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Background: Intraoperative molecular imaging (IMI) uses a fluorescent probe to identify occult cancers.
VGT-309 is a quenched activity-based probe that is activated in the presence of cathepsins, enzymes
overexpressed in cancer cells, and detected by near-infrared (NIR) light. This study aims to evaluate
the sensitivity and the positive predictive value (PPV) of robotic-assisted thoracic surgery (RATS) with
intraoperative molecular imaging (RIMI) using VGT-309 to localize tumors using NIR light to detect areas
with increased cathepsin activity. Our secondary outcome was to compare RIMI to video-assisted thoracic
surgery (VATS) with intraoperative molecular imaging (VIMI).

Methods: In a phase 2 clinical trial at the University of Pennsylvania, patients (n=10) with suspicious
pulmonary lesions underwent RAT'S. First, white light was used followed by RIMI to identify tissues with
increased cathepsin activity. Then, VIMI was performed to compare the sensitivity and PPV in identifying
the cathepsin activity. The resected specimens were then evaluated for fluorescence and underwent
histopathological analysis for cathepsin expression. Image analysis was performed using Image] software.
Statistical analysis was conducted using IBM SPSS Statistics software. A P value of 0.05 or less was
considered significant.

Results: RATS with white light identified 6 out of the 10 pulmonary nodules, whereas adding RIMI
identified an additional 4 more pulmonary nodules. RIMI and VIMI were able to detect the same 8/10
(80%) nodules. The addition of VIMI did not identify any lesions that RIMI may have missed. The mean
fluorescence intensity of tumors visualized by RIMI was 115.81 A.U. [standard deviation (SD) =58.57]
compared to 95.6 A.U. (SD =14.81) by VIMI (P=0.41). The mean tumor-to-background ratios (TBR) of
tumors visualized by RIMI was 9.20 (SD =9.12) compared to 2.29 A.U. (SD =1.11) using VIMI (P=0.1). The
sensitivity of RIMI and VIMI was 88.9% which was superior to that of RATS (55.6%). The PPV of RATS
was 83.3% compared to 100% in RIMI and VIMI.

Conclusions: RIMI is a valuable option for visualization of occult disease using VGT-309-guided IMI
through identifying areas of increased cathepsin activity. In this small series, RIMI and VIMI showed clinical

equivalence in sensitivity and PPV of detecting cathepsin activity.
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Introduction

Robotic-assisted thoracic surgery (RATS) has had a
wide adoption in the thoracic surgery community as it
offers improved vision and wider degrees of freedom
in instrument manipulation (1,2). It has a similar safety
profile and oncologic outcomes to video-assisted thoracic
surgeries (VATS) and the more traditional open surgeries
(3,4). However, a limitation it shares with VAT'S is the
lack of tactile sensation. Parenchymal tumors that are not
clearly visible become a more serious concern when tactile
sensation is lost and necessitate a non-tactile optical scanner.
Our group has been investigating the use of intraoperative
molecular imaging (IMI) to meet this need.

IMI is a concept whereby patients are infused with a
fluorescent probe the day of or the day before surgery. They
then undergo standard of care surgery in addition to using a
near-infrared (NIR) laser. The laser excites the fluorescent
probe and a camera then detects the fluorescence emitted
and localizes the target tissue. There are currently a few
fluorescent probes and several imaging devices in the
market (5). Most of the efforts have focused on developing
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* Robotic-assisted thoracic surgery with intraoperative molecular
imaging (RIMI) is a valuable tool for visualization of occult
disease using VGT-309, a quenched-activity based probe, through
identifying areas of increased cathepsin activity.

e RIMI and VIMI showed clinical equivalence in sensitivity and
positive predictive value (PPV) of detecting cathepsin activity.

What is known and what is new?

e IMI allows the surgical oncologist to detect occult disease using a
fluorescent probe. This has been applied in RIMI and VIMI.

e RIMI can detect cathepsin activity as a surrogate for malignancy
and guide oncologic resection. It has shown equivalent sensitivity
and PPV of to VIML

What is the implication, and what should change now?

e IMI may be used for its initial intended purpose of localizing
disease, assessing margins, and identifying synchronous lesion
together with quantifying tumor aggression.

