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1 | INTRODUCTION

The microscopic disease clearance rate positively cor-
relates with favourable survival outcomes in patients with
epithelial ovarian cancer (EOC)."” Therefore, according
to clinical guidelines for EOC management, cytoreductive
surgery should include hysterectomy and bilateral salpingo-
oophorectomy.®’ Interestingly, other surgical decisions are
based on preoperative imaging examinations, intraopera-
tive visible lesions and the tactile sensation of the surgeon.
Furthermore, tumour-free margins can only be verified in
practice by the time-consuming examination of frozen sec-
tions, and insufficiently frozen specimens lead to increased
sampling errors, resulting in residual lesions.®® Meanwhile,
submillimetre-sized tumour masses in EOC dispersed intra-
peritoneally are invisible to the naked eye and are impercep-
tible through tactile sensation. Consequently, gynaecologists
are faced with a difficult decision, to either ‘blindly’ resect
entire tissues, such as majus omentum, which has a high risk
of severe complications,'™'! or to ‘blindly’ maintain these

Fluorescence-guided surgery has emerged as a promising imaging technique for real-
time intraoperative tumour delineation and visualisation of submillimetre tumour
masses in cytoreductive surgery for epithelial ovarian cancer (EOC). Researchers
have developed several EOC-targeted fluorescent probes, most of which are currently
in the preclinical stage. Interestingly, imaging devices designed for open surgery
are proof of concept. This review summarises the recent advances in EOC-targeted
fluorescent probes and open-field fluorescence imaging strategies and discusses the

challenges and potential solutions for clinical translation.
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normal appearing tissues, which may harbour occult metas-
tasis with a high risk of recurrence. Therefore, intraoperative
real-time visualisation of the surgical margin and occult tu-
mour masses is imperative in EOC cytoreduction surgery.
In surgical oncology, fluorescence-guided surgery has be-
come popular for staining the vascular structures of interest,
mapping lymph nodes, and identifying vital structures.!*™*
Conversely, fluorescence-guided cytoreductive surgery
(FGCS) for EOC emphasises the active targeting of fluorescent
probes to tumour cells. FGCS stimulates fluorescent probes,
which actively aggregate in the tumour tissue, showing tu-
mour delineation and submillimetre tumour masses. Notably,
the following three parts are required to achieve FGCS: (1)
fluorescent probes; (2) delivery systems carrying fluorescent
probes to tumour tissues; and (3) imaging systems that launch
a specific wavelength range of light (mostly near-infrared
light) and display fluorescence images to the naked eye.''®
The fluorescence signals from tumour tissues are influ-
enced by several factors, including the target expression level
in EOC tissues, the recognition rate and recognition group
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affinity to targets, and the tumour-to-background fluores-
cence intensity. Additionally, minute molecules, peptides,
or proteins specifically expressed in tumour cells, specific
enzymes, and low pH in the tumour microenvironment are
targets of ovarian cancer (OC) tissues. Interestingly, near-
infraredII (NIR-II; 700-900mm) imaging is considered the
most promising imaging modality owing to its better pene-
tration depth (NIR-I vs NIR-II: 6 vs 20mm), higher spatio-
temporal resolution and lower photon scattering, compared
with NIR-I imaging.'”*® However, the fluorescence intensity
of traditional fluorophores is weakened or quenched when
solidified or aggregated, which is a well-recognised quench-
ing effect.”” Luo etal introduced aggregation-induced emis-
sion (AIE) in 2001.%° AIE luminogens (AIEgens) are non- or
mildly emissive in solution but strongly emissive when solid-
ified or aggregated.”’ NIR-II AlEgens are the most promis-
ing next-generation fluorophores because of their prominent
characteristics, such as tuneable molecular structures, high
fluorescence quantum yield, large Stokes shift, excellent photo-
stability and good biocompatibility.* Most fluorescent probes
targeting tumour microenvironment hallmarks are ‘turn-on’
probes that activate only in the presence of specific biological
reactions, thus reducing the false-positive background fluo-
rescence signal.”> Therefore, EOC-targeted fluorescent probes
are classified into the following three categories based on the
targeting groups and fluorophore optical properties: typel, an
active recognition group (small molecules, peptides or pro-
teins that actively recognise the specific biomarkers of EOC

Type |: an active recognition group (small
molecules, peptides or proteins that can
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cells) conjugated with an ‘always-on’ fluorophore; typell, a
‘turn-on’ fluorophore that is activated by the hallmarks of the
tumour microenvironment (low pH, tumour-associated en-
zymes); and typelll, an active recognition group conjugated
with a next-generation fluorophore (NIR-II fluorophore,
aggregation-induced emission fluorophore) (Figure 1).

