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Introduction

Pancreatic ductal adenocarcinoma (PDAC) represents the 
most common form of pancreatic cancer [1]. It is charac-
terized by a high propensity for local invasion and distant 
metastasis, which is associated with an extremely poor prog-
nosis [2]. Surgical resection or surgery in combination with 
adjuvant therapy is the only curative therapy that improves 
the overall survival (OS) of pancreatic cancer patients [3]. 
However, only approximately 20% of PDAC patients qualify 
for surgical resection with curative intent [2]. Thus, chemo-
therapy is a particularly important treatment option to extend 
patient survival or reduce symptoms.

Since 1997, the nucleoside analogue gemcitabine (GEM) 
has been successfully established as the standard of care 
in first-line palliative therapy for advanced PDAC. GEM 
improves quality of life, but only a small number of patients 
responds to GEM [4, 5]. Thus, most research has focused 
on finding ideal “drug chaperones” that facilitate and/or 
potentiate the effect of GEM. Over the past decade, numer-
ous trials have been conducted to improve the outcome of 
patients with metastatic disease using combination thera-
pies with GEM as the backbone. However, despite a mod-
est improvement in progression-free survival (PFS) in some 
trials, a significant benefit in OS is demonstrated for few of 
these combination therapies [2, 6]. Identifying the presence 
of resistance mechanisms and other determinants for GEM 
sensitivity in order to classify tumors into response catego-
ries has been an ongoing research effort.

Developing therapies for advanced PDAC is much more 
complicated than targeting only the cancer cells. Several 
defining features of PDAC influence its aggressive biology 
and resistance to multiple therapeutic modalities [1, 7]. Most 
notably, PDAC stroma is characterized by the development 
of extensive fibrosis termed desmoplasia [8]. This review 
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is focused on understanding that stroma are instrumental in 
mediating the extrinsic GEM-resistant property of PDAC 
and whether anti-stroma therapies have positive effects on 
the delivery of GEM. The complex roles of stroma in PDAC 
have forced us to reassess various therapeutic approaches in 
light of current findings, contributing to the development of 
new promising combination GEM-based regimens that have 
achieved a significant survival benefit for pancreatic cancer.

Pancreatic cancer stroma: friend or foe

Stroma and its regulators in PDAC

The stromal microenvironment is a complex structure com-
posed of cellular components such as cancer-associated 
fibroblasts (CAFs), immune cells and endothelial cells, acel-
lular components such as collagens and laminin, cytokines 
and growth factors stored in the extracellular matrix (ECM) 
[9, 10]. Tumor stroma is a complex entity and functions 
as a dynamic interface between the tumor and normal host 
epithelial tissue [8]. Like all stroma across different tumor 
types, the formation of desmoplastic stroma in PDAC likely 
depends on a combination of instructive signals from tumor 
cells as well as site-dependent differences in resident stromal 
cells [10].

In PDAC, the major components of the dense stroma are 
a complex population of CAFs. CAFs have two different 
functional stages that can be clearly defined as the quies-
cent state and the activated state. In quiescence, CAFs store 
vitamin A droplets and are characterized by the presence 
of desmin and glial fibrillar acidic protein. Notably, upon 
activation, CAFs transform into a myofibroblast-like pheno-
type, which has emerged as an important event that accounts 
for the desmoplastic stroma production in PDAC [11, 12]. 
Activated CAFs secrete excessive amounts of structural 
matrix components, including proteoglycans, collagens and 
fibronectin, and secrete matrix metalloproteinases (MMPs) 
and their inhibitors, which are involved in the degradation, 
dynamic remodeling and turnover of ECM proteins in PDAC 
[10, 13–15]. CAFs have been shown to respond to extrinsic 
signals via autocrine and paracrine mechanisms, including 
cancer cell-derived growth factors, inflammatory cytokines 
or oxidative stress [7, 8, 10, 16–18].

At the molecular level, activation of multiple signaling 
cascades in cancer cells also contributes to the formation of 
desmoplastic stroma, linking tumor genotype to the fibrotic 
phenotype, which could identify the PDACs that would 
benefit from stroma-targeting therapies. The transforming 
growth factor (TGF-β)/SMAD4 pathway has been reported 
to be associated with collagen thickness and epithelial ten-
sion [19]. Moreover, sonic hedgehog (SHH) is overexpressed 
in pancreatic cancer cells [20], and activation of its paracrine 

downstream signaling in stromal cells promotes stromal des-
moplasia [21, 22].