* Future focus can work on further modifying this technology to
quantify tumor characteristics based on fluorescence intensity.
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contrast agents that have minimal non-specific fluorescence
and are only activated in specific tumor microenvironments.

A promising novel probe is VGT-309 which is
a quenched activity-based probe (qABPs) (6). This
fluorescent probe is activated by cathepsins, enzymes
that are overexpressed in cancer cells (7). Essentially, this
unique contrast agent is an indirect measure of cathepsin
activity. In other words, areas that fluoresce are areas that
have increased cathepsin activity. These enzymes are overly
expressed in almost all solid tumors and have been the
target of cancer therapies (8,9). This helps to minimize the
resection of normal parenchyma surrounding the tumor.
However, it is important to note that other non-cancerous
inflammatory processes might also cause an increased
cathepsin expression and could potentially be a cause of a
false positive (10).

The parent molecule of VGT-309 is BMV109 (11). The
main difference is that the fluorophore used with VGT-309
is indocyanine green (ICG). ICG has a maximum excitation
at 789 nm and emission at 814 nm. Thus, this modification
is quite advantageous as it can be detected using widely
available and FDA-approved surgical imaging cameras
from companies such as Intuitive, Stryker, Olympus, Karl
Storz, Medtronic, and Johnson and Johnson. Furthermore,
the NIR technology allows for better depth of penetration
and detection of tumors that tend to be further below the
surface. Initially, a phase 2 safety randomized, double-
blind, placebo-controlled, single ascending dose study
was performed in healthy subjects in Australia (anzctr.org.
au; registration number ACTRN12621000301864) (7).
This was performed to evaluate the safety, tolerability,
and pharmacokinetics of VGT-309. Recently, our group
completed a single center phase 2 study for patients with
suspected cancer in the lungs (Clinical Trials.gov Identifier:
NCT05400226) which showed promising results in using
VGT-309 with NIR light to localize lesions not seen under
white light, identification of synchronous lesions, and
identifying positive or close margins. It also appears to be
safe and well tolerated in this patient population.

While the earlier applications of VGT-309 focused on
video-assisted thoracic surgery (VATS) with intraoperative
molecular imaging (VIMI), we wanted to evaluate its
application during robotic-assisted thoracic surgery with
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intraoperative molecular imaging (RIMI). This is the first
study that compares both VATS and robotic detection of
increased enzymatic activity using NIR light as a guide
for tumor localization and resection. Our objective is to
measure the sensitivity and positive predictive value (PPV)
of RIMI to detect cathepsin activity by localizing areas
that have been targeted by VGT-309. A second objective
was to compare RIMI to VIMI. We present this article in
accordance with the TREND reporting checklist (available
at https://tlcr.amegroups.com/ article/view/10.21037/tlcr-
23-370/rc).

Methods
Patient selection

Our study is part of a completed phase 2 clinical trial
(NCT05400226) that began in June 2022 (patients included
up to June 2023) at The Hospital of the University of
Pennsylvania. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). It was
approved by the institutional ethics board of The University
of Pennsylvania (IRB Approval Number: 822153) and
informed consent was obtained from all individual
participants.

Patients included in our study had a T1 (<3 cm)
pulmonary lesion suspicious for malignancy who underwent
surgery using RATS. Patients provided informed consent
and underwent computed tomographic (CT) scanning
with 1-mm slice thickness and standard evaluations at
the discretion of the surgeon [e.g., positron emission
tomography (PET), pulmonary function tests (PFT),
biopsy]. Baseline characteristics such as age, sex (male or
female), body mass index (kg/m’), lesion size, distance
of tumor from the pleural surface, and PET avidity in
standardized uptake value (SUV) were collected. Exclusion
criteria included people under the age of 18, people unable
to give informed consent, non-English-speaking people,
and patients with prior chest surgery.

