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VII-1 Keynote Lecture: In vivo fluorescence imaging enabling "Tailor-made” surgery
AIRR# (Takeaki Ishizawa)
BANHAREBEEL 22— b 235k Bl (Cancer Institute Hospital)

Recently, intraoperative fluorescence imaging has been applied in clinical settings widely and
rapidly. For example, since our group first applied fluorescence cholangiography using
intraoperative intravenous injection of ICG to laparoscopic cholecystectomy in 2008, more and
more surgeons are using this technique as a routine surgical procedure for confirming
anatomy of the extrahepatic bile ducts. Cancer-targeting imaging is one of the most promising
aspects of in vivo fluorescence imaging. In the field of digestive surgery, ICG-fluorescence
imaging can be used for identification of subcapsular hepatic tumors during open and
laparoscopic hepatectomy, through accumulation of ICG in and/or around the cancerous
tissues following its preoperative intravenous injection. Fluorescence angiography is another
possible application of ICG-based imaging. This technique has been used for assessment of
blood flow and tissue perfusion around vascular/intestinal anastomoses, which may be
associated with a risk of postoperative complications. In summary, in vivo fluorescence
imaging will develop into an essential intraoperative navigation tool, enabling surgeons to
indicate "tailor-made surgery”, i.e. personalization of surgical procedures based on the actual
cancer spread, anatomical variations, and a risk of postoperative complications in each

individual case.
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VI-2 Sentinel node navigation using fluorescence imaging for breast cancer surgery
FHHefn (Masakazu Toi), il 1FZE (Masahiro Takada)
HRRPEERRE e SR FLAARE (Kyoto University)

Sentinel node navigation using fluorescence imaging for breast cancer surgery has been
incorporated into breast cancer common practice. Multiple clinical trials have demonstrated
that the fluorescence imaging with indocyanine green (ICG) is equivalent with radioisotope
(RI) method in terms of the detection rate of sentinel lymph nodes and specificity to identify
the involved nodes. Currently this method is used widely for sentinel node biopsy during
breast cancer surgery. In addition, further applications such as sentinel node biopsy after
neoadjuvant systemic treatment and projection of fluorescence images of sentinel nodes and
lymphatic pathway directly on the surgical field are tested in the studies. Preliminary, it seems
that the fluorescence imaging with ICG may work in the setting of post-neoadjuvant therapy
and help to reduce the false negative rates particularly in the combination with RI method.
The intra-operative Medical Imaging Projection System (MIPS), which uses active projection
mapping, during the primary breast cancer surgery showed a high sentinel node identification

rate, and may facilitate to conduect the sentinel node biopsy speedy and smoothly.
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VII-3 The difference caused by color, bright-field observation of the ICG fluorescence.
HHE (Masashi Yoshida)', KPP %, FiJHE N °, sl 1 JeRsBolst 2, gaARHm
R PERRAE AR SR, 2 I BR R E AR S e L,

By R 2R R R,  EIRBRBR ALK = R b 2 —

Eight years has passed since the bright-field, full color fluorescence camera (BFFCFC) system
was launched. The merit of BFFCFC is the simultaneous processing of the operation and the
fluorescence observation. We present two procedures utilizing characteristics of BFFCFCs.
HyperEye Medical System (HEMS; Mizuho Corporation, Tokyo Japan) is the first BFFCFC for
indocyanine green (ICG) developed by Sato in Kochi University. We had assisted the
development before putting it on the market. We used it for sentinel node mapping (SNM) in
the gastric cancer surgery. When we observed lymph nodes with ICG fluorescence, the
existence of room light make faint fluorescence invisible. It may allow us to choose sentinel
nodes that should be brighter than non-sentinel nodes easily. Subsequently, PINPOINT
(Stryker, Kalamazoo, MI, USA), the first BFFCFC for endoscopic surgery, was used in the same
concept, and similar results was shown. In some gastrectomy cases, cholecystectomy was also
performed for accompanied cholecystolithiasis. We had some cases of unintentional fluorescent
cholangiography (FC) without liver fluorescence in the cases of SNM. In these cases, ICG was
injected on the day before operation and we could perform cholecystectomy with simultaneous

nn

FC without using "”white light mode””. Injection of ICG on the operation day result in strong
fluorescence of the liver and it can interfere with the simultaneous processing of the surgery.