The dual roles of stroma in PDAC progression

Many efforts have been undertaken to elucidate the complex 
tumor–stroma interactions, and the results of these efforts 
provide interesting and fascinating insight into the stromal 
biology of PDAC [23]. Nearly 50 years have passed since 
Stoker’s pioneering studies of tumor–stroma interactions 
demonstrated that normal fibroblasts restrain the growth of 
transformed baby hamster kidney cells [24]. This “neighbor 
suppression” effect may be part of an evolved microenviron-
ment surveillance against the development of preneoplasia 
[25]. Thus, the desmoplastic reaction is thought to repre-
sent a host defense mechanism, similar to wound healing 
and tissue regeneration, to repair or hopefully impede the 
conversion of a neoplastic lesion into invasive carcinoma 
[26, 27]. Nevertheless, various stromal elements have been 
reported that contribute to immune suppression, further sup-
porting tumor survival and growth. These observations have 
led to the prevailing paradigm that stroma may in fact act 
as a “partner in crime” with tumor cells, promoting tumor 
progression [11, 28–30]. This concept has been bolstered by 
work on PDAC, a cancer with a particularly dense stroma. 
Due to the abundance of ECM proteins and CAFs in des-
moplastic stroma, the stroma functions as a physical barrier 
to the tumor. Notably, this barrier not only restrains tumor 
growth and metastasis, but also increases interstitial fluid 
pressure (IFP) and impairs tumor vasculature. The latter lim-
its the effective delivery of anti-cancer agents to pancreatic 
cancer cells [9, 17, 23].

In addition, the mechanically poor perfusion creates a 
hypoxic and acidic microenvironment into PDAC [7]. This 
environmental stress leads to the activation of various genes 
by hypoxia-inducible factor 1α (HIF-1α) protein to promote 
cell survival, invasion, and metastasis of the epithelial cells 
[31]. These observations are in contrast to earlier views of 
the stroma functioning merely as a mechanical protective 
barrier for the benefit of the host [32]. Based on this para-
digm, treating the primary tumor in pancreatic cancer is 
not enough, and the concept of anti-stromal therapies has 
emerged as a promising therapeutic approach [33, 34]. How-
ever, the majority of experimental and early clinical findings 
have failed when rigorous clinical phase II or III studies 
were conducted, and no approved anti-stromal therapy has 
actually entered the clinical routine [35, 36].

Recent experimental evidence has provided an explana-
tion for the failure of some anti-stromal therapies in clinical 
trials. At least some stromal constituents can act to restrain, 
rather than promote, tumor progression. Stromal depletion 
approaches may favor tumor aggressiveness and spread [37] 
and thus have reignited the discussion of whether tumor 
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stroma in PDAC is a ‘friend or foe’ [38]. The biophysical 
function of stroma, merely as a physical barrier, is neither 
favorable nor detrimental. This role is passively played, 
depending on the stroma–tumor balance and the microen-
vironment. Once the balance is broken, stroma assumes 
either a tumor-promoting role or a tumor-suppressive role. 
However, stroma can also actively play its biochemical roles 
through crosstalk between CAFs and cancer cells. Thus, the 
function of desmoplastic stroma is likely dynamic during 
cancer progression, and its heterogeneous cellular and acel-
lular constituents change in relation to the evolving genetic 
landscape of cancer cells. The prognosis of patients with 
pancreatic cancer heavily depends on the stromal activity 
and ECM composition within the tumors. Remodeling the 
dense tumor stroma leads to both biophysical and biochem-
ical modifications that may independently or collectively 
contribute to a favorable therapeutic response, and such 
information may guide the optimal translation of these pre-
clinical findings to patients.

Stroma involved in chemoresistance and anti‑stroma 
combination therapy

During the last few decades, the role of this stromal reac-
tion has been largely neglected by the majority of research 
efforts, which have instead focused directly on tumor cells 
as the main determinant of drug resistance [32]. Stroma not 
only activates signaling pathways that limit the effect of 
chemotherapy [39, 40], but also limits the delivery of chem-
otherapy to cancer cells [33]. The role of the desmoplastic 
stroma as a ‘fortress’ fencing off tumor cells from drugs 
applied in the circulation has only very recently been recog-
nized [17]. Improved knowledge of the genetic and molecu-
lar alterations not only occurring in tumor cells, but also in 
the surrounding stromal cells has recently resulted in the 

