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Fig. 6. False-positive findings for thyroid cartilage invasion by MR imaging in a 59-year-old man with hypopharyngeal cancer. (A) T2-weighted MR image at the glottic level
shows a tumor mass (T) arising from the left piriform sinus with invasion of the paraglottic space and extension inta the soft tissues of the neck. The tumor shows intermediate
signal intensity, and the adjacent thyroid cartilage has similar signal intensity (circle). (B) Fat-suppressed contrast-enhanced T1-weighted image shows enhancement of the
tumor mass and similar enhancement of the adjacent thyroid lamina {circle). (C) Corresponding axial slice from the surgical specimen at the same level shows that the left
thyroid lamina has not been invaded by the tumor (circle). (D) Posterior part of the left thyroid lamina with enhancement (circle in B) shows the moderate infiltration of
lymphocytes into the medullary space, accompanied with fibrosis and aggregation of macrophages. (Hematoxylin-eosin stain; original magnification 200x.).

Healthcare) is used to compute iodine images and virtual non-
contrast images. The algorithm can be applied at the default
parameters for extracting iodine since pharyngeal and laryngeal
soft tissues and cartilages have CT values similar to hemorrhage
and brain parenchyma. "Organ contour enhancement” and “resolu-
tion enhancement” are deselected to ensure quantitative analysis
of the small cartilage structures. Finally, the iodine images and
the virtual non-contrast or weighted average (WA) images can be
linearly fused at a ratio of 0.5, creating iodine overlay (I0) images.

Reconstructed images can then be generated from the WA
images and the 10 images as frontal and coronal sections paral-
lel and vertical to the vocal cords from 1 cm above the hyoid bone
to the inferior margin of the cricoid cartilage (2-mm thickness and
16-cm field of view).

4. Clinical application of CT, MR imaging and dual-energy
CcTr

4.1. Cartilage invasion

Both CT and MR imaging are routinely used for detection of sub-
tle cartilage invasion, but there is still controversy about which

modality can most accurately detect cartilage invasion, and both
modalities have shortcomings [8,26,37,38]. Dual-energy CT may
have the potential to overcome some of the shortcomings of con-
ventional CT, due to the possibility of iodine contrast becoming
distributed in tumor tissues but not in normal cartilage. lodine
enhancement can reveal the presence and shape of a tumor, and
combined analysis of WA and 10 images can be applied to evalu-
ate cartilage invasion. In the next few paragraphs, we discuss the
appearances of laryngeal cartilage invasion with conventional CT
and MR imaging, as well as dual-energy CT, and explain the advan-
tages and limitations of these modalities.

4.1.1. Conventional CT

Previous studies using single-slice spiral CT scanners have con-
cluded that the CT criteria used for determining neoplastic invasion
of the thyroid cartilage include erosion, lysis, and transmural
extralaryngeal tumor spread [17,18,26,38,39]. These positive signs
of invasion are defined according to the depth of invasion into
cartilage, and careful evaluation of the shape and attenuation of
the thyroid cartilage (Fig. 2A). In 1997, Becker et al. redefined
the diagnostic criteria for single-slice CT and were able to reach
an acceptable balance of 71% sensitivity versus 83% specificity by
applying these criteria [26]. For evaluation of extralaryngeal spread
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Fig. 7. Hypopharyngeal cancer in a 67-year-old man with thyroid cartilage invasion. (A) Axial contrast-enhanced CT image at the subglottic level shows a tumor mass (T)
arising from the right piriform sinus with evidence of focal lysis on the left thyroid cartilage (arrows). (B) T2-weighted MR image obtained at the same level shows a left-sided
piriform sinus tumor with intermediate signal intensity. As the motion artifacts are strong, no anatomical information can be obtained in that area and tumor invasion cannot
be identified. (C) Fat-suppressed contrast-enhanced T1-weighted image shows more extensive contrast enhancement of the tumor mass and thyroid cartilage than the CT
findings. (D) A corresponding slice of the surgical specimen shows the focal infiltration of the tumor into cartilage (arrowheads), consistent with the findings of CT imaging.
Thus, the range of tumor cell invasion was overestimated on the fat-suppressed contrast-enhanced T1-weighted MR image.