This is the reason why we tried to find the optimal timing of ICG administration. In this study,

the optimal timing using the PINPOINT was 15 hours or 18hours before surgery.
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VII-4 Use of fluorescence cholangiography during laparoscopic cholecystectomy

Fernando Dip, Lo Menzo Emmanuelle, Raul Rosenthal

University of Buenos Aires / Cleveland Clinic Florida
Minimally invasive approach is the gold standard for cholecystectomy. Unfortunately, a
non-insignificant rate of bile duct injury has been reported, mostly due to misidentification of
the biliary structures. Critical view of safety approach and Intraoperative cholangiogram are
key steps to decrease the severity of an injury. Incisionless Fluorescent Cholangiography (IFC)
with ICG has been described as a cost effective, and noninvasive method to better identify the
biliary anatomy. Usually the visualization rate of the cystic duct is between 93 and 100 %, and
the common bile duct around 90 %. Quality and quantity of the tissue seems to influence the
penetration of the near infrared light during the IFC. Consequently, the rate of biliary ducts
identification may be reduced in obese patients and inflammatory tissue, however still
superior than white light. The use of IFC in a teaching program demonstrated that surgical
residents accurately identified the cystic duct on an average 40 % under the xenon light versus
99 % with IFC (p = 0.0001), the CHD on an average 35 % under the xenon light versus 96 % with
[FC (p = 0.0001), and the junction on an average 24 % under the xenon light versus 95.5 % with
IFC (p = 0.0001). No adverse effects related to IFC have been published.
Conclusion: IFC is a safe technique that improves the understanding on the biliary anatomy
during laparoscopic cholecystectomy. Routinely implementation of the method may decrease

the rate of bile ducts injuries. FIC is also a helpful teaching tool.
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VII-5 Liver resection with ICG fluorescent imaging —clinical practice and difficulty-
HARR L (Takeshi Aoki)', Ff [HEE ° MeARIA %, WAL ?, FMpR— 2, 1L %
R 2L 235 2 et °, P ®, Kk 2
VREFR SE AL 5 — AR (Showa University), 2BEFIR 2L 8% — e ARl

Background. Fluorescent imaging (FI) technology is a promising imaging in many medical
field as a paradigm shift, especially in surgical field for clear visualization of anatomic
structure in real time. FI provide the surgeon to visualize only target with hight contrast and
easy to use. This study aimed to investigate the feasibility and clinical application of ICG
fluorescent imaging, narrow band imaging (NBI) to guide liver surgery.

Methods. ICG fluorescent imaging was used intraoperatively during liver resection. During the
surgical procedure, the near infrared light (NIR) system (PINPOINT: Novadaq, Canada, Ellite
II, Olympus, Japan) was used to assess tumor location, segmentation of liver and surgical
margin (SM). Moreover, NBI was performed to access the visualization of vascular patterns in
lesions of liver tumor on liver surface.

Results. ICG fluorescent imaging: FI performed well in superficial and small tumors, but is not
unable to visualize deeper tumors (>10 mm from liver surface). In our series, laparoscopic liver
resection (Lap-H) with ICG group achieved RO status in all cases by the guidance of ICG
fluorescence imaging in comparison to four cases of R1 status in Lap-H without Non-ICG
group, although no significant difference was found in the SM between two groups. FI is
useful to identify the segment or subsegment of liver. NBI imaging: We focus on tumor
vasculature on liver surface. NBI can visualize the characteristic morphological features of
abnormal vasculature in liver tumor.

Conclusion. FI allow the surgeon to guide real time accurate intraoperative decision making in

liver surgery.
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VI-6 Utility of intraoperative fluorescence imaging in coronary bypass surgery
SFHEH (Shinya Terada), HeIFfil, KT, SvAKH
W ERKY: OIEMEMNEL (Shiga University of Medical Science)

[Background] Intraoperative fluorescence imaging (IFI) has been used for graft evaluation in
CABG, but its evaluation criteria are ambiguous. We analyzed the graft image by IFI, created
the evaluation criteria of IFI and investigated the relationship with the early result of graft
patency.