identification of stroma as an emerging attractive therapeutic 
target in PDAC. Various novel therapeutic approaches have 
been developed, specifically targeting profibrotic pathways, 
cytokines and growth factors involved in tumor desmopla-
sia and angiogenesis to control tumor growth and increase 
the cytotoxic effect of chemotherapeutics. Currently, several 
clinical studies using stroma-targeting agents combined with 
conventional chemotherapy have also been initiated and are 
entering clinical evaluation. In fact, the mechanisms and 
functional consequences of tumor–stroma crosstalk may be 
by far more complex than previously anticipated and should 
therefore be reassessed in an unbiased manner. Targeting 
tumor–stroma crosstalk may be an effective approach for 
improving chemotherapy efficacy—the seed and soil hypoth-
esis proposes that tumor cells have the propensity to develop 
in specific microenvironment niches that preferentially sup-
port their growth. This points to the possibility of a novel 
type of therapeutic intervention [41].

Stroma confers extrinsic resistance to GEM 
in PDAC

Stroma impairs the delivery of GEM

The determinants of extrinsic chemoresistance are theoreti-
cally more appealing to tamper with, especially in PDAC 
[42]. There is an increasing interest in targeting different 
components of PDAC stroma, and several preclinical studies 
using genetically engineered mouse models (GEMMs) of 
PDAC show promising results (Fig. 1) [33, 43, 44]. The most 
common explanation for the beneficial therapeutic effects of 
stromal elimination is that modulating vessel patency and 
density increased drug delivery in PDAC [33, 43, 44].

Fig. 1  The SHH pathway involved in tumor–stroma crosstalk. SHH 
signaling may mediate the balance between the stroma (CAFs and 
type I collagen) and PDAC cells to form a steady state. Once the 
homeostasis is disrupted by targeting any constituent of this balance, 

unfavorable effects occur. This heterogeneous factor is one explana-
tion for conflict results from clinical trials and preclinical trials, sug-
gesting a need for remodeling the stroma, not depleting of stroma
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GEM, similar to other drugs with intracellular targets, 
must traverse the vascular, extracellular, and cellular com-
partments of PDAC to ultimately have an effect. These dif-
ferent physical barriers span distances that vary by orders 
of magnitude (meters to angstroms), highlighting the sig-
nificant challenge of drug delivery [45]. Thus, apart from 
complex biochemical cancer–stroma crosstalk within the 
tumor microenvironment, inefficient drug delivery through 
tumor tissue has been debated as one of the primary reasons 
for GEM resistance in PDAC [46]. PDAC exhibits distinct 
stromal architecture that can be considered as a ‘fortress-
like’ barrier for effective drug delivery to the tumor bed. 
The architecture includes disorganized, leaky, and non-
functional vasculature [44, 47]; characteristically dense 
stroma [17]; and deregulated cellular transport proteins [48]. 
Dense stroma leads to compression of existing capillaries 
and restricts the formation of new tumor vasculature to cre-
ate high interstitial fluid pressure. The increased interstitial 
pressure and the impaired tumor vasculature prevent the 
movement of GEM from the vasculature to the extracellu-
lar compartment [33, 45]. Thus, this challenge sparked the 
quest for new therapeutic avenues capable of breaching this 
“stroma fortress” and easing chemotherapy access inside 
fibrotic pancreatic tumors [17].

CAFs affect the regional concentration of GEM

A recent study has reported that there is an ECM protein-
independent mechanism for the extrinsic resistance to GEM 
in PDAC [49], an alternative explanation that challenges the 
paradigm of a biophysical stroma barrier for drug delivery. 
The extrinsic factor is fibroblast drug scavenging. The scav-
enging increases intratumoral GEM accumulation, entrap-
ping active GEM within stromal cells and making it unavail-
able to tumor cells [50]. Therefore, metabolic targeting of 
CAFs may be a promising strategy to enhance the efficiency 
of GEM in PDAC [50]. However, CAFs accumulated GEM 
intracellularly and then were able to release it into the extra-
cellular environment, becoming GEM-releasing-CAFs that 
inhibited the in vitro growth of PDAC [51]. This prompted 
the development of new therapeutic approaches that are 
based on the cell-based delivery of anti-cancer agents by 
CAFs. These also support our above corollary statement that 
CAFs are heterogeneous, exerting different effects on GEM 
efficacy.

