOT-ov65/KEYNOTE-B96 study. Ann. Oncol. 36,
51582 (2025).

Zamarin, D. et al. Randomized phase Il trial of nivolumab versus nivolumab and
ipilimumab for recurrent or persistent ovarian cancer: an NRG oncology study.

J. Clin. Oncol. 38, 1814-1823 (2020).

Frentzas, S. et al. Phase 1a dose escalation study of ivonescimab (AK112/SMT112),

an anti-PD-1/VEGF-A bispecific antibody, in patients with advanced solid tumors.

J. Immunother. Cancer 12, 008037 (2024).

Drew, Y., Zenke, F. T. & Curtin, N. J. DNA damage response inhibitors in cancer therapy:
lessons from the past, current status and future implications. Nat. Rev. Drug Discov. 24,
19-39 (2025).

Laumont, C. M. & Nelson, B. H. B cells in the tumor microenvironment: multi-faceted
organizers, regulators, and effectors of anti-tumor immunity. Cancer Cell 41, 466-489
(2023).

Yu, X. et al. Pan-cancer y& TCR analysis uncovers clonotype diversity and prognostic
potential. Cell Rep. Med. 5,101764 (2024).

Tarannum, M. et al. CAR memory-like NK cells targeting the membrane proximal domain
of mesothelin demonstrate promising activity in ovarian cancer. Sci. Adv. 10, eadn0881
(2024).

Amobi-McCloud, A. et al. IDO1 expression in ovarian cancer induces PD-1in T cells via
aryl hydrocarbon receptor activation. Front. Immunol. 12, 678999 (2021).

Sandoval, T. A. et al. Iron chelation therapy elicits innate immune control of metastatic
ovarian cancer. Cancer Discov. 14,1901-1921(2024).

Rosario, S. R. et al. Integrative multi-omics analysis uncovers tumor-immune-gut axis
influencing immunotherapy outcomes in ovarian cancer. Nat. Commun. 15, 10609
(2024).

Odunsi, K. et al. Metabolic adaptation of ovarian tumors in patients treated with an IDO1
inhibitor constrains antitumor immune responses. Sci. Transl. Med. 14, eabg8402 (2022).
Wang, L. et al. Single cell functional immunogenomics of the fallopian tube reveals

a precursor immune surveillance network for ovarian cancer prevention. Preprint at
bioRxiv https://doi.org/10.1101/2025.06.30.662408 (2025).

Colombo, N. et al. ESMO-ESGO consensus conference recommendations on ovarian
cancer: pathology and molecular biology, early and advanced stages, borderline
tumours and recurrent disease. Ann. Oncol. 30, 672-705 (2019).

Lahtinen, A. et al. Evolutionary states and trajectories characterized by distinct pathways
stratify patients with ovarian high grade serous carcinoma. Cancer Cell 41, 1103-1117.€12
(2023).

This study identified distinct evolutionary states of HGSC, characterized by clonal
heterogeneity and signalling pathways, that are associated with different clinical
outcomes.

Perez-Villatoro, F. et al. Optimized detection of homologous recombination deficiency
improves the prediction of clinical outcomes in cancer. NPJ Precis. Oncol. 6, 96 (2022).
Cunnea, P. et al. Spatial and temporal intra-tumoral heterogeneity in advanced HGSOC:
Implications for surgical and clinical outcomes. Cell Rep. Med. 4, 101055 (2023).

Miller, R. E. et al. ESMO recommendations on predictive biomarker testing for
homologous recombination deficiency and PARP inhibitor benefit in ovarian cancer.
Ann. Oncol. 31,1606-1622 (2020).

Smith, P. et al. The copy number and mutational landscape of recurrent ovarian
high-grade serous carcinoma. Nat. Commun. 14, 4387 (2023).

This study showed that the HGSC genome remains relatively stable from diagnosis to
relapse, and that acquired chemotherapy resistance is not driven by recurrent copy
number alterations.

Telli, M. L. et al. Homologous recombination deficiency (HRD) score predicts response to
platinum-containing neoadjuvant chemotherapy in patients with triple-negative breast
cancer. Clin. Cancer Res. 22, 3764-3773 (2016).

