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ABSTRACT

Background. Although clinical applications of intraoper-
ative fluorescence imaging of liver cancer using
indocyanine green (ICG) have begun, the mechanistic
background of ICG accumulation in the cancerous tissues
remains unclear.

Methods. In 170 patients with hepatocellular carcinoma
cells (HCCQC), the liver surfaces and resected specimens
were intraoperatively examined by using a near-infrared
fluorescence imaging system after preoperative adminis-
tration of ICG (0.5 mg/kg i.v.). Microscopic examinations,
gene expression profile analysis, and immunohistochemical
staining were performed for HCCs, which showed ICG
fluorescence in the cancerous tissues (cancerous-type
fluorescence), and HCCs showed fluorescence only in the
surrounding non-cancerous liver parenchyma (rim-type
fluorescence).

Results. ICG fluorescence imaging enabled identification
of 273 of 276 (99 %) HCCs in the resected specimens.
HCCs showed that cancerous-type fluorescence was
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associated with higher cancer cell differentiation as com-
pared with rim-type HCCs (P < 0.001). Fluorescence
microscopy identified the presence of ICG in the canalic-
ular side of the cancer cell cytoplasm, and pseudoglands of
the HCCs showed a cancerous-type fluorescence pattern.
The ratio of the gene and protein expression levels in the
cancerous to non-cancerous tissues for Na™/taurocholate
cotransporting polypeptide (NTCP) and organic anion-
transporting polypeptide 8 (OATPS), which are associated
with portal uptake of ICG by hepatocytes that tended to be
higher in the HCCs that showed cancerous-type fluores-
cence than in those that showed rim-type fluorescence.
Conclusions. Preserved portal uptake of ICG in differen-
tiated HCC cells by NTCP and OATP8 with concomitant
biliary excretion disorders causes accumulation of ICG in
the cancerous tissues after preoperative intravenous
administration. This enables highly sensitive identification
of HCC by intraoperative ICG fluorescence imaging.

Real-time cancer identification using fluorescence probes
currently represents one of the most active research fields. In
comparison with the enormous amount of basic research,
however, there are very few techniques that are applicable in
clinical settings. The application of fluorescence imaging is
still being limited to the identification of glioblastoma,’
bladder cancer,” and skin tumors,” using the porphyrin pre-
cursor S-aminolevulinic acid. Fluorescence imaging is also
limited in identifying the present subject of the intraoperative
delineation of liver cancer using indocyanine green (ICG).*>

Protein-bound ICG emits light that peaks at approxi-
mately 840 nm when illuminated with near-infrared light
(750-810 nm).° This fluorescence property of ICG was
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already revealed in detail in the 1970s, and real-time fluo-
rescence imaging using ICG began clinical application in the
early 1990s to fundus angiography in the field of ophthal-
mology.” In the twenty-first century, the application of ICG
fluorescence imaging was extended to surgery as an intra-
operative navigation tool of lymphatic flow,® sentinel lymph
nodes,” and blood flow during coronary artery bypass
grafting '° and clipping of cerebral aneurysm.'' However,
probably because ICG has been widely adopted as a reagent
for measuring liver function instead, little attention has been
paid to the fluorescence property of ICG in the fields of
digestive surgery until Japanese groups developed intraop-
erative fluorescence cholangiography'>'® focusing on
another property of ICG (i.e., biliary excretion).

Originally, Ishizawa et al. developed fluorescence chol-
angiography using ICG during open surgery,'” and then
during laparoscopic surgery.'® In this process, we noticed that
the tumors on the liver surface emitted their own fluores-
cence, even before ICG was injected into the bile duct for
cholangiography. Actually, with all of the patients in our
department, ICG is intravenously administered prior to sur-
gery to measure the ICG retention rate at 15 min (ICGR15)
for estimating the maximum limit of the hepatic volume to be
resected safely.'*!> Thus, we hypothesized that liver cancer
could be identified by fluorescence imaging through visual-
ization of the ICG that remained in the cancerous tissues and/
or surrounding liver tissues after preoperative intravenous
injection.4 The ICG fluorescence imaging of liver cancer has
been recently applied as an intraoperative navigation.“5
However, the mechanism of ICG accumulation in liver
cancer tissues remains unclear. Here, we reveal the phar-
macokinetics of ICG in HCC tissues, which can explain the
differences in the fluorescence patterns by the results of
microscopic examinations and gene expression profiling, and
discuss the expected role of fluorescence imaging as an
intraoperative cancer navigation tool in the clinical setting.