The dilemma of anti‑stromal therapy in PDAC

The confusing results of targeting the SHH pathway

Sonic hedgehog, a secreted hedgehog ligand that is essen-
tial during embryonic pancreatic development, is normally 

absent in the adult pancreas. Reactivation of the develop-
mental SHH pathway has been identified as one mediator 
that contributes to stromal desmoplasia during PDAC pro-
gression [22]. Canonical SHH signaling in PDAC is likely to 
occur in a paracrine fashion that exclusively acts on CAFs, 
whose activation in turn promotes the malignant behavior of 
pancreatic cancer cells [22, 52]. Numerous strategies have 
been developed to interrupt the SHH signaling pathway as 
a therapeutic means of ablating stroma.

In 2009, Olive et al. examined in a landmark study the 
impact of targeting SHH signaling as one major pathway 
known to stimulate stromal reaction [33]. In the GEMM 
of PDAC, inhibition of the SHH signaling pathway by 
IPI-926, an inhibitor of SHH pathway, resulted in a sig-
nificant depletion of tumor-associated stroma paralleled 
by an increase in intratumoral vascular density. Although 
stroma depletion alone had no immediate antitumor effect 
in this experimental setting, systemic co-administration of 
GEM and IPI-926 resulted in markedly enhancing active 
intracellular metabolite of GEM, transiently stabilizing the 
disease and significantly prolonging the survival time. How-
ever, the pronounced stromal reaction ultimately returned, 
suggesting that tumors can adapt to chronic SHH inhibi-
tion in the GEMM [33]. Unfortunately, these results could 
not be replicated in clinical trials, despite the fact that the 
block of the SHH pathway in the preclinical study achieved 
great efficacy [53]. There are mechanisms independent of 
the SHH pathway that affect the efficacy of GEM [37, 54] 
(Fig. 1). Vismodegib, another hedgehog pathway inhibitor, 
showed no clinical benefit after adding to GEM in meta-
static pancreatic cancer in a phase Ib/II study [55]. Recently, 
an interim analysis has been presented at ASCO 2014 of a 
phase II study which describes a median overall survival of 
10 months by the addition of vismodegib to gemcitabine 
and nab-paclitaxel to patients with pancreatic cancer [56]. 
The final results are still awaited and will need to be further 
interpreted.

Type I collagen and CAFs are dispensable for GEM 
delivery

Type I collagen is one element of the physical barriers within 
the pancreatic tumor matrix that is regulated by SHH path-
ways. Collagen cross-linking is mediated by lysyl oxidase 
(LOX) family members, LOXL1 and LOXL2. In PDAC, 
increased fibrillar collagen along with increased LOX family 
activity decreased GEM intratumoral diffusion, conferring 
chemoresistance [57, 58]. CAFs contribute to the produc-
tion of type I collagen. Targeting CAFs leads to extensive 
remodeling of the tumor ECM, with a significant decrease in 
tumor tissue stiffness and total collagen content, improving 
the therapeutic delivery in desmoplastic tumors [59]. How-
ever, the significant reduction in collagen content via CAF 
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depletion did not alter vessel permeability and perfusion or 
improve the efficacy of GEM. Therefore, CAFs and type I 
collagen do not appear to serve as physical barriers to the 
exposure of cancer cells to GEM in PDAC [44, 60]. These 
failed anti-stromal approaches imply that a matrix molecule 
from a non-myofibroblast source might affect GEM efficacy 
(Fig. 1).

The promising anti‑stromal therapies increase 
GEM efficacy

Hyaluronan is expected to be a target for improving 
GEM delivery

Hyaluronan (HA) is identified as another primary matrix 
determinant of the physical barriers within the pancreatic 
tumor and is derived from a non-myofibroblast source, 
as shown by the lack of change in HA content after CAF 
depletion [43, 44, 60]. Reportedly, HA contributes to a very 
high IFP, leading to vascular compression and hypoperfu-
sion. Targeting HA also induced fenestrations and interen-
dothelial junctional gaps in the endothelia of tumor vessels, 
which promoted a tumor-specific increase in macromolecu-
lar permeability [61]. This suggests that in addition to nor-
malization of the IFP, the response to cytotoxic treatment 
was improved by modulating the tumor vessel permeabil-
ity induced by ultrastructural changes in the endothelium 
[61]. Thus, the degradation of HA has been hypothesized to 
enhance drug delivery to tumors [44].