The lack of consensus on a standardised evaluation
protocol has hindered the clinical translation to extensive
intraoperative fluorescence imaging studies at the proof-of-
principle stage. For example, as important parameters for
evaluating the optical properties, varying the observation
distance and imaging devices influence the tumour rec-
ognition efficiency of fluorescent probes, the optimal dose
and the tumour-to-background ratio."”*** Lauwerends
etal. proposed that changes in surgical decisions based on
fluorescence observation are the most objective parameters
and are least affected by differences in fluorescence observa-
tions. They recommended that clinical trials should report
additional resection, preservation based on fluorescence sig-
nals and any complications resulting from these decisions.*®
Therefore, we extended their recommendations to evaluate
preclinical studies of EOC-targeted fluorescent probes.

Some retrospective cohorts in early EOC have reported
similar survival outcomes in the laparotomy and laparos-
copy groups.”’ " In the advanced EOC study, only selected
patients had similar disease-free and overall survival rates
between the two groups; moreover, patients with widespread
disease were mostly excluded from the laparoscopy group.

actively recognise specific biomarkers of EOC
tumour cells) conjugates with an “always-on”

fluorophore.

" Type ll: a “turn-on” fluorophore that

) can be activated by the hallmarks of
the tumour microenvironment (low-pH,
tumor-associated enzymes)

with a next-generation fluorophore (near-
infrared Il fluorophore, aggregation-induced
emission fluorophore).

FIGURE 1

Classification of epithelial ovarian cancer (EOC)-specific fluorescent probes. According to the optical and biochemical properties of the

fluorophores and recognition groups, EOC-targeted fluorescent probes can be classified into three categories: typel, an active recognition group (small
molecules, peptides or proteins that can actively recognise specific biomarkers of EOC cells) that conjugates with an ‘always-on’ fluorophore; typell, a
‘turn-on’ fluorophore that can be activated by the hallmarks of the tumour microenvironment (low pH, tumour-associated enzymes); and typelIl, an
active recognition group conjugated with a next-generation fluorophore (near-infrared I and aggregation-induced emission fluorophore)



SUN ET AL.

52 B OG An International Journal of
Obstetrics and Gynaecology

The clinical effect of laparoscopic surgery strongly depends
on the proficiency of the surgeon.” " However, there is in-
sufficient high-quality evidence that supports laparoscopy
as a substitute for laparotomy in managing EOC, regardless
of the stage. Currently, laparotomy is the routine treatment
for EOC. Therefore, open-field imaging is unavoidable in
FGCS for EOC. However, commercially available fluores-
cence imaging devices designed for neurosurgery and en-
doscopy perform poorly in open-field abdominal surgery.

This review presents an overview of potential EOC-
targeted fluorescent probes employed in clinical trials and
preclinical studies. Next, we summarise the recent devel-
opments in open-field fluorescence imaging devices and
highlight the current challenges and potential solutions for
clinical translation.

2 | EOC-TARGETED FLUORESCENT
PROBES

2.1 | EOC-targeted fluorescent probes in the
preclinical stage

2.1.1 | Type-Ifluorescent probes

Cluster of differentiation 24

Cluster of differentiation24 (CD24) is a densely glycosylated
cell surface protein anchored by glycosylphosphatidylinositol,
overexpressed in 80%-100% of EOC tissues.”® Kleinmanns
etal. reported a CD24-target fluorescent probe comprising
a monoclonal mouse-derived antibody against CD24 and
Alexa Fluor 680.”° Additionally, relatively intense autofluo-
rescence was observed in the stomach and gastrointestinal
tract. Therefore, Alexa Fluor 750, with a longer excitation
wavelength, was selected to reduce the autofluorescence.
Furthermore, the CD24-AF750-guided FGCS group detected
significantly more metastatic lesions than the bright-field sur-
gery group (n =36 vs 19) and orthotopic OV-90luc+ xenografts
(n = 8 per group), and additional resections were verified as
tumour tissues. Moreover, the results in patient-derived xeno-
grafts (PDXs) with heterogeneous CD24 expression revealed
that the fluorescence intensity could still attain a high im-
munoreactivity score even in PDX with low CD24 expression.
Therefore, many unresectable lesions were observed, although
they were constrained by the limited mouse model.*’

