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Pancreatic cancer characteristically has an extremely dense stroma, which facilitates chemoresistance by
creating physical and biological barriers to therapeutic agents. Thus, stroma-depleting agents may enhance the
delivery and efficacy of chemotherapy drugs. However, stroma-targeting therapy for pancreatic cancer is a
double-edged sword, as the stroma can also inhibit tumor metastasis and malignancy. In-depth understanding of
the critical role of the stroma in cancer metastasis may improve therapeutic approaches by allowing them to

harness specific features of the stroma to treat pancreatic cancer.

1. Introduction

Pancreatic cancer is the fourth leading cause of cancer-related
deaths worldwide, with a 5-year survival rate of < 8% [1]. Surgical
resection is the only potentially curative therapy for this highly lethal
malignancy [2]. However, only 15-20% of pancreatic cancer patients
are considered surgery candidates at the time of diagnosis [3]. Com-
prehensive chemotherapy-based treatment is the primary strategy for
the remaining > 80% of patients with unresectable disease. Despite
significant progress in the development of new chemotherapy regimens
[4-8] over the past 20 years, the overall chemotherapeutic efficacy
against pancreatic cancer remains low. Therefore, investigation of
novel strategies is extremely important for improving pancreatic cancer
outcomes. Certain molecular therapies, such as anti-angiogenic agents
and epidermal growth factor receptor antagonists, have shown little to
no benefit in patients with pancreatic cancer [9-11]. Specific biological
mechanisms likely hinder the effectiveness of these therapies.

The highly heterogeneous pancreatic cancers are generally char-
acterized by the presence of a dense stroma, with extensive fibroblasts
proliferation and extracellular matrix (ECM) deposition [12]. The
stroma can constitute in excess of 50% of the tumor volume, comprising
cancer-associated fibroblasts (CAFs), blood vessels, hyaluronan, col-
lagen fibers, infiltrating immune and inflammatory cells, nerve fibers,
and adipocytes [12,13]. The de-differentiated tumor cells distributed
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throughout the stromal components with the immature adenoid struc-
ture, when compared with the mature pancreas cell types [12,14].
Within this environment, the intratumoral microvessels are highly
compressed, limiting the uptake of chemotherapy agents. These prop-
erties create a physical and biochemical barrier that, when coupled
with the complex tumor microenvironment and the biological re-
sistance of pancreatic cancer cells to chemotherapy [15,16], results in
poor response to most treatment options. Therefore, strategies to
eliminate or remodel this physical and biochemical barrier could sub-
stantially improve chemotherapy delivery and efficacy.

2. Overview of stromal biology in pancreatic cancer

Stromal components modulate pancreatic cancer progression
[12,17]. CAFs, among the most important constituents of the stroma,
play a central role in malignant tumor behavior. They contribute to the
establishment of an immunosuppressive tumor microenvironment, the
secretion of cytokines that promote tumor growth, metastasis, and
chemoresistance, and the induction of systemic effects, such as cachexia
and acidosis [18-21]. Collagen fibers, another important stromal
component, promote pancreatic cancer progression by signaling cancer
cells to enhance growth, maintain a migratory phenotype, and avoid
apoptosis, as well as by providing a basement-membrane-like archi-
tecture adjacent to the cancer cells and by enhancing tissue tension,
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stromal hypoxia, and drug resistance [22-24]. High levels of specific
fibrillar collagens adjacent to epithelial lesions are associated with
poorly differentiated pancreatic cancer and reduced overall survival
rates [24]. In addition, a variety of immune cells infiltrate the stromal
niche, interact with stromal and cancer cells, and promote the growth
and phenotype of this aggressive neoplasm [13,20,25]. Increasing
numbers of studies have demonstrated that depletion or inactivation of
these tumor-promoting stromal cells reduces the abundance of ECM
proteins and inhibits growth and metastasis of desmoplastic human
pancreatic cancer [17,18,26-29].