METHODS
Patients

This study was conducted with the approval of the
institutional ethics review board. There were 170 patients
who had undergone liver resection for HCC at the Uni-
versity of Tokyo Hospital between July 2007 and July
2011. Preoperative diagnosis of HCC was made according
to the following procedures: all patients underwent
abdominal ultrasonography, contrast-enhanced helical
computed tomography (CT), and magnetic resonance
imaging (MRI) using gadolinium ethoxybenzyl diethyl-
enetriamine pentaacetic acid. Resection was indicated for
tumors in which CT and/or MRI examination revealed both

early hyper-enhancement and delayed hypo-enhancement.
Surgical procedures were determined according to a deci-
sion tree indicating the acceptable limit of the resected
liver volume, based on the preoperative ICG retention rate
at 15 min (ICGR15)."*

ICG Fluorescence Imaging of the Liver Surface and
Resected Specimens

The technical details of ICG fluorescence imaging have
been previously described.* Briefly, ICG (Diagnogreen,
Daiichi Sankyo, Tokyo, Japan), which had been injected at a
dose of 0.5 mg/kg i.v. within 2 weeks, in principle, prior to
surgery, was used as the fluorescent source. Intraoperatively,
fluorescence images of the liver surface were obtained by a
commercially available fluorescence imaging system (PDE,
Hamamatsu Photonics, Hamamatsu, Japan) before resection,
but after visual inspection, manual palpation, and contrast-
enhanced intraoperative ultrasonography (IOUS) using per-
fluorobutane microbubbles (Sonazoid, GE Healthcare, Oslo,
Norway).'"” New lesions identified by ICG fluorescence
imaging were resected if they were also detected by sub-
sequent IOUS and the additional resection was technically
feasible. After the resection, the surgical specimens were
sliced into approximately 10-mm sections in the operating
room. All of the cut surfaces were investigated using the
fluorescence imaging system. Any fluorescing lesions larger
than 5 mm in diameter were marked with needles and were
examined by experienced pathologists (J.S. and M.F.)
according to the Japanese classification system '® and the
criteria proposed by the International Working Party. 19

Fluorescence Microscopy, Bioinformatics Analysis, and
Immunohistochemical Staining

The fluorescent intensity (FI) of the lesions and non-
cancerous liver tissues was evaluated with specific software
(U11437, Hamamatsu Photonics) and the lesion-to-liver
contrast was calculated by subtracting the FI of the non-
cancerous liver parenchyma from that of the lesion. Fluo-
rescence microscopic examinations were also performed
using the Nuance multispectral imaging system (CRi,
Woburn, MA). Bioinformatics analysis and immunohisto-
chemical staining were added on to the resected specimens in
the consecutive 32 patients examined during the latter period
of the study (see details in the Supplementary Methods).

Statistical Analysis

Continuous data were expressed as median (range).
Quantitative and categorized variables were compared
using the Wilcoxon’s rank-sum test and the Fisher’s exact
test, respectively. The survival curves were estimated using
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TABLE 1 Background characteristics of patients with HCCs

HCCs showing cancerous-type HCCs showing rim-type P
fluorescence of ICG (rn = 240) fluorescence of ICG (n = 33)
Hepatitis B surface antigen, positive 62 (26 %) 16 (48 %) 0.012
Hepatitis C virus antibody, positive 109 (45 %) 11 (33 %) 0.262
Child-Pugh class, B or C 11 (5 %) 0 (0 %) 0.370
Background liver, cirrhosis 101 (42 %) 8 (24 %) 0.058
Preoperative ICGR15 (%)* 13.0 (3.3-46.5) 10.4 (3.3-29.6) 0.131
Interval between ICG injection and surgery (days)® 4 (1-25) 4 (1-21) 0.070
Cancer cell differentiation
Well 67 (28 %) 103 %) <0.001°
Moderate 168 (70 %) 14 (42 %)
Poor 52 %) 18 (55 %)
Microscopic vascular invasion, present 78 (33 %) 18 (55 %) 0.019
Tumor size (mm)* 16 (2-210) 23 (6-90) 0.030
a-Fetoprotein level (ng/mL)* 11 (0.8-139,921) 17 (0.8-17,530) 0.332
Des-y-carboxy prothrombin (mAu/mL)* 64 (4.5-61,435) 62 (15-27,193) 0.375

HCCs showing the cancerous-type fluorescence pattern of ICG includes the total and partial types of fluorescence

HCCs hepatocellular carcinoma cells, /CG indocyanine green, ICGR15, indocyanine green retention rate at 15 min

# Median (range)
® Pearson’s Chi square test

the Kaplan—Meier method and compared using the log-
rank test. P values <0.05 were considered to show statis-
tical significance. Statistical analysis was performed using
the JMP software (version 9.0.0; SAS Institute Inc., Cary,
NO).