with cartilage invasion, CT may easily identify tumor growth out-
side the larynx with cartilage invasion to the soft tissues of the
neck (Fig. 2C). This finding is the most reliable criterion of inva-
sion, but is evident only in advanced cases. When determining
whether erosion or lysis is present or absent, differentiation from
cartilage invasion may sometimes be difficult using conventional
CT (Fig. 2B). Some cases may be distinguished from erosion if two
concurrent findings of negativity are identified (Fig. 3A): a per-
fect or almost continuously defined thin hypo-attenuating line
between the tumor and the cartilage (Fig. 3B), and CT attenua-
tion of non-ossifying cartilage that differs from that of the tumor
(Fig. 3C). However, distortion of adjacent normal structures may
mimic tumor involvement, even with careful evaluation.

Asymmetrical sclerosis, defined as thickening of the cortical
margin, increased medullary density, or both, when comparing one
arytenoid with the other, or one side of the cricoid or thyroid car-
tilage with the other side, is a sensitive but non-specific feature
of cartilage invasion on CT [26,40-42]. For the thyroid cartilage,
asymmetric sclerotic changes (ossification) without erosion or lysis
should not be diagnosed as positive, as these changes sometimes
represent reactive inflammatory changes [26].

The introduction of multi-slice CT has resulted in an increase
of spatial and temporal resolution but has led to little progress in
interpretation of cartilage invasion [43], which is still sometimes
overestimated [9,10]. A fundamental problem of CT is that laryngeal
non-ossified cartilage and tumors show similar CT values of about
100 HU, making them almost indistinguishable, especially when
the tumor is located adjacent to non-ossified cartilage (Fig. 4A)
[8,26]. In addition, the appearance of laryngeal cartilage on CT
varies widely according to differences in the proportions of hya-
line cartilage (which ossifies with aging), cortical bone, and fatty
marrow, which complicates interpretation.

4.1.2. MR imaging

MR imaging seems to be more sensitive than CT for detec-
ting thyroid cartilage invasion (sensitivity up to 96%), as the high
contrast resolution of MR makes it possible to detect small areas
of marrow space invasion [18,38,44,45]. When assessing cartilage
invasion with MR imaging, the T2-weighted and contrast-enhanced
T1-weighted signal intensities of the cartilage should be compared
with the signal intensities of the adjacent tumor [45]. If the carti-
lage displays a signal intensity similar to that of the tumor, cartilage
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invasion should be suspected (Fig. 5). Contrast-enhanced MR imag-
ing is also useful when evaluations by CT alone are insufficient
for excluding cartilage invasion, and have reached high negative
predictive values of up to 96% (Fig. 4) [38.45].

However, the MR findings suggestive of cartilage invasion are
not specific, and therefore may lead to a number of false positive
signs. The reason is that reactive inflammation, edema and fibrosis
in the vicinity of a tumor may demonstrate diagnostic features sim-
ilar to those of cartilage invasion (Fig. 6). Inflammatory changes are
most common in the thyroid cartilage, and therefore the specificity
of MR imaging for detecting invasion of the thyroid cartilage is only
56-65% [38,45]. Furthermore, MR resolution is often degraded by
motion artifacts [45] and lacks thin sections (Fig. 7B), and the area
of tumor extension into cartilage is more easily overestimated on
MR imaging than on CT (Fig. 7C). Both of these factors mean that
MR imaging is not a satisfactory first choice for imaging of laryngeal
and hypopharyngeal cancer.