Indeed, one of the most exciting and anticipated stroma-
directed approaches in PDAC has been the targeting of HA. 
Administration of PEGPH20, a pegylated hyaluronidase, 
was highly effective in ablating stromal HA in a spontaneous 
murine PDAC model and remodeling the tumor microenvi-
ronment [43, 44]. Moreover, administration of PEGPH20 
before GEM led to increased intratumoral concentration of 
the active GEM metabolite in the tumor [61]. Following 
enhanced drug delivery, combination therapy consistently 
achieved objective tumor responses, resulting in significantly 
diminished tumor growth and prolonged survival of the mice 
[44, 61]. These promising results are particularly encourag-
ing as enhancing intratumoral drug concentrations is a con-
tinual battle in the effort to maximize both the efficacy and 
pharmacokinetic properties of drugs. This effort represents 
an approach, independent of the properties of any particular 
drug, which may enhance overall efficacy in a variety of con-
ditions in patients. In this regard, the potential role of HA, 
independent of type I collagen, in determining IFP in PDAC 
tissue needs further mechanistic unraveling, and clinical tri-
als with PEGPH20 will offer more insights in the future [44].

The researchers also noted increased expression of HA in 
metastatic sites of disease, which suggests that the stroma 

has a critical role and that this therapeutic approach might 
also be of benefit in metastatic PDAC [44]. Similar results 
were observed in a phase Ib/II clinical trial (NCT01453153) 
when PEGPH20 was combined with GEM as a first-line 
treatment among patients with advanced pancreatic cancer. 
In an exploratory analysis, tumor biopsies were evaluated 
for pretreatment tissue HA levels. The median PFS and OS 
for patients with high intratumoral HA content (HA-high) 
were 7.2 and 13.0 months, respectively, but were 3.5 and 
5.7 months for patients with low intratumoral HA content 
(HA-low). Thus, PEGPH20 in combination with GEM 
shows promising clinical activity in advanced pancreatic 
cancer, especially in HA-high tumors [62]. Subsequently, 
a randomized, phase II trial is evaluating PEGPH20 in 
combination with nanoparticle albumin-bound paclitaxel 
(nab-paclitaxel) and GEM in metastatic pancreatic cancer 
patients (NCT01839487). The interim results have shown a 
high response rate and PFS when PEGPH20 is added to nab-
paclitaxel/GEM to treat advanced pancreatic cancer with 
HA-high tumors. The latest analysis has shown that across 
279 patients in the study, the median PFS was 6.0 months 
in the PEGPH20 arm versus 5.3 months for nab-paclitaxel/
GEM. In those with HA-high expression, the median PFS 
was 9.2 months with PEGPH20 compared with 5.2 months 
in the control arm. As the median PFS is a notable increase 
over the current standard of care, the clinically impor-
tant progress in the treatment of PDAC confidently sup-
ports continued exploration in the current phase III study 
(NCT02715804).

Nab‑paclitaxel synergistically improves GEM efficacy

In PDAC, nab-paclitaxel was the first successful drug 
hypothesized to target the stroma. Preclinical data indicated 
that co-administration of nab-paclitaxel plus GEM resulted 
in a higher tumor regression than either agent alone in 
patient-derived pancreatic cancer xenograft murine models 
receiving nab-paclitaxel plus GEM, nab-paclitaxel alone and 
GEM alone. Moreover, treatment with nab-paclitaxel alone 
was also more effective than GEM alone [6]. Phase I/II study 
(NCT02382263) data also suggest that a high level of antitu-
mor activity can be achieved with this combination in pan-
creatic cancer [6]. These clinical findings were recently vali-
dated in a phase III MPACT clinical trial (NCT00844649), 
which showed that nab-paclitaxel plus GEM significantly 
improved OS and PFS versus GEM alone for first-line treat-
ment of patients with metastatic pancreatic cancer [63]. 
Moreover, this regimen was also of benefit as neoadjuvant 
therapy and evaluated by several clinical trials [64].

The promising efficacy might be associated with stromal 
depletion induced by nab-paclitaxel because there is growing 
evidence from preclinical studies to show that nab-pacli-
taxel targets both the tumor and stroma in pancreatic cancer. 
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Indeed, in GEM-resistant xenografts, a profuse desmoplastic 
stroma remained after treatment with vehicle or GEM alone, 
whereas the administration of nab-paclitaxel resulted in a 
significant reduction in stromal content. In contrast, nab-
paclitaxel treatment specially collapsed the PDAC stroma 
accompanied by a marked distortion of the collagen and 
tumor vascularization, which were particularly prominent 
in the combination therapy cohort. These effects translated 
into diminished tumor stiffness as measured by endoscopic 
ultrasonography elastography [65]. The reduction in tumor 
stroma and the accompanying increase in vascularization 
facilitated the delivery of GEM to these tumors. Importantly, 
the intratumoral concentration of GEM was approximately 
2.8 times higher than that observed with monotherapy [6].