3. Investigations of stroma depletion in pancreatic cancer

Considering the role of the stroma in pancreatic cancer, the un-
derlying pathways represents a target for restraining the malignant
behavior. Six major mechanisms drive the generation of desmoplastic
stroma: ECM remodeling by secreted protein acidic and rich in cysteine
(SPARC) [30], tumor stroma depletion by CD40-activated tumor-asso-
ciated macrophages [31], microvascular wall collapse derived from
tumor endothelial cell damage by gamma-secretase activation in the
Notch signaling pathway [32,33], microvascular structural and func-
tional impairment from extensively deposited hyaluronan on the ex-
tracellular interstitium [34,35], pancreatic stellate cell (PSC)/CAF ac-
tivation by Hedgehog signaling pathway stimulation [36,37], and Rho-
associated protein kinase (ROCK)-induced extracellular collagen re-
modeling [38]. Although the comparative importance of these me-
chanisms has not been determined, they do not function in isolation.
Under certain circumstances, they interact with each other and sy-
nergistically promote the stromal progression of pancreatic cancer [39].
Additional mechanisms may contribute to stromal development. For
instance, intratumorally infiltrated nerve fibers may regulate CAFs,
termed neuronal CAFs, with potential common regulatory targets [40].
Elucidating the intrinsic connections between these mechanisms and
identifying the key regulatory targets can pave the way for clinical
investigations of strategies to deplete the stroma in pancreatic cancer
patients.

Theoretically, targeting any of these pathways may suppress the
stromal progression of pancreatic cancer. A SPARC-targeting agent
[41], a CD40 agonist [31], a gamma-secretase inhibitor (Notch sig-
naling inhibitor) [33,42], a human recombinant hyaluronidase [35], a
Hedgehog pathway inhibitor [36], and a ROCK small-molecule in-
hibitor [38,43] have all been shown to trigger tumor stroma ablation in
genetically engineered mouse models of pancreatic cancer, restoring
the structure and function of tumor microvessels. Consequently, these
compounds substantially increased perfusion, diffusion, and convection
of small-molecule therapeutics, thus representing good prospects for
clinical development.

4. Clinical exploration of stroma-depleting agents

Preclinical studies have highlighted the prospect of utilizing stroma-
targeting treatments (Fig. 1), paving the road for several clinical trials
examining the use of stroma-depleting agents in pancreatic cancer
(Table 1). However, most of these agents did not successfully translate
into clinical use. Although the SPARC-targeting chemotherapy drug
nab-paclitaxel successfully achieved clinical translation [6,44], later
studies demonstrated that its efficacy does not depend on SPARC ex-
pression and, thus, stromal depletion [45-47]. Furthermore, tumor
growth and metastasis may tend to accelerate following the develop-
ment of nab-paclitaxel resistance [48]. To date, this phenomenon,
combined with the differential response between primary and meta-
static tumor lesions, has not yet attracted enough attention from gas-
troenteropancreatic oncologists.

Among the other therapeutic agents, both the Hedgehog pathway
inhibitor vismodegib [49,50] and the CD40 agonist CP-870,893
(NCT02304393) have not exhibited a clear survival benefit in clinical
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research. Even worse, another Hedgehog pathway inhibitor IPI-926
[51,52] (ClinicalTrials.gov, NCT01130142) showed a clear adverse ef-
fect. Recently, the PEGylated recombinant human hyaluronidase
PEGPH20 has shown some promising potential benefits in both pre-
clinical [34,35] and preliminary clinical studies [53] (NCT01453153,
NCT01839487, NCT02715804). However, its use and efficacy remain
controversial because of some detrimental effects reported in a recent
clinical study [54] (NCT01959139).

Facilitated by research investigating the stromal microenvironment
of pancreatic cancer, stroma-depleting approaches have the potential to
revolutionize cancer care. However, they remain a long way from
regular and robust clinical application.

5. Causes and prevention of negative effects of stromal depletion

Most mechanistic studies have concluded that the desmoplastic
stroma of pancreatic ductal adenocarcinoma (PDAC) plays an essential
role in maintaining the malignant biological behavior of the tumor cells
[12,25,38]. However, combinations of stromal depletion strategies and
systemic chemotherapy have not benefited patients in clinical studies
(Table 1) [49-52,54], indicating that PDAC stroma likely possess pro-
tective biological features. Ozdemir et al. [55], Rhim et al. [56], and
Lee et al. [57] independently verified that ablation of myofibroblasts or
CAFs in PDAC, through inhibition of the Hedgehog signaling pathway
or depletion of the a-smooth muscle actin (SMA)* CAFs accelerates
metastatic processes and reduces survival in a mouse model of pan-
creatic cancer. In addition, in these studies, the tumor cells exhibited
loss of differentiation at the primary sites, an epithelial-to-mesench-
ymal transition, and an enhanced cancer stem cell-like phenotype. In-
creased immunosuppression, hypoxia, and vascular density, together
with loss of vascular integrity, were observed in the stromal niches.
Furthermore, the PDAC mice suffered severe weight loss, acidosis, and
cachexia [55-58]. Anti-angiogenic agents [56] and anti-CTLA4 im-
munotherapy [55] could partially reverse disease acceleration and
prolong survival in mice. We have previously shown an association
between elevated a-SMA™ myofibroblast and CD34* vascular en-
dothelial cell levels in tumors, indicative of enhanced microvessel in-
tegrity, and improved survival rates following curative resection [59].
Taken together, these findings suggest that the negative effects of
stromal depletion in pancreatic cancer potentially occur via activation
of dormant tumor cells and induction of the metastatic potential, re-
sulting in the presence of chemotherapy-resistant residual tumor cells
that are transported to distant organs through incomplete microvessels.

