
Abstract. Background/Aim: Evidence of metastatic disease
precludes oncological resection of pancreatic cancer. Near-
infrared (NIR) fluorescent labels, such as indocyanine green
(ICG), assist in the intraoperative detection of occult and
micrometastatic liver disease. The present study aimed to
analyse the role of NIR fluorescence imaging using ICG for
pancreatic liver disease as proof of concept in an orthotopic
athymic mouse model. Materials and Methods: Pancreatic
ductal adenocarcinoma was induced by injecting L3.6pl
human pancreatic tumour cells into the pancreatic tail of
seven athymic mice. After four weeks of tumour growth, ICG
was injected into the tail vein and NIR fluorescence imaging
was performed at harvest to determine tumour-to-liver ratios
(TLR) using Quest Spectrum® Fluorescence Imaging
Platform. Results: Pancreatic tumour growth and liver
metastasis could be visually confirmed for all seven animals.
None of the hepatic metastases showed any detectable ICG-
uptake. ICG-staining failed to visualize the liver metastases
or to increase fluorescence intensity of the rim around the
hepatic lesions. Conclusion: ICG-staining fails to visualize
liver metastases induced by L3.6pl pancreatic tumour cells in

athymic nude mice by NIR fluorescence imaging. Further
studies are necessary to delineate the underlying mechanism
for insufficient ICG uptake in these pancreatic liver metastases
and for the lack of a fluorescent rim around the liver lesions. 

Despite modern multimodality treatment, pancreatic ductal
adenocarcinoma (PDAC) continues to be the seventh leading
cause for cancer-related deaths worldwide with a poor 5-year
survival rate of 9% (1, 2). Surgical resection remains the
only mainstay of curative-intent treatment, given the absence
of distant metastasis at diagnosis, which accounts for only
20% of the patients (2). However, up to 20% of resectable
PDACs, based on preoperative computed tomography (CT)
scans, undergo surgical abort due to intraoperative evidence
of metastatic disease (3). 

In comparison to CT, magnetic resonance imaging (MRI)
has been shown to achieve higher sensitivity (85% vs. 75%)
for the detection of liver tumours (4). While the current
National Comprehensive Cancer Network (NCCN)
guidelines primarily recommend liver MRI to further
delineate unclear findings in prior CT, the German guidelines
have recently incorporated MRI as standard staging method
to rule out liver disease (5, 6). Still, occult and microscopic
liver tumours frequently remain unseen in high resolution
imaging. These patients do fare worse than others after
curative resection. Presently, near-infrared (NIR)
fluorescence imaging using indocyanine green (ICG) is
successfully applied to detect colorectal liver metastasis not
only in experimental studies in vivo (7), but it is a well-
established method in oncologic surgery enabling better
staging and more complete surgical resection with a potential
prognostic benefit for the patients (8, 9). We hypothesize that
this technique may also help to close the diagnostic gap for
pancreatic liver tumours. ICG accumulates in the tumour
tissue. It ideally emits near-infrared fluorescence between
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700 and 900 nm and is cleared by the liver through bile
excretion without any mentionable adverse effects (10). Both
the Food and Drug Administration (FDA) and European
Medicines Agency (EMA) have approved ICG for clinical
use (10).

Few studies so far have addressed the question whether
image guided surgery with intraoperative ICG-staining may
also be used to detect liver metastasis derived from PDAC.
Therefore, the aim of this current study was to explore as
proof of concept the potential of intraoperative ICG-staining
to reliably visualize pancreatic liver tumours using an
orthotopic mouse model of PDAC. 

Materials and Methods

Cell lines and reagents. L3.6pl is a secondary highly metastatic human
pancreatic adenocarcinoma cell line derived from an orthotopic mouse
xenograft model (1). Cells were maintained in Dulbecco’s Minimal
Essential Medium (Invitrogen GmbH, Karlsruhe, Germany),
supplemented with 10% fetal bovine serum and 1% penicillin
streptomycin (Thermo Fisher Scientific, Darmstadt, Germany), and
were cultured in a humidified atmosphere of 5% CO2 at 37˚C.

Induction of PDAC and administration of ICG in vivo. Male, 6-
week-old Balb/c nu/nu mice were purchased from Janvier (Le
Genest-Saint, France). Animals were housed at 22±2˚C with a 12-h
light/dark cycle under specific pathogen-free conditions.
Anaesthesia and operative procedure were performed as described
previously (11-13). After laparotomy and pancreas mobilization, 106
L3.6pl cells were injected into the pancreatic tail of seven animals.
Animals were sacrificed 28 days post orthotopic tumour induction.
All animals were inspected for primary tumour growth and
metastatic liver disease. Twenty-four hours prior to animal sacrifice
and subsequent median laparotomy for liver procurement, 0.025 mg
ICG (VerDye, Diagnostic Green GmbH, Aschheim Germany, 25 mg

vials) was administered via tail vein injection (ICG concentration
0.25 mg/ml). An experimental scheme is given in Figure 1. Animal
care and manipulation were in agreement with the European Union
Guidelines on Animal Experiments. All animal experiments were
approved by the regional authority (Landesamt für Gesundheit und
Soziales, Berlin, G0212/17), and performed in compliance with the
European Union guideline 2010/63/EU.

Tumour-to-liver ratio (TLR). Quest Spectrum® Fluorescence
Imaging Platform (Quest Medical Imaging, Middenmeer, the
Netherlands) was used at animal harvest to assess tumour
fluorescence. ImageJ Software was used to determine the
fluorescence densities of healthy liver parenchyma, liver metastasis,
and gallbladder as a positive control. Then, TLR fluorescence signal
was calculated for each mouse by dividing maximum tumour
fluorescence by maximum liver fluorescence. Mean TLR was
calculated using SPSS version 28 (IBM, Armonk, NY, USA).