4.1.3. Dual-energy CT

The recommended dual-energy CT criteria for laryngeal carti-
lage invasion are summarized in Fig. 8. The 10 images are read in
addition to the WA images to identify the iodine distribution cor-
responding to the area displayed on the WA images, After a lesion
has been evaluated as positive on WA images, the iodine distribu-
tion on the 10 images is examined to derive a final classification of
either positive or negative. When the 10 image shows a correspond-
ing area of tumnor cartilage invasion as a red-colored area, positive
invasion can be considered based on the combined findings evident
on WA and 10 images (Fig. 9). When the 10 image does not show
a corresponding area of tumor cartilage invasion as a red-colored
area, tumor invasion can be defined as negative (Fig. 10).

10 image

Fig. 8. Criteria for evaluation of cartilage invasion on dual-energy CT WA and 10 images.

A “preliminary report sUggests that dual-energy CT has the
potential to increase diagnostic performance and reproducibility
for evaluation of thyroid cartilage invasion [ 16]. The reported speci-
ficity of combined analysis of WA and 10 images obtained with
dual-energy CT is significantly superior to that of WA imaging alone
(96% vs. 70%) with no compromise of sensitivity (86% vs. 86%), and
the interobserver reproducibility of diagnosis using a combination
of WA plus 10 images is higher than that with WA imaging alone
(especially for evaluation of thyroid and cricoid cartilage invasion)
[16], and also that reported in a few studies using single-section
spiral CT [46,47].

When interpreting the findings of dual-energy CT, itis important
to be aware of certain technical limitations. Since this technique
applies a 3-material decomposition algorithm with soft tissues
and iodine as predefined materials [12,13,33], bone and calcified
structures are classified into iodine or soft tissues according to
tissue density, and cannot be clearly identified on 10 images. As
a result, lesions that include calcified structures such as sclerosis
and previously ossified parts of cartilage need to be evaluated on
WA images first, because on 10 images iodine distribution may be
overestimated. This does not create an advantage or disadvantage
compared to conventional CT, since WA images already have image
quality similar to that of conventional CT images. In short, diagnos-
tic reading should always start with the WA image, followed by
additional reading of the 10 image when appropriate [16].

4.2. Extralaryngeal tumor spread
Extralaryngeal tumor spread is considered to be present when

the primary tumor has expanded into extralaryngeal soft tissues,
such as cervical soft tissues, the infrahyoid muscles, thyroid gland,
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Fig. 9. Positive finding of thyroid cartilage invasion through the outer cortex by
dual-energy CT in a 60-year-old man with supraglottic cancer. (A) WA image at the
glottic level shows tumor (T) invasion into the thyroid cartilage, spreading into the
extralaryngeal soft tissue. (B) On the 10 image, the extent of extralaryngeal tumor
spread is clearly evident (arrowheads). (C) A corresponding slice of the surgical
specimen shows the tumor cell penetrates through the cartilage and invades the
extralaryngeal soft tissue (arrowheads), consistent with the findings of the 10 image.

Fig. 10. Negative finding for erosion in the thyroid cartilage by dual-energy CT in a
68-year-old man with glottic cancer, (A) WA image at the level of the vocal cords
shows a tumor mass (T) that has invaded the paraglottic space, Non-ossified carti-
lage of the right thyroid lamina has been substituted by the tumor (arrowheads).
(B) 10 image clearly shows no corresponding enhancement of the thyroid cartilage
(arrowheads). (C) The corresponding slice of the surgical specimen shows that the
right thyroid cartilage has not been invaded by the tumor cells (arrowheads).
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~"l) Via the thyrohyoid menﬁbrane
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constrictor muscle
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Fig. 11. Drawings (right lateral vlew of laryngeal box) 1llustfate the routes of tumor spread out from the larynx tllrougll areas of inherent weakness; (1) via the thyrohyoid
membrane along the, supenor laryngeal neurovascular bundle (red arrow), (2) via the inferior pharyngeal constrictor muscle (blue arrow), (3) via the cricothyroid membrane

(yellow arrow)

esophagus, trachea or deep fingual muscle with or without carti-
lage penetration [20]. In clinical practice, patients with T4 disease
do not always inevitably undergo laryngectomy, and for patients
without tumor extension through the cartilage - a diagnosis that
is not always straightforward - clinicians rely on imaging for accu-
rate tumor staging, tumor mapping and detection of possible tumor
extension [5,6]. It is then possible to predict which patients may
be candidates for function-preserving treatments to some degree,
and discussions with the patients are part of the treatment decision
process. .