Various CAF subpopulations, exhibiting distinct properties and ac-
tivation levels, have been recently detected in breast [60] and pan-
creatic cancers [61]. These heterogeneous CAF populations potentially
contain previously unidentified distinct subsets of microvessel-asso-
ciated CAFs (mvaCAFs) (Fig. 1). Indiscriminate depletion of CAFs is
likely to harm favourable CAF subsets, compromising microvessel in-
tegrity and accelerating metastasis. Platelet-derived growth factor re-
ceptor- (PDGFR-B), a major biomarker and functional molecule asso-
ciated with vascular pericytes [62], is strongly expressed in a-SMA™
myofibroblasts [59,60]. The relationship between pericyte- and
mvaCAF-derived PDGFR-J has not been investigated, and the question
of whether pericytes and mvaCAFs represent the same cell type remains
unanswered. However, one study has revealed that therapies that an-
tagonize PDGFR-f} (i.e., imatinib and sunitinib) also lead to decoupling
of pericyte-endothelial cells, thus reducing microvessel integrity and
promoting metastasis [62]. This unique perspective proposes that the
depletion of the stroma in pancreatic cancer has a negative effect and
promotes metastasis. Although desmoplastic stroma-targeting therapies
can enhance the delivery of chemotherapeutic agents, they can also
result in the presence of resistant tumor cells. Thus, the opening of
vessel channels can subsequently lead to increased tumor metastasis.

Therefore, strategies to suppress the negative effects of stromal
depletion strategies are key to improving the efficacy of these
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Fig. 1. Schematic of the interstitial network and stromal depletion mechanisms in pancreatic cancer. Cancer-associated fibroblasts (CAFs) comprise multiple sub-
types, including inflammatory CAFs (iCAFs), myofibroblastic CAFs (myCAFs), microvessel-associated CAFs (mvaCAFs)/pericytes, and neuronal CAFs (nCAFs), as well
as other unidentified subtypes. CAFs and pancreatic stellate cells (PSCs) demonstrate a certain degree of similarity. Depletion of CAFs and fibrosis by Hedgehog
pathway inhibitors (IPI-926 and vismodegib) or CD40 agonists undermines microvessel integrity, leading to invasive undifferentiated tumors with enhanced hypoxia
and increased numbers of cancer stem cells (CSCs). Targeting of other CAFs, such as iCAFs, mvaCAFs, and nCAFs, by Hedgehog inhibitors remains to be investigated.
Pink T-mark represents inhibition; green arrow, activation; black arrow, indication; red arrow, direction of differentiation; gray arrow, invasion; question mark,
relationship remains to be verified. Abbreviations: ECM, extracellular matrix; ECs, endothelial cells; HA, hyaluronic acid; SPARC, the secreted protein acid and rich in
cysteine; TAMs, tumor-associated macrophages; Ima, imatinib; Sun, sunitinib; Sora, sorafenib.

therapeutic interventions. Approaches enhancing tumor microvessel
integrity, antagonizing neovascular formation, and transforming the
malignant metastatic potential of tumor cells may increase the clinical
efficacy of desmoplastic stroma-targeting therapies, thereby prolonging
the survival of pancreatic cancer patients receiving chemotherapy.
Approaches to precisely identify and eliminate or transform the pa-
thogenic CAF cells into protective or beneficial subsets [60,61,63,64]
through genomic analyses and genetic engineering methods [65,66]
represent another valuable avenue for future research.

6. Discussion, reflection, and perspective

Clinical studies have not demonstrated that stromal depletion can
lead to acceleration of tumor progression and metastasis. However,
preclinical studies linking the underlying mechanisms with metastasis
(Fig. 1) warn against the implementation of such therapeutic ap-
proaches. Notably, different stromal depletion treatment strategies may
have mechanism-specific negative outcomes, requiring distinct clinical
approaches. Even in the same patient, inherent heterogeneity of the
stromal microenvironment in primary tumors and metastatic foci may
result in different negative effects, mainly displaying as the primary
tumor shrinks and the metastases increase, or vice versa. In addition, the

effects of individual- and ethnic-group-specific genetic variations on the
stromal microenvironment of pancreatic cancer remain to be in-
vestigated. Genomic analyses of between- and within-individual het-
erogeneity of the stromal niche [64-66] can facilitate optimized and
personalized stroma-targeting treatment and prevention strategies
based on specific tumor characteristics, thereby minimizing negative
outcomes.