Takaya, H. et al. Intratumor heterogeneity and homologous recombination deficiency of
high-grade serous ovarian cancer are associated with prognosis and molecular subtype
and change in treatment course. Gynecol. Oncol. 156, 415-422 (2020).

. Christinat, Y. et al. Normalized LST is an efficient biomarker for homologous

recombination deficiency and olaparib response in ovarian carcinoma. JCO Precis.
Oncol. 7, €2200555 (2023).

Christinat, Y. et al. Geneva homologous recombination deficiency test is predictive
of survival benefit from olaparib and bevacizumab maintenance in ovarian cancer.
JCO Precis. Oncol. 9, €2400825 (2025).

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

Denisenko, E. et al. Spatial transcriptomics reveals discrete tumour microenvironments
and autocrine loops within ovarian cancer subclones. Nat. Commun. 15, 2860 (2024).
Patch, A. M. et al. Whole-genome characterization of chemoresistant ovarian cancer.
Nature 521, 489-494 (2015).

As the first large-scale whole-genome sequencing study of HGSC, this paper
identified in vivo mechanisms of acquired resistance.

Omran, D., Gysler, S., Medvedey, S., Simpkins, F. & Drapkin, R. Optimizing a patient’s
legacy: lessons learned from an ovarian cancer rapid autopsy program. Gynecologic
Oncol. 190, S215 (2024).

Chen, R. J. et al. Pan-cancer integrative histology-genomic analysis via multimodal deep
learning. Cancer Cell 40, 865-878.e6 (2022).

Kilim, O. et al. Histopathology and proteomics are synergistic for high-grade serous
ovarian cancer platinum response prediction. NPJ Precis. Oncol. 9, 27 (2025).
Panesso-Gomez, S. et al. Identification of the MRTFA/SRF pathway as a critical regulator
of quiescence in cancer. Preprint at bioRxiv https://doi.org/10.1101/2024.11.15.623825
(2024).

Ramirez, M. et al. Diverse drug-resistance mechanisms can emerge from drug-tolerant
cancer persister cells. Nat. Commun. 7,10690 (2016).

Tobalina, L., Armenia, J., Irving, E., O'Connor, M. J. & Forment, J. V. A meta-analysis of
reversion mutations in BRCA genes identifies signatures of DNA end-joining repair
mechanisms driving therapy resistance. Ann. Oncol. 32, 103-112 (2021).

Schab, A. et al. Phospho-RPA2 predicts response to platinum and PARP inhibitors in
homologous recombination-proficient ovarian cancer. J. Clin. Invest. 135, 189511
(2025).

Wang, Y. et al. Epigenetic targeting of ovarian cancer stem cells. Cancer Res. 74,
4922-4936 (2014).

Dewhurst, S. M. et al. Tolerance of whole-genome doubling propagates chromosomal
instability and accelerates cancer genome evolution. Cancer Discov. 4, 175-185 (2014).
Quinton, R. J. et al. Whole-genome doubling confers unique genetic vulnerabilities on
tumour cells. Nature 590, 492-497 (2021).

Bitler, B. G. et al. Synthetic lethality by targeting EZH2 methyltransferase activity in
ARID1A-mutated cancers. Nat. Med. 21, 231-238 (2015).

Sriramkumar, S. et al. Single-cell analysis of a high-grade serous ovarian cancer cell
line reveals transcriptomic changes and cell subpopulations sensitive to epigenetic
combination treatment. PLoS ONE 17, €0271584 (2022).

Matei, D. & Nephew, K. P. Epigenetic attire in ovarian cancer: the emperor’s new clothes.
Cancer Res. 80, 3775-3785 (2020).

Saner, F. A. M. et al. Going to extremes: determinants of extraordinary response and
survival in patients with cancer. Nat. Rev. Cancer 19, 339-348 (2019).

Wheeler, D. A. et al. Molecular features of cancers exhibiting exceptional responses to
treatment. Cancer Cell 39, 38-53.e7 (2021).

Ledermann, J. A. et al. ESGO-ESMO-ESP consensus conference recommendations on
ovarian cancer: pathology and molecular biology and early, advanced and recurrent
disease. Ann. Oncol. 35, 248-266 (2024).