In fact, similar results showing that co-treatment with 
nab-paclitaxel and GEM resulted in an increase in intratu-
moral GEM concentration have been obtained in subsequent 
GEMMs of PDAC and smaller patients studies using nab-
paclitaxel [65, 66]. However, others have not observed stro-
mal reduction by nab-paclitaxel [66–68], and the increased 
GEM concentrations were explained by inactivation of the 
cytidine deaminase in cancer cells through induction of reac-
tive oxygen species-mediated degradation [66]. This sug-
gests that the nab-paclitaxel-mediated increase in the effi-
cacy of GEM may instead be due to enhancement of GEM 
stabilization [66]. This discrepancy in the data may be a 
result of differences in CAF sensitivity to nab-paclitaxel in 
each tumor model. If CAFs are effectively killed by nab-
paclitaxel, tumor stroma density is decreased, and conse-
quently the vascular stress of tumors is reduced. This leads 
to relief from the compression on tumor vessels, increased 
blood perfusion, and in turn improved drug delivery. How-
ever, a significant decrease in CAF content was observed in 
only 58% of pancreatic cancer patients after nab-paclitaxel 
plus GEM therapy [65]. If CAFs are resistant to nab-pacli-
taxel, the tumor stroma may be only slightly affected by nab-
paclitaxel therapy, as would be the delivery of the drug to 
the tumor.

Cytoplasmic SPARC may be a predictive factor 
for efficacy of GEM

Secreted protein acidic and rich in cysteine (SPARC) was 
associated with the therapeutic mechanism of nab-pacli-
taxel. SPARC has recently gained increased attention as it 
interacts with and modulates the ECM and influences cell 
migration as well as angiogenesis and tissue remodeling 
[69]. In most PDACs, SPARC is an abundant extracellular 
protein expressed by CAF-derived stroma. Nab-paclitaxel 
is an albumin-based nanoparticle that does not require sol-
vent for resuspension. SPARC has high binding affinity for 
albumin via the albumin receptor (gp60)–caveolin-1–cave-
olae pathway. Of interest, the distribution pattern of human 

serum albumin in tumor tissue was consistent with that of 
tumor stroma [70]. Thus, the promising antitumor activity of 
nab-paclitaxel may, in part, be explained by stromal SPARC-
mediated enrichment of the concentration of nab-paclitaxel 
to boost its delivery [71–73] (Fig. 2). Indeed, a potential 
link between stromal SPARC expression and efficacy was 
observed in an exploratory analysis of a single-arm phase I/
II study of patients with metastatic pancreatic cancer treated 
with nab-paclitaxel plus GEM [6]. Moreover, recent studies 
have indicated there is another, SPARC independent, mecha-
nism of nab-paclitaxel delivery into pancreatic tumors [67, 
68], and it is debatable whether SPARC is correlated with 
improved efficacy of nab-paclitaxel-based therapy [74]. 
Thus, the preclinical and clinical translational significance 
of SPARC is worth further study and discussion.

Abundant studies have determined the prognostic sig-
nificance of stromal SPARC and cytoplasmic SPARC 
(expressed in the tumor epithelium) in PDAC [75–78] 
(Table 1). First, stromal SPARC and cytoplasmic SPARC 
are two independent elements that are not correlated with 
each other [74, 75]. Next, SPARC, especially in the stroma, 
seems to be independently correlated with a worse prognosis 
in resected pancreatic cancer after curative-intended resec-
tion [79–81]. Moreover, the unfavorable prognostic impact 
was restricted to patients treated with adjuvant GEM, sug-
gesting both stromal SPARC and cytoplasmic SPARC were 
potential negative predictive markers for response to GEM, 
as shown in a translational analysis from a prospective phase 
III CONKO-001 study [79]. Notably, the patients with strong 
stromal or cytoplasmic SPARC expression in the GEM 
group had a poor OS compared similar to the patients of the 
observation group. These findings imply that SPARC expres-
sion might be associated with GEM resistance in pancreatic 
cancer. Stromal SPARC expression was increased in dense 
desmoplastic stroma, and therefore, stromal SPARC impedes 
the uptake of GEM by altered diffusion in differentially com-
posed tumor stroma, in accordance with the hypothesis that 
the stroma is a treatment barrier in PDAC [44]. However, 
to date, several studies on SPARC expression in metastatic 
PDAC have been published, with controversial data on the 
impact of SPARC expression on patient outcome [6, 74, 
75]. The analyses from the phase III MPACT study [74] 
and Ormanns et al. study [75] agree that the stromal SPARC 
level has no significant effect on prognosis or on the efficacy 
of GEM-based chemotherapy in metastatic PDAC patients 
[74, 75]. The predictive role of stromal SPARC expression 
in advanced PDAC was lost, likely due to the abundance 
of dense stroma, leading to impairment of GEM delivery 
affected by other stromal elements. However, for patients 
with resected PDAC, the primary tumor was removed, and 
the residual pancreas harbored little tumor-related stroma. 
Thus, both cytoplasmic and stromal SPARC examined in 
resected specimens are the important independent prognostic 
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factors and predict the efficiency of GEM in resected PDAC 
patients. Ormanns et al. also demonstrated that cytoplasmic 
SPARC expression in the primary tumor serves as an inde-
pendent biomarker associated with inferior PFS and OS in 
advanced PDAC and a negative predictive biomarker for the 
efficacy of GEM-based chemotherapy [75]. This result was 
in accordance with the data from CONKO-001 in resected 
PDAC. This effect of cytoplasmic SPARC might result from 
SPARC inducing intrinsic resistance to GEM in pancreatic 

