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Objectives: Pancreatic ductal adenocarcinoma (PDAC) is characterized

by abundant stroma with increased expression of tenascin C and fibronec-

tin. Their role and tumor-stroma ratio in PDAC are not well known. The

aim of this study was to evaluate tenascin C and fibronectin expression

and tumor-stroma ratio and their prognostic relevance in PDAC.

Methods: Ninety-five resected PDACs were immunohistochemically

stained for tenascin C and fibronectin, and the expression was separately

assessed in tumor bulk and front. Tumor-stroma ratio was determined with

sections stained with hematoxylin-eosin.

Results: Tenascin C and fibronectin were abundantly expressed in the

stroma of PDAC, but absent in adjacent normal pancreatic tissue. Fibronec-

tin expression of the bulk was associated with high T class (P = 0.045). In

the main analysis, tenascin C and fibronectin expression and tumor-stroma

ratio were not associated with patient survival. In a subgroup analysis of

early-stage PDAC (T1–T2 tumors), high tenascin C expression in the tu-

mor bulk was associated with poor prognosis (hazard ratio, 8.23; 95% con-

fidence interval, 2.71–24.96).

Conclusions: Tenascin C and fibronectin are abundantly expressed in

PDAC, but they seem to have no major association with patient survival.

However, in early-stage PDAC, tenascin C expression of the tumor bulk

may have prognostic impact. Tumor-stroma ratio has no prognostic value

in PDAC.
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P ancreatic ductal adenocarcinoma (PDAC) is the seventh
deadliest cancer worldwide and fourth deadliest in North

America.1,2 Curative treatment can rarely be applied because
PDAC is often diagnosed at an advanced stage. Even after initially
curative surgery, the cancer often recurs.3 Cancerous cells of
PDAC are accompanied by desmoplastic and fibrotic stroma
consisting of extracellular matrix, stromal cells, blood vessels, im-
mune cells, nerves, and other proteins forming the tumor microen-
vironment.4 In addition to supporting tumor cell growth, migration,
and invasion, this microenvironment seems to be important for che-
motherapy and drug delivery resistance in the tumor.5 Targeting
both the cancer and its microenvironment is thought to be the key
to improve survival of the disease.6

Tenascin C and fibronectin are extracellular matrix glycopro-
teins with ability to modulate cell adhesion and migration.7,8 In
cancers, tenascin C enhances proliferation, invasion, and angio-
genesis during tumorigenesis and tumor dissemination,9 whereas
fibronectin is important for chemoresistance and metastasizing.10

Both proteins are involved in cancer-related inflammation and
stromal reaction.7,11 Previous studies have suggested that high ex-
pression of both fibronectin and tenascin C associates with poor
prognosis in PDAC.9,12

In cancer, the ratio of cancerous cells to the surrounding
stroma has been named tumor-stroma ratio.13 Low tumor-stroma
ratio has been shown to associate with poor prognosis in colon
carcinoma14 and later in several other cancers.13Recently, a single
study of 66 patients suggested the opposite in PDAC.15

The aims of the present study were to characterize the expres-
sion of tenascin C and fibronectin and determine tumor-stroma
ratio in PDAC. In addition to evaluation of the potential prognos-
tic value of these features in PDAC, we were also interested in the
role of tenascin C and fibronectin in the regulation of tumor-
stroma ratio in PDAC.

MATERIALS AND METHODS

Patients
The study was a retrospective cohort study. Paraffin-embedded

archival specimens of consecutive surgically resected PDACwere
collected from Oulu University Hospital, pathology department
archives, between years 1993 and 2015. The final series consisted
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of 95 patients with PDAC. The diagnosis for all patients was
confirmed by an expert gastrointestinal pathologist (T.J.K.). The
patients underwent pancreaticoduodenectomy according to Whipple
(n = 81), subtotal pancreatectomy (n = 3), and total pancreatectomy
(n = 11). The median age of the patients at diagnosis was 66 years
(range, 36–81 years). The median follow-up time was 18 months
(range, 0.8–172 months). Metachronic metastases were detected
within 6 months after surgery in 11 patients (12%), and they were
analyzed in group stage III–IV. Patient characteristic are described
more specifically in Table 1. Patient clinical data were obtained
from patient records, and patient survival data and cause of death
were obtained from the cause of death registry from Statistics
Finland. Use of the samples and patient data was approved by the
Oulu University Hospital Ethics Committee and by the National
Authority for Medicolegal Affairs.