RESULTS

Cancer Detectability by ICG Fluorescence Imaging of
the Resected Specimens

ICG fluorescence imaging identified 273 of 276 HCCs
(sensitivity, 99 %). The fluorescence patterns were clas-
sified into cancerous-type fluorescence [cancer tissues
showing uniform (n = 130) or partial (» = 110) fluores-
cence] and rim-type fluorescence (only the surrounding
liver parenchyma showing fluorescence, n = 33) (Sup-
plementary Fig. 1).* In the three patients with these false-
negative results of ICG fluorescence imaging, the inter-
vals between the intravenous injection of ICG and
surgery were 24, 50, and 52 days, which were excep-
tionally long when compared with those in the remaining
167 patients (median, 3 days; range, 1-25 days). HCCs
that showed cancerous-type fluorescence were associated
with higher cancer cell differentiation, as well as those
with lower incidence of hepatitis B virus infection,
smaller tumor diameter, and lower incidence of micro-
scopic vascular invasion, as compared with rim-type
HCCs (Table 1).

Among the 273 HCCs that were detected by ICG fluo-
rescence imaging, 21 tumors (13 well-differentiated and §
moderately differentiated HCCs) were not identifiable by
gross examination (Fig. la, b). ICG fluorescence imaging
also revealed positive fluorescence in 16 non-cancerous
(false-positive) lesions (large regenerative nodule, n = 7,
dysplastic nodule, n = 3; bile duct proliferation, n = 3;
necrosis, 7 = 1; no lesion, n = 2). The positive predictive
value of ICG fluorescence imaging was 94 % (Fig. 1c). The
21 HCC:s that were unidentifiable by gross inspection showed
a larger tumor diameter and higher FI than the 16 non-can-
cerous lesions [7 (5-12) vs. 5 (5~7) mm (P = 0.001); 194
(135-255) arbitrary unit (au) vs. 112 (30-193) au
(P < 0.001), respectively] (Fig. 1d).

Identification of Gene Sets Associated with the ICG
Fluorescence Pattern

We applied gene set enrichment analysis (GSEA)™ to 26
HCC samples (excluding 6 inadequate samples for RNA
extraction) for the identification of gene sets associated with
the ICG fluorescence pattern. First, the expression data from
20 lesions showing cancerous-type fluorescence and 6 lesions
showing rim-type fluorescence patterns were extracted, and
GSEA identified 95 gene sets that were significantly associ-
ated with the fluorescence patterns (Supplementary Fig. 2).
Among these gene sets, a GSEA set, which was originally
selected as deregulated in hepatoblastoma and liver cancer
development, exhibited the most significant enrichment of all
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FIG. 1 Identification of new A
lesions in the resected
specimens by ICG fluorescence
imaging. Fluorescence imaging
on the cut surfaces of the
surgical specimens after hepatic
segmentectomy (a) delineated a
fluorescing lesion apart from the
main tumor that had not been
preoperatively diagnosed (see
arrows in a, b). Additional
incision of the fluorescing lesion
revealed an intrahepatic
metastasis of the hepatocellular
carcinoma cell (HCC) (b, right).
¢ Indocyanine green (ICG)
fluorescence imaging identified
273 of 276 HCCs (sensitivity,
99 %). Among them, 21 could
only be detected by fluorescence
imaging and not by gross visual
inspection. ICG fluorescence
imaging also revealed
fluorescence from 16 non-
cancerous lesions (positive
predictive value, 94 %). d
Among the 37 lesions, in total,
that could not be identified by
gross inspection, the tumor
diameter was larger (/eff) and

Fluorescing lesion

Non-cancerous lesion
n=16

Diameter (mm)

