
Abstract. Background: In this study, the effects of neoadjuvant
chemotherapy (NAC) on cancer-associated fibroblasts (CAFs)
in pancreatic cancer stroma were investigated. Materials and
Methods: Density of α-smooth muscle actin (αSMA)-positive
fibroblasts in resected surgical specimens from untreated
patients, patients receiving conventional gemcitabine plus S-1
(GS), and patients receiving gemcitabine plus nab-paclitaxel
(GnP) was determined by hybrid cell counting. 18F-
Fluorodeoxyglucose positron-emission tomography (FDG-PET)
scans and carbohydrate antigen 19-9 (CA19-9) concentrations
were used to assess tumor activity before and after
chemotherapy in the GnP group. Results: In this retrospective
study of 65 patients, αSMA expression was reduced in the GnP
group, as revealed by markedly disorganized collagen and a
low density of αSMA-positive fibroblasts. There were
significantly fewer αSMA-positive fibroblasts in the GnP than
in the untreated and GS groups, but there was no significant
difference between the latter two groups. αSMA density
reflected a decrease in standardized uptake value on FDG-PET,
but not CA19-9 concentration, after GnP chemotherapy.
Conclusion: These data suggest that the GnP regimen induces
stromal depletion, resulting in fewer CAFs.

Pancreatic ductal adenocarcinoma (PDAC), one of the most
lethal types of human cancer, is the fourth most common
cause of cancer-related deaths in the USA, associated with a
5-year survival rate of less than 5% (1). A major factor
contributing to this poor prognosis is marked
chemoresistance (2, 3), which is attributable to multiple
factors. Of these factors, desmoplasia and the tumor
microenvironment are increasingly being seen as major
contributors to chemoresistance of PDAC (4). PDAC is
characterized by an abundant stromal response, also known
as a desmoplastic reaction, in which the stroma can comprise
more than 50% of the tumor tissue (5). This stroma, aptly
termed the tumor microenvironment, characteristically
comprises most of the tumor mass and consists of cancer-
associated fibroblasts (CAFs), immune cells, small blood
vessels, and extracellular matrix (ECM) (6, 7). The cellular
component of the desmoplastic stroma in PDAC is composed
primarily of myofibroblasts, which are characterized by
αSMA expression (7). Desmoplasia in tumor tissues
promotes tumor development and inhibits drug penetration
and uptake (8). The activated stroma index is a novel
independent prognostic marker in patients with PDAC
undergoing surgery (9). Recent reports have suggested that
targeting components of the desmoplastic reaction may
enhance the activity of therapeutics targeting tumor cells (10,
11). CAFs are the main effector cells in the desmoplastic
reaction, pancreatic stellate cells being the most important
source of CAFs (12). The lack of effective therapeutic
options and the consequent high mortality rate of PDAC
indicate the need to explore other treatment options, such as
those aimed at reducing desmoplasia.

Gemcitabine plus nab-paclitaxel (GnP) has been shown to
be superior to gemcitabine alone in terms of response,
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progression-free survival, and overall survival in patients
with metastatic pancreatic cancer (13, 14). GnP reportedly
reduces the number of CAFs, inducing marked alterations in
cancer stroma, which in turn result in loss of tumor
architecture (15).

We compared numbers and characteristics of CAFs and
tumor stroma in three groups of patients with PDAC,
namely, patients who had received (i) a combination of GnP,
(ii) conventional gemcitabine plus oral S-1 (GS), or (iii) no
neoadjuvant chemotherapy (NAC).

Materials and Methods
Patients and tissue samples. Between January 2009 and December
2016, 65 patients with PDAC that had been diagnosed radiologically
underwent surgery at the Department of Gastroenterological Surgery
of Kanazawa University Hospital. Thirty-six of them had pancreatic
head cancer and 29 with cancer of the pancreatic body and tail.
They comprised 43 men and 22 women of average age 69 years
(range=48-84 years). Twenty-three out of the 65 had no
chemotherapy, 23 had GS, and 19 had GnP before undergoing
surgical resection (Table I).