[Methods] A total of 573 distal anastomoses in 167 patients received IFI analysis, intraoperative
transit-time flowmetry, and predischarge X-ray angiography between January 2012 and
December 2016. We classified based on the time until the graft was imaged and the contrast
pattern, and examined the relationship between the classification and the early graft patency.
[Result] The total number of anastomoses was 573. The non-visualized 5 were judged as I
(Invisible). The 481 to be visualized within 10 seconds were defined as G (good), and the 22 to
be visualized with 10 seconds or more were defined as S (slow). Among the graft visualized
from the coronary artery initially, the 38 which the contrast effect from the graft was strong
were defined as CA (antegrade), the 14 which the contrast effect from the coronary artery was
strong were defined as CR (retrograde). Of the anastomosis using sequential bypass technique,
10 visualized as coronary—coronary bypass were defined as CC. Early occlusion rate was G: 0.4%,
S: 18%, CA: 0%, CR: 7.1% CC: 30%.

[Conclusion] The evaluation method and classification of IFI images defined by us enables

detailed graft assessment and may be a means to improve postoperative graft patency.
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VI-7 Novel technique of indocyanine green fluorescence navigated
thoracoscopic lung segmentectomy
gt (Mingyon Mun), —3iE =, #iRGS, hItZ, TR
BAWFEIRBE FEkdsE Z—H Bl (Cancer Institute Hospital)

Background: Lung segmentectomy becomes to be adapted to the treatment of small-sized
peripheral lung tumor such as ground-glass nodule (GGN) or metastatic lung tumor if surgical
margins are sufficient. We would like to show you a novel technique of thoracoscopic
segmentectomy (TS-S) using three-dimensional computed tomography (3D-CT) reconstruction
and indocyanine green fluorescence (ICGF) navigation.

Methods: Preoperatively, we evaluated the target segmental pulmonary artery and created a
virtual intersegmental plane using 3D-CT reconstruction. Intraoperatively, the target
segmental artery and bronchus were divided, and after intravenous systemic injection of
indocyanine green (ICG, 0.25 mg/kg), ICGF of the non-target segments was observed using an
infrared thoracoscopy. We marked the border between target and non-target segments with
electrocautery and finally divided the lung parenchyma along this border using
electrocautery or staples.

Results: From 2013 to 2017, 150 ICGF navigated TS-S procedures were performed for 102
primary lung cancers, 42 metastatic lung tumors and 6 benign lung tumors. ICGF provided
demarcation of sufficient clarity and duration to mark the lung surface in 147 patients (98%).
The mean operative time was 167 min (80-319 min) and the mean blood loss was 22 mL (0-130
mL). Demarcation appeared 34 s (3-165 s) after injection of ICG, and ICGF lasted 180 s (90-300
s). Morbidity rate was 8% and mortality was 0%. There was no recurrence of resected site.
Conclusions: ICGF navigation is a simple and effective technique for TS-S without inflation of

the lung.
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VI-8 5-Aminolevulinic Acid-based photodynamic diagnosis for urological cancers.

R FHIE (Hideo Fukuhara), FF Fi&ksk

RAIR IR RHE (Kochi University)
Photodynamic technology using light-sensitive and fluorescent substances has attracted
attention as an auxiliary diagnostic tool in cancer. Light-sensitive and fluorescent substances
injected into the body accumulate specifically in tumor cells, and by light irradiation and
excitation at specific wavelengths, fluorescence is emitted. 5-Aminolevulinic acid (ALA) is
converted to protoporphyrin IX (PpIX) in the mitochondria of cancer call. On excitation of
PpIX with blue visible light, red fluorescence is emitted in the mitochondria. This is the
mechanism involved in ALA-photodynamic diagnosis (ALA-PDD). ALA-PDD for bladder
cancer was clinically introduced at our medical center in 2004. ALA-PDD has made it possible
to visualize smaller lesions and flat lesions that were previously difficult to visualize by
cystoscopy using a white-light source. This has increased diagnostic accuracy, decreased
recurrence rates, and improved treatment outcomes in bladder cancer. We present our trial of

intraoperative ALA-PDD in urological cancers in Kochi Medical School.
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VI-9 Intraoperative photodynamic diagnosis in the field of neurosurgery
HUA0Z (Toshihiko Kuroiwa)', JI¥{E w1 2 WiocHE °, B~ a2, thiHEhe ° FEAE K
PRBR R R AR, 2 KBREERIR 2