Fluorescent intensity (au)

the FI were higher (right) in the 14 300
21 HCCs than in the 16 non- —_—
cancerous lesions [7 (5-12) vs. - 250 Py R
5 (5-7) mm, P = 0.001; and 12 i
194 (135-255) au vs. 112 (30— T ——
193) au, P < 0.001, 10 o - °
respectively] 150 . S g
- 8—— ~ — oo e -
cooee oo 100 .'
g 50
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queried genes.”' Then, we focused on the gene sets identified
by Cairo et al.,”' which included genes encoding organic
anion-transporting polypeptides (OATPS [also known as
SLCOIB3], OATP-B [SLCO2BI], OATP-C [SLCOIBI]),
NTCP [SLCIOA 1)), intracellular transporters (GSTTI,
GSTT2, GSTM1, GSTPI), and export transporters expressed
on the sinusoidal side (MRP1 [ABCCI], MRP3 [ABCC3]) or
the canalicular side (MRP2 [ABCC2]) of hepatocytes.
Expression data indicated that the ratio of the gene
expressions in the cancerous tissues to non-cancerous liver
tissues (C/N ratio) tended to be higher in HCCs showing
the cancerous-type fluorescence pattern of ICG (n = 13)
than in those showing the rim-type fluorescence (n = 6) for
NTCP and OATPS8, which are associated with the portal
uptake of ICG by the hepatocytes,* as well as for OATP-C,
MRP2, and GSTT1 (Fig. 2). The C/N ratios of the other

genes associated with intracellular transport (GSTT2,
GSTM1, GSTPI) or excretion (MRPI, MRP3) of organic
anions did not differ according to the presence/absence/
type of ICG fluorescence in the HCCs.

Immunohistochemical Staining

Fluorescence microscopy demonstrated the fluorescence
of ICG retained in the cytoplasm and pseudoglands in the
cancerous tissues of both HCCs showing the total- and
partial-type fluorescence and in the non-cancerous liver
parenchyma surrounding the HCCs showing rim-type
fluorescence (Fig. 3a).

Immunostaining for NTCP and OATP8 was performed in
32 of 276 HCCs. In the non-cancerous liver parenchyma,
NTCP and OATP8 were expressed on the cellular membrane
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FIG. 2 The cancerous tissues to non-cancerous liver tissues (C/N)
ratios of the hepatic transporters between HCCs showing cancerous-
type fluorescence of indocyanine green (ICG) (can) and HCCs
showing rim-type fluorescence (rim). The C/N ratio tended to be
higher in the 13 HCCs showing cancerous-type fluorescence of ICG
than in the 6 showing rim-type fluorescence (n = 6) for Na't/

of the hepatocytes, at the sinusoidal side. The NTCP and
OATPS expression levels in the cancerous tissues were higher
in the 23 HCCs showing cancerous-type fluorescence of ICG
than in the 9 that showed rim-type fluorescence (P = 0.010
and P = 0.044, respectively). However, the intensity of
OATPS staining was weaker than that of NTCP (Fig. 3b—d).

Applications of ICG Fluorescence Imaging to Liver
Resection

Based on ICG fluorescence imaging of the liver surface
before resection, 21 fluorescing lesions (19 patients) that

taurocholate cotransporting polypeptide (NTCP) [0.93 (<0.01-1.75)
vs. 0.12 (0.01-0.47)], OATPS [0.54 (<0.01-1.89) vs. 0.06 (<0.01-
0.89)], OATP-C [0.78 (0.36-2.10) vs. 0.33 (0.07-0.66)], MRP2 [1.02
(0.74-1.83) vs. 0.59 (0.25-1.92)], and GSTT! [1.13 (0.05-3.36) vs.
0.56 (< 0.01-0.78)]. Whiskers indicate the median (25th to 75th
percentile) with range

were not detected by preoperative imaging were addition-
ally resected. Among these, 14 lesions were pathologically
confirmed to be HCC (Fig. 4a) and the remaining 7 lesions
were false-positives (large regenerative nodules, n = 4;
and no lesions, n = 3).