The ESGO-ESMO-ESP consensus recommendations emphasize thatintegrated
pathology and molecular profiling are essential in ovarian cancer care, guiding
diagnosis, prognosis and the selection of biomarker-driven therapies across all
stages of disease.

Shawky, M., Choudhary, C., Coleridge, S. L., Bryant, A. & Morrison, J. Neoadjuvant
chemotherapy before surgery versus surgery followed by chemotherapy for initial
treatment in advanced epithelial ovarian cancer. Cochrane Database Syst. Rev. 2,
CD005343 (2025).

Reuss, A. et al. TRUST: trial of radical upfront surgical therapy in advanced ovarian cancer
(ENGOT ov33/AGO-OVAR OP7). Int. J. Gynecol. Cancer 29, 1327-1331(2019).

Lheureux, S., Gourley, C., Vergote, |. & Oza, A. M. Epithelial ovarian cancer. Lancet 393,
1240-1253 (2019).

Morgan, R. D. et al. Objective responses to first-line neoadjuvant carboplatin-paclitaxel
regimens for ovarian, fallopian tube, or primary peritoneal carcinoma (ICON8):
post-hoc exploratory analysis of a randomised, phase 3 trial. Lancet Oncol. 22, 277-288
(2021).

Lorusso, D. et al. Updated progression-free survival and final overall survival with
maintenance olaparib plus bevacizumab according to clinical risk in patients with
newly diagnosed advanced ovarian cancer in the phase Il PAOLA-1/ENGOT-ov25 trial.
Int. J. Gynecol. Cancer 34, 550-558 (2024).

This updated PAOLA-1 analysis shows that maintenance olaparib plus bevacizumab
delivers durable PFS and overall survival benefits in newly diagnosed advanced
ovarian cancer, with the greatest benefit in higher-risk patients, supporting the use of
biomarker- and risk-guided maintenance strategies.

Moore, K. N. et al. Mirvetuximab soravtansine in FRa-positive, platinum-resistant ovarian
cancer. N. Engl. J. Med. 389, 2162-2174 (2023).

This pivotal trial showed that mirvetuximab soravtansine is an effective targeted
therapy for FRa-positive, platinum-resistant ovarian cancer—the first treatment to do
so in this setting—while causing fewer side effects than standard chemotherapy and
confirming FRa as a useful clinical biomarker.

Narayana, R. V. L. & Gupta, R. Exploring the therapeutic use and outcome of
antibody-drug conjugates in ovarian cancer treatment. Oncogene 44, 2343-2356
(2025).

Fuentes-Antras, J., Genta, S., Vijenthira, A. & Siu, L. L. Antibody-drug conjugates:

in search of partners of choice. Trends Cancer 9, 339-354 (2023).

Nature Reviews Cancer | Volume 26 | June 2026 | 452-471

469


http://www.nature.com/nrc
https://doi.org/10.1101/2025.06.30.662408
https://doi.org/10.1101/2024.11.15.623825

Expert recommendation

230. Zippelius, A., Tolaney, S. M., Tarantino, P., Balthasar, J. P. & Thurber, G. M. Unveiling the
molecular and immunological drivers of antibody-drug conjugates in cancer treatment.
Nat. Rev. Cancer 25, 925-944 (2025).

231. Colombo, R. &Rich, J. R. The therapeutic window of antibody drug conjugates: a dogma

in need of revision. Cancer Cell 40, 1255-1263 (2022).
. Li, Q. et al. A new wave of innovations within the DNA damage response. Signal. Transduct.
Target. Ther. 8, 338 (2023).

233. Lheureux, S., Mirza, M. & Coleman, R. The DNA repair pathway as a target for novel drugs
in gynecologic cancers. J. Clin. Oncol. 37, 2449-2459 (2019).

234. Fu, S. et al. Multicenter phase Il trial of the WEE1 inhibitor adavosertib in refractory solid
tumors harboring CCNE1 amplification. J. Clin. Oncol. 41,1725-1734 (2023).

235. Chen, R., Ishak, C. A. & De Carvalho, D. D. Endogenous retroelements and the viral
mimicry response in cancer therapy and cellular homeostasis. Cancer Discov. 11,
2707-2725 (2021).