Immunohistochemistry
The representative tissue blocks for immunohistochemistry

were selected on the basis of hematoxylin-eosin–stained sections.
Sections of 5 μmweremounted and dewaxed in xylene. For antigen

retrieval, the sections were heated in Tris-EDTA solution (pH 9) for
10 minutes. Endogenous peroxidase activity was blocked using
peroxidase-blocking solution (DAKO, Copenhagen, Denmark) for
10 minutes. Incubation with primary antibodies D2 (tenascin C) and
F12 (fibronectin) in dilution of 1:500 for 60 minutes at room tem-
perature was done. Previously described antibodies against fibro-
nectin and tenascin C were used.16 The antibodies were validated
by comparison to commercially available fibronectin and tenascin
C antibodies, as well as using mass spectrometry. Horseradish
peroxidase–conjugated antibodies (DAKO) were introduced to
sections for 10 minutes, after which DAB chromogen was used
for 5 minutes. Slides were counterstained with hematoxylin. We
validated the immunohistochemical analysis through 2 series of
negative controls (omitting the primary antibody and by replacing
primary antibody with the mouse primary antibody isotype control).

Assessment of Tenascin C and
Fibronectin Expression

The histological samples were digitalized using Aperio AT2
Console (Leica Biosystems Imaging Inc, Nussloch, Germany). Im-
munoreactivity of tenascin C and fibronectin in PDAC lesions was
analyzed by 2 independent researchers, blinded for clinical data.
Nonepithelial (stromal) parts and epithelial cells were separately
assessed. The bulk of the tumor and the invasive front were also
separately evaluated. The invasive front was regarded as the site
of deepest invasion. We analyzed the amount and pattern of
tenascin C and fibronectin expression in the stroma with a 5-point
scale, slightly modified from that described earlier17: no detectable
staining = 0, focal staining = 1, areas diffuse staining present in less
than half of stromal area = 2, expression in more than half but not in
all parts of the tumor stroma = 3, and expression extending through-
out the stroma = 4. Furthermore, the intensity of the epithelial stain-
ing was evaluated on a 4-point scale (0 = negative, 1 = weak,
2 = moderate, 3 = strong), and proportion of stained epithelial cells
(0%–100% in 10% intervals) was also evaluated. When interob-
server difference was less than 1 point in amount stromal staining
or intensity in the epithelial staining, or up to 20% in the proportion,
the mean value of the independent estimates was used for statistical
analysis. Cases with higher differences were reevaluated, and a sin-
gle score was given by consensus between the 2 observers.

Assessment of Tumor-Stroma Ratio
Tumor-stroma ratio was evaluated from hematoxylin-eosin–

stained sections from all carcinoma patients (n = 95) according to
guidelines described earlier.18Ratiowas analyzed from the invasive
front as previous studies have shown its usefulness as a prognostic
factor.13 A single moderate magnification (10�) field was selected
for analysis so that all 4 corners of the vision field were located
within the tumor. Percentage (0%–100%) of field composed of tu-
mor epithelium was assessed and referred to as tumor-stroma ratio.
Mean estimate by 2 independent researchers was used if the differ-
ence between assessors was less than 20%, and in cases with larger
difference, a consensus score was determined by a joint evaluation.

Statistical Analysis
For statistical analysis IBM SPSS 24.0 (IBM Corp, Armonk,

NY) was used. Cohen κ was calculated to analyze interobserver
agreement. Aχ

2 test was used to obtain P valueswhen comparing
categorical variables. The stromal tenascin C and fibronectin ex-
pression was divided into 2 categories: low (0–2) and high (>2)
for statistical analysis. Comparison between tumor bulk and inva-
sive front was done with paired-samples t test. Tumor-stroma ratio
was divided according to the median value to low (≤35%) and high
(>35%). Aχ

2 test was used to evaluate statistical significance of the

TABLE 1. Baseline Characteristics of 95 Patients With
Resected PDAC

Variable n (%)

Age at diagnosis, y

<65 49 (47)

≥65 55 (53)

Sex

Male 49 (52)

Female 46 (48)

T classification

1 6 (6)

2 30 (32)

3 52 (55)

4 7 (7)

Lymph nodes*

Positive 51 (54)

Negative 43 (45)

Missing 1 (1)

Tumor stage 7th UICC edition*

I 18 (19)

II 59 (62)

III–IV 17 (18)

Missing 1 (1)

Tumor size, mm*

<30 30 (31)

≥30 64 (67)

Missing 1 (1)

Perineural invasion

Absent 47 (49)

Present 48 (51)

Metastases within 6 mo

Present 11 (12)

Absent 84 (88)

R0 resection 59 (62)

R1 resection 36 (38)

*Lymph node status and tumor size were unavailable for 1 patient.

