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ABSTRACT

Background. For patients with peritoneal carcinomatosis,
extent of disease and completeness of cytoreductive sur-
gery (CRS) are major prognostic factors for long-term sur-
vival. Assessment of these factors could be improved using
imaging agents. Pegsitacianine is a pH-sensitive polymeric
micelle conjugated to the fluorophore indocyanine green.
The micelle disassembles in acidic microenvironments,
such as tumors, resulting in localized fluorescence unmask-
ing. We assessed the utility of pegsitacianine in detecting
residual disease following CRS.

Patients and Methods. NCT04950166 was a phase II,
non-randomized, open-label, multicenter US study. Patients
eligible for CRS were administered an intravenous dose of
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pegsitacianine at 1 mg/kg 24-72 h before surgery. Fol-
lowing CRS, the peritoneal cavity was reexamined under
near-infrared (NIR) illumination to evaluate for fluorescent
tissue. Fluorescent tissue identified was excised and evalu-
ated by histopathology. The primary outcome was the rate
of clinically significant events (CSE), defined as detection of
histologically confirmed residual disease excised with peg-
sitacianine or a revision in the assessment of completeness
of CRS. Secondary outcomes included acceptable safety and
pegsitacianine performance.

Results. A total of 53 patients were screened, 50 enrolled,
and 40 were evaluable for CSE across six primary tumor
types. Residual disease was detected with pegsitacianine in
20 of 40 (50%) patients. Pegsitacianine showed high sensi-
tivity and was well tolerated with no serious adverse events
(SAEs). Transient treatment-related, non-anaphylactic infu-
sion reactions occurred in 28% of patients.

Conclusions. Pegsitacianine was well tolerated and facili-
tated the recognition of occult residual disease following
CRS. The high rate of residual disease detected suggests that
the use of pegsitacianine augmented surgeon assessment and
performance during CRS.

Keywords Peritoneal metastasis - Fluorescence - Near-
infrared - Nanotechnology - Surgical oncology - Complete
resection
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Cytoreductive surgery (CRS) remains an essential com-
ponent of modern treatment algorithms for peritoneal car-
cinomatosis from a wide range of primary malignancies,
including those of gastrointestinal (appendiceal, colorectal,
gastric), gynecologic, or peritoneal (mesothelioma, primary
peritoneal carcinomatosis) origin.! Across these diverse dis-
ease sites, the extent of peritoneal disease, quantified by the
peritoneal carcinomatosis index (PCI), and the amount of
residual disease following cytoreduction, quantified by the
completeness of cytoreduction score (CC score), are con-
sistently identified as critical prognostic factors for patients
undergoing CRS.? Patients with complete cytoreduction have
demonstrated improved overall survival as compared with
patients with incomplete cytoreduction.® Accurate determi-
nation of the PCI and CC scores is of paramount importance
in selecting appropriate candidates for surgical or adjuvant
therapies and driving expectations regarding oncologic out-
come. Given the inherent complexity in achieving optimal
outcomes in CRS, any methods to enhance the accuracy of
PCI or CC scoring could meaningfully impact the care of
patients with peritoneal surface malignancies.

Intraoperative molecular imaging of malignant tissue has
been an expanding area of innovation in cancer surgery.*>
Most strategies in current development rely on passive fluo-
rescent probes that accumulate preferentially in tumors, or
active probes that are conjugated to molecular targeting
moieties resulting in specific uptake and concentration in
target tissues. For example, the near-infrared imaging agent,
Cytalux, which targets folate receptor expressing cells, was
recently approved by the Food and Drug Administration
(FDA) for use as an imaging agent for the detection of ovar-
ian and lung malignancies (https://cytalux.com/wp-conte
nt/uploads/2023/01/221216_CYTALUX-Prescribing-Infor
mation.pdf).