Malignant gliomas are the most challenging brain tumors to treat due to their invasiveness and
resistance to chemoradiotherapy. Maximal resection has been accepted as an approach to
improving the survival of patients, prompting the development of a variety of modalities. One
of them is intraoperative photodynamic diagnosis. In 2013, the use of 5-aminolevulinic acid
(5-ALA) was approved for intraoperative photodynamic diagnosis of malignant gliomas. The
use of 5-ALA in malignant gliomas demonstrates a high positive rate of protoporphyrin IX
(PpIX) fluorescence, which has contributed to an increase in the resection rate. In metastatic
brain tumors, the positive rate of PpIX fluorescence was low and the presence of vague
PpIX fluorescence was often observed in the surrounding brain. In meningiomas, the positive
rate of PpIX fluorescence was extremely high despite their benign nature, and invasion into
the adjacent dura mater and bones could be confirmed as well. Other than tumors, positive
PpIX fluorescence may also be seen in degenerative diseases, inflammation, and cerebral
edema, thereby requiring meticulous care. When the light intensity of microscope is not
sufficient due to the operating field, such as when a lesion is deep-seated, an external
auxiliary light source is also useful. Determination of fluorescence intensity is left to the
subjective judgment of the operator. In photodynamic diagnosis, photobleaching can be a
problem, but this is preventable with the use of an RGB laser light source. We report the
present state of intraoperative photodynamic diagnosis using 5-ALA for brain tumors and the

outlook for photodynamic therapy.

50



VI-10 Fluorescence guided surgery using cancer-specific fluorophores
Michael Bouvet!, Robert M. Hoffman'*
"University of California San Diego, AntiCancer, Inc.
Curative cancer surgery is dependent on the removal of all tumor and metastatic cancer cells.
Preoperative imaging, intraoperative inspection and palpation, and pathological margin
confirmation aid the surgeon, but these methods are lacking in sensitivity and can be highly
subjective. Techniques in fluorescence-guided surgery (FGS) are emerging that selectively
illuminate cancer cells, enhancing the distinction between tumors and surrounding tissues as
never before with potential single-cell sensitivity. FGS enhances tumor detection, surgical
navigation, margin confirmation, and in some cases can be combined with therapeutic
techniques to eliminate microscopic disease. In this lecture, I will describe the preclinical

developments and currently used techniques for FGS.
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VII-11 Fluorescence guided surgery using cancer-specific fluorophores
P22 (Yasuteru Urano)

RO K ML 222 (University of Tokyo)
We have succeeded to develop novel fluorogenic probes for various aminopeptidases based on
our newly established rational design strategy with intramolecular spirocyelization. For
example, gGlu-HMRG, a novel fluorogenic probe for gamma-glutamyltranspeptidase (GGT),
which is well-known to be upregulated in various cancer cells, was developed. In mouse
models of disseminated human peritoneal ovarian cancer, activation of gGlu-HMRG occurred
within 1 min of topically spraying onto tissue surfaces that are suspected of harboring tumors,
with high tumor-to-background contrast. We also proved that tumor regions in real clinical
specimen of breast cancer patients, even those smaller than 1 mm in size, could be easily
discriminated from normal mammary gland tissues within 1-15 min after probe application.
Encouraged by these promising results, we prepared a library of fluorogenic probes composed
of more than 300 probes for various aminopeptidases. These probes were applied on fresh
biopsy samples from esophageal cancer patients, and we found the enzymatic activity of
dipeptidyl peptidase-4 (DPPIV) was upregulated in tumor—positive biopsy samples, but not
with tumor-negative biopsy samples. Indeed, cancer region in the resected human fresh
specimens was clearly visualized by topically spraying DPPIV-activatable fluorescence probes
within 10 min. These findings clearly demonstrated that our fluorogenic probes should be a

breakthrough in rapid detection of tumors during endoscopic and surgical procedures.
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VI-12 Computer-assisted enhanced reality assessment of the fluorescence signal
to estimate bowel perfusion
Michele Diana
[HU-Strasbourg, Institute of Image-Guided Surgery
FLER (Fluorescence-based Enhanced Reality) is a fluorescence videography system
integrating a near-infrared endoscope able to detect the fluorescence signal emitted by
indocyanine green (ICG) and an image analyzer software (ER-PERFUSION), which can
generate a virtual perfusion cartography based on fluorescence time-to-peak. The perfusion
cartography can be overlapped on the real-time images to obtain the enhanced reality to guide
intestinal resection and assess vascular supply at the future anastomotic site.

The preliminary results of the ongoing clinical trial will be presented.
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VII-13 Closing remarks

Norihiro Kokudo

National Center for Global Health and medicine
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