Study design

Study design and study size were based on consensus
guidelines provided by the World Molecular Imaging
Society (12). All subjects were scheduled for minimally
invasive RATS. On the day prior to resection, study
participants received 0.32 mg/kg (12 mg/m’) VGT-309
intravenously over 15-20 minutes at the infusion center of
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the Hospital of the University of Pennsylvania by trained
nurses. The 24-hour timeframe and optimal dose has been
validated using a phase II Australian trial registered with
the Australian New Zealand Clinical Trials Registry (anzctr.
org.au; registration number ACTRN12620000948998),
approved by the Alfred Human Research Ethics Committee,
and performed at the Centre for Clinical Studies, Nucleus
Network, Melbourne, Victoria, Australia.

Intraoperatively, patients underwent the previously
described RIMI technique (13). First, a white-light robotic
scope was utilized to examine the thoracic cavity and
identify the tumor in question. Secondly, the surgeon
activated the da Vinci Xi FireFly sensitive mode that can
detect the wavelength of ICG, the fluorophore associated
with VGT-309. After the lesion was identified using
IMI, the FireFly mode is turned off. Thirdly, the VATS
VisonSense thoracoscope (Iridium Medtronic, Minneapolis,
MN, USA) was advanced through the assistant port to
visualize that same lesion (14). The Iridium can also see
NIR tracers such as ICG. Finally, the resected specimen
was evaluated on the back table using an exoscope that can
detect VGT-309 (Medtronic, Minneapolis, MN, USA) and
then submitted for histopathologic evaluation. The primary
objective of our study was to assess the sensitivity and PPV
of robotic detection of cathepsin activity by detecting the
targeted fluorescence of VGT-309. The secondary objective
was to compare RIMI to VIMI in terms of identifying
occult disease using VGT-3009.

Study drug

VGT-309 (chemical formula C,,,H,,,CIF,N,,Na;0,;Ss;
molecular weight, 2,517.29 Da) is a gABP that consists of
a phenoxymethyl ketone electrophile that covalently and
irreversibly binds active cysteine cathepsins, coupled to
an ICG fluorophore (excitation peak =789 nm, emission
peak =814 nm) and a IRDye QC-1 quencher (LI-COR
Biosciences, Lincoln, NE, USA). Cathepsin binds to the
molecule, causing cleavage of the quencher and allowing
the fluorescence of the ICG fluorophore to be detected by
NIR imaging systems. Vials containing 11 mg of lyophilized
VGT-309 drug product were reconstituted with water for
injection to a final concentration of 5 mg/mL and diluted
with Ringer’s lactate solution.

Iimaging devices

The VS; Iridium High-definition system (Medtronic,
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Minneapolis, MN, USA) was used as our gold standard
for IMI. It is designed to detect ICG and is comprised
of a camera having an excitation wavelength of 805 nm
and emission band between 825 and 860 nm. It is also
compatible with the standard VATS 5-mm, 0-degree
thoracoscope. VS; Iridium is a dual band system that allows
to capture both white light in parallel with NIR light and
displays both to the surgeon simultaneously. It served as our
gold standard for IMI against which we compared RIML

The da Vinci Xi Surgical System, which is equipped
with a fully integrated NIR imaging system termed Firefly
Fluorescence Imaging, was used for RATS and RIMI.
Firefly provides visualization in two modes: standard,
visible-light imaging mode and a NIR fluorescence imaging
mode, consisting of either a black-and-white surgical image
(i.e., Standard Firefly mode) or black background image
with the NIR fluorescence displayed in green (i.e., Sensitive
Firefly mode). Sensitive Firefly mode has higher sensitivity
for NIR signal compared to Standard Firefly mode and was
used to detect fluorescence from VGT-309. The Firefly
mode provides real-time NIR fluorescence imaging with
Aescitation At ~805 nm and A, e at ~830 nm.

For ex vivo evaluation, an exoscope on the VS; Iridium
system was used.

Post-resection specimen analysis

After examination on the back table, the tumors were sent
for formal histopathological evaluation. They were formalin
fixed and paraffin embedded. Sequential 5-pm sections were
obtained and underwent histopathologic and fluorescent
analysis by a board-certified thoracic pathologist. Sections
were stained using standard hematoxylin and eosin (H&E)
staining and cathepsins B/L/S staining. An additional
unstained 5-pm section was evaluated using the Odyssey
Imaging System (LI-COR Biosciences) and a fluorescence
microscope (Leica Microsystems, Wetzlar, Germany).
Regions of fluorescence were correlated to the H&E and
cathepsin-stained specimens.