Pegsitacianine is an activatable fluorescent micellar
nanoparticle targeting the acidic pH characteristic of most
solid tumors, which was designed for use as an intraopera-
tive adjunct to oncologic surgery. This agent is composed
of a hydrophilic polyethylene glycol (PEG) exterior, with an
inner hydrophobic polymethyl methacrylate (PMMA) core
to which the near-infrared (NIR) fluorophore, indocyanine
green (ICG), is covalently conjugated.® At physiologic pH,
the fluorophore is quenched within the nanoparticle core,
keeping it in a fluorescence-off state. Exposure to acidic
conditions, such as the tumor microenvironment, causes the
micelle to dissociate and release fluorescent quenching, ena-
bling visualization upon excitation with near-infrared light.
Previous studies have evaluated the preliminary safety and
efficacy of pegsitacianine. A phase I study examining the use
of this imaging agent as a single I'V infusion prior to onco-
logic surgery in 30 patients with solid tumors demonstrated
both a favorable safety profile as well as clinical utility in

detecting positive margins in nine cases and occult addi-
tional disease in two cases.’

In this phase II clinical trial, we examined the use of
pegsitacianine as an adjunct for detection of disease during
CRS. We hypothesized that pegsitacianine could enhance
detection of residual disease following CRS, enabling
surgeons to either perform additional disease resection to
achieve a more complete cytoreduction, or to enhance the
accuracy of CC score assessment. The outcomes of inter-
est were the frequency with which the residual disease was
detected or CC assessment influenced by the use of pegsita-
cianine, as well as the safety profile and overall performance
characteristics of this agent.

PATIENTS AND METHODS

NCT04950166 was a phase II, non-randomized, open-
label, multicenter US study. Eligible study participants were
adults with imaging- and/or biopsy-confirmed metastatic
disease of peritoneal origin, and a suspected PCI > 10, who
were eligible surgical candidates for complete cytoreduc-
tive surgery. Patients were enrolled in two groups. Group
1 included patients with solid metastatic disease (tumors
containing < to 50% mucin), and group 2 included patients
with mucinous disease (> 50% mucin content). No prede-
termined allocation of patients to either group was imple-
mented, rather, enrollment was open first to group 1 with the
opportunity to open group 2 for enrollment following the
demonstration of satisfactory pegsitacianine sensitivity and
specificity values of 70% or greater in group 1. Patients were
not eligible if they had a known allergy to any components
of pegsitacianine or had excessive and generalized meta-
static disease that was deemed inoperable by the surgeon.

This study was performed in compliance with all regula-
tions, guidelines, and applicable laws for the USA, where the
study was conducted. Protocol and informed consent were
approved by institutional review boards and ethics com-
mittees at each site. All enrolled subjects were provided
informed consent before trial conduct. This study was con-
ducted at five institutions in the USA from November 2021
until April 2023. Treatment-related and treatment-emergent
adverse events were coded by Common Terminology Crite-
ria for Adverse Events (CTCAE) (v5.01).

Trial procedures were conducted as depicted in Fig. 1.
Patients were infused intravenously with 1 mg/kg of peg-
sitacianine 24-72 (+ 8) h prior to surgery, using a 3 mg/
mL solution at a maximum rate of 10 ml/min. During
standard-of-care (SOC) cytoreductive surgery (CRS), sur-
geons imaged up to ten individual representative suspected
tumor specimens and five normal specimens throughout the
peritoneal cavity for fluorescence analysis; specimens were
imaged on a background of non-neoplastic mesenteric tis-
sue within the peritoneal cavity, and the surgeon determined
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FIG.1 Overview of trial A
design; A pegsitacianine was

infused 24—72 h prior to sur-

gery, B on the day of surgery,

the surgeon analyzed SOC

specimens and evaluated the

cavity for residual disease fol-

lowing SOC surgery, C imaging

results were correlated with

final pathology

Day 0

Pegsitacianine
Infusion
Dose: 1 mg/kg
Rate: 10 mL/min

a binary fluorescence status. At the completion of planned
CRS (SOC resection), the surgeon determined the CC score,
after which a NIR camera was used to evaluate each region
of the peritoneal cavity under pegsitacianine guidance for
evidence of undocumented residual disease. The CC score
was reevaluated on the basis of fluorescence imaging, and
any additional fluorescent deposits could be resected at the
discretion of the surgeon (post-SOC resection). The fluo-
rescent status of each specimen (SOC and post-SOC) was
determined by the surgeon and correlated to final pathology.
Patients were monitored for safety for 28 days following
infusion of pegsitacianine.

NIR imaging was performed with NIR camera systems
compatible with indocyanine green (ICG), which included:
EleVision IR (Medtronic, Minnesota), SPY PHI (Stryker,
Michigan), Explorer Air II (Surgvision, Netherlands) and
PDE Neo II (Hamamatsu, New Jersey).