According to Beitler et al. [39], extralaryngeal spread without
thyroid cartilage penetration was more common than previously
expected in patients with advanced laryngeal and hypopharyn-
geal cancer. The authors suggested that cartilage invasion was
absent in 40% of cases showing extralaryngeal tumor spread. Since
extralaryngeal tumor spread is one of the important predictors of
T4 disease in laryngeal and hypopharyngeal cancer, the focus of
imaging needs to shift from detection of invasion to reliably demon-
strating more extensive disease.

4.2.1. Conventional CT

Extralaryngeal spread can be considered if the following fea-
tures can be identified: substitution by tumor tissue on the outside
of the membrane/cartilage, or loss of fat attenuation between the
extralaryngeal structure (stich as blood vessel or muscle) and laryn-
geal components. To detect extralaryngeal spread, it is important
to thoroughly understand the complex anatomy in this area and
the imaging features of commonly occurring extension patterns
(Fig. 11). One of the most common routes of lesion spread from the
larynx through areas of inherent weakness is via the thyrohyoid
membrane (Fig. 12). The superior laryngeal neurovascular bundle
enters the laryngeal component through a posterolateral defect in
the thyrohyoid membrane; this defect is known to be the route
by which tumors spread [48,49]. Another route of extralaryngeal

spread, especially in the case of piriform sinus cancer, is via the
inferior pharyngeal constrictor muscle [48,50] on the basis of
its attachment to ‘the lamina of the thyroid cartilage (Fig. 13).
Sometimes, the tumor - may show submucosal extension to the
extralaryngeal soft tissue via the cricothyroid membrane (Fig. 14).
Such extension into deep-seated tissue planes is difficult to evalu-
ate by clinical inspection examination alone.

4.2.2. MR imaging

Diagnosis of extralaryngeal spread on the basis of MR imaging is
based mainly on altered signal behavior of extralaryngeal soft tissue
with different pulse sequences. Extralaxyngeal spread is considered
to be present when signals in the fat component of extralaryngeal
soft tissue continuous with the primary tumor have an intensity
similar tothat of the tumor on T2WI, are hypomtense onT1 WI and
hyperintense on contrast- enhanced T1WL,

4.2.3. Dual-energy CT

Extralaryngeal spread can be ldentlﬁed on CT or MR imaging,
but dual-energy CT may facilitate a clearer diagnosis. The I0 images
generated by using dual-energy CT reveal the area of tumor spread
into soft tissue as red-colored enhancement, because 10 images
visualize areas of iodine distribution in soft tissue (Figs. 12B, 13B
and 14CQ). The preliminarily reported sensitivity and specificity of
WA plus 10 images for extralaryngeal spread are 100% (14/14)
and 100% (16/16), respectively [16}. Regardless of whether carti-
lage invasion is present, combined analysis of WA and 10 images
may also be useful for evaluating extralaryngeal spread of advanced
laryngeal and hypopharyngeal cancer.