Post boc image analysis

Image] (http://rsb.info.nih.gov/ij) was used for post hoc
image analysis. Fluorescence was quantified via mean
fluorescence intensity (MFI) by analyzing monochromatic
NIR images and measuring regions of interest. Background
fluorescence (0.5-1.0 cm from tumor) was also obtained
(MFT,,qgroma)- Calculations were repeated in triplicate, and
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tumor-to-background ratios (TBR) were calculated using
the following equation (MFI,.o,/MFIL,grouna)-

Statistical analysis

The data was analyzed using IBM SPSS Statistics software
version 28 (IBM Corp., Armonk, NY, USA). Means were
compared using the independent student #-tests. A P value
of 0.05 or less was considered statistically significant.
Imaging modalities were compared by computing the
sensitivity and PPV.

Results
Patient and lesion characteristics

Between June 2022 and June 2023, 10 subjects with
suspicious pulmonary nodules underwent RAT'S resection
with VGT-309 based RIMI followed by VGT-309 based
VIMI. All patients had received the full dose of the
fluorescent probe, tolerated it well, and reported no drug-
associated adverse events. Two subjects were males and eight
females. The mean age was 68.8 years [standard deviation
(SD) =10.5]. All patients underwent standard preoperative
imaging. Tumors ranged in size between 1 to 2.6 cm with
a mean of 1.71 cm (SD =0.49). The tumors were mostly
superficial with most located on the pleural surface (3/10)
and the deepest being 1.6 cm away. The mean distance
from the pleural distance was 0.5 cm (SD =0.63). Tumor
histologies included invasive adenocarcinoma, mucinous
adenocarcinoma, adenocarcinoma iz situ neuroendocrine
tumors, and benign fibrosis. Individual patient characteristics
are summarized in Table 1.

Lesion localization in vivo using RATS and RIMI

Initially, the surgeon used the Intuitive X/Xi Endoscope
Plus to inspect the thoracic cavity using white light. Six
out of 10 (60%) tumors were visualized by a morphologic
distortion of the lung parenchyma. The other 4 appeared
to have normal lung parenchyma. The sensitivity of RATS
in detecting pulmonary nodules was 55.6% and PPV in
detecting malignancy was 83.3%. There were no statically
significant differences between the baseline characteristics
of those who were visualized under white light compared to
those who were not (Tible 2).

Following white light inspection, the surgeon switched to
the da Vinci “Sensitive Firefly” mode for IMI. RIMI detected
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Table 1 Patient and lesion characteristics
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Lesion Depth from Visualized . ) ) ) )
. Age, . . ) Visualized Visualized . . Operation
Subject Sex  size pleural SUV  Location by white Diagnosis
ears ) by VIMI by RIMI performed
(cm) surface (cm) light

1 73 F 1.3 0 6.3 LUL Yes Yes Yes Invasive Wedge resection
adenocarcinoma

2 55 F 1 0 5.4 LLL Yes No No Neuroendocrine Lobectomy

3 53 F 2 1.5 0 LUL Yes No No Fibrotic tissue  Wedge resection

4 77 F 1.3 0 0 LLL Yes Yes Yes Mucinous Lobectomy
adenocarcinoma

5 86 F 2.6 0.4 2.1 RUL No Yes Yes Invasive Lobectomy
Adenocarcinoma

6 70 M 1.7 0.1 1.7 RLL Yes Yes Yes Adenocarcinoma Segmentectomy

in situ

7 73 M 2.3 0.3 9.1 LLL Yes Yes Yes Invasive Lobectomy
Adenocarcinoma

8 65 F 1.4 1 13.7 LLL No Yes Yes Neuroendocrine Lobectomy

9 60 F 1.8 1.6 0.9 Right middle No Yes Yes Invasive Lobectomy

lobe Adenocarcinoma
10 76 F 1.7 0.1 0 RLL No Yes Yes Invasive Segmentectomy

adenocarcinoma

*, size is based on the greatest dimension. SUV, standardized uptake value; VIMI, video-assisted thoracic surgery with intraoperative
molecular imaging; RIMI, robotic-assisted thoracic surgery with intraoperative molecular imaging; RUL, right upper lobe; RLL, right lower

lobe; LLL, left lower lobe; LUL, left upper lobe.