The primary objective of this study was to determine if
administration of pegsitacianine facilitated the detection
of residual disease following standard of care resection of
peritoneal metastases. This was assessed by determining the
proportion of patients that had at least one additional lesion
detected under pegsitacianine guidance following CRS
that was confirmed as positive for disease by pathological
evaluation. Secondary objectives included demonstration of
an acceptable safety profile of pegsitacianine and reliable
sensitivity, specificity, negative predictive values, and posi-
tive predictive values of the imaging agent at the level of
individual specimens. Exploratory objectives included the
assessment of specimen to background ratios and the impact
on accuracy of pegsitacianine in differentiating metastatic
disease from normal healthy tissue.

The safety and intent-to-treat (ITT) populations included
all patients who received at least one dose (partial or full) of
pegsitacianine. The efficacy-evaluable population included
all patients who received > 75% of the intended dose of
pegsitacianine, had a minimum of one image collected dur-
ing their procedure, and had the opportunity for post-SOC

24-72 Hours
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Pathology
Results
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« Correlation of
imaging
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outcomes of
specimens

Following completion of
SOC surgery:
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peritoneal cavity with
NIR camera and
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normal tissue
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determination
of CSEs

evaluation of the peritoneal cavity. All efficacy analyses
were conducted on this population. All SOC lesions (sus-
pected tumor and suspected normal) and any post-SOC,
fluorescence-guided specimens were included in analysis
of secondary and exploratory endpoints. Sensitivity was
defined as the ratio (multiplied by 100) of the number of
tumor specimens correctly identified as fluorescent with
pegsitacianine (true positive specimens) over the total num-
ber of all pathologically confirmed tumor specimens (true
positive + false negative). Specificity was defined as the
ratio (multiplied by 100) of healthy non-cancerous tissue
specimens correctly identified as negative for fluorescence
(true negative) over all non-cancerous healthy tissue speci-
mens (true negative + false positive). Only areas of residual
disease identified with fluorescence guidance were resected
post-SOC. Therefore, no true negative specimens were col-
lected post-SOC, and specificity could only be calculated for
SOC specimens. Two-sided 95% confidence intervals were
calculated for each rate via the Clopper Pearson method
as well as via a cluster bootstrap to compare the effects of
within-subject clustering. Receiver operator characteristic
(ROC) curves were constructed from a mixed model that
accounted for within-subject correlation and compared with
the area under the curve of standard ROC curve. Since the
number of specimens each subject had was variable, to keep
the same number of specimens in the bootstrapped sam-
ple, the algorithm was stratified initially by the number of
specimens a subject had, then resampled by first choosing
a subject within that strata, and then resampling the same
number of specimens that subject originally had. All resam-
pling was done with replacement. Specimen-to-background
ratios were defined as the mean fluorescence intensity of
the specimen divided by the mean fluorescence intensity of
normal background tissue within the peritoneal cavity (typi-
cally a region of uninvolved mesentery). One-way analysis
of variance (ANOVA) followed by Tukey’s test for multiple
comparisons was used to compare specimen-to-background
ratios (Prism, version 9.5.1 or later). All other computations
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for statistical analyses were performed using SAS® soft-
ware, version 9.4 or later.

RESULTS

A total of 53 subjects were screened, and 50 were deemed
eligible and were administered pegsitacianine. These 50
patients are included in the safety-evaluable patient popu-
lation (Fig. 2). A total of ten patients were excluded from
evaluation on the basis of incomplete dosing of pegsitacia-
nine (three), physician decision to terminate cytoreductive
surgery at staging laparoscopy due to excessive disease
(four), no opportunity to evaluate the peritoneal cavity due
to aborted surgery (one), and no evidence of any disease at
pathology (two) (Supplemental Table 1). Thus, 40 patients
were included in efficacy-evaluable population for analysis
across five study sites, comprising a diverse array of primary
tumor types. Baseline patient characteristics are presented in
Table 1. Disease volume, as assessed by PCI, ranged from 10
to 36, with a median of 14.5. Prior to assessment with fluo-
rescence imaging following SOC cytoreductive surgery, ini-
tial surgeon assessment showed that 22 patients underwent a
CCO (55%) 17 underwent a CC1 (42%) cytoreduction, with
a single patient scored as CC2 (2.5%).

