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Introduction
Extrahepatic bile duct carcinoma is an epithelial cancer that 
originates from the bile ducts, has features of cholangiocyte 
differentiation, and represents one of the most potentially 
malignant gastrointestinal lesions. Chemotherapy and radia-
tion therapy are not fully effective, and surgical treatment is the 
only curative therapy for this type of carcinoma.1 The spread of 
cancer cells via the lymphatic system to regional lymph nodes 
is an important factor in tumor progression. In a recent study, 
the median disease-specific survival rate after surgery in 
patients with lymph node metastasis was lower than that of 
patients without lymph node metastasis.2 However, there are 
no reports on the prognostic impact of extracapsular lymph 
node invasion and myofibroblastic activity in extrahepatic bile 
duct carcinoma. In this study, the histopathologic patterns of 
lymph nodes were classified into 2 patterns: extracapsular 
lymph node invasion, whereby the metastatic carcinoma cells 
had invaded the lymph node capsule, or not. We also focused 
on the clinicopathological significance of the extracapsular 
lymph node invasion in extrahepatic bile duct carcinoma and 
evaluated the myofibroblast density of the lymph metastatic 
foci and primary cancerous lesion. Recently, the association 
between cancer and myofibroblasts in the tumor microenviron-
ment has received attention.3 Myofibroblasts are known as a 
component in the granulation tissue healing of wounds and  
as cancer stromal cells.4 In addition, myofibroblasts act as a 

representative extracellular matrix (ECM) that induces cancer 
proliferation, invasion activities, and metastasis by stimulating 
angiogenesis and lymph angiogenesis.5–7 Hence, we analyzed 
the association between extracapsular lymph node invasion and 
the density of