The GnP group received 75 mg/m2 nab-paclitaxel followed by
1000 mg/m2 gemcitabine on days 1, 8, and 15 for two 28-day
cycles. 18F-Fluorodeoxyglucose positron-emission tomography
(FDG-PET) scan and carbohydrate antigen 19-9 (CA19-9) were
used to determine tumor status before and after two cycles of
treatment. The GS regime comprised 50 mg/m2 TS-1 on days 1-14
and 1000 mg/m2 gemcitabine on days 8 and 15 for two 21-day
cycles, as previously reported (16). Patients with stable or
responding tumors were scheduled for surgical resection 6-8 weeks
after the last chemotherapy dose. A complete medical history,
physical examination, complete blood counts, serum chemistry,
serum CA19-9 concentration and high-resolution computed
tomographic (CT) scan of the abdomen were obtained for all
patients. FDG-PET scans were obtained only for patients in the
GnP group.

Ethics statement. The study was approved by the Ethics Committee
of the Kanazawa University Hospital (UMIN000011062). Written
informed consent was obtained from each patient enrolled in the
study.

Pathological specimens. Paraffin-embedded operative tissue
samples of the 65 patients with PDAC were obtained from the
Institute of Pathology for further immunohistochemical analysis.
The specimens had previously been fixed in 10% formalin and
embedded in paraffin. Several 3-μm-thick sections were cut from
each paraffin block; one was stained with hematoxylin and eosin
and the other was subjected to immunohistochemical staining for 
α-smooth muscle actin (α-SMA).

Immunohistochemical examination. The Dako Envision system
(Dako, Carpinteria, CA, USA), which uses dextran polymers
conjugated to horseradish peroxidase, was employed for
immunohistochemical staining to avoid any endogenous biotin
contamination. Sections were deparaffinized in xylene and
rehydrated in a graded ethanol series. Endogenous peroxidase was
blocked by immersing sections in 3% H2O2 in 100% methanol for

20 min at room temperature. Antigen retrieval was achieved by
microwaving sections at 95˚C for 10 min in 0.001 M citrate buffer
(pH 6.7). After blocking endogenous peroxidase, sections were
incubated with Protein Block Serum-Free (Dako) at room
temperature for 10 min to block non-specific staining. Subsequently,
sections were incubated for 2 h at room temperature with 1:100
diluted monoclonal mouse antibody against human αSMA (Clone
1A4; Dako). Peroxidase activity was detected using the enzyme
substrate 3-amino-9-ethylcarbazole. Sections were incubated in Tris-
buffered saline without primary antibodies for negative controls.
Samples were faintly counterstained with Meyer’s hematoxylin.

Evaluation of immunostaining. A fibroblast density index was
determined by relating the observed proportion of tumor fibrosis to
the number of cells counted in each specimen. The amount of
staining in the stroma was assessed using Hybrid Cell Count BZ-
H2C software (Keyence, Osaka, Japan) according to the developer's
protocol. Digital images were analyzed for the positively stained
area versus the total surface area using the hybrid cell count
function. Color artifacts and major arteries were excluded manually
from the analysis by the investigator. Quantification was performed
in five different tumor regions and representative high-power fields
from each sample. Detected cells were classified according to the
ratio of mean layer intensities of αSMA as described by Erkan et
al. (9). Results are expressed as total stained area/total surface area.

Statistical analysis. Differences were analyzed for significance
using the chi-square test, Mann–Whitney U-test, or log-rank test, as
appropriate. Data management and statistical analysis were
performed using SPSS version 15 software (SPSS, Chicago, IL,
USA). p-Values of less than 0.05 were considered to denote
statistical significance.
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Table I. Patient characteristics according to therapy group.