Prevention of negative effects can be facilitated by drugs that pro-
mote the normalization of microvessels [67]. These substances can
promote the integrity of microvascular structure and function and,
consequently, repress tumor cell intravasation and invasion of micro-
vessels, as well as improve chemotherapy drug uptake. They can also
prevent tumor cells from colonizing target organs and promote their
apoptosis in blood circulation, thereby inhibiting metastasis and en-
hancing chemotherapeutic efficacy. In addition, some drugs that
modify the tumor stromal microenvironment can also exhibit sy-
nergistic effects. For example, pharmacological depletion of tumor-as-
sociated macrophages and inhibition of downstream signaling by li-
posomal clodronate prevents the establishment of a pre-metastatic
microenvironment in target organs, thereby markedly reducing me-
tastasis formation [68]. Thus, liposomal clodronate represents a can-
didate for combination strategies with stroma-targeting therapies.

Table 1

Summary of clinical studies involving stroma-depleting agents in pancreatic cancer.
Agents mPFS (95% CI, months) mOS (95% CI, months) Progressive Pattern Reference
Nab-paclitaxel 1.7 (1.5-3.5) 7.3 (2.8-15.8) No description 2013 [47]
Nab-paclitaxel + gem vs. gem 5.5 (4.5-5.9) vs. 3.7 (3.6-4.0) 8.5 (7.9-9.5) vs. 6.7 (6.0-7.2) No description 2013 [6], 2015 [44]
FOLFIRINOX + IPI-926 8.4 No description No description 2016 [51]
Gem + IPI-926 vs. gem The former < the latter The former < the latter No description 2012 [52]
Gem + vismodegib 2.8 (1.4-4.7) 5.3 (3.6-8.4) No description 2014 [49]
Gem + vismodegib vs. gem 4.0 (2.5-5.3) vs. 2.5 (1.9-3.8) 6.9 (5.8-8.0) vs. 6.1 (5.0-8.0) No description 2015 [50]
Gem + PEGPH20 5.0 (1.6-5.4) 6.6 (4.0-12.1) No description 2016 [53]
FOLFIRINOX + PEGPH20 vs. FOLFIRINOX 4.3 vs. 6.2 7.7 vs. 14.4 No description 2018 [54]

Abbreviations: mPFS, median progression-free survival; mOS, median overall survival; CI, confidence interval; Gem, gemcitabine.
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An exploratory analysis conducted in the phase 3 metastatic pan-
creatic adenocarcinoma clinical trial underscored the benefit of nab-
paclitaxel plus gemcitabine against both primary pancreatic and me-
tastatic lesions [69]. However, differential responses between primary
tumor and metastatic foci are increasingly being observed in clinical
practice, with no references available to date. While the primary tumor
is under control, the metastatic foci may continue to grow. Therefore,
considering the potential pro-metastatic effects of stroma depletion, this
regimen may not be preferable for preoperative neoadjuvant therapy in
patients with locally advanced pancreatic cancer. Finally, although
stromal progression is often accompanied by enhanced
munosuppression in PDAC [64], as depletion of stroma may also ex-
acerbate PDAC immunosuppression under certain circumstances [55],
the tumor cells may be more susceptible to immune escape and, thus,
more prone to metastasis. Therefore, under the premise that adverse
reactions are controllable, combining regiments with immune check-
point inhibitors (e.g., anti-PD-1/PD-L1 [70] or anti-CTLA4 [55]) can
potentially reduce the negative effects of stroma-targeting treatment
and further enhance the anti-tumor efficacy of chemotherapy.

In summary, therapeutic regimens targeting the pancreatic cancer
stroma represent a double-edged sword. They can increase the perfu-
sion of chemotherapeutic drugs to the tumor, but also ablate the phy-
sical and biochemical barriers preventing tumor metastasis. The latter
effect can lead to a series of negative events compromising chemo-ef-
ficacy. In-depth understanding of the role of the stroma can improve
therapeutic strategies by allowing them to modify and harness the
stromal niche in pancreatic cancer toward effectively inhibiting ma-
lignant cancer growth without inducing tumor metastasis.
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