Folate receptor alpha

Folate receptor alpha (FRo) is highly expressed (80%-90%)
in EOC.*! Liu etal. reported a multimodal positron emission
tomography (PET) and optical FRa-targeted agent (PPF).
Intraoperative fluorescence imaging of PPF detected submil-
limetre tumour tissues in PDXs from 31 patients.*> Hekman
etal. synthesised an FRa-targeted intact humanised an-
tibody that was dual labelled by radioisotope and fluores-
cence, known as ""'In-farletuzumab-IRDye800CW.** FGCS
guided by ""In-farletuzumab-IRDye800CW also detected
superficial submillimetre tumour deposits in IGROV-1

xenograft models, suggesting the possibility of additional
resection. Furthermore, the distribution of dual-labelled
farletuzumab in tumour tissues with homogeneous FRa
expression was heterogeneous, suggesting that tumour vas-
cularisation influences the probe distribution. de Jong etal.
systematically evaluated the clinical and preclinical studies
of FGCS that targeted either HER2 or FRa.** However, as
HER-2 is expressed only in 20% of OCs, the relevant studies
are not summarised in this review.

Gonadotropin-releasing hormone receptor
Gonadotropin-releasing hormone receptor (GnRHR) is
overexpressed in 74%-95% of OC cases.*>*® Therefore, Liu
et al. designed a GnRHR-targeted fluorescent probe, known
as GnRHa-indocyanine green (ICG) (ICG-conjugated
GnRH peptide).”’ Fluorescence imaging of A2780 xeno-
graft mice revealed submillimetre tumour deposits on the
mesentery, and the lesions were confirmed via pathological
examination.

Prolactin receptor

Sundaram etal. reported that >98% of OCs express the pro-
lactin receptor (PRLR), irrespective of histological type,
grade and stage.*® More importantly, no significant differ-
ence was observed in PRLR expression between the pri-
mary site and peritoneal metastases. Subsequently, they
conjugated human placental lactogen (hPL), a specific and
strongly binding PRLR ligand, to Cy5. However, this study
did not focus on intraoperative imaging with hPL-Cy5, and
invivo fluorescence imaging showed high fluorescence in
non-target areas, indicating the limited value of hPL-Cy5 as
an intraoperative imaging probe.

OC-associated antigen (OCI183B2)

Chen etal. demonstrated OC183B2 expression (61.2%—-89.9%)
in OC.**" They subsequently developed COC183B2-Cy7
(Cy7-conjugated COC183B2) and COCI183B2-800 (IRDye
800CW-conjugated COC183B2).*>*" Interestingly, the two
fluorescent probes showed relatively high fluorescence
signals in the liver. Furthermore, submillimetre tumour
masses were detected in OC tissues using COC183B2-Cy7
exvivo, without the detection data from invivo fluorescence
imaging.

2.1.2 | Type-II fluorescent probes

v-Glutamyl transpeptidase

y-Glutamyl transpeptidase (GGT) regulates the cellular ho-
meostasis of glutathione and cysteine. GGT expression is
significantly upregulated in OC.”>* Urano etal. developed
y-glutamyl hydroxymethyl rhodamine green (gGlu-HMRG),
which is activated by GGT.” Additionally, submillimetre tu-
mour masses were detected on the mesentery and peritoneal
wall 10 min after peritoneal injection of gGlu-HMRG in
SHINS3 xenograft mice. Therefore, in mice, gGlu-HMRG can
be activated rapidly in the presence of GGT within seconds
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of intraperitoneal spaying, although the fluorescence signal
weakens within 60 min.

pH

The pH of the solid tumour microenvironment is 6.4-7.1,
whereas that of the normal extracellular matrix is 7.3—
7.4°* Tung etal. developed a novel low-pH response fluo-
rophore (CypH-1) by modifying a Cy7 analogue with an
amino group.” Notably, the fluorescence signals were
evenly distributed in the tumour and were also observed in
the intestine; however, micrometastases were not detected.
Furthermore, Yokomizo reported a rapidly activated pH-
responsive fluorophore known as PH08.”° Here, submil-
limetre tumour masses were visualised in ID8 xenograft
models within 10 min of the peritoneal injection of PHO8,
and intense fluorescence signals were maintained for 4 h.
Therefore, the adverse events of PHO8 were limited because
of the similarity in the backbones of PH08 and ICG.