Table 2 Comparison between patients that fluoresced with RATS

RATS
Characteristic P value
No (n=6) Yes (n=4)

Age (years) 66.83 71.75 0.5
Sex *

Male 2 0

Female 4 4
Size (cm) 1.87 1.60 0.4
Depth (cm) 0.78 0.32 0.3
SuUv 3.75 3.75 0.9

*, could not perform Chi-squared test as had one value of 0.
RATS, robotic-assisted thoracic surgery; SUV, standardized
uptake value.

cathepsin activity in 8/10 (80%) tumors marked with
fluorescence. It detected cathepsin activity in all 4 nodules
that were not visualized under white light. The sensitivity of
RIMI was 88.9% and PPV was 100%. The nodules that were
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not visualized by RIMI included one with benign fibrosis and
one with carcinoid morphology (Figure 1).

VIMI detects tumors during pulmonary resection

VIMI has been demonstrated to detect the ICG fluorophore
associated with VGT-309 (7). Hence, after patients
underwent RATS followed by RIMI, they were imaged
with an Iridium Visionsense (Medtronic, Minneapolis, MN,
USA) thoracoscope through the assistant port. The VIMI
was able to detect 8/10 (80%) of the total nodules and
all 4 of the nodules not detected by white light. The two
histologies that were not visualized by VIMI were the same
as those not visualized using RIMI: benign fibrosis and
neuroendocrine. The addition of VIMI did not identify any
lesions that RIMI may have missed. The sensitivity of VIMI
was 88.9% and PPV was 100%.

Analysis of resected specimens

To further evaluate the fluorescent signal after resection, all
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Figure 1 The use of RIMI to identify cathepsin expression and localize pulmonary nodules. This figure includes images from two
patients enrolled in the study. Preoperative CT and PET scans are shown at left, with lesions marked by red arrows. The third column

shows intraoperative white light and the last column shows near-infrared images with RIMI. RIMI, robotic-assisted thoracic surgery with

intraoperative molecular imaging; CT, computed tomography; PET, positron emission tomography.
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Figure 2 Back table images of resected specimen. The resected specimen is first visualized by the exoscope under white light. Then, in

the second image, we show how the lesion appears under near-infrared light. The third image shows an overlay image with fluorescence

indicating where the tumor is. NIR, near-infrared.

specimens were imaged using a NIR exoscope designed to
detect VGT-309 both as intact and once bisected. On back-
table analysis, the mean signal-to-background ratio (SBR) of
tumors was 2.40 (SD =0.9; range, 1.8-4.1) when intact and
3.69 (SD =2.11; range, 1.93-8.06) when bisected (Figure 2).
The resected specimen was then histologically analyzed.
Five (50%) were invasive adenocarcinoma, two were
neuroendocrine, one was mucinous adenocarcinoma, one
was fibrotic tissue, and one was adenocarcinoma in situ.
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The slides were then sent for cathepsin staining. Tumors
had the highest intensity of fluorescence under fluorescent
microscopy. These areas directly correlated with areas that
had a higher cathepsin expression as seen on IHC (Figure 3).

RIMI compared to VIMI

In our study, we considered VIMI as our gold standard.
The MFI of tumors visualized by RIMI was 115.81 A.U.
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H&E

10x

CatB Fluorescence

Figure 3 Histologic evaluation of resected specimen. The first column represents the hematoxylin-eosin slide of the resected tumor with

staining of the tumor nuclei. The second column corresponds to cathepsin B staining of the same specimen. The third column represents

microscopic fluorescence imaging capturing areas stained by VGT-309 (green). The bar represents 50 pM. H&E, hematoxylin and eosin;

Cat B, Cathepsin B.