UICC indicates Union for International Cancer Control.
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differences between tenascin C and fibronectin expression, tumor-
stroma ratio, and clinicopathological variables. Spearman 2-tailed
correlation test was used to calculate correlations between tenascin
C, fibronectin, and tumor-stroma ratio. Kaplan-Meier was used to
calculate life tables, and disease-specific survival curves were
compared with the log-rank test. Cox proportional hazards model
was used for multivariable analysis with the following a priori–
determined confounders: age (<65 or ≤65 years), sex (male or
female), and tumor stage (I, II, or III–IV). Additionally, subgroup
analyses were conducted in T stage I–II cancers with Kaplan-
Meier method and Cox regression. Intercorrelation coefficient
estimates were calculated using 2-way mixed-effects model.

RESULTS
Interobserver agreement in the evaluation of tenascin C and

fibronectin expression was high. None of the studied cases needed
reevaluation. Intercorrelation coefficient between the 2 observers
varied between 0.872 and 0.904 in tenascin C and fibronectin front
and bulk, indicating good reproducibility. Similarly, in the evalua-
tion of tumor-stroma ratio, intercorrelation coefficient between the

2 observers was 0.92. Reevaluation was not needed in any case, as
the interobserver difference was 20% or less in all cases.

Tenascin C Expression
Tenascin C staining pattern was restricted to the tumor stroma,

and none of the cases showed positive epithelial tenascin C expres-
sion. No positive staining for tenascin C was found in adjacent nor-
mal pancreatic tissue (Figs. 1A, B). Positive tenascin C expression
in the bulk of the tumor was similarly found in 77 (81%) of 95 cases
(mean score, 1.64 [standard deviation {SD}, 1.21]; 95% confidence
interval [CI], 1.39–1.88) and in the invasive front in 88 (93%) of 95
cases (mean score, 1.7 [SD, 1.07]; 95% CI, 1.48–1.92) with no sig-
nificant difference between bulk and tumor front (P = 0.614). In
correlation analysis, tenascin C levels in the tumor bulk and front

FIGURE 1. Images visualizing the expression of tenascin C and
fibronectin in the stroma of PDAC and images visualizing the
different tumor-stroma ratios. Pancreatic ductal adenocarcinoma
showing (A) low (score 1–2) and (B) high (score 3–4) tenascin C
expression in the stroma. Pancreatic ductal adenocarcinoma with
(C) low (score 1–2) and (D) high (score 3–4) fibronectin
expression in the stroma. Pancreatic ductal adenocarcinoma with
(E) low (≤35%) and (F) high (>35%) tumor-stroma ratio.

TABLE 2. Multivariate Analysis of Prognostic Factors in PDAC
Patients

Variable HR (95% CI)

Tenascin C

Low 1 (Reference)

High 1.16 (0.64–2.07)

Age, y

<65 1 (Reference)

≥65 1.01 (0.61–1.66)

Sex

Female 1 (Reference)

Male 1.35 (0.81–2.24)

Tumor stage

I 1 (Reference)

II 1.31 (0.66–2.60)

III–IV 2.13 (0.98–4.63)

Fibronectin

Low 1 (Reference)

High 1.12 (0.65–1.92)

Age, y

<65 1 (Reference)

≥65 1.01 (0.61–1.67)

Sex

Female 1 (Reference)

Male 1.30 (0.76–2.21)

Tumor stage

I 1 (Reference)

II 1.39 (0.72–2.72)

III–IV 2.18 (1.00–4.73)

Tumor-stroma ratio

Low 1 (Reference)

High 1.48 (0.87–2.53)

Age, y

<65 1 (Reference)

≥65 1.03 (0.63–1.71)

Sex

Female 1 (Reference)

Male 1.31 (0.79–2.18)

Tumor stage

I 1 (Reference)

II 1.35 (0.70–2.62)

III–IV 2.05 (0.94–4.46)
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were highly correlated (correlation coefficient, 0.421;P < 0.001), and
therefore associations with clinicopathological variables and survival
were conducted using only the tenascin C staining in the bulk.

Tenascin C expression did not associate with any of the clinico-
pathological variables (Supplementary Table 1, http://links.lww.com/
MPA/A690) or survival in the main analysis (Table 2). In the sub-
group analysis of T1 and T2 PDAC (n = 36), high tenascin C expres-
sion was associated with poor survival (log rank, P < 0.001; Fig. 2).
Mean survival time was 33.4 months (95% CI, 23.6–43.4 months)
for patients with low tenascin C expression and 10.2 months (95%
CI, 6.4–14.0 months) for patients with high tenascin C expression.
Multivariable analysis identified high tenascin C expression (hazard
ratio [HR], 8.23; 95% CI, 2.71–24.96) as a prognostic factor for
pancreatic cancer–specific death within tumor stage II (HR, 4.10;
95% CI, 1.26–13.37; stage III–IV vs stage I; Table 3).