236. Feng, S. & De Carvalho, D. D. Clinical advances in targeting epigenetics for cancer
therapy. FEBS J. 289, 1214-1239 (2022).

237. Tolcher, A., Hamilton, E. & Coleman, R. L. The evolving landscape of antibody-drug
conjugates in gynecologic cancers. Cancer Treat. Rev. 116, 102546 (2023).

238. Gallo, D. et al. CCNE1 amplification is synthetic lethal with PKMYT1 kinase inhibition.
Nature 604, 749-756 (2022).

239. Xu, H. et al. Targeting CCNE1 amplified ovarian and endometrial cancers by combined
inhibition of PKMYT1and ATR. Nat. Commun. 16, 3112 (2025).

240. Aziz, D. et al. 19912 amplified and non-amplified subsets of high grade serous ovarian
cancer with overexpression of cyclin E1differ in their molecular drivers and clinical
outcomes. Gynecol. Oncol. 151, 327-336 (2018).

241. Dietrich, C. et al. INX-315, a selective CDK2 inhibitor, induces cell cycle arrest and
senescence in solid tumors. Cancer Discov. 14, 446-467 (2024).

242. Zhou, J. et al. A first-in-class polymerase theta inhibitor selectively targets
homologous-recombination-deficient tumors. Nat. Cancer 2, 598-610 (2021).

243. Cesari, E. et al. Dual inhibition of CDK12 and CDK13 uncovers actionable vulnerabilities in
patient-derived ovarian cancer organoids. J. Exp. Clin. Cancer Res. 42,126 (2023).

244. Kohsaka, S. et al. A molecular glue RBM39-degrader induces synthetic lethality in
cancer cells with homologous recombination repair deficiency. npj Precis. Onc. 8,117
(2024).

245. Olawaiye, A. B. et al. Relacorilant and nab-paclitaxel in patients with platinum-resistant
ovarian cancer (ROSELLA): an open-label, randomised, controlled, phase 3 trial. Lancet
405, 2205-2216 (2025).

246. Vergote, |. et al. Clinical research in ovarian cancer: consensus recommendations from
the gynecologic cancer InterGroup. Lancet Oncol. 23, e374-e384 (2022).

247. Lheureux, S., Braunstein, M. & Oza, A. M. Epithelial ovarian cancer: evolution of
management in the era of precision medicine. CA Cancer J. Clin. 69, 280-304 (2019).

248. Gonzalez-Martin, A. et al. Newly diagnosed and relapsed epithelial ovarian cancer:
ESMO Clinical Practice Guideline for diagnosis, treatment and follow-up. Ann. Oncol. 34,
833-848 (2023).

249. Hou, J. Y. et al. Circulating tumor DNA monitoring for early recurrence detection in
epithelial ovarian cancer. Gynecol. Oncol. 167, 334-341(2022).

250. Plana, D., Palmer, A. C. & Sorger, P. K. Independent drug action in combination therapy:
implications for precision oncology. Cancer Discov. 12, 606-624 (2022).

251. Haggstrom, L. et al. How long is long enough? An international survey exploring practice
variations on the recommended duration of maintenance therapy with PARP inhibitors
in patients with platinum sensitive recurrent ovarian cancer and long-term outcomes.
Int. J. Gynecol. Cancer 34,1932-1939 (2024).

252. Rustin, G. J. et al. Early versus delayed treatment of relapsed ovarian cancer (MRC OVO5/
EORTC 55955): a randomised trial. Lancet 376, 1155-1163 (2010).

253. Pujade-Lauraine, E. et al. Bevacizumab combined with chemotherapy for platinum-
resistant recurrent ovarian cancer: the AURELIA open-label randomized phase Ill trial.

J. Clin. Oncol. 32,1302-1308 (2014).

254. Lee, A. W., Poynor, V. & Siddiqui, S. Disparities in ovarian cancer survival among
ethnic Asian American populations, 2006-2020. Gynecol. Oncol. 191, 292-298
(2024).

255. Bray, F. et al. Global cancer statistics 2022: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 74, 229-263 (2024).