(SD =58.57) compared to 95.6 A.U. (SD =14.81) by VIML
(P=0.41). The mean TBR of tumors visualized by RIMI
was 9.20 (SD =9.12) compared to 2.29 A.U. (SD =1.11)
using VIMI (P=0.1). Furthermore, both RIMI and VIMI
were able to detect the same 8/10 (80%) nodules and all
4 nodules not detected by white light. There were also no
statistical significance between the mean MFIs or mean
TBRs when comparing VIMI and RIMI. RIMI, however,
had more widespread values compared to VIMI, evident
with the higher standard deviations in MFI and TBRs
(Figure 4). RIMI and VIMI had the same sensitivities
(88.9%) and PPV (100%) in detecting cathepsin activity. In
summary, RIMI compared favorably to VIMI in detecting

cathepsin activity and localizing disease.

Discussion

Lung cancers have shifted from large central tumors to
smaller peripheral lesions over time (15). Furthermore,
more surgeons are switching to more minimally invasive
approaches, where tactile sensation is limited or non-
existent. As such, tumor visualization is increasingly
becoming one of the most critical steps enabling an R0
resection. Currently, intraoperative frozen section is used
to help surgeons decide the extent of the needed dissection.
However, it adds to the overall operative time as it requires
sending the specimen to pathology, processing it, and then
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calling the surgeon back. Also, there is a risk for a false
negative if the foci of tumors are undetected on frozen and
only confirmed on permanent, which might have altered
the surgeons’ decision making. To address the previous
concerns, IMI uses a fluorescent probe that helps localize
the tumor in question in real time. It has had promising
results in VIMI and RIMI in localizing occult disease (13).
Over the past decade, a few fluorescent probes have been
introduced to the market such as ICG and a folate-specific
fluorescent probe while probes that get activated within
a specific pH or qABP such as VGT-309 are in clinical
development. A cathepsin-targeted gABP such as VGT-
309 can have a better selectivity to tumors, since tumors
have a heightened cathepsin expression, thereby decreasing
background fluorescence in non-malignant tissue (5). An
additional advantage to the VGT-309 molecule is that
the fluorophore is ICG, which can be detected by widely-
available NIR cameras used in most hospital systems.
Fluorescent probes may also allow for less operative time
by identifying tumors more rapidly. It also avoids the
complications associated with traditional techniques that
use transthoracic localization such as pneumothoraxes
and avoids the needs for an additional procedure (16).
Finally, as a gQABP, VGT-309 only gets activated when it
encounters the increased enzymatic activity of cathepsin. In
our study, we present a novel concept in IMI that focuses
on identifying increased enzymatic activity in tumor cells to

Transl Lung Cancer Res 2023;12(12):2370-2380 | https://dx.doi.org/10.21037/tler-23-370



Translational Lung Cancer Research, Vol 12, No 12 December 2023

A Subject 1
=
2
<
=
o
250.00 A - 30.00
.
.
200.00 -
- 20.00
— =
L . @
=150.00 | By
.
. - 10.00
100.00 : H
$ )
: i
50.00 T T 0.00
RIMI VATS-IMI

Figure 4 RIMI compared to VIMI. (A) Intraoperative image
of VIMI and RIMI in the same patient. (B) MFI of lesion and
TBR measurements, stratified by imaging modality (RIMI vs.
VIMI). Each blue dot on the scatter plot represents MFI (left
y-axis) and red dot represents TBR (right y-axis) for an individual
patient. There were no significant differences between groups.
RIMI, robotic-assisted thoracic surgery intraoperative molecular
imaging; VIMI, video-assisted thoracic surgery with intraoperative
molecular imaging; MFI, mean fluorescence intensity; TBR,

tumor-to-background ratio.

localize them. While enzymatic activity had been a staple of
therapeutic options in cancer treatment, it has only recently
been applied in the realm of imaging (17). The fluorescent
probe VGT-309 is a QABPs that is activated in the presence
of cathepsins (7). In our study, we have shown that areas that
fluoresce on VIMI and RIMI correspond to tumor and have
an increased cathepsin activity. We have also established
that RIMI compares favorably to VIMI in detecting occult
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disease and guiding oncologic thoracic surgery.