cancer cells (Fig. 2). Recent reports have shown that SPARC 
might be involved in epithelial–mesenchymal transition [82], 
mediating GEM resistance in PDAC [83]. However, this 
result is in contrast to the translational MPACT results. The 
data discrepancy may be a result of the difference in method-
ology concerning protein detection and staining evaluation. 
In fact, Ormanns et al. reassessed the cytoplasmic SPARC 
expression using a scoring system with the same stringent 
cutoff for SPARC positivity as the MPACT investigators 

Fig. 2  The clinical value of SPARC in pancreatic cancer. Cytoplas-
mic SPARC may be involved in the intrinsic resistance to GEM, 
whereas stromal SPARC can enrich the concentration of nab-pacli-

taxel to enhance its efficacy. The survival benefit of PDAC patients 
treated with GEM plus nab-paclitaxel is likely affected by SPARC 
expression
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used. As expected, a similarly low percentage of cytoplasmic 
SPARC expression was determined, which was not associ-
ated with OS [75]. Interestingly, the predictive and prog-
nostic roles of SPARC changed in metastatic PDAC treated 
with nab-paclitaxel plus GEM. In fact, a high SPARC level 
in the stroma was significantly correlated with improved OS 
of patients with advanced pancreatic cancer in the phase 
I/II clinical trial of nab-paclitaxel plus GEM [6]. This is 
particularly important because, historically, stromal SPARC 
expression has been associated with poor survival [80, 84], 
suggesting that a unique mechanism of action of the present 
regimen may play a role in this reverse outcome. Although 
the number of samples in this study was fairly small and 
the data need further conformation and interpretation, the 
results imply that stromal SPARC expression may be an 
important marker of early activity of GEM plus nab-pacli-
taxel combination regimens in advanced pancreatic cancer. 
High stromal SPARC expression enriched the concentration 
of nab-paclitaxel. In addition to intrinsic antitumor effects 
against the cancer cells, nab-paclitaxel softened the dense 
stroma to ease the other restrictive factors for GEM delivery 
within PDAC stroma. This might make the predictive role 
of stroma SPARC expression in GEM efficiency show up. 
Taken together, high stromal SPARC expression not only 
predicts the nab-paclitaxel efficiency, but also predicts GEM 
resistance, forming two opposite effects. Comprehensively, 
the result of a phase I/II clinical trial might be obtained. 
However, once the two effects offset each other, it seems 
reasonable that stromal SPARC expression did not predict 
the efficacy of nab-paclitaxel plus GEM for metastatic pan-
creatic cancer in the exploratory analysis of the phase III 
MPACT trial (Table 1). Moreover, cytoplasmic SPARC 

expression might be irrelevant to nab-paclitaxel delivery, 
and nab-paclitaxel has been shown to synergize with GEM. 
The comprehensive result was dependent on the intrinsic 
GEM resistance induced by cytoplasmic SPARC (Fig. 2). 
Thus, eliminating the influence of the stringent scoring sys-
tem for SPARC in the MPACT study, we hypothesize that 
cytoplasmic SPARC can also predict an unfavorable efficacy 
of nab-paclitaxel plus GEM for metastatic pancreatic cancer, 
based on the results from Ormanns et al. [75].