256. Webb, P. M. & Jordan, S. J. Global epidemiology of epithelial ovarian cancer. Nat. Rev.
Clin. Oncol. 21, 389-400 (2024).

257. Westrick, A. C. et al. Residential segregation and overall survival of women with epithelial
ovarian cancer. Cancer 126, 3698-3707 (2020).

258. Schlumbrecht, M. et al. Race and ethnicity influence survival outcomes in women of
Caribbean nativity with epithelial ovarian cancer. Front. Oncol. 10, 880 (2020).

259. Lawson-Michod, K. A. et al. Homologous recombination deficiency and survival
in ovarian high-grade serous carcinoma by self-reported race. Cancer Epidemiol.
Biomarkers Prev. 34, 2007-2014 (2025).

260. Siegel, R. L., Kratzer, T. B., Giaquinto, A. N., Sung, H. & Jemal, A. Cancer statistics, 2025.
CA Cancer J. Clin. 75, 10-45 (2025).

261. Donenberg, T. et al. A high prevalence of BRCA1 mutations among breast cancer patients
from the Bahamas. Breast Cancer Res. Treat. 125, 591-596 (2011).

262. Akbari, A., Azizmohammad Looha, M., Moradi, A. & Akbari, M. E. Ovarian cancer in Iran:

national based study. Iran. J. Public Health 52, 797-808 (2023).
. Lerner-Ellis, J. et al. A high frequency of PALB2 mutations in Jamaican patients with
breast cancer. Breast Cancer Res. Treat. 162, 591-596 (2017).

23

N

26

w

264. George, S. H. L. et al. Gene sequencing for pathogenic variants among adults with breast
and ovarian cancer in the Caribbean. JAMA Netw. Open 4, €210307 (2021).

265. Medhanie, G. A. et al. Cancer incidence profile in sub-Saharan African-born Blacks in the
United States: similarities and differences with US-born non-Hispanic Blacks. Cancer 123,
3116-3124 (2017).

266. Pinheiro, M. et al. Pathogenicity reclassification of two BRCA1/BRCA2 exonic duplications
after identification of genomic breakpoints and tandem orientation. Cancer Genet.
248-249, 18-24 (2020).

267. Hinchcliff, E. et al. Racial disparities in survival in malignant germ cell tumors of the
ovary. Gynecol. Oncol. 140, 463-469 (2016).

268. Yang, S. Y. C. et al. Landscape of genomic alterations in high-grade serous ovarian cancer
from exceptional long- and short-term survivors. Genome Med. 10, 81(2018).

269. Swisher, E. M. et al. Characterization of patients with long-term responses to rucaparib
treatment in recurrent ovarian cancer. Gynecol. Oncol. 163, 490-497 (2021).

270. Garsed, D. W. et al. Homologous recombination DNA repair pathway disruption and
retinoblastoma protein loss are associated with exceptional survival in high-grade serous
ovarian cancer. Clin. Cancer Res. 24, 569-580 (2018).

271. Nersesian, S. et al. Improved overall survival in patients with high-grade serous ovarian
cancer is associated with CD16a* immunologic neighborhoods containing NK cells,

T cells and macrophages. Front. Immunol. 14,1307873 (2023).

272. VanKleunen, L. B. et al. The spatial structure of the tumor immune microenvironment
can explain and predict patient response in high-grade serous carcinoma. Cancer
Immunol. Res. 12, 1492-1507 (2024).

273. Kang, E. Y. et al. MCM83 is a novel proliferation marker associated with longer survival for
patients with tubo-ovarian high-grade serous carcinoma. Virchows Arch. 480, 855-871
(2022).

274. Saner, F. A. M. et al. Concurrent RB1 loss and BRCA deficiency predicts enhanced
immunologic response and long-term survival in tubo-ovarian high-grade serous
carcinoma. Clin. Cancer Res. 30, 3481-3498 (2024).

275. Ferri-Borgogno, S. et al. Spatial transcriptomics depict ligand-receptor cross-talk
heterogeneity at the tumor-stroma interface in long-term ovarian cancer survivors.
Cancer Res. 83, 1503-1516 (2023).

276. Hansen, J. M. et al. A healthy lifestyle and survival among women with ovarian cancer.
Int. J. Cancer 147, 3361-3369 (2020).