                                               Untreated        GS             GnP      p-Value
                                                 (n=23)         (n=23)        (n=19)

Median age (range), years    69 (52-84)  66 (54-78)  69 (48-80)   0.124
Gender                                                                                               0.31
   Male                                         18                14                11              
   Female                                       5                  9                  8               
Location                                                                                             0.54
   Pancreatic head                        12                15                 9               
   Pancreatic body/tail                 11                 8                 10              
Differentiation                                                                                   0.98
   Well/moderate                          19                20                16              
   Poor                                           2                  2                  2               
   Other                                          2                  1                  1               
UICC stage                                                                                        0.68
   I                                                  1                  2                  1               
   II                                               21                19                18              
   III                                               1                  2                  0               
Resectability                                                                                      0.92
   0                                                18                19                16              
   1<                                               5                  4                  3               

GS, Gemcitabine plus S-1; GnP, gemcitabine plus nab-paclitaxel; UICC,
Union for International Cancer Control.



Results

Tumor tissue characteristics in GnP-treated, GS-treated and
untreated control groups. αSMA expression in tumor tissue
samples from patients who had received no neoadjuvant
chemotherapy, GS, or GnP was analyzed. In the GnP group,
there was little αSMA-positive fibrosis (i.e. αSMA
expression) related to CAFs around tumor glands. In
contrast, strong αSMA expression was apparent in tumor
tissue from untreated patients and the group treated with GS,
as evidenced by long, continuous, well-organized, and
overlapping CAFs (Figure 1).

Patients who had been treated with GnP had a lower
density of αSMA-positive cells. The average αSMA density
in the group treated with GnP was 16%±8%, whereas it was
40%±8% and 38%±13%, respectively, in samples from
untreated patients and patients treated with GS. αSMA
density was significantly lower in the group treated with
GnP than in the untreated or GS-treated groups (both
p<0.0001). However, αSMA density did not differ
significantly between the untreated and GS groups
(p=0.148) (Figure 2).

Relationship between NAC and survival outcomes. Overall
survival in the different groups are shown in Figure 3.
Overall survival did not differ significantly between the
untreated group and that treated with GS group (p=0.81) or
GnP group (p=0.72), nor between those treated with GS and
GnP (p=0.92) (Figure 3).

Relationship between FDG-PET, CA19-9 evidence of clinical
activity, and GnP in patients with PDAC. Relevant
characteristics of the 19 patients who received the specified
two cycles of GnP before surgical resection are presented in
Table I. Six out of these 19 patients had αSMA density
>20% and in the other 13 it was <20%. Three of the latter
had negative FDG-PET findings before chemotherapy,
whereas four of the remaining 16 patients had αSMA density
>20% and the other 12 <20%. All patients with increased
maximum standardized uptake values (SUVs) on FDG after
chemotherapy had αSMA density >20%. In contrast, only
two out of 14 patients with decreased maximum SUV on
FDG after treatment had αSMA density>20% (Figure 4a-c).
Thus, αSMA density reflected the degree of decrease in SUV
on FDG-PET (p=0.008) (Figure 4c). Regarding CA19-9
concentrations, two out of 19 patients were negative for
CA19-9 before chemotherapy. One patient with increased
CA19-9 concentration after chemotherapy had αSMA
density >20%, whereas five out of 16 patients with decreased
CA19-9 concentration after chemotherapy had αSMA
density >20%. No relationship between CA19-9
concentration and αSMA density was identified (p=0.16)
(Figure 4d).

Discussion

The findings of this study indicate that therapy with GnP
induces a much more pronounced decrease in CAF content
in PDAC than occurs in untreated patients or those treated
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Figure 1. α-Smooth muscle actin (αSMA) expression according to treatment group. Representative photomicrographs of sections stained
immunohistologically for αSMA-positive fibroblasts in the neighborhood of cancer glands (brown). αSMA expression in untreated patients (a, ×20;
d, ×40) and in those treated with gemcitabine plus S-1 (b, ×20; e, ×40) is reflected by long, continuous, well-organized, and overlapping cancer-
associated fibroblasts (CAFs), whereas in the group treated with gemcitabine plus nab-paclitaxel (c,×20; f, ×40), CAFs were less abundant. 



with conventional GS. Furthermore, the stromal response
was reflected by FDG-PET findings. However, overall
survival did not differ between the three treatment groups.