Intraoperative ICG fluorescence imaging before resection
also enabled identification of 3 HCCs, which had been
diagnosed by preoperative contrast-enhanced CT, but was
not identifiable during surgery by visual inspection, manual
palpation, fundamental IOUS, or contrast-enhanced IOUS
(Fig. 4b). After liver resection, fluorescence imaging iden-
tified residual fluorescing lesions on the raw surface of the
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FIG. 3 Microscopic examinations. a Fluorescence microscopy.
Fluorescence of indocyanine green (ICG) (green) is detected in the
non-cancerous liver parenchyma around the tumor in the HCCs
showing rim-type fluorescence (left) and in the pseudoglands and
canalicular side of the cellular cytoplasm of the cancerous tissues in
the HCCs showing total-type (middle) or partial-type fluorescence
(right). b Immunohistochemical staining of Na™/taurocholate cotrans-
porting polypeptide (NTCP). Cancerous tissues in the HCCs showing
the rim-type fluorescence are negative for NTCP (left), whereas
increased expression of NTCP is observed in the HCC tissues showing
total-type fluorescence (middle). Membranous expression of NTCP is

liver in 6 patients, enabling additional resection of these
lesions, all of which were pathologically proven to be HCCs
(Fig. 4c). Fluorescence imaging was also useful to confirm
the resectability of small HCCs on resected specimens in the
operating room (Fig. 4d) (see Supplementary Video 1 and 2).

observed in the fluorescing part of the HCCs showing partial-type
fluorescence (right). ¢ Immunohistochemical staining of organic
anion-transporting polypeptide 8 (OATPS) corresponding to that of
NTCP. Membranous expression of OATPS is also visualized in the
fluorescing part of the HCCs showing partial-type fluorescence (right),
although the expression levels are weak, even in those showing the
total-type fluorescence (middle). Cancerous tissues in the HCCs
showing the rim-type fluorescence are negative for OATP8 (leff). d
The degree of OATP8 and NTCP expression levels in the cancerous
tissues were higher in the 23 HCCs showing cancerous-type fluores-
cence of ICG (can) than in the 9 showing rim-type fluorescence (rim)

DISCUSSION

In the present series, fluorescence imaging after preop-
erative intravenous injection of ICG identified all 276
HCCs on the resected specimens, except three cases of
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Left

FIG. 4 Clinical applications of indocyanine green (ICG) fluorescence
imaging during liver resection. a Fluorescence imaging was useful not
only for visualization of small intrahepatic metastases scattered around
the main tumor (arrow, left), but also to detect other HCCs developing
in a different hepatic segment(s) (middle, arrow). Fluorescence
imaging clearly delineated the intrahepatic metastases and a boundary
of secondary tumor with indistinct margin on the resected specimens
(right). (See Supplementary Video la.) b Preoperative computed
tomography (CT) revealed an HCC in segment I with early enhance-
ment and subsequent washout in portal phase (arrows, left).
Intraoperative fluorescence imaging enabled identification not only
of the grossly visible HCC in segment II, but also of the HCC in
segment I (arrow, middle) that could not be identified by visual

HCC in which ICG was administered an exceptionally long
time (3 weeks or longer) before surgery. Their fluorescence
patterns were associated with the pathological character-
istics: the tumors showing fluorescence of ICG in the
cancerous tissues (cancerous-type fluorescence, including
the total- and partial-type fluorescence) consisted of well-
or moderately differentiated HCCs, whereas the majority of
tumors showing rim-type fluorescence were poorly differ-
entiated HCCs with microvascular invasion.

Middle

inspection (right), manual palpation, or contrast-enhanced intraoper-
ative ultrasonography (IOUS). (See Supplementary Video 1b.) ¢ After
right hepatectomy for an HCC showing cancerous fluorescence of ICG
on its cut surface (/eft), fluorescence imaging visualized a fluorescing
lesion on the wall of the middle hepatic vein where the tumor had been
attached (middle, arrow), enabling additional resection of the remain-
ing HCC tissues (right). (See Supplementary Video 2a.) d The small
hepatic specimen was incised in the operating room to confirm the
resectability of the HCC, however, no cancerous tissue was detected
(left). Because a fluorescing lesion was identified in one of the resected
sections (arrow, left), additional incision was made on the section under
the guidance of fluorescence imaging (middle), enabling confirmation
of resection of the HCC (arrow, right). (See Supplementary Video 2b.)