5. Adiagnostic algorithm including dual-energy CT

All patients with symptoms that are suggestive of laryngeal
or hypopharyngeal cancer should undergo a thorough assessment
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Fig. 12. Extralaryngeal spread via the thyrohyoid membrane on dual-energy CT ina
78-year-old man with supraglottic cancer. (A) WA image shows that the tumor has
invaded the right aryepiglottic fold and preepiglottic space at the superior margin
of the thyroid cartilage. The tumor extends through the thyrohyoid membrane into
the extralaryngeal tissues (arrowheads). (B) The 10 image reveals extralaryngeal
tumor spread more clearly through the thyrohyoid membrane along the superior
neurovascular bundle as a red-colored area (arrowheads). (C) Microscopic analysis
confirmed the infiltration of the tumor cells into the extralaryngeal soft tissue and
thyrohyoid muscle (hematoxylin~eosin stain; original magnification, 5x).

Fig. 13. Extralaryngeal spread via the inferior pharyngeal constrictor muscle on
dual-energy CTina60-year-old man with hypopharyngeal cancer, WA image (A)and
10 image (B) at the glottic level show a tumor mass (T) arising from the left piriform
sinus, spreading into the lateral extralaryngeal soft tissue via the attachment of the
inferior pharyngeal constrictor muscle (curved arrow). The tumor also wraps around
the posterior border of the thyroid cartilage. On the WA image (A), the inner cortex of
the left thyroid cartilage shows focal lysis (arrow). However, the 10 image (B) shows
no cotresponding enhancement in the region indicated in the WA image (arrow).
This case was evaluated as T4a disease without cartilage invasion and treated by
chemoradiotherapy. i s :

of their clinical history and a physical examination includ-
ing nasopharyngoscopy, followed by multimodality imaging. We
believe that dual-energy CT has the potential to become the primary
diagnostic tool for laryngeal and hypopharyngeal cancer, although
further investigation of dual-energy CT in comparison with MR
will be necessary. Dual-energy CT may be very helpful for staging,
including the definition of T stage, particularly when distinguish-
ing T4 from lower-stage lesions, and for detection of regional lymph
nodes (N staging) and distant metastasis (M staging). If evaluations
conducted using dual-energy CT alone are insufficient, contrast-
enhanced MR imaging is useful for excluding cartilage invasion,
and for evaluation of very advanced local disease such as tumor
invasion to the prevertebral fascia or carotid artery.
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Fig. 14. Extralaryngeal spread via the cricothyroid membrane on dual-energy CT in
a72-year-old man with right glottic cancer. (A) Nasopharyngolaryngoscopy demon-
strates the tumor mass (T} at the right glottis, It is diagnosed clinically as T3. WA
image (B) and 10 image (C) at the subglottic level show that the tumor has spread
submucosally into the extralaryngeal soft tissue (arrowheads) via the cricothyroid
membrane, and is therefore diagnosed as T4a,

6. Conclusion

Imaging plays a significant role in the staging of laryngeal
and hypopharyngeal cancer, particularly when distinguishing the
absence or presence of laryngeal cartilage invasion by the tumor
and extralaryngeal spread. With conventional CT, although car-
tilage invasion can be diagnosed with acceptable accuracy by
applying defined criteria for combinations of erosion, lysis and
transmural extralaryngeal spread, iodine-enhanced tumors and
non-ossified cartilage are sometimes difficult to distinguish. MR

offers high contrast resolution for images without motion artifacts,
although inflammatory changes in cartilage sometimes resemble
cartilage invasion. With dual-energy CT, combined iodine-overlay
images and weighted-average images can be used for evalua-
tion of cartilage invasion, since iodine enhancement is evident in
tumor tissue but not.in cartilage. Extralaryngeal spread can be
evaluated from CT, MR or dual-energy CT images and the three
common routes of tumor spread into the extralaryngeal soft tis-
sue must be considered. T he ability to obtain wexghted—average
images and iodine-overlay images gives dual-energy CT poten-
tial advantages over conventional CT for evaluation of laryngeal
and ‘hypopharyngeal cancer. The benefit of the dual-energy tech-
nique lies in the impact of its high-quality images on treatment
decision-making. Further advances-in dual-energy CT may lead to
its more widespread use for imaging of laryngeal and hypopharyn-
geal cancer, To define the most appropriate treatment strategies, it
is important to thoroughly understand the potential applications,
limitations, and advantages of existing and evolvmg imaging tech-
nologies, mc]udmg dual-energy CT.
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Anticancer effects of gemcitabine are
enhanced by co-administered iRGD peptide
in murine pancreatic cancer models that
overexpressed neuropilin-1