Thoracic surgeons always strive their best to achieve
a RO resection as it is associated with a better prognosis,
decreased recurrence and improved overall survival (18).
An analysis of the National Cancer Database (NCDB)
between 2004 to 2011 of patients who had non-small cell
lung cancer showed that there were roughly 5% of patients
who had a positive margin after surgery with 57% having
an R1 (microscopic) margin (19). IMI helps to address the
R1 margins by fluorescently labelling lesions, providing
additional information to the surgeon during margin
assessment. This was the case in 4 lesions in our study.
These patients all underwent RO resections and benefited
from a more parenchymal-sparing wedge resections as
opposed to more extensive surgery.

Among the 10 patients examined, RIMI was able to
detect 8 out of the 10 lesions. RIMI allowed for visualization
of subpleural lesions ranging from 0.1 to 1.4 cm. This is
particularly important as smaller and subpleural lesions
are more likely to be missed under white light if there is
no associated contour distortion of the lung parenchyma.
Identification of subpleural and small lesions may allow
for a more conservative surgical approach in the setting of
the mounting evidence to suggest that sublobar resection
is equivalent to formal lobectomy in early-stage lung
cancer (20). Furthermore, VGT-309 was able to localize
lesions in different lobes of the lung and hence was location
agnostic.

The only two lesions that did not fluoresce on RIMI
were histologically benign fibrosis and carcinoid. Benign
fibrosis is a non-malignant condition and hence expectedly
a true negative. Carcinoid tumors vary in degree of
cathepsin expression and while some fluoresce, some do
not. One factor that might have affected fluorescence in
this patient was her being a current smoker and having a 40
pack-year smoking history. There is evidence that smoking
induces anthracosis in lungs and can prevent fluorescent
signal transmission (21). However, while we expect to see
these anthracitic changes in smokers, sometimes that may
elicit a more pronounced signal in the lesion compared to
background autofluorescence. In other words, while the
VGT-309 signal might be slightly dampened, the signal
from the background will be more significantly dampened,
thereby increasing the TBR.

Aside from the benefit of using RIMI to identify lesions,
robotic surgery may offer other advantages. There have
been many studies comparing RATS and VATS to open
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lung surgery. Most studies have shown the superiority
of minimally invasive approaches in terms of decreased
operative stay and postoperative pain (22). However, it has
some disadvantages. First, robotic surgery is associated
with an increased cost (23). Second, RATS was associated
with an increased operative time, which was institution and
surgeon dependent. Meanwhile, one study showed that
the median operating time using RATS was lower than
VATS (24). These two limitations may be addressed by
the wider adoption of robotic surgery early on in surgical
training to familiarize surgeons with this technology and
improve operative time. Also, it has been shown that
consumables are a major attributing cost to RATS and
reducing them can also reduce cost (24).

The study does have some limitations. On one hand,
we have a small sample size of 10. As such, we recommend
replicating this study on a larger cohort to improve the
power of this study. Also, the tumor histologies that
were studied were heterogenous (6 adenocarcinoma,
2 neuroendocrine, 1 benign/fibrosis, and 1 mucinous
adenocarcinoma). It was hence more challenging to do a
subgroup analysis with a smaller number per cohort, further
bringing up the need for a future study with a bigger
cohort. Lastly, deeper tissue penetrance remains a concern
with fluorescent probes. While in this study, the sample size
is not large enough to address this question, it is something
that needs to be further studies in larger scale studies and
compared to other imaging modalities.

Conclusions

There is an abundance in the literature about the use
and the value of IMI in oncologic resections (25). In our
study we present a proof of concept of not only using this
technology to localize occult lesions but also potentially
using it to quantify enzymatic expression. Hence, this opens
a potential new era of using IMI for its initial intended
purpose of localizing disease, assessing margins, and
identifying synchronous lesion together with quantifying
tumor aggression. There is potential for using this
technology not only for primary pulmonary malignancies,
but also to identify tumors that have metastasized to the
lung especially if the tumors have an increased cathepsin
expression. It may also help in localizing lesions for targeted
biopsies, localizing positive lymph nodes, and localizing
other primary malignancies in the chest such as esophageal
or tracheal cancer.

© Translational Lung Cancer Research. All rights reserved.
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