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Abstract

While chemotherapy is the only approved non-surgical option for the majority of pancreatic cancer
patients, it rarely results in a cure. The failure to respond to chemotherapy is due to the presence of
an abundant dysplastic stroma that interferes in drug delivery and as a result of drug resistance. It
is appropriate, therefore, to consider the stromal contribution to the resistance to chemotherapy
and sidestepping this barrier with nanocarriers that improve survival outcome. In this paper, we
provide a short overview of the role of the stroma in chemotherapy resistance, including the use of
nanocarriers to negate this barrier. We provide a perspective and guidance towards the
implementation of nanotherapeutic approaches to improve therapeutic delivery and efficacy of
PDAC management.
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1. Introduction

Pancreatic cancer (PDAC) is the 4! leading cause of cancer death, with ~43,090 deaths in
the US in 2017 [1]. In terms of mortality trends, Cancer Facts & Figures 2018 demonstrates
that the 5-year survival rate has remained unchanged from 2006 to 2015 [2]. In the US,
around 56,000 new cases of PDAC will be diagnosed in 2018 [2]. Collectively, for all stages
of disease, the 5-year relative survival rate is only 8%. This number includes patients with
metastatic (~52% patients) and local disease (~10% patients), with a 5-year survival rate of
3% and 32%, respectively. Due to the late diagnosis and early metastasis, for the majority
patients with advanced disease, chemotherapy is considered as the only approved treatment,
with the standard of care involving the use of nucleoside analog gemcitabine (GEM) or a
more potent but highly toxic 4-drug regimen, FOLFIRINOX (/.¢e. oxaliplatin, irinotecan, 5-
fluorouracil, and leucovorin). Moreover, chemotherapy is also used to treat the patients who
are suitable for surgery (<20%), as neoadjuvant with a hope to lower recurrence.
Unfortunately, these chemo applications seldom lead to a disease cure.
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Chemotherapy failure can be partly explained by the presence of a dense desmoplastic
stroma serving as a physical and biological barrier for drug delivery in PDAC and an
unfavorable pharmacokinetics (PK) profile [3]. It is reasonable to consider, therefore,
overcoming of the stromal interference in drug delivery and chemo-resistance to improve
efficacy and patient survival [3]. A popular approach to overcoming the stromal resistance is
to take advantage of the ability of nanocarriers to deliver therapeutic agents to the tumor site
by mechanisms that differ from the uptake and retention of classic non-encapsulated
molecular drug. A recent meta-analysis on PDAC clinical trials demonstrated that
nanoparticles are promising approach to increase efficacy whilst reducing toxicity of
multiple cancer drugs in PDAC patients [4]. Another exciting development is the use of
smart design of the nanocarriers to enable them to negotiate the stroma barrier and improve
drug delivery [5]. In fact, understanding the stromal contribution to the tumor access by an
enhanced permeability and retention effect (EPR) in solid tumors is of particular relevance
to the study of PDAC [6-9]. The concept of “enhanced permeability” as an across-the-board
explanation for nanocarrier access to solid tumor sites is over-simplified and needs to be re-
interpreted [10-15]. While enlarged tumor vascular fenestrations, irregular branching and
abnormal angiogenesis have been reported in different cancer scenarios (many of them are
xenograft models in mice) [6], the dysplastic stroma in PDAC indicate that additional
consideration needs to be given to the poorly perfused, collapsed and obstructed blood
vessels in this cancer as a result of tight adherence of stromal fibroblasts or pericytes to the
vascular wall. In this communication, we provide a short overview to address the inhibitory
effect of the stroma on PDAC treatment, including the consideration for the use of
nanocarriers to potentially engineer and past this obstacle. We also provide a perspective and
guidance towards the implementation of nanotherapeutic approaches in PDAC and other
stroma-rich solid tumor types.