The primary clinical outcome was the rate of resection of
initially undetected residual disease or revision of the com-
pleteness of cytoreduction assessment (i.e., a change in the
CC score) following the post-CRS imaging of the peritoneal
cavity, which were defined as clinically significant events.
Residual disease was detected following intended CRS in
20/40 (50%) patients. Across these 20 patients with residual
disease, a total of 33 additional specimens that were resected
following reimaging were confirmed to be malignant by a
pathologist, and a total of 13 patients (32.5%) had their CC

Patients Screened
N=53

Screen Failure (N = 2)
Patient withdrew (N = 1)

Enrolled
(Safety Analysis Population)
N =50

Efficacy Analysis Population
N =40

TABLE 1 Patient demographics of safety evaluable patients (N =
50)

Sex N (%)
Male 17 (34%)
Female 33 (66%)

Age
Range 27-78
Median 59
Mean 58.1 +10.96

Ethnicity N (%)
Hispanic or Latino 2 (4%)
Not Hispanic or Latino 48 (96%)

Race N (%)
American Indian 0 (0%)
Asian 12%)
Black or African American 2 (4%)
Pacific Islander 0 (0%)
White 45 (90%)
Other 2 (4%)

Primary disease diagnosis
Appendiceal 23 (46%)
Colon 16 (32%)
Ovarian 6 (12%)
Mesothelioma 2 (4%)
Endometrial 2 (4%)
Pancreatic 12%)

Mucin content
Mucinous 20 (40%)
Non-mucinous 30 (60%)

PCI
Range 10-36
Median 14.5
Mean 17.5 £ 8.74

Excluded from analysis: (N = 10)

Extensive disease at exploratory laparoscopy prevented surgery (N = 4)
Surgery aborted (N=1)

Incomplete dose administration (N = 3)

No disease (N = 2)

FIG. 2 CONSORT diagram depicting enrollment of patients within the trial and reasons for excluding patients from efficacy analysis
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score revised on the basis of the size of detected lesions
confirmed at final pathology (from O to 2 in three cases, 1
to 2 in four cases, and O to 1 in six cases). Overall specimen
size (size of resected tissue including tumor and any resected
surrounding tissue) among those resected post-SOC ranged
(longest diameter) from 0.3 cm to 10 cm, with a median
specimen size of 1.2 cm. Of the 22 patients who had ini-
tially been assessed to have a CCO following standard of care
resection, 9 (40.9%) had additional disease detected under
pegsitacianine guidance that increased the CC score assess-
ment. Patient distribution of clinically significant events
is presented in Supplemental Table 1. Images of residual
disease resected under pegsitacianine guidance are shown
in Fig. 3. The distribution of “missed” lesions throughout
the peritoneal cavity is summarized in Supplemental Fig. 1,
although no discernable pattern emerged from this analysis,
as lesions were identified throughout the entirety of the peri-
toneal cavity.® Residual disease was identified across all six
primary tumor types evaluated with pegsitacianine.
Secondary objectives in this study included the evaluation
of safety and performance of pegsitacianine. A total of 650
different specimens collected from SOC resection and post-
SOC fluorescence-guided resection from the 40 included
patients were examined across four near-infrared camera

FIG 3 In situ images of
residual disease detected on the
lower curvature of the stomach
under pegsitacianine guidance
depicted in A white light and

B near-infrared fluorescence
heat map, in low-grade muci-
nous appendiceal cancer; C
specimen-to-background ratios
across pathologically confirmed
resected standard of care tumor
and normal tissue specimens;
D tumor-to-background ratios
calculated across tumor types