Fibronectin Expression
Adjacent normal pancreatic tissue showed no positive fibronec-

tin staining. Positive fibronectin staining was restricted to the stromal
component of the tumor, whereas no positive staining was found in
the epithelial cells (Figs. 1C, D). Positive fibronectin staining in the
bulk of the tumor was found in 82 (86%) of 95 cases (mean score,
2.00 [SD, 1.30]; 95% CI, 1.74–2.26) and in the invasive front in
79 (83%) of 95 cases (mean score, 1.94 [SD, 1.35]; 95% CI,
1.67–2.22). Fibronectin staining patterns and intensities were sim-
ilar without significant difference in tumor bulk and invasive front
(P = 0.624). Fibronectin expressions in the tumor bulk and front
were highly correlated (correlation coefficient, 0.621; P < 0.001).

Fibronectin expression was associated with high T class
(P = 0.045), but not with other clinicopathological variables (Sup-
plementary Table 1, http://links.lww.com/MPA/A690). Fibronec-
tin expression was not associated with survival in the main
(Table 2) or the subgroup analysis (Table 3).

Tumor-Stroma Ratio
The mean tumor-stroma ratio in the cohort was 40% (median,

35% [SD, 20.6%]; range, 10%–90%; Figs. 1E, F). Tumor-stroma

was not associated with clinicopathological variables (Supplemen-
tary Table 1, http://links.lww.com/MPA/A690) or survival in the
main (Table 2) or the subgroup analysis (Table 3).

Correlations Between Tenascin C, Fibronectin, and
Tumor-Stroma Ratio

There was no correlation between tenascin C expression and
tumor-stroma ratio. For fibronectin expression, a weak correlation
was observed with tumor-stroma ratio both in tumor bulk and in-
vasive front (correlation coefficients, 0.275 [P = 0.007] and 0.229
[P = 0.025], respectively). The correlation analysis is summarized
in Table 4.

DISCUSSION
The present study shows that tenascin C and fibronectin are

widely expressed in the stroma of PDAC. Although no association
between high tenascin C expression and survival was found in the
main analysis, high tenascin C expression may predict poor prog-
nosis in T1–T2 PDAC according to the subgroup analysis. Fibro-
nectin expression and tumor-stroma ratio seem to have novalue in
the prognostic assessment of PDAC.

Strengths of the present study comparedwith previous studies
that investigated fibronectin, tenascin C, and tumor-stroma ratio in
PDAC are the relatively large population (n = 95) of consecutive
patients from a single geographical area of Northern Finland, with-
out apparent selection bias, and excellent interobserver agreement
without a need for reevaluation of the studied parameters. Tumor-
stroma ratio was evaluated according to earlier described guide-
lines, adding to the reliability of the analysis.13 The weakness of
this study is the use of immunohistochemistry as the only evalua-
tion method of the expression of fibronectin and tenascin C.

In previous studies, tenascin C has been suggested as a
marker for metastasis and tumor invasion,19,20 and its significance
on patient survival was previously observed in esophageal adeno-
carcinoma.21 In line with previous studies, tenascin C expression
was observed in the tumor stroma, rather than in the epithelial

FIGURE2. Kaplan-Meier curve showing the survival of the 36patientswith T1–T2PDAC, stratified by tenascinC expression of the tumor bulk.
Log-rank test was used to calculate the statistical significance.
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tumor cells.16,22 Tenascin C has been shown to be expressed in
PDAC, and its high expression has been associated with patient sur-
vival in previous studies.9,23,24 The main analysis does not support
the previous findings. However, as observed in tongue squamous
cell carcinoma,16 the subgroup analysis in T1 and T2 tumors asso-
ciated the high tenascin C expression of the tumor bulk with poor
outcome. These results suggest that tenascinC is prognostic at earlier
stages, but the effect disperses in advanced disease. The result
is biologically reasonable, as previous studies have shown that
tenascin C induces tumor growth by regulating cell adhesion
and migration and affects the expression of oncogenes and tumor
suppressor genes.25,26 However, the subgroup was relatively small
(n = 36), and therefore the result should be addressed with caution.