Y Akashi', T Oda*", Y Ohara', R Miyamoto', T Kurokawa', S Hashimoto', T Enomoto’, K Yamada', M Satake?
and N Ohkohchi’

"Department of Surgery, Clinical Sciences, Graduate School of Comprehensive Human Sciences, University of Tsukuba, 1-1-1
Tennoudai, Tsukuba, 305-8575 lbaraki, Japan and “Department of Diagnostic Radiology, Research Center for Innovative
Oncology, National Cancer Center Hospital East, Kashiwa, Chiba, Japan

Background: Impaired drug transport is an important factor that reduces the efficacy of anticancer agents against pancreatic
cancer. Here, we report a novel combination chemotherapy using gemcitabine (GEM) and internalised-RGD (iRGD) peptide, which
enhances tumour-specific drug penetration by binding neuropilin-1 (NRP1) receptor.

Methods: A total of five pancreatic cancer murine models (two cell line-based xenografts (CXs) and three tumour grafts (TGs))
were treated with either GEM (100mgkg ™", g3d x 4) alone or GEM plus iRGD peptide (8 umolkg™"). Evaluation of NRP1
expression in xenografts and 48 clinical cancer specimens was performed by immunohistochemistry (IHC).

Results: We identified a subset of pancreatic cancer models that showed NRP1 overexpression sensitive to iRGD co-
administration. Treatment with GEM plus iRGD peptide resulted in a significant tumour reduction compared with GEM
monotherapy in CXs, but not remarkable in TGs. Potential targets of iRGD were characterised as cases showing NRP1
overexpression (IHC-2+/3+), and these accounted for 45.8% of the clinical specimens.

Conclusions: Internalised RGD peptide enhances the effects of co-administered drugs in pancreatic cancer models, its efficacy is
however only appreciable in those employing cell lines. Therefore, the clinical application needs to be given careful consideration.

Pancreatic cancer is one of the most intractable human Recently, a peptide known as iRGD (internalised-RGD) has

malignancies, and the median survival of patients receiving the
current standard therapeutic regimen with gemcitabine (GEM) is
<6 months (Burris et al, 1997; Tempero et al, 2003). Insufficient
therapeutic efficacy of anticancer drugs for solid tumours may be
explained by the limited penetration of drugs into the cancer tissue
(Ruoslahti et al, 2010). In fact, intravenously injected drugs are
known to penetrate only a few cell diameters from blood vessels
into the extravascular tumour tissue (Jain, 1999; Heldin et al,
2004). Therefore, a strategy for inducing drug hyperpermeability
from tumour vessels might improve drug delivery to solid tumours.

developed (Sugahara ef al, 2009, 2010). This peptide induces
tumour-specific vascular hyperpermeability by binding to av
integrins that are specifically expressed on the endothelium of
the tumour or angiogenic vessels. Co-administration of this
peptide has been shown to markedly enhance the intratumoral
accumulation of various agents with a wide range of molecular
sizes in comparison with single administration, including doxo-
rubicin (580 Da, 7-fold), dextran (1300~10 000 Da, 3- to 5-fold),
Evans blue dye (66 000 Da, 2- to 4-fold), trastuzumab (148 000 Da,
40-fold), doxorubicin-liposome (Doxil, Janssen Pharmaceutica,
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' Beerse, Belgtum) (170 nm, 14~fold), ‘and nab- pachtaxel (abqune,
: Abrax1s BioScience, Los Angele«:, CA, USA) (130 nm, 9- to 12-fold),
in mouse breast or prostate cancer models (Sugahara ef al, 2010).