277. Nagle, C. M. et al. Pre-diagnosis tea and coffee consumption and survival after a
diagnosis of ovarian cancer: results from the ovarian cancer association consortium.

Br. J. Cancer 131,1043-1049 (2024).

Acknowledgements

The authors are extremely grateful to Ms F. Hobbs for her exemplary administrative assistance
in preparing this article. S.A. is supported by NIH grants (R37CA229221, P3OCA118100),

and the V Foundation Translational Research Award. A.A.A. receives funding from CRUK
(HERO1750), Ovarian Cancer Action (HERO0760 and HERO1150), MRC (BRTO0070), Wellbeing
of Women (HER01840), Oxford NIHR BRC (HJR02393), Singular Bio Ltd (HERO1100), and a
couple of Anonymous Donors (HERO1310, HERO1740). F.R.B. is supported by a UKRI Frontier
Research grant (EP/X028704/1). D.D.B. is supported by a National Health and Medical Research
Council Investigator Grant (APP2008781) and Army Medical Research and Material Command
(W81XWH-16-2-0010 and W81XWH-21-1-0401). J.D.B. acknowledges support from Cancer
Research UK (100005). R.J.B. is supported by grants P5OCA272218 and RO1CA278100. K.B.C.
receives funding from NIH (R37CA251270), Department of Defense (DoD; W81XWH2010273),
The Foundation for Women's Cancer, The Ovarian Cancer Research Alliance, The Ovarian
Cancer Alliance of Greater Cincinnati, and the Marlene and Michael Berman Endowed

Fund for Ovarian Cancer Research. D.P.C. is supported by a Breakthrough Team Grant
(708640) from the Canadian Cancer Society. J.R.C.-G. is funded by grants RO1CA297896,
2R0O1CA124515, RO1CA278907 and R21CA276205. D.D.L. receives funding from the Ludwig
Institute for Cancer Research (Myeloid Cells in Cancer Initiative, MCCI project), the DoD

Early Career Investigator Award (W81XWH2210703) OC210038. A.F. receives funding from
the European Union (ERC, SPACE 101076096), Sigrid Jusélius Foundation, Research Council
of Finland (grants 1339805, 350396), and Cancer Foundation Finland. D.W.G. is supported

by the National Health and Medical Research Council of Australia (2029088), the US Army
Medical Research and Materiel Command Ovarian Cancer Research Program (Award No.
WB81XWH-21-1-0401 and HT94252410329), the Ovarian Cancer Research Foundation (2025/
OCRF0071), and a Victorian Cancer Agency/Ovarian Cancer Australia Low-Survival Cancer
Philanthropic Mid-Career Research Fellowship (MCRF22018). S.H.L.G. receives support from
NIH (P30CA240139) and CZI (DAF2021-240624). W.R.G. is funded by an Ovarian Cancer
Research Alliance (OCRA) Mentored Investigator Grant (2024-1-1410). C.A.l. is supported

by the OCRA Early Career Investigator Grant and the Minnesota Ovarian Cancer Alliance
(MOCA) National Early Detection Research Award. Z.K. receives support from ERC (SPACE
101076096) and the Research Council of Finland (350396). I.L.-G. is supported by the Office
of the Assistant Secretary of Defense for Health Affairs through the Ovarian Cancer Research
Program under award no. W81XWH-22-1-0558, la ligue genevoise contre le cancer (2205) and
the TANDEM grant from ISREC Foundation. J.S.L. receives support from the Ovarian Cancer
Research Foundation Research Grant (GA-2023-13). E.L. receives grants from Bears Care — the
charitable beneficiary of the Chicago Bears Football Club, the Janet Burros Foundation, and an
NIH/NCI R35 grant (CA264619). S.L. holds the Westaway Chair for Ovarian Cancer Research.
B.G.N. is supported by the NIH (RO1CA257507). B.H.N. is supported by the British Columbia
Cancer Foundation, Terry Fox Research Institute and Canadian Institutes of Health Research.
K.P.N. is supported by the Department of Defense Ovarian Cancer Research Program
(W81XWH-20-1-0880; W81XWH-21-1028), NIH, NCI (P50CA254897; P30CA082709-25),

Nature Reviews Cancer | Volume 26 | June 2026 | 452-471

470


http://www.nature.com/nrc

Expert recommendation

and holds the Jerry W. and Peggy S. Throgmartin Chair in Oncology. A.M.N. is supported

by Ovarian Cancer Action (PSN406) and Cancer Research UK (RCCCDF-Nov23/100003).