Fibronectin regulates cell adhesion, migration, growth, pro-
liferation, and wound healing and guides assembly of other extra-
cellular matrix proteins such as tenascin C.8 No association
between high expression of fibronectin and prognosis in PDAC
was found, as opposed to the previous study with smaller popula-
tion (n = 33).12 However, an association between high expression
of fibronectin of the tumor bulk and high T stage was observed
similarly to in esophageal adenocarcinoma.21 While this is in line
with other previous studies suggesting fibronectin's role in cancer
development and growth in addition to chemoresistance and pro-
moting metastasizing,10 it may also be a chance finding related to
multiple statistical testing. Indeed, fibronectin has been consid-
ered a possible target for tumor therapy for over a decade, with
disappointing results so far.10,27

Abundant stroma within the tumor leads to chemoresistance,
poor delivery of nutrients, hypovascularization, and poor oxygen-
ation.10 Previous studies have suggested that tumor-stroma ratio
is useful as a prognostic factor in various cancers, such as triple-
negative breast cancer, colorectal cancer, cervical cancer, hepato-
cellular cancer, epithelial ovarian cancer, nasopharyngeal cancer,
non–small cell lung cancer, endometrial cancer, and esophageal
adenocarcinoma.28–38 In these cancer types, low tumor-stroma
ratio or stroma-rich tumors are typically associated with poor
outcome. In pancreatic cancer, however, only 1 previous study sug-
gested that stroma-rich tumors could have better prognosis, a result
contradictory to other cancer types.15 These results, together with
the present study, suggest that in PDAC the role of stroma might
be more complex compared with other solid tumors. Pancreatic
ductal adenocarcinoma is characterized by abundant stroma, and
only 10% to 40% of the tumor consists of tumor cells.39,40 The
abundant stroma is considered an important reason for PDAC's ag-
gressive nature and chemoresistance.41 In the present study, only a
weak correlation between tumor-stroma ratio and fibronectin
levels in both the tumor bulk and invasive front was observed,
and there was no significant correlation between tumor-stroma ra-
tio and tenascin C levels. These results suggest that tenascin C ex-
pression is not a factor regulating the amount of tumor stroma,
and similarly, fibronectin expression has only limited effect on
the stromal expansion.

TABLE 3. Multivariate Analysis of Prognostic Factors in Subgroup
Analysis of 36 T Stage I–II PDAC Patients

Variable HR (95% CI)

Tenascin C

Low 1 (Reference)

High 8.23 (2.71–24.96)

Age, y

<65 1 (Reference)

≥65 1.11 (0.47–1.60)

Sex

Female 1 (Reference)

Male 1.24 (0.50–3.05)

Tumor stage

I 1 (Reference)

II 2.03 (0.78–5.24)

III–IV 4.10 (1.26–13.37)

Fibronectin

Low 1 (Reference)

High 1.23 (0.46–3.25)

Age, y

<65 1 (Reference)

≥65 1.12 (0.48–2.64)

Sex

Female 1 (Reference)

Male 1.01 (0.39–2.62)

Tumor stage

I 1 (Reference)

II 2.41 (0.95–6.11)

III–IV 3.19 (0.98–10.33)

Tumor-stroma ratio

Low 1 (Reference)

High 1.018 (0.41–2.54)

Age, y

<65 1 (Reference)

≥65 1.09 (0.47–2.52)

Sex

Female 1 (Reference)

Male 1.06 (0.41–2.77)

Tumor stage

I 1 (Reference)

II 2.35 (0.93–5.94)

III–IV 3.23 (0.99–10.74)

TABLE 4. Correlations Between Tenascin C Expression, Fibronectin Expression, and Tumor-Stroma Ratio in 95 PDAC Patients,
Calculated Using 2-Tailed Spearman Correlation

Tenascin C Bulk Tenascin C Front Fibronectin Bulk Fibronectin Front

Tumor-stroma ratio 0.090 (0.385) 0.081 (0.438) 0.275 (0.007) 0.229 (0.025)

Tenascin C bulk 0.421 (<0.001) 0.478 (<0.001) 0.320 (0.002)

Tenascin C front 0.324 (0.001) 0.197 (0.055)

Fibronectin bulk 0.621 (<0.001)

Data expressed as correlation coefficient (P).
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In conclusion, fibronectin and tenascin C arewidely expressed
in the stroma of PDAC. Tenascin C of the bulk tumor may be asso-
ciated with poor prognosis in less advanced T1 and T2 PDACs, al-
though confirmatory studies are needed. Fibronectin expression
and tumor-stroma ratio seem to have no prognostic value in PDAC.
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