systems. All specimens were imaged using an ex vivo, intra-
operative technique in which excised tissue specimens were
placed against adjacent non-neoplastic mesenteric tissue
within the peritoneal cavity for use as anatomically relevant
background during imaging, prior to being designated by
the surgeon as fluorescent or non-fluorescent, and then sent
for histologic assessment. The true positive rate or sensi-
tivity, defined as specimens designated to be fluorescent
by the surgeon and confirmed to contain malignant tissue
by the pathologist out of the total number of all malignant
specimens, was 78.6% (282/359). The true negative rate
or specificity, defined as those specimens designated to be
non-fluorescent by the surgeon and negative for malignancy
by the pathologist out of the total number of all negative
specimens, was 56.4% (164/291). Discordant results con-
sisted of false-positive samples (fluorescent but negative
for malignancy), 43.6% (127/291), or false-negative sam-
ples (malignant but non-fluorescent), 21.4% (77/359). Spe-
cific performance data and receiver operator characteristic
curves accounting for within-patient clustering bias can be
found in Table 2 and Supplemental Fig. 2, respectively. The
patient-level false-positive rate, wherein all post-SOC fluo-
rescence-guided specimens were determined to be negative
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for malignancy on final pathology, was 20% (8/40), or 12.5%
if lymph node resected specimens are excluded.
Performance characteristics of the fluorescent probe
and imaging platform were also assessed using specimen-
to-background ratio (SBR), with adjacent non-neoplastic
mesenteric tissue serving as the background. All SBR data
were analyzed by an unbiased third-party reviewer trained
in image analysis, blinded to designated fluorescent status
and pathology. True positive and false-positive specimens
had significantly higher SBRs as compared with true nega-
tive and false-negative SBR (Fig. 3C). True positive speci-
mens had significantly higher SBRs compared with false
positives (p = 0.0001). No clinically significant variation
was observed in performance by primary tumor type, nor
between mucinous and non-mucinous pathology (Fig. 3D).

Pegsitacianine was well tolerated, with no treatment-
related serious adverse events occurring in any patient. All
adverse events are summarized in Table 3. Infusion-related
reactions were the most common treatment emergent adverse
event (TEAE) and were experienced by 14 of 50 (28%)
patients, all of which were considered grade 1 or grade 2
adverse events. No relationship was observed between infu-
sion-related reactions and tumor type or disease burden.
These infusion-related reactions were generally transient,
with a median duration of 16 min, and self-limited. Most
common symptoms included flushing, pain, and dizziness.
All symptoms are summarized in Table 4. Symptomology,
onset, and duration were consistent with previous studies.

TABLE 2 Pegsitacianine

¢ Parameter statistics
performance metrics

Non-mucinous Mucinous (group All subjects (N = 41)*
(group 1) (N =25) 2) (N=16)*

Missing/unevaluable specimens
Specimens collected

Tumor present via pathology®, m (rate)

No tumor present via pathology®, m (rate)
Fluorescence imaging results, m/M (rate)

False positive (rate)®

0 4 4

389 261 650

215 (0.553) 144 (0.552) 359 (0.552)

174 (0.447) 117 (0.448) 291 (0.448)
66/174 (0.379)  61/117 (0.521)  127/291 (0.436)

[95% CI for rate] [0.270, 0.476] [0.382, 0.647] [0.345, 0.519]
False negative (rate)’ 39/215 (0.181) 38/144 (0.264) 77/359 (0.214)
[95% CI for rate] [0.080, 0.291] [0.173, 0.368] [0.134, 0.300]
Sensitivity (rate)® 176/215 (0.819) 106/144 (0.736)  282/359 (0.786)
[95% CI for rate] [0.709, 0.920] [0.632, 0.827] [0.700, 0.866]
Specificity (rate)’ 108/174 (0.621) 56/117 (0.479) 164/291 (0.564)
[95% CI for rate] [0.524, 0.730] [0.353, 0.618] [0.481, 0.655]
Positive predictive values (rate)® 176/242 (0.727) 106/167 (0.635)  282/409 (0.689)
[95% CI for rate] [0.618, 0.829] [0.500, 0.764] [0.595, 0.780]
Negative predictive values (rate)" 108/147 (0.735) 56/94 (0.596) 164/241 (0.680)

[95% CI for rate]

[0.578, 0.883]

[0.467, 0.719]

[0.566, 0.797]

CI confidence interval, N number of patients, m number of specimens in numerator of specific category, M
number of specimens in denominator of specific category

The confidence intervals were constructed via a cluster bootstrap that accounted for the effects of within-
subject clustering. Since the number of specimens each subject has is variable, to keep the same number of
specimens in the bootstrapped sample, the algorithm stratified initially by the number of specimens each
subjects has, and then resampled by first choosing a subject within that strata, and then resampling the
same number of specimens that subject originally had. All resampling is done with replacement