“Activation of circulating iRGD peptide requires interaction with
neuropilin-1 (NRP1) (Sugahara et al, 2009). Intravenously
administered iRGD peptide initially accumulates in tumour vessels
by binding to endothelial av integrin, and then its C-terminus is
cleaved to expose an arginine or lysine residue (=C-end rule
(CendR) motif), before drug penetration deeply into the paren-
chyma of solid tumours occurs through interaction with NRP1
(Sugahara et al, 2009; Teesalu et al, 2009). Neuropilin-1 is a
multifunctional non-tyrosine kinase receptor that binds to class 3
semaphorins and the vascular endothelial growth factor (VEGF)
family, playing essential roles in mediating axonal guidance and
angiogenesis (Soker ¢ al, 1996; Kolodkin et al, 1997). It is
reportedly correlated with tumour progression and/or poor
prognosis in various cancers, including pancreatic cancer (Parikh
et al, 2003; Hansel et al, 2004; Li et al, 2004; Pukahi et al, 2004;
Miiller et al, 2007). However, as the clinical sample sizes evaluated
were limited, that is, only 10 cases or less, the expression profile
and prognostic significance of NRP1 in pancreatic cancer has
remained unclear.

The characteristics of iRGD peptide in solid cancers seem to
warrant further investigation, especially in those with a dismal
prognosis such as pancreatic cancer. However, there have been no
comprehensive in vivo studies using pancreatic cancer models, and
the effects of iRGD peptide used in combination with GEM, a key
drug employed worldwide for treatment of pancreatic cancer, have
not been tested, In the present study, therefore, we examined the
effectiveness of iRGD peptide for boosting drug accumulation in
eight different mouse pancreatic cancer xenograft models. The
anticancer booster effect of combination therapy with GEM plus
iRGD peptide was evaluated with reference to in vivo experiments
and analysis of NRP1 expression in clinical cases of pancreatic cancer.

Drugs. The iRGD peptide (Sequence; CRGDKGPDC, disulphide
bridge; C1-C9, Purity; > 95%) we used for this study was delivered
from a contract manufacturing company (American Peptide
Company, Sunnyvale, CA, USA). A small quantity of the original
iRGD peptide and control peptide (iRGE; CRGEKGPDC) were
kindly provided by Drs Sugahara and Ruoslahti (UCSB, University
of California, Santa Barbara), and the pharmaceutical power of our
peptide was confirmed to be equivalent (data not shown). The
other drugs purchased were Evans blue dye (MP Biomedicals,
Santa Ana, CA, USA), dextran Alexa fluor 488 (D-22910,
10 000 Da MW; Molecular Probes, Eugene, OR, USA), and GEM
(Gemzar; Eli Lilly, Indianapolis, IN, USA).

Cell lines and cell line-based models (= cell xenografts). The
human pancreatic cancer cell lines AsPC-1 (CRL-1682), BxPC-3
(CRL-1687), and Capan-1 (HTB-79) were purchased from ATCC
(Manassas, VA, USA). MIA PaCa-2 (JCRB0070) and SUIT-2
(JCRB1094) were purchased from JCRB Cell Bank (Osaka, Japan).
AsPC-1, BxPC-3, and Capan-1 were cultured in RPMI-1640 medium
(Sigma-Aldrich, MO, USA) with 10% fetal bovine serum. SUIT-2
and MIA PaCa-2 were cultured in Dulbecco’s Modified Eagle
Medium (DMEM; Sigma-Aldrich) with 5% and 10% fetal bovine
serum. CXs were created by injecting these human pancreatic cancer
cells (5 x 10° cells) into the dorsal subcutaneous space of C.B-17/Icr-
scid/scid mice (female, 6 to 8 weeks old, CLEA Japan, Tokyo, fapan).