In PDAC, strong myofibroblastic stromal reactions
resulting in a so-called 'desmoplastic stroma' are usually
associated with higher-grade malignancies and poor
outcomes (17). CAFs, which have an ‘activated fibroblast
phenotype’, are cellular components in most of the
desmoplastic stroma. There is some evidence that CAFs are
characterized by a distinct gene-expression profile and that
their properties differ from those of normal fibroblasts (18).
PDAC is characterized by development of a desmoplastic
reaction, features of which include CAFs, ECM components,
and immune and endothelial cells. In PDAC tumors,
interactions between cancer and stromal cells reportedly
contribute to enhancing growth, invasion, metastasis, and
chemoresistance (19). The tumor microenvironment or
desmoplastic stroma in PDAC is home to many cellular and
molecular components. Reciprocal growth factor signaling
results in strong expression of growth factors such as
transforming growth factor (TGF)-β, platelet-derived growth
factor (PDGF), and epidermal growth factor (EGF) (20).
Impaired paracrine signaling between CAFs and cancer cells
and alterations in the ECM microenvironment caused by
depletion of CAFs may directly contribute to changes in
cancer cells, leading to acquisition of epithelial–
mesenchymal transition (EMT), a stem cell-like phenotype,
and dedifferentiation. In a previous study, we found
extravasated platelet aggregation (EPA) in the stroma at the

invasive fronts of PDAC tumors. Because platelets contain
storage pools of growth factors such as PDGF, TGF-β,
VEGF, thrombospondin-1, and plasminogen activator
inhibitor-1, EPA is a component of the first step in the
process of EMT. Accordingly, we reported that EPA may
provide important insights into new therapeutic targets in
PDAC stroma (21). Thus, targeting desmoplastic stroma,
which is a response of the tumor microenvironment to
molecular cues from the cellular compartment, could be a
viable component of therapeutic strategies against PADC (8). 

In our previous study, low-dose paclitaxel ameliorated
stromal fibrosis of human peritoneal mesothelial cells via
suppressing the TGF-β/contraction of Sma and Mad (SMAD)
signaling pathway by inhibiting SMAD2 phosphorylation
(22). High-pressure homogenization of paclitaxel with
nanoparticle albumin results in formation of soluble 130 nm
complexes in which albumin acts as a carrier for the
otherwise hydrophobic paclitaxel. It has been hypothesized
that nab-paclitaxel utilizes endogenous transport pathways for
albumin to achieve enhanced drug delivery and tumor tissue
distribution. Once these complexes reach the tumor milieu,
they deplete the tumor stroma. Additionally, paclitaxel is
transported into tumor cells along with albumin, where it then
exerts its antineoplastic activity (23). However, the effects of
nab-paclitaxel in PDAC stroma are not fully understood and,
to some extent, controversial. Here we showed by examining
samples of PDAC from patients treated with GnP that the
predominant effect of this regimen is stromal remodeling
resulting in marked alteration of stromal architecture and
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Figure 3. Overall survival according to treatment group. There were no
significant differences in overall survival between the three group:
log-rank test: Untreated vs. gemcitabine plus S-1 (GS), p=0.81;
untreated vs. gemcitabine plus nab-paclitaxel (GnP), p=0.72; GS vs.
GnP, p=0.92.

Figure 2. α-Smooth muscle actin (αSMA) density according to treatment
group. Median αSMA-positive density index was determined by dividing
the proportion of αSMA-positive fibroblasts by stromal content in five
random high-power fields. As shown, αSMA density was significantly
lower in the activated group treated with gemcitabine plus nab-
paclitaxel (GnP) than in the untreated and gemcitabine plus S-1(GS)-
treated groups. Mann–Whitney U-test was used for statistical analysis:
*significantly different at p<0.0001.