#Subject 107-008 had 15 specimens collected and evaluated for fluorescence, but then had surgery aborted
prior to post-SOC evaluation of the peritoneal cavity; this subject was excluded from the efficacy popula-
tion, but specimens were included in this non-primary endpoint analysis

"The denominator for the rate was the number of specimens collected

“The denominator for the rate was the number of specimens with no tumor present via pathology
4The denominator for the rate was the number of specimens with tumor present via pathology
®The denominator for the rate was the number of specimens as “true positive” + “false negative.”
"The denominator for the rate was the number of specimens as “true negative” + “false positive.”
£The denominator for the rate was the number of specimens as “true positive” + “false positive.”

"The denominator for the rate was the number of specimens as “true negative” + “false negative.”
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TABLE 3 Summary of adverse

Adverse events, n patients (%) All dosed
events (AEs) patients (V
=50)

Any AE 49 (98%)
Any TEAE 49 (98%)
Any treatment-related TEAE 17 (34%)
Any treatment-related TEAE with grade > 3 1(2%)
Any infusion-related reaction 14 28%)
Any SAE 17 (34%)
Any treatment-related SAE 0

Any SAE resulting in death 2 (4%)
Any non-serious TEAE 49 (98%)
Any AE resulting in study discontinuation 0

Any AE resulting in study drug discontinuation 3 (6%)
Any treatment-related SAE resulting in death 0

Any treatment-related SAE resulting in study discontinuation 0

Any treatment-related SAE resulting in study drug discontinuation 0

TABLE 4 Summary of infusion-related reactions

Infusion-related reactions n, Patients

(%) (N =

50)
Flushing 14 (28%)
Pain 10 (20%)
Dizziness 8 (16%)
Other 6 (12%)
Dyspnea 5 (10%)
Nausea 3(6 %)
Chest Tightness 1/2%)
Paresthesia 2 (4%)
Chills 2 (4%)
Edema 1(2%)
DISCUSSION

Molecular imaging agents hold great promise in improv-
ing oncologic outcomes for patients undergoing cancer sur-
gery. By augmenting the surgeon’s ability to detect tumors,
imaging agents could theoretically improve the ability
to accurately stage patients with cancer, to detect occult
lesions, achieve negative margins during surgery, or to quan-
tify residual disease at the conclusion of surgery. CRS for
peritoneal carcinomatosis serves as an ideal test case for
the use of molecular imaging agents, since a vast number
of individual tumors can be analyzed from a much smaller
number of patients, thereby increasing the efficiency and
statistical power to assess sensitivity and specificity of these
agents. Patients with peritoneal surface malignancies also
stand to benefit from molecular imaging strategies, since

they could enhance assessment of several key variables
influencing oncologic outcome in these patients, namely
disease volume (PCI) and completeness of cytoreduction
(CC score).

The results of this phase II clinical trial examining the
use of pegsitacianine in patients undergoing CRS for a vari-
ety of indications further supported the favorable safety
and tolerability profile previously demonstrated in phase 1
and 2 studies in other solid tumor types.” We found that the
administration of this agent 24—72 h prior to surgery, when
combined with intraoperative imaging, resulted in a detec-
tion of residual disease in 50% of cases. Similar studies with
fluorescence imaging agents have considered a 3—10% event
rate as a threshold indicating clinical benefit.”!° Given these
established metrics for success, the high rate of detection of
residual disease in this trial provides a compelling case for
the clinical utility of pegsitacianine. The completeness of
surgery has been widely cited as a key prognostic factor for
outcomes in patients undergoing CRS.'! Complete resec-
tion (CCO, no visible disease remaining in the peritoneal
cavity) remains the objective whenever possible. Patients
undergoing CRS for a wide variety of primary tumor types
consistently achieve improved overall survival based on
completeness of cytoreduction, including clear separation
of outcomes between CCO and CC1 resections, a distinction
that was revised with the assistance of fluorescence imag-
ing in many of the patients treated in this study.>'>!3 Fur-
thermore, while computed tomography (CT) and magnetic
resonance imaging (MRI) scans are used for initial staging
of disease, the sensitivity for detection of smaller lesions is
poor, ranging from 11% to 28% in lesions less than 0.5 cm
across previous studies, with variance in sensitivity across
tumor types and pathology.'*!®> Thus, in addition to utility
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in assessing the post-CRS status of the peritoneal cavity,
molecular imaging agents could also contribute meaning-
fully to the critical task of optimal patient selection prior
to CRS.