K.O. acknowledges support from NCI CCSG (5P30CA014599-47). S.P. is supported by NIH
grants (RO1CA273696 and RO3CA270831). M.S.R. is supported by VA-ORD (BX004974 and
BX006020), DoD (W81XWH-22-1-0631), (HT9425-24-1-0193, UCLA CTSI UL1TR0O01881), and the
Sandy Rollman Ovarian Cancer Foundation. R.R. receives support from the Ontario Institute
for Cancer Research Investigator Award. R.Z. is supported by NIH grants (RO1CA163377,
RO1CA202919, RO1CA239128, RO1CA243142, ROICA260661, RO1CA276569, and PSOCA281701),
US DoD (OC190181 and OC210124), Cancer Prevention and Research Institute of Texas (Scholar
in Cancer Research RR230005 to R. Zhang), and the MD Anderson Moon Shot in Ovarian
Cancer. D.Z. is funded in part by the NIH/NCI Cancer Center Support Grant (P30CA196521-09),
Ovarian Cancer Research Alliance Liz Tilberis Award, and NCI RO1(RO1CA269382).

Author contributions
All authors researched data for the article, wrote the article, contributed to discussion of the
content, and reviewed and/or edited the manuscript.

Competing interests

J.D.B. is a shareholder in Tailor Bio. A.A.A. is a founder, director, and consultant for Singular
Bio Ltd. S.H.L.G. receives research grants from Pfizer, Advenchen, and GSK. K.O. is a
co-founder of Tactiva Therapeutics. D.Z. reports institutional grants from Merck, Genentech,
AstraZeneca, Xencor, Zymeworks, and Synthekine; personal fees from AstraZeneca, Xencor,
Memgen, Daichi Sankyo, Gilead, Synthekine, Immunos, Hervolution, Accurius, Replimune,
and Calidi Biotherapeutics; and holds a patent on the use of oncolytic Newcastle Disease
Virus for cancer therapy. K.B.C. reports consulting fees from ROME Therapeutics and

Daiichi Sankyo, and has a sponsored research agreement with Enara Bio. J.R.C.-G. receives
consulting fees from Alloy Therapeutics and licensing fees from Anixa Biosciences; holds
intellectual property with Anixa Biosciences and Compass Therapeutics; and is co-founder of
Cellepus Therapeutics, a CAR gamma/delta T cell company. E.L. receives research funding

from AbbVie through the University of Chicago to study ovarian cancer. D.D.L. has received
research grants from Hoffmann-La Roche AG and 10xGenomics. S.A. receives clinical trial
funding from AstraZeneca. F.R.B. receives an honorarium from GSK and research funding from
AstraZeneca. D.D.B. has received research grant funding from Hoffmann-La Roche and Astra
Zeneca. CM.L,N.B., O.LS,, DWG., W.RG.,, AM.N.,,MSR., ZK,, RZ,JSL.,IM,RR., PD.PP,
C.A.l, CF,RJB., IL-G,D.PC,S.L,RD., KPN.,S.P, B.H.N., AFF., K.F., and B.G.N. all declare no
competing interests.

Additional information

Peer review information Nature Reviews Cancer thanks Amit Oza who co-reviewed with
Laura Venegas, George Coukos, and Rebecca Arend for their contribution to the peer review
of this work.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this
article under a publishing agreement with the author(s) or other rightsholder(s); author
self-archiving of the accepted manuscript version of this article is solely governed by the
terms of such publishing agreement and applicable law.