2. The pathophysiological contribution of the PDAC stroma to disease

progression

A key characteristic of PDAC is the presence of tumor stroma, which contains cellular
components (e.g. fibroblasts, immune cells, stellate cells, pericytes, endothelial cells),
acellular components (e.g. collagens, fibronectin, growth factors and cytokines) and
biophysical components (e.g. low pH, hypoxia, high tumor interstitial pressure) (Fig. 1A)
[16]. These components interact in a multiplicative fashion to promote PDAC progression
and tumor metastasis [17]. Previous studies have demonstrated that during PDAC
carcinogenesis normal ductal epithelial cells acquire oncogenic mutations to develop early
stage lesions, a.k.a. precursor pancreatic intraepithelial neoplasm (PanIN), which further
progresses through different grades (7.e. 1A, 2A, 2, and 3), ultimately form a highly invasive
PDAC disease [18]. During this dynamic process, stellate cells in the stroma release pro-
inflammatory cytokines and growth factors to activate immune cells, produce extracellular
matrix (ECM) proteins and increase fibrotic stromal deposition [16]. PDAC cancer cells also
secrete variable pro-inflammatory cytokines, such as TGF-p1, PDGF, TNFa, and IL-6 and
activate stellate cells and fibroblasts, which further transform into a myofibroblast-like
phenotype capable of ECM secretion [19]. ECM deposition in periacinar regions disrupt
normal parenchyma, compressing tumor vasculature, and leading to hypovascularity, high
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interstitial fluid pressure and hypoxia, which is known to activate stellate cells and capable
of perpetuating the “hypoxia-fibrosis” cycle [20]. Moreover, the fibrotic PDAC
microenvironment exhibits suppressive innate and adaptive immune systems, /.e. reduced
cytotoxic CD8 T cells and increased M2 macrophages, N2 neutrophils, and T-regulatory
cells (Tregs) at PDAC tumor site [21]. Collectively, the dense PDAC stroma including
immune suppression establishes a favorable environment for PDAC development and
metastasis. However, fibrotic stroma and abnormal vasculature negatively impact drug
delivery, leading to PDAC resistance to most therapeutics, including two first-generation
chemo delivering nanocarriers [16].

3. Why overcoming tumor stroma is important to PDAC

nanotherapeutics?

The high stromal volume in PDAC (up to 70% of the total tumor volume, Fig. 1B) requires
disease- specific consideration to eliminate its impact on therapy [3]. Not only is the stroma
poorly vascularized, but the existing vessels are relatively less leaky due to a high pericyte
coverage, which blocks the extravasation of small molecule chemo agents as well as
nanoparticles to the PDAC tumor site (Fig. 1C) [22, 23]. Kataoka et al., compared size-
controlled polymer micelle nanoparticle access in various solid tumor models in mice [24].
While both 30 and 100 nm nanoparticles can penetrate into a hyper- permeable colon cancer
model, only the small (30 nm) micellar particle could penetrate a stroma-rich pancreatic
tumor model (/.e. BXPC3) in mice to achieve an anti-tumor efficacy [24]. The study also
demonstrated that the lack of egress of the 100 nm particle was due to the high pericyte
coverage of the endothelial cells. The pericyte adherence to the endothelial cells could be
reduced by a TGF- inhibitor, delivered by a 100 nm particle [23]. This increases vascular
access [23]. In addition to physical blockage, the stroma also contributes to chemo-
resistance and an unfavorable PK and pharmacodynamic (PD) profile in vivo[3], including
high level of expression of cytidine deaminase (CDA), which reduces the circulatory half-
life (t1/2) of GEM to < 0.3 hour [25]. Moreover, GEM action at the tumor site also requires
intracellular activation by a phosphorylation step that is catalyzed by the rate-limiting kinase
deoxycytidine kinase (dCK) to generate the active metabolites, dFdCDP and dFdCTP [26].
Another important stromal contribution to tumor cell growth is through supportive cell types
that promote cancer cell proliferation and metastasis by means of a number of complicated
cross- talk interactions [3]. Given this background, it is important to consider overcoming
the challenges of the stromal barrier to address drug delivery and unfavorable PK/PD to the
cancer site, including the improvement of intratumoral distribution, bioavailability, and
overcoming drug resistance.

4. State-of-the-art approaches to overcome the stromal barrier in PDAC,

including the use of nanocarriers

A number of stromal treatment strategies are currently being considered to improve PDAC
treatment. While it is too early to evaluate the impact of PDAC stromal treatment, the field is
beginning to understand the impact of multi-stage, multi-wave and combination therapy,
which influence a multitude of mechanisms such as vasculature permeability, blood vessel
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patency, drug activation/degradation enzymes, and/or target specific biological factors, etc.
These efforts involve the use of enzymatic degradation, pharmacological suppression, tumor
vasculature modification/intervention, and stromal targeting peptides, etc.