Our experiences in this clinical trial identified a number
of barriers to wide adaptation of this technique. First, it will
be important to develop strategies to mitigate off-target fluo-
rescence caused by clearance of pegsitacianine in normal tis-
sues such as liver, small bowel, and lymph nodes, which may
confound interpretation of fluorescent signal. It will also be
necessary to refine the quantitative metrics used to distin-
guish fluorescent versus non-fluorescent specimens to aid
in reducing false positives and false negatives and improve
consistency of detection. While complete resection is prior-
itized in CRS, tissue sparing may instead be prioritized in
other indications where high false-positive rates could lead
to excessive removal of critical tissue. The binary and some-
what subjective determination made by investigators in this
study would ideally be replaced with empirically established
thresholds derived from the SBR or other numerical metrics
of fluorescence. True positive specimens in this study had
significantly higher SBR than negative specimens, which
supports the development of thresholding to distinguish
fluorescence.

While this study allowed for the use of any ICG-compat-
ible camera system, some systems are better optimized for
tumor imaging, with heat map overlay, autogain features,
and improved sensitivity that may aid in better detection
and determination of fluorescence status. Future studies will
likely focus on the camera systems best suited to this par-
ticular use case, as this may help reduce variability in detec-
tion capabilities. Ultimately, even with established thresh-
olds and optimal camera systems, fluorescence guidance
should serve as an ancillary tool to the surgeon’s standard of
care tools—palpation and visualization—to draw attention
to areas in the surgical cavity that may have been missed,
allowing for reassessment. Finally, from the patient’s per-
spective, the preoperative infusion of pegsitacianine does
require an extra procedural visit, with attendant cost and
inconvenience.

With additional experience, it may be possible to iden-
tify subsets of patients in whom molecular imaging could
contribute to better outcomes during CRS. For example,
while no statistically significant pharmacodynamic differ-
ences were observed across mucin content in this study,
mucinous tumors trended toward a higher false-positive
rate. This could be attributed to the lower tumor cell content
in mucinous tumors. Future studies should investigate the
impact of tumor cell content of resected specimens to deter-
mine if there is a threshold that impacts detection. Since
this phase II study was limited in size, additional studies in
larger patient cohorts should further evaluate the role of pri-
mary tumor type, mucin content, lesion size, camera system,

lesion depth, and prior therapies to better define the clinical
utility of molecular imaging in CRS.

Beyond CRS, other scenarios in the care of patients with
peritoneal metastases or other malignancies may be excel-
lent use cases for molecular imaging. The limitations of
staging laparoscopy are well documented in the literature,
and the utility of ICG in the assessment of vascular perfu-
sion, biliary anatomy, and even hepatic tumor imaging, has
been described.'®"'® On the basis of the findings of the cur-
rent study, pegsitacianine could augment the sensitivity of
peritoneal disease detection during staging laparoscopy by
highlighting areas for focused tissue sampling. Moreover,
patients being considered for CRS in the context of carci-
nomatosis often undergo serial laparoscopic assessments to
determine feasibility of complete cytoreduction. PCI esti-
mates in this context can be inaccurate; underestimation of
the PCI could lead to non-therapeutic laparotomy, while
overestimation could lead to exclusion of candidates who
may actually benefit from surgery. Pegsitacianine may also
provide potential utility in minimally invasive cytoreduc-
tion of ovarian cancer, which has remained controversial due
to concerns over impaired assessment and completeness of
resection. ' Finally, for less experienced centers or train-
ing centers for CRS, use of this agent may enable surgeons to
gain confidence in malignant tissue detection and complete-
ness assessment during the learning curve for CRS.

Overall, this study demonstrated that pegsitacianine was
well tolerated and facilitated the recognition of occult resid-
ual disease following CRS in half of the evaluated cases.
The high rate of residual disease detected warrants further
clinical investigation and suggests that pegsitacianine aug-
mented the surgeon’s performance and clinical outcomes
during CRS.

SUPPLEMENTARY INFORMATION The online version con-
tains supplementary material available at https://doi.org/10.1245/
$10434-024-15165-4.
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