2.1.3 | Type-III fluorescent probes

In the past decade, conventional fluorophores, such as
ICG, IRDye800CW, and rhodamine green, have domi-
nated the field of EOC-targeted FGCS.*****>°%% However,
only a few studies on EOC-targeted fluorescent probes were
modified with NIR-II fluorophores and/or AIEgens. Zhou
etal. developed a novel type-III fluorescent probe (NIR-II
Pdots-GnRH) that comprised cetrorelix, which isa GanRHR-
targeted peptide, and an ultrabright AIEgen, NIR-II emis-
sive polymer dots.”” Notably, the NIR-II Pdot-GnRH showed
ultrabright fluorescence. Additionally, tumour masses of
<2mm could be detected using NIR-II Pdot-GnRH. Zhong
etal. modified an AIEgen with folic acid (an FR recogni-
tion group) and synthesised folic AIEgen.”® Interestingly,
folic-AIEgens have facilitated delicate sentinel lymph node
(SLN) detection from mice to nonhuman primate rhesus
macaques. Furthermore, micro- to submillimetre perito-
neal metastases, detected using folic-AIEgens in SKOV3
xenograft models, were visualised and resected. Moreover,
a significant difference in survival outcomes was observed
(survival rate of FGCS group vs control group 40days after
surgery: 80% vs 0%) (Table 1).

2.2 | EOC-targeted fluorescent probes in
clinical trials

221 | Type-Ifluorescent probes

van Dam etal. performed the first FGCS trial in humans
using fluorescein isothiocyanate (FITC), an FRa-targeted
fluorescent probe.”® FITC is the first EOC-specific probe
commercially available as EC-17 to be tested in clini-
cal trials. Although it proceeded to phase-2 clinical trials

(NCTO01511055), the trial was terminated in 2020 as a result
of technical constraints.
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OTL38, an FRa-targeted ligand bound to a cyanine dye, is
the first EOC-specific fluorescent probe to complete phase-3
clinical trials (NCT03180307) for FGCS. Hoogstins etal. re-
ported a phase-1 trial of OTL38 in healthy volunteers and
patients with OC and provided the first available data on its
safety and efficacy.®” Additionally, a phase-2 trial of OTL38
(NCT02317705) revealed that OTL38 detected EOCs with
85.93% sensitivity."" Therefore, fluorescence imaging was
performed under white light to detect residual lesions after
routine cytoreductive surgery.

The latest phase-3 trial (NCT03180307) showed that 47
of 109 patients with OC underwent additional resections,
for tumours that were detected by the fluorescence signal
of OTL38 but were invisible in white light and were unde-
tectable by palpation.®* Moreover, OTL38 showed a limited
safety risk in all trials and steady sensitivity, ranging from
83% to 85%. Therefore, the OTL38-guided FGCS, the first
EOC-targeted fluorescent probe that completed clinical
translation with satisfactory primary outcomes, would be
an important supplement in managing patients with EOC
in the future.

2.2.2 | Type-II fluorescent probes

ONM-100, a polymer micelle covalently conjugated to ICG,
is an ultra-pH-sensitive, tumour acidosis-activated targeted
fluorophore. Voskuil etal. reported a phase-1 study of ONM-
100 for intraoperative imaging in 30 patients with head and
neck squamous cell carcinoma and breast, oesophageal and
colorectal cancers (NTR number 7085).%> They validated the
safety and feasibility of ONM-100. Surprisingly, the results
showed 100% sensitivity, no false negatives and the pres-
ence of five additional occult lesions. Additionally, a phase-
2 study (NCT03735680) is currently in progress. Another
phase-2 study (NCT04950166) is recruiting participants to
evaluate the potential of ONM-100 in detecting peritoneal
metastases (primary cancers including OC). Furthermore,
ONM-100 is a pH-sensitive fluorescent probe that is not lim-
ited by biomarkers with heterogeneous expression and has
the best performance in identifying occult tumour masses,
with an excellent sensitivity of 100% in solid tumours. These
data reveal the enormous potential of pH-sensitive fluores-
cent probes in FGCS for all solid tumours (Table 2).