Related links

Ovarian Cancer Action (OCA): https://ovarian.org.uk/

Ovarian Cancer Canada (OCC): https://ovariancanada.org

Ovarian Cancer Research Alliance (OCRA): https://ocrahope.org
Ovarian Cancer Research Foundation (OCRF): https://www.ocrf.com.au

© Springer Nature Limited 2026

'Barts Cancer Institute, Queen Mary University of London, London, UK. 2Deeley Research Centre, BC Cancer Victoria, Victoria, British Columbia, Canada.
3peter MacCallum Cancer Centre, Melbourne, Victoria, Australia. “Centre Léon Bérard, Lyon, France. *Washington University in St. Louis, Saint Louis, MO,
USA. ®Imperial College London, London, UK. "University of California, Los Angeles, Los Angeles, CA, USA. 8University of Helsinki and Helsinki University
Hospital, Helsinki, Finland. ®University of Texas MD Anderson Cancer Center, Houston, TX, USA. °George Washington University, Washington, DC, USA.
"Frazer Institute, The University of Queensland, Woolloongabba, Queensland, Australia. ?Lausanne University Hospital and Lausanne Branch of the
Ludwig Institute for Cancer Research, Lausanne, Switzerland. ®*MRC Weatherall Institute of Molecular Medicine, John Radcliffe Hospital, University of
Oxford, Oxford, UK. “Princess Margaret Cancer Centre, University of Toronto, Toronto, Ontario, Canada. ®Duke University School of Medicine, Durham,
NC, USA. ®University of Chicago, Chicago, IL, USA. "Cedars-Sinai Medical Center, Los Angeles, CA, USA. ®lcahn School of Medicine at Mount Sinai, New
York, NY, USA. ®Department of Surgery and Cancer, Faculty of Medicine of Imperial College London, London, UK. 2°Magee Womens Research Institute,
University of Pittsburgh, Pittsburgh, PA, USA. #Université de Genéve and Hopitaux Universitaires de Genéve, Geneva, Switzerland. ?Cancer Research

UK Cambridge Institute, University of Cambridge, Cambridge, UK. 2Ottawa Hospital Research Institute, University of Ottawa, Ottawa, Ontario, Canada.
2gylvester Comprehensive Cancer Center University of Miami Miller School of Medicine, Miami, FL, USA. ZUniversity of Pennsylvania Perelman School
of Medicine, Philadelphia, PA, USA. ®Indiana University School of Medicine, Bloomington, IN, USA. ?University of New Mexico Comprehensive Cancer
Centre, Albuguerque, NM, USA. ZUniversity of Massachusetts, Boston, MA, USA. ®University of California, San Francisco, San Francisco, CA, USA.
3ONYU Grossman School of Medicine, New York, NY, USA.

Nature Reviews Cancer | Volume 26 | June 2026 | 452-471 an


http://www.nature.com/nrc
https://ovarian.org.uk/
https://ovariancanada.org
https://ocrahope.org
https://www.ocrf.com.au

	Rethinking ovarian cancer III: the past decade and future directions

	Introduction

	Box 1 | Patient advocate perspectives at the 15th Helene Harris Memorial Trust International Forum on Ovarian Cancer

	Box 2 | Social and ethnic disparities in high-grade serous carcinoma incidence and outcomes


	Prevention, initiation and early detection

	Context and challenges

	Molecular and cellular characterization of early Fallopian tube lesions

	Meeting insights and recommendations

	Fallopian tube secretory cell vulnerability
	Novel detection approaches
	Genetic risk variants


	Tumour ecosystem

	Context and challenges

	Meeting insights and recommendations

	Non-immune components of the TME
	Complex models of the TME


	Immunity and immunotherapy

	Context and challenges

	Meeting insights and recommendations

	Box 3 | Exceptional responders in ovarian cancer


	Acquired resistance to current treatments

	Context and challenges

	Meeting insights and recommendations


	New therapeutic approaches

	Context and challenges

	Precision medicine approaches

	Meeting insights and recommendations

	Novel targeted agents
	Clinical considerations
	Clinical trial design


	Conclusion

	Box 4 | Priorities for reducing incidence and improving outcomes in HGSC

	Supplementary Information


	Acknowledgements

	Fig. 1 Timeline of major practice-changing clinical studies relevant to HGSC over the preceding decades.
	Fig. 2 Emerging immunotherapy concepts in HGSC.
	Fig. 3 Acquired resistance mechanisms in high-grade serous carcinoma.