elimination of CAFs. This is best reflected by changes in
CAF density, which appears to differ in untreated patients and
those treated with conventional GS. The nab-paclitaxel also
increases the amount of gemcitabine inside tumor cells by
inhibiting cytidine deaminase, the enzyme that degrades
gemcitabine (24). Because gemcitabine efficacy is reportedly
unaltered in myofibroblast and type I collagen-depleted
tumors (25), nab-paclitaxel is capable of altering the stroma
in PDAC. In a previous study, we found that low-dose
gemcitabine induces expression of major histocompatibility
complex class I-related chain A/B, thus enhancing innate
immune function in patients with PDAC (26). In Japan,
gemcitabine, and S-1 are now regarded as the key drugs for
managing PDAC (27). A large-scale phase III study (GEST
study) conducted in patients with metastatic or locally
advanced pancreatic cancer in Japan and Taiwan found that
GS therapy did not achieve better overall survival than
gemcitabine alone (28). However, the MPACT trial, a phase
III trial, showed that GnP is superior to gemcitabine alone in
terms of response, progression-free survival, and overall
survival in patients with metastatic pancreatic cancer (13). 

Surgical resection offers the only chance of cure for non-
metastatic pancreatic cancer. NAC prior to resection is
associated with a significant survival benefit compared with
upfront resection in patients with early-stage, resected
PDAC (29). Several randomized studies comparing various
NAC regimens with upfront surgery are in progress around
the world. A phase III trial (Prep-02/JSAP05) comparing
NAC with GS followed by surgery versus upfront surgery
in patients with resectable PDAC is expected to provide
definitive results in terms of survival. The NEONAX study
(AIO-PAK-0313), a phase II study in Germany, started
recruiting patients with resectable pancreatic cancer in
April 2015. This trial will randomize 166 patients to either
perioperative treatment with nab-paclitaxel and gemcitabine
(2 months before surgery and 4 months after surgery) or
adjuvant treatment with GnP (30). It is important to wait
for the outcomes of these trials. In this study, the GnP
regimen induced markedly fewer CAFs in PDAC than in
untreated patients or those treated with conventional GS.
However, overall survival did not differ between the three
treatment groups. This study had several limitations,
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Figure 4. Relationship between clinical activity and gemcitabine plus nab-paclitaxel (GnP) in pancreatic ductal adenocarcinoma. Representative
18F-fluorodeoxyglucose (FDG) positron-emission tomography/computed tomographic scan images. The primary tumor (white arrows) before
treatment (a), and after treatment (b). Panels (c) and (d) show waterfall plots of changes from baseline in standardized uptake value (SUV) FDG
uptake and carbohydrate antigen 19-9 (CA19-9) tumor marker ratio of patients treated with GnP. Studies were performed at baseline, before
treatment, and after two cycles of neoadjuvant chemotherapy (NAC); best responses are shown. Red: α-Smooth muscle actin (αSMA) density greater
than 20%; blue, αSMA density less than 20%.



including its retrospective nature, small sample size,
potential selection bias for surgery, and heterogeneity of
tumor characteristics.

FDG-PET/CT may have a role in staging and survival
prediction of PDAC and may add to other diagnostic
information, such as that provided by histology (31). Low
FDG uptake in PET scans of patients with stage I and II
pancreatic cancer correlates with superior overall survival and
recurrence-free survival, suggesting that glucose metabolic
pathways are important in pancreatic cancer biology and that
PET scan activity can be used as a prognostic biomarker after
pancreatectomy (32). CA19-9 is the only validated tumor
marker in widespread clinical use; however, there are few
precise data concerning its role in pancreatic cancer diagnosis,
staging, determining resectability, response to chemotherapy
and prognosis (33). In this study, FDG-PET findings reflected
lower αSMA density,but not CA19-9 concentration. 

In conclusion, the treatment regimen of GnP may induce
stromal depletion, resulting in decreased CAF presence in
patients with PDAC. The present findings suggest a potential
role for GnP in suppressing chemoresistance and metastasis
by altering the tumor microenvironment. We are now
conducting research to elucidate the mechanisms of
chemoresistance with the aim of discovering and validating
novel therapeutic targets.
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