3 | OPEN-FIELD IMAGING
STRATEGY

3.1 | Challengel: attenuation of the
fluorescence signal

Moore etal. evaluated open-field FGS in 15 patients with head
and neck cancers.®* Here, the fluorescent camera was fixed
at a distance of 15-30cm during the surgical procedure.%*
The results showed that the fluorescence intensity insitu was
87% less than that exsitu. A fixed camera cannot collect most
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fluorescence signals from complex anatomical structures,
and the fluorescence signals fade with the lengthening of the
observation distance. Dorval etal. developed a palm-sized
handheld high-sensitivity fluorescence imager known as
Fluostick™.® Reportedly, a 150-g handheld device could detect
tumours as small as 185pm in mice. Additionally, surgeons
have reported that Fluostick™ provides a better side view of the
cavity and organs. Fluostick™ requires turning off the ambient
light and scanning the surgical field, thus including additional
surgical procedures. Notably, the maximum penetration
depth of the fluorescence signal was 1.0-1.5 cm. Furthermore,
radioactive image guidance provides in-depth information
about the tissue of interest. KleinJan etal. attached a fluores-
cence camera (VITOM; Karl Storz, Tuttlingen, Germany) to
either a gamma-ray detection probe (GP; VITOM-GP) or a
portable gamma-camera (GC; VITOM GC) and tested this
real-time hybrid handheld imager on 11 patients with penis
cancer to detect SLNs.®® However, surgeons have reported that
VITOM-GP and VITOM-GC are large and heavy, thereby
adding inconvenience to the surgical process. Therefore, this
study is the first to report that the detection rates of hybrid and
single modalities are highly similar.

3.2 | Challenge II: interruption of
surgical flow

Many clinical practices using open-field FGS turn off the
ambient light for maximal fluorescence signals, which re-
sults in pauses during the surgical procedure. However,
van den Berg etal. developed a light-filtered fluorescence
imager.”” This imager collected fluorescent images con-
taining ambient light and then only the image of ambient
light. Therefore, subtracting the two images presented a
fluorescent image without interference from the ambient
light. Multispectral fluorescence imagers are light-filtered
fluorescence imagers equipped with multiple fluorescence
channels. Specifically, they can present purely fluorescent
images and collect fluorescence signals at different wave-
lengths. Behrooz etal. introduced a multispectral imager,
Solaris™, which supports four fixed fluorescence channels
and a multispectral channel with tunability.*® In 2018 Garcia
etal. designed a multispectral imager inspired by the com-
pound eye of the butterfly, which is currently undergoing
clinical trials (NCT02316795).° Additionally, in 2021 they
designed another hexachromatic camera inspired by the eye
of the mantis shrimp that supports three colour channels to
improve spatial accuracy and three fluorescence channels to
collect different fluorescence signals.”® This imaging device
simultaneously obtained fluorescence signals from two fluo-
rescent probes in a mouse model. In a cohort of 18 patients
with breast cancer, SLNs were detected with true- and false-
positive rates of 84% and 0%, respectively.

The surgeon's sight in open-field FGS is disturbed by
switching between the surgical field and the imaging dis-
play platform, in contrast to laparoscopy. Therefore, Liu et al.
have developed a wearable display system, which is a goggle

system that integrates detector, displayer, light source and
control components to overlay the surgical field and display
platform.”" This wearable device enables direct visual access
to the surgical field and integrates the surgical procedure.
Notably, a detection sensitivity of 100% was obtained for
seven women with breast cancer.”* Furthermore, Sarder etal.
have designed an imager that can directly project lumines-
cence onto a surgical field.”* Specifically, this prototype de-
vice comprised a fluorescence camera and projector kit fixed
vertically to the surgical field.”* Subsequently, they optimised
this device and tested it in pigs in 2016. The projecting device
could successfully track fluorescence signals while tissues
were moved and resected, with a true mean calibration error
of 1.01-1.75mm.”* Therefore, researchers suggest that inter-
mittent projections are preferable. However, the accuracy of
the projection was compromised in a non-flat surgical field.

4 | DISCUSSION

Approximately 40% of metastatic tumours and lymph nodes
express biomarkers (small molecules, peptides or proteins)
that differ from those in the primary tumour.”>’® The ap-
plication of mono-targeted fluorescent probes is constrained
by heterogeneous spatial, intertumoral and intratumour
expression.

Immortalised cell line xenografts are not the ideal rep-
resentative experimental models for FGCS because of their
limited value in presenting inter- and intratumour heteroge-
neities. Folic-AIEgen has been verified as the most promis-
ing EOC-targeted fluorescent probe in the preclinical stage,
as it promotes further resection and improves survival out-
comes, according to additional experimental data on rhe-
sus macaques. Furthermore, the fluorescence wavelength
emitted by folic-AIEgen is extremely near the visible wave-
length, indicating a scenario in the future where surgeons
can observe a submillimetre tumour mass with the naked
eye without fluorescence collection and display devices.
In preclinical studies, the following aspects can accelerate
the clinical translations of fluorescent probes: (1) replacing
immortalised cell line xenografts with PDXs; (2) reporting
additional resection; and (3) using an animal cohort to com-
pare the impact of FGCS on animal survival.