These hypotheses were based on the idea that nab-pacli-
taxel was concentrated in the PDAC stroma and depleted the 
stroma in a SPARC-dependent manner. Thus, external vali-
dation of these hypotheses is necessary. If other groups con-
firmed these hypotheses, a possible biomarker for treatment 
decisions regarding GEM-based first-line regimens based on 
cytoplasmic SPARC expression in advanced PDAC patients 
could be obtained. Specifically, the role of cytoplasmic 
SPARC expression in resected PDAC should be re-investi-
gated within the multicenter APACT trial (NCT01964430), 
a phase III randomized study of nab-paclitaxel plus GEM 
versus GEM alone as an adjuvant therapy.

Discussion

Although anti-stromal therapy in PDAC patients has led 
to many frustrations that have cast doubt on its potential, 
several promising anti-stroma drugs for advanced PDAC 
are worthy of attention. These drugs include nab-paclitaxel 
(NCT00844649, completed), PEGPH20 (NCT02715804, 
recruiting), and GDC-0449 (an inhibitor of SHH pathway; 
NCT01088815, active, not recruiting; NCT00878163, active, 

Table 1  The clinical roles of 
SPARC in PDAC based on 
recent studies

LAPC locally advanced pancreatic cancer, + positive correlation, – negative correlation, ns no correlation,/ 
undetected, IHC immunohistochemistry, n-P nab-paclitaxel

IHC analysis Authors of study Year of 
published

Poor 
progno-
sis

Prediction Stage of PDAC

GEM n-P + GEM

Stromal SPARC Ormanns et al. 2016 ns ns / Metastatic PDAC
Hidalgo et al. 2015 ns ns ns Metastatic PDAC
Sinn et al. 2014 + – / Resected PDAC
Von Hoff et al. 2011 – / + Metastatic PDAC
Gundewar et al. 2015 + / / Resected PDAC
Infante et al. 2007 + / / Resected PDAC
Mantoni et al. 2008 + / / LAPC

Cytoplasmic SPARC Ormanns et al. 2016 + – / Metastatic PDAC
Hidalgo et al. 2015 ns ns ns Metastatic PDAC
Sinn et al. 2014 + – / Resected PDAC
Von Hoff et al. 2011 ns / ns Metastatic PDAC
Mao et al. 2014 – / / Resected PDAC
Infante et al. 2007 ns / / Resected PDAC
Mantoni et al. 2008 + / / LAPC
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not recruiting). Improvements to current treatment methods 
and the development of more effective novel therapies based 
on known stromal features are clearly and urgently needed.

However, there is a mass of confusing and conflicting 
results in regard to anti-stroma therapy, from both preclinical 
and clinical studies. These conflicting results suggest that the 
role of stroma in PDAC is complicated, and stromal proper-
ties cannot be absolutely defined as favorable or unfavorable. 
The tumor stroma acts like a rampart, segregating PDAC 
with tumor epithelial cells inside the stroma and chemo-
therapy drugs outside the stroma. The strength of the deter-
minants inside and outside the rampart should be consider-
ate to determine whether anti-stroma therapy is valuable to 
prompt them to meet each other. Once the gate is opened 
by punching holes in the stromal barrier, there is a strong 
counteraction between the factors inside and outside the 
stroma. If cancer cells are sensitive to the drug, anti-stroma 
therapy exhibits beneficial effects; if cancer cells are resist-
ant to the drug, this therapy provides the tumor new space to 
grow and the probability metastasis. This is the biophysical 
function of tumor stroma. However, the idea of the stroma 
as a mere treatment barrier in PDAC may be too simplistic 
because it does not reflect the complex signaling interaction 
between the stromal and the epithelial compartments. The 
malignant potential of cancer cells largely determines the 
inherent drug resistance. However, the biochemical function 
of stroma is another determinant involved in the transforma-
tion of intrinsic drug resistance. This has a strong correlation 
with the broad intertumoral heterogeneity and intratumoral 
heterogeneity that consists of tumor cell heterogeneity and 
stromal heterogeneity (Fig. 3).

Therefore, we should define some indicators in PDAC 
at every stage to identify subpopulations of patients for 
anti-stroma therapy. This typing to guide therapy selec-
tion is extremely important for individualized treatment. 

Considering the heterogeneity of PDAC, some patients 
can be stratified for timely treatment with the appropriate 
anti-stroma therapy, which could significantly improve the 
awkward situation of PDAC treatment. Despite the slow 
progress made in the past decade, we are making progress 
in deciphering the heterogeneity within pancreatic cancers. 
The integration of conventional and anti-stroma therapy 
will hopefully be the key to effective treatment of this 
deadly disease.
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