Fluorescence microscopy identified the presence of ICG
in the canalicular side of the cancer cell cytoplasm and
pseudoglands of the HCCs showing a cancerous-type
fluorescence pattern and in the non-cancerous liver paren-
chyma surrounding the HCCs showing the rim-type
fluorescence. Gene expression analysis revealed that the
expression levels of uptake transporters (NTCP, OATPS,
and OATP-C) were well-preserved in HCCs showing a
cancerous fluorescence pattern, even in the cancerous
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tissues. However, in the HCCs showing rim-type fluores-
cence, the expression levels of these two genes in the
cancerous tissues were considerably lower than those in the
corresponding non-cancerous tissues (C/N ratio < 1.0).
Immunostaining identified the expression of NTCP and
OATPS, the major uptake transporters for ICG,” in the
cancerous tissues of HCCs showing the cancerous fluores-
cence pattern, but not in those of HCCs showing the rim-type
fluorescence. These results suggest that in differentiated HCC
tissues, the portal uptake function is preserved, whereas bil-
iary excretion of ICG is probably impaired because of
morphological changes associated with cancer progression
rather than functional decrease in biliary transport mainly
mediated by MRP2,>? leading to accumulation of ICG in
the cancerous tissues after preoperative intravenous admin-
istration (Supplementary Fig. 4a—c). Such cancerous-type
fluorescence of ICG in differentiated HCC tissues corre-
sponds to the hyper-enhancement of pseudoglandular-type
HCC on the hepatobiliary-phase gadoxetic acid-enhanced
MRIs, although the mechanism is different, in that gadoxetic
acid is taken up by OATP8 and excreted by MRP3.%* It has
also been suggested that most of the poorly differentiated
HCCs exhibit rim-type fluorescence on ICG fluorescence
images as a result of the impaired portal uptake function in
cancerous tissues (Supplementary Fig. 4d). However, further
study is needed to confirm whether the ICG accumulation in
the non-cancerous liver parenchyma around the tumor is
caused only by biliary congestion caused by tumor com-
pression or whether it is also associated with hepatic
microenvironmental changes due to cancer progression.

In the clinical setting, the major advantages in ICG
fluorescence imaging are its safety and feasibility. ICG use
for clinical purposes was approved by the Food and Drug
Administration in 1959; 25 thus, the dye has been in clinical
use for more than 50 years, with a reported incidence of
adverse reactions of less than 0.01 %.*® Once the ICG
retention test is performed within 2-3 weeks prior to sur-
gery for estimation of the acceptable limit of the liver
volume to be resected, surgeons can obtain fluorescence
images of liver cancers at any time during surgery by
simply holding a camera head of the commercially avail-
able fluorescence imaging system on the liver surface and
resected liver specimens. In contrast, there is a technical
limitation in that the tissue penetration depth of the fluo-
rescence emitted by ICG is only 5-10 mm. For more
deeply located hepatic lesions, concomitant use of intra-
operative IOUS is needed. Another disadvantage is the
relatively high incidence of false-positive lesions, espe-
cially when ICG is administered only a day before surgery
in cirthotic patients.* Our results suggest that newly
detected fluorescing lesions with a high FI measuring more
than 10 mm are very likely to be HCC, but additional
resections for the new lesions should be considered only

after they have been adequately confirmed by inspection,
palpation, and/or IOUS.

Based on the advantages and disadvantages of ICG
fluorescence imaging described above, its major expected
role is to delineate: (1) peripherally located HCCs detected
by preoperative diagnostic imaging, but unidentifiable by
conventional intraoperative diagnostic technique, (2) smail
HCCs not detected by preoperative diagnostic imaging on
the liver surface and resected specimens, (3) cancerous
tissues remaining on the raw surface of the liver after
resection, and (4) surgical margins for small HCCs with
indistinct tumor boundaries (see Supplementary Video 1
and 2). In the present series, ICG fluorescence imaging
enabled identification of HCCs that could not be diagnosed
preoperatively in 25 of 170 patients (15 %) during liver
resection (14 HCCs) and/or macroscopic examination of
the resected specimen in the operation room (21 HCCs).

In conclusion, ICG can be taken up by differentiated
HCC cells and retained in the cytoplasm and/or pseudog-
lands for several weeks after intravenous injection,
enabling highly sensitive identification of cancerous tissues
by intraoperative ICG fluorescence imaging. In other
words, the fluorescence imaging technique allows visuali-
zation of the pharmacokinetics of organic anions such as
ICG in human liver cancer tissues, and could provide
valuable information for future development of contrast
agents for MRI and photoacoustic tomography,?’ antican-
cer drugs, and photodynamic treatment using ICG.*®
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