Results
All animals showed primary tumour growth. One animal had
to be prematurely sacrificed and excluded from analysis due
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Figure 1. Experimental schema. Pancreatic ductal adenocarcinoma (PDAC) was induced by orthotopic injection of L3.6pl cells into the pancreatic
tail. Twenty-seven days later, indocyanine green (ICG) was injected into the tail vein. After 24 h, mice were sacrificed and Quest Spectrum®
Fluorescence Imaging was performed for metastasis imaging.

Table I. Tumour-to-liver ratio (TLR) based on fluorescence density of
healthy liver parenchyma and respective liver metastasis as measured
by ImageJ Software.

Mouse                                                              TLR

1                                                                      1.09
2                                                                      0.98
3                                                                      0.78
4                                                                      0.87
5                                                                      1.0
6                                                                      1.15



to tumour cachexia. Accumulation of ICG in the gallbladder
served as a positive control of successful ICG application
(Figure 2A and B). The liver was extracted at animal
sacrifice and tumour metastases were visually confirmed
(Figure 2C). Quest Medical Imaging System was then used
to detect ICG-staining of the liver tumours (Figure 2D). All
the remaining six animals clearly developed tumour growth
in the liver, but none were detectable with ICG-staining. For
quantification, TLR was calculated (Table I). The mean TLR
was 0.83±0.38 (n=6). Liver tumours in mouse no. 3 and 4

even showed less density compared to healthy liver
parenchyma, i.e., TLR <1 (Table I).

Discussion

This study was designed as proof of concept to demonstrate
that real-time ICG-staining reliably visualizes pancreatic
liver tumours in an orthotopic athymic mouse model.
However, our data clearly reveal that ICG did not stain
pancreatic cancer metastasis in this model.
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Figure 2. Indocyanine green (ICG) fluorescence detection of pancreatic liver metastasis in nude mice. (A) Visual identification of ICG accumulation
in the gallbladder and (B) corresponding ICG-visualization using Quest Spectrum® Fluorescence Imaging Platform. (C) Visual identification of
liver metastasis and (D) corresponding Quest Spectrum® Fluorescence Imaging Platform. 



Tashiro et al. were already able to successfully stain
colorectal liver metastases in athymic nude mice with ICG
and concluded that this would further help to improve the
detection of occult metastases in a preclinical setting (7). 

In another Japanese study, ICG-staining was clinically
explored for intraoperative detection of pancreatic liver
tumours. Indeed, thirteen out of 49 patients (26.5%) had
abnormal ICG-findings in the liver with subsequent frozen-
section analyses that confirmed metastatic disease in nearly
two-thirds of the patients (14). Another independent Japanese
study reported similar results with 24% of the PDAC patients
showing abnormal ICG-staining in the liver at surgical
exploration and nearly two-thirds showing positive pathology
for metastatic disease (15). Based on these studies,
intraoperative ICG-staining could potentially help to avoid
complex resection in up to 26.5% of patients, who were
initially staged as resectable. Shirakawa et al. are conducting
an ongoing prospective trial to investigate NIR-technology
with ICG during staging laparoscopy for borderline resectable
PDAC (16). The results are pending and much anticipated. 

In our study, all animals developed large PDAC liver
metastases (Figure 2A). However, none showed any
detectable ICG-uptake or increased fluorescence intensity of
the rim around the liver metastases (Figure 2B). The
corresponding TLR values (Table I) confirm the lack of
relevant ICG-uptake in the evident liver tumours. Our
findings suggest that liver tumours stemming from the
L3.6pl cell line show low ICG-avidity. The biomolecular
underpinnings are unclear. However, specific PDAC cell
lines with distinct molecular signatures may infer differential
carcinogenesis and therefore also differential intracellular
mechanisms that may explain differences in ICG-avidity.
Recent data support the oncological significance of
molecular subtypes of PDAC as they appear to correlate with
clinical outcome (17). 

A previous study using fluorescence imaging to detect
colorectal liver metastasis in oncologic surgical patients
showed that all fluorescent liver metastases presented a
fluorescent rim around the tumour, but no increase in the
fluorescent signal of the tumour tissue was described (9). In
detail, fluorescence microscopy showed that the fluorescent
rim in liver tissue appears in the transition zone between
tumour and normal liver tissue. The intracellular
accumulation of ICG was observed in and around immature
hepatocytes directly surrounding the tumour, and being
compressed by it (9). The architecture of the hepatic
parenchyma is often transformed by the liver metastases
leading to parenchyma compression, inflammation, ductular
transformation, and increased presence of immature
hepatocytes (18), which frequently have reduced expression
of organic anion transporters, including ICG transporter,
showing an impaired biliary clearance (19–22). Analog to
liver metastases, this increased fluorescence signal would

also be expected around the hepatic PDAC lesions. However,
this could not be confirmed in our study, as no relevant ICG-
uptake could be visualized in any of the rims surrounding the
liver metastases (Figure 2B). The small size of the liver
metastases in our mouse model may be an explanation for
this difference and further investigation using fluorescence
microscopy may contribute to understand the lack of a clear
fluorescent ring around these PDAC hepatic metastases. 

In summary, PDAC induction by L3.6pl cells in orthotopic
athymic nude mice is not an adequate model to investigate
NIR fluorescence imaging with ICG for pancreatic liver
disease in a preclinical setting. However, other studies have
shown a detection rate of about 26% for occult liver disease
in pancreatic cancer, which should not be dismissed. Instead,
further studies using fluorescence microscopy are needed to
understand the lack of ICG-uptake in the liver tissue
surrounding the PDAC metastases from different PDAC cell
lines and is necessary to compare these data with human
liver tissue from patients with metastatic PDAC. 
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