4.1 Stromal-directed agents

The first approach is the introduction of stromal-directed agents that obliterate the dense
stromal microenvironment and improve drug delivery [27]. In this regard, a major advance
has been the development of PEGylated hyaluronidase (PEGPH20), which is the PEGylated
version of recombinant human hyaluronidase enzyme [28, 29]. In multiple solid tumor types
including PDAC, PEGPH20 treatment leads to a transit degradation of hyaluronan, which is
a glycosaminoglycan that is abundant in tumor stroma. A Phase 2 clinical study showed that
PEGPH20 plus Abraxane® (albumin-bound paclitaxel nano-complex) and GEM led to a
doubling of progression-free survival and an improvement in overall survival in patients with
hyaluronan-high metastatic PDAC. This promising result is being pursued in an ongoing
Phase 3 study involving ~570 patients with the purpose of comparing the anti- PDAC
efficacy and safety of PEGPH20/Abraxane®/GEM versus placebo/Abraxane®/GEM.
However, it is important to point out that the thromboembolic effects of PEGPH20 have
resulted in a clinical hold by the FDA before the study was resumed. In addition to
PEGPH20, other known anti-stromal drugs, such as hedgehog signaling inhibitors (e.g.
IP1-926) [30], metalloproteinases inhibitors [31], connective tissue growth factor antagonists
[16], antifibrotic agent (e.g. pirfenidone) [16], angiotensin inhibitors [32], are potentially
useful for combining with nanocarriers in PDAC treatment.

4.2. Pharmacological reduction of stromal volume

The second approach is the pharmacological reduction of stromal volume, as illustrated by
FDA approval for the use of Abraxane® in PDAC. Clinical data demonstrated that co-
administration of this therapy promotes GEM survival outcome by 1.8 months [33, 34]. The
mechanistic explanation for the stromal reduction and decreased CDA expression is the
generation of oxidative stress by Abraxane®, rather than its effect as a chemotherapeutic
agent [33, 34]. In cultured KPC cell lines, paclitaxel inhibited CDA expression viathe
generation of reactive oxygen species (ROS), an effect that is reversible by the ROS
scavenger, N-acetyl-L-cysteine. However, it is important to point out that the combination of
GEM/Abraxane® is premised on using conventional therapeutic doses, which may overlook
the possibility that drug synergy could depend on the ratiometric combination of the drugs.
In this regard, it has recently been demonstrated that the ratiometric combination of
daunorubicin and cytarabine in a liposome, 7.e. Vyxeos™ formulation, could provide strong
drug synergy with improved outcome in acute myeloid leukemia [35]. For this reason, we
developed a mesoporous silica nanocarrier that ratiometrically delivers GEM and paclitaxel
by a lipid-bilayer coated nanoparticle, a.4.a. a silicasome [36]. The silicasome encapsulates
GEM in the porous interior while delivering the paclitaxel from the lipid bilayer in the ratio
of GEM : paclitaxel = 10 : 1 [36]. The synergy for this carrier was demonstrated by
CompuSyn software. Ratiometric drug co-delivery to animals growing subcutaneous and
orthotopic PANC-1 models provided more effective PDAC shrinkage than a variety of
controls, including free GEM plus Abraxane® mixture. Comparable tumor shrinkage in the
orthotopic model required co-administration of ~12x the amount of free Abraxane® to
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achieve the same outcome. This was accompanied by ~13x increased level of active GEM
and ~4x decreased inactivated metabolite at tumor site [36]. Another example is the Cellax
nanoparticle, a docetaxel conjugated polymeric formulation [37]. It was shown that Cellax
nanoparticles were capable of depletion of cancer- associated fibroblasts and improving
efficacy in patient-derived PDAC xenografts [37]. The investigators performed efficacy in
PANO2 tumor xenograft model in which they showed docetaxel- Cellax nanoparticle led to
40% disease free mice at maximum tolerated dose of 170 mg DTX/kg [37]. In the breast
cancer models, Cellax particles led to tumor stromal depletion and anti-metastatic effect
[38]. In the mechanism study, the authors also demonstrated that Cellax adsorbed albumin
was internalized by cells via an albumin and SPARC dependent fashion in the breast,
prostate and lung cancer models [39].