Transplant models using surgically removed tumour fragments
(= tumor grafts). Pancreatic tumour grafts (TGs) were established
by transplantation of fresh surgically resected tissue fragments of
human pancreatic cancer. Samples were obtained under sterile

: condltmns, avoiding apparently necrotlc tissue and areas of normal

pancreatlc parenchyma, The samples were cut into 2X 2 X 2mm
pieces, placed immediately in normal saline solution, and cooled on
ice until implantation (usually within 30 min to 1h). All human
samples employed in the experiments were harvested after informed
consent in documents, and the establishment and the experimental
use of ‘tumour grafts’ were approved by laboratory animal resource
centre at University of Tsukuba. More details about the methods and
characteristics of TGs are described in our previous report (Akashi
et al, 2013).

In vivo systemic permeability assay. Tumour-bearing mice were
injected intravenously with 100 ul of PBS containing either 1%
Evans blue dye or OBmg of dextran. Internalised-RGD peptlde
(100 4, 12 umolkg ™) or PBS was also injected via the tail vein
10 min beforehand. After 30 min of circulation, the mice were
perfused with PBS containing 1% BSA, and their organs were
collected. For Evans blue quantification, the dye was extracted
from whole tumour tissue collected from each mice in N,
N-dimethyl formamide (Sigma-Aldrich) for 24h at 37°C and
quantified by measuring the absorbance at 600nm with a
spectrophotometer and the measured results were normalised by
the tumour weight (Sugahara et al, 2010). Harvest tissues after
dextran administration group were immediately fixed with 4%
paraformaldehyde for 24 h, frozen in optimum cutting temperature
(OCT) solution, and stored at — 80 °C.

Immunofluorescence. Tissue specimens frozen in OCT solution
were sectioned (5 um thick), mounted on slides, and air dried for
30min. The primary antibody was goat anti-mouse CD31
(AF3628; R&D Systems, Minneapolis, MN, USA), and the
secondary antibody was anti-goat Alexa Fluor 546 (Life Technologies,
Grand Island, NY, USA). The sections showing immunofluores-
cence were scanned with a microscope (BZ-9000; Keyence Japan,
Osaka, Japan).

Quantification of dextran distribution. Dextran distribution was
evaluated by arbitrary selected four hotspots per tumour. These
hotspots were selected from the central area of the tumour
including cancer cell nests, and avoiding the peritumoral stromal
areas, The fluorescent area above a certain threshold in each 200
magnification field was calculated using the Image ] software
(v1.44p, Rasvand, National Institutes of Health, USA), and the
measurement results were averaged.

Tumour treatment study. Mice bearing tumours (two CXs
(BxPC-3 and MIA PaCa-2) and three TGs (PC-03, 09, and 10))
received an intra-peritoneal injection of GEM (100 mgkg™') or
saline (100 d) twice a week for 2 weeks. The treatment was
combined with intravenous injection of iRGD peptide at
8 umolkg ~ ' or PBS 10 min before GEM injection. The mice were
weighed and tumour volume was measured twice per week. All
xenografts were harvested 28 days after the start of treatment.
Tumour volume was calculated using the formula: volume
(mm®) = (d* x D)/2, where d is the smallest and D is the largest
tumour diameter.

Clinical specimens of pancreatic cancer. Forty-eight consecutive
patients, who underwent surgery for pancreatic cancer at Tsukuba
University Hospital between September 2003 and April 2009, were
included in the study. Histologically proven cases of pancreatic
ductal adenocarcinoma were included, and cancers derived from
intraductal papillary mucinous neoplasms were excluded. None
of the patients had received neo-adjuvant chemotherapy or
irradiation before surgery. Specimens of pancreatic cancer tissue
obtained with the patient’s consent were fixed in 10% formalin
solution and embedded in paraffin. The pathological diagnoses and
classifications were made on the basis of the UICC TNM
classification of malignant tumours, 7th edition (Sobin et al, 2009).
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