The hallmarks of low pH and enzymes are more ho-
mogeneous between patients and tumours. Notably, the
‘turn-on’ probe can be activated within a few minutes when
it encounters targets, with minimal non-target fluorescence.
Additionally, intraperitoneal spray administration was rec-
ommended for the abovementioned type-II fluorescent probe.
However, intraperitoneal administration can only reveal su-
perficial tumour masses. Additionally, limited blood flow
in small-volume tumour masses may affect the fluorescence
intensity of submillimetre tumour masses.*>”””® Therefore,
the vascular distribution effect on probe deposition should be
considered based on intravenous injection. Therefore, intra-
peritoneal spray can be used as a supplement for intravenous
administration within the overall dose safety range.
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The satisfactory clinical translation of OTL38 will un-
doubtedly accelerate other potential EOC-targeted fluo-
rescent probes, such as ONM-100. Furthermore, the high
efficiency of ONM-100 processes across all solid tumours
demonstrated the tremendous potential of the type-II fluo-
rescent probes. First, they target the hallmark of the tumour
microenvironment, which is not limited by the heterogeneity
of the tumour cell biomarkers, and are only activated when
they encounter specific biological reactions. Second, type-II
fluorescent probes have a higher tumour-to-background ratio
and higher efficiency, making them more sensitive to smaller
tumour masses, than type-I fluorescent probes. Therefore,
type-II fluorescent probes can be applied to various clinical
scenarios. Type-III fluorescent probes hold great potential
owing to their excellent optical characteristics; however, their
recognition groups limit their broader clinical application.
Although EOC-targeted fluorescent probes in clinical tri-
als were considered safe, their efficiency evaluation was not
standardised because of the heterogeneity of the studies.”’
Furthermore, similar limitations were observed when we
evaluated the preclinical EOC-targeted fluorescent probes.
Therefore, the theory that changes in surgical decisions are
the most objective parameter was adopted in our evaluation.

Currently, dual-mode imaging, comprising fluorescence
and traditional imaging techniques, such as magnetic reso-
nance imaging (MRI), PET and single-photon emission com-
puted tomography/computed tomography (SPECT/CT), to
achieve intraoperative co-localisation, is not recommended.
The potential radiation hazard to the surgeons compromises
the value of dual-mode imaging, and there is no evidence to in-
dicate that dual-mode imaging benefits the patients. Therefore,
wearable and projection imaging devices aim to optimise the
surgeons’ surgical experiences; however, the delayed imaging
and distortion in the non-plane surface may cause tumour site
omission. Furthermore, the ideal open-field fluorescence im-
aging device for EOC requires a portable handheld detector
for the close observation of complex anatomical structures
deep within the abdominal cavity, a fixed camera for a broad
view of the surgical field, multispectral fluorescent channels
for multiple targeting images and a light-filter component to
minimise the interference from ambient light. Therefore, a
device that meets the abovementioned conditions will be mas-
sive and heavy in the operating room. Moreover, engineering
problems have significantly limited the feasibility of an ideal
device, and such a tool with high fluorescence and good inte-
gration into the surgical process is yet to be developed.

5 | CONCLUSION

Implementing FGCS maximises tumour cytoreduction to a
submillimetre grade and reduces the functional impairment
caused by excessive resection. To date, type-II and -III fluo-
rescent probes have shown prominent potential in guiding the
visualisation of submillimetre tumour masses and mediating
additional resection in the preclinical stage. Notably, OTL38
completed a phase-3 clinical trial with satisfactory primary
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outcomes. Therefore, OTL38-guided FGCS is a crucial ad-
dition to current EOC cytoreductive surgery. Additionally,
ONM-100 has proceeded to phase-2 clinical trials, and current
data show that ONM-100 has the highest efficiency. However,
large, multicentre, randomised controlled trials are also re-
quired for the promising probes discussed in this review, such
as folic-AIEgens. Furthermore, the devices discussed provide
incomplete solutions for open-field FGCS. Moreover, an ideal
device with high fluorescence and good integration into the
surgical process is yet to be developed. Therefore, when EOC-
targeted probes and open-field fluorescence imaging devices
are clinically recommended, EOC surgical efficiency and
clinical outcomes will significantly improve.
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