4.3 Vascular modification

The third approach is vascular modification to improve drug delivery. This comprises a
number of options, including targeting the TGF-p pathway, which is responsible for pericyte
adherence to PDAC endothelial cells [40]. We and others have demonstrated that
intervention in the TGF-B signaling pathway using TGF-f receptor kinase inhibitors or
monoclonal antibodies can enhance vascular access and nanocarriers egress to the PDAC
tumor site [40-42]. However, the use of free inhibitors or antibodies may require relatively
high doses to achieve this outcome, which can be improved by the use of nanocarriers.
Vascular access can also be improved by means, such as lowering of the interstitial fluid
pressure [43]. In addition to the pharmacological interference, another interesting study
involves the use of ultrasound microbubbles, which usually have a diameter of between 1~ 4
um, restricting them to the vascular compartment [44]. It has been shown that disintegrating
microbubbles emit acoustic forces that are capable of inducing thrombolysis, facilitating
drug and gene delivery across biologic barriers [44].

4.4 Stromal targeting therapy

The fourth approach is to develop stromal targeting therapy. This includes the recent
discovery that cyclical iRGD peptides can increase PDAC vascular access by a nutrient
supply pathway [45]. The iRGD peptide initiates a transcytosis pathway, which involves the
formation of cytoplasmic vesicles and vacuoles, a.k.a. a vesiculo-vascular organelle or VVO,
in the endothelial cells [46]. Under physiological conditions, the transcytosis pathway is
engaged in nutrient supply to the PDAC tumor growth, under the control of vascular
endothelial growth factors (VEGF) [10]. These growth factors (e.g. VEGF, TGF-g, and
semaphorin 3A) display a C-terminal peptide motif that binds to the neuropilin-1 (NRP-1)
receptor on tumor blood vessels [47]. NRP-1 further triggers the transcytosis response which
provides transport of proteins and other nutrients, but can also involve transport of drugs and
nanocarriers (Fig. 2A) [47]. iRGD binds to tumor specific integrins, where it is
proteolytically cleaved to release a C-terminal (CendR) motif that interacts with NRP-1 to
initiate transcytosis of macromolecules and nanoparticle [45]. The peptide can be
therapeutically employed to enhance the delivery of drugs, macromolecules and
nanoparticles by initiating a bulk transcytosis response that can proceed independent of
iRGD conjugation to the substance being transported. This pathway is likely analogous to
the VVO, which has been observed for a number of years by electron microscopy in tumor
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vasculature [48]. Recently, we demonstrated a transcytosis-inducing iRGD peptide that can
enhance the chemotherapeutic efficacy of a silica-based (silicasome) nanocarriers in PDAC
[49]. The efficacy of an irinotecan-laden silicasome carrier can be significantly improved by
the co-administration of an unconjugated iRGD peptide that does not require to be attached
to the carrier to enhance tumor uptake, leading to enhanced killing of the primary tumor as
well as metastasis inhibition in an orthotopic PDAC model. Noteworthy, we were able to
visualize the transcytosis of gold-labeled silicasomes at the tumor site by TEM visualization,
showing the appearance of grouped vesicles in endothelial cells, followed by particle
deposition in the stroma and uptake by PDAC cells (Fig. 2B) [49]. The selection of a tumor
pair with differential NRP-1 expression on the tumor vasculature demonstrated differences
in carrier uptake and irinotecan delivery during iRGD treatment [49]. We propose that the
NRP-1 transcytosis pathway constitutes an important component of the EPR effect for
tumors with a dense stroma.

5. Future discovery to develop nanotherapy for PDAC and other stroma-

rich solid tumors

Nanotechnology has contributed in a significant way in improving chemotherapy for PDAC
over the last a few years. Two nanomedicines, /.e. Abraxane® and Onivyde® (irinotecan
liposome injection) were approved by FDA for PDAC treatment. We have discussed further
improvement in the treatment of this disease through the use of synergistic drug
combinations, tumor targeting, toxicity reduction, overcoming stroma barrier, efc. These
efforts can be conceptualized by a nano-enabled “engineered approach”, which is the
selective integration of the drug delivery properties with additional nanocarrier properties
that address tumor-specific challenges in PDAC and other solid tumors (Fig. 3). To address
heterogeneous stromal effect in PDAC and other solid tumors, one promising way to
implement “engineered approach” is waves of therapy, which has been illustrated by “two-
wave” approach [23]. Inspired by the ability of communication signaling in biological
system, waves of therapy could also be designed by 15t wave nanoparticle to broadcast tumor
location, followed by the ‘receiving’ 2"d wave nanoparticles that may carry various
payload(s), thereby amplifying particle abundance in solid tumor [50]. Experimentally, it
was proven that such signal could be the activation of coagulation cascade at tumor site,
followed by clot-targeted nanoparticles as a 24 wave treatment [50]. Other biological
signals, such as paired nanoparticles to mimic the inflammatory cell recruitment process at
disease sites, may serve as alternative options. Moreover, the waves of therapy could also
include the combined use of anti-stromal agents and nanocarrier which the latter can
pharmacologically impact stromal components [51-53]. However, it is also necessary to
point out that the role of stroma is complicated. Classic cancer biology studies have
demonstrated contrasting results, such as 1) rapid elimination of fibroblasts and fibrosis
accelerated PDAC progression [54] and 2) chronic stroma depletion improves cancer drug
efficacy [16]. This suggests the importance of precisely-controlled stroma manipulation,
which is achievable by nanoparticles with appropriate designs for controlling PK and drug
release or be responsive to internal/external stimuli (on-demand release). These options
provide an opportunity to avoid the extremes, i.e. stromal depletion vs. stromal abundance,
at solid tumor site.
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Another promising approach to implement an “engineered approach” would be to design
nanocarriers that can deliver drug combinations. We have mentioned that ratiometric
delivery [55], exemplified by Vyxeos™ and our paclitaxel/GEM formulation [56]. The
capability of tailored nanoparticle design has enabled unprecedented control in delivering a
wide range of therapeutics, such as paired small molecule drugs, drug plus nucleic acid, drug
plus imaging agent, etc. Use of combinatorial nanoparticles opened up many promising
options toward addressing PDAC challenging, including overcoming drug resistance. As
compared to traditional drug cocktail, key advantages for nano-enabled combination therapy
include 1) enabling concurrent delivery of drug combinations with harmonized PK/PD
profiles, 2) maintaining the synergistic drug ratio, and 3) controlling drug exposure
sequence, etc. Since nanocarriers that contain multiple components are complicated
formulation-wise, to secure the synergy, it is important to control batch-to-batch
reproducibility during manufacture [57]. It is also important to consider the design
complexity against the cost of each component and the ability to achieve GMP level
manufacturing production volumes.

We also want to comment on precision nanomedicine and patient-specific response
differences in engineered PDAC manotherapy. Take a GEM nano formulation for example, it
requires the consideration on drug metabolic profiling and PK. For example, it would be
helpful to deliver a diphosphorylated version of GEM to patients that have a relative low
expression of dCK enzyme (that is a key enzyme for intracellular GEM activation). To
achieve this integration of nanotherapeutics with clinical-based approaches for PDAC, it is
possible to use imaging approaches for delineating GEM- responsiveness in PDAC patients
(e.g., PET scanning and intratumoral drug profiling) [26]. This could constitute the basis of
future translational studies that build on the development of nanocarriers that can address
patient-specific disease characteristics in animals.

Last, we want to comment on the merging nano-enabled immunotherapy in PDAC. In
addition to prohibiting drug access, the PDAC stroma acts as a physical and functional
barrier to immune cell infiltration and anti-tumor immunity (also see Fig. 1A) [58]. While
the mechanism of immunosuppression is not fully understood in PDAC, we do know that
activated pancreatic stellate cells and fibroblasts impair immuno-surveillance, contributing
to local immune suppression [59]. Moreover, an effective immune activation in the PDAC
microenvironment has to overcome the presence of Foxp3* Tregs (immunologically “cold™),
secretion of anti-inflammatory cytokines, expression of checkpoint inhibitors [58]. The
awareness of these complex tumor biology processes has allowed PDAC immunotherapy a
promising approach, which includes antibodies, immune adjuvants, vaccines and cell-based
treatments, etc. While just begin in PDAC, multiple nano formulations, such as polymer,
liposome, micelles, and inorganic nanoparticles are under development in various cancer
types including solid tumors [60-64]. Here, we want to emphasize on the impact of
nanoparticle physicochemical properties on immunological therapy outcome. Take tumor-
associated antigens delivery nanoparticles for example, generally speaking, dendritic cell
uptake of these particles depends on size, shape, surface charge, and hydrophobicity [60].
The complexity may further increase when use these nanoparticles in vivo. For example,
intracutaneously injected <200 nm polystyrene nanoparticles may drain freely to lymph
nodes (LN) in B6/C57 mice, subsequently taking up by CD8a* LN-resident DC subsets,
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which is favorable for cancer immunotherapy. This differs to particles that are greater than
200 nm, which appear to be taken up by circulant monocytes, then migrate to LNs [65].

There is a growing awareness that the use of selected cancer drugs in neoadjuvant therapy
can enhance the recruitment of tumor-infiltrating lymphocytes, with survival benefits [66].
Recently, we demonstrated the use of nanocarriers to deliver chemo agents to mount an
immune response in PDAC. One option is to use chemotherapy nanocarrier to induce
immunogenic cell death (ICD), which is accompanied by the expression of calreticulin
(CRT) on dying tumor cell surfaces, which provides an “eat-me” signal for dendritic cell
uptake. The subsequent release of ATP and HMGBL serves as adjuvant stimuli to the antigen
presenting cells. We designed a nanocarrier for the targeted delivery of an ICD-inducing
chemo agent (e.g. oxaliplatin that is a chemo component in the FOLFIRINOX regimen) to
the PDAC tumor site, which can induce priming and increase the number of tumor-
infiltrating lymphocytes in PDAC [58]. The same carrier was used to co-deliver with a
prodrug inhibitor, which targeted metabolic immune surveillance pathway (i.e. indoleamine
2,3-dioxygenase or IDO pathway), which is overexpressed at PDAC [58]. The encapsulated
co-delivery of oxaliplatin and IDO prodrug inhibitor provided a potent and synergistic
activation of both the innate and cognitive immune systems at PDAC site, with survival
benefit in a Kras orthotopic model [58]. This nano-enabled combination overcomes the
potential guesswork associated with the classic immune checkpoint inhibitors, where only a
minority of people responds because of an immunologically “cold” PDAC TME and
ineffective tumor biodistribution [58]. To impact majority cancer patients with predictable
benefit, it is also possible to use nano-enable approach to augment or synergize with
PD-1/PD-L1-, CTL-4- and CAR-T based therapy, which are quite successful in certain
cancer scenarios. Moreover, it could be quite attractive to develop image-guided nano
immunotherapy with a view to predict the response, improve specificity and safety for
PDAC immunotherapy.
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chemotherapy in PDAC, including as a result of an abundant dysplastic stroma, which serves
as a physical and biological barrier, including the immunosuppressive tumor
microenvironment. (B) Trichrome staining of PDAC tissue sections. Moderate (~50%) and
high (>70%) stroma content PDAC tumors were shown. Blue: stroma, e.g. collagen. Purple:
Tumor cells. (C) Figure 1C demonstrates that PDAC tumor develops a dense stromal barrier,
which blocks the vascular access of I1V-injected red fluorescent liposomes. Higher level

magnification was provided to show the localization of the liposomes in the tumor in
relation to endothelial cells (CD31) and pericyte (NG2) fluorescent markers. The

fluorescence microscopy image obtained from PDAC tumor site showed a region of a blood
vessel where pericytes were trapping some liposomes just beyond their point of egress from

the vascular fenestrations [23].
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Figure2.
Nanoparticle PDAC access was improved by iRGD co-administration via a transcytosis

mediated mechanism. (A) Schematic to show the working mechanism of iRGD peptide. (B)
Ultrastructural viewing of a silicasome nanocarrier transport initiated by iRGD. KPC
derived orthotopic tumor bearing mice were injected with 50 mg/kg Au-core containing
silicasomes with co-administrated iRGD. Tumors were harvested at 24 hours and
immediately fixed for TEM analysis. The electron micrograph shows silicasomes in (i) the
lumen of a tumor blood vessel (red arrows), (ii) transport in the endothelial vesicles (pink
arrow), and (iii) deposition in the tumor interstitium (blue arrows). High- magnification
images of regions 1 through 3 are provided in the panels on the right. E, endothelial cell; P,
pericyte. Scale bar: 2 pm (left panel); 50 nm (right panels). Picture adapted from Reference
[49].
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Figure 3.
We propose an engineered approach using nanocarriers in PDAC, which can overcome

stromal vascular gate or suppress the stromal abundance by the delivery of drugs that
suppress pericyte coverage or decreases the stromal volume and abundance of deaminase
activity. Moreover, a combination of these features could be used in synergistic designed
nanocarriers. It is also a possible to include tumor targeting or the use of peptides that induce
transcytosis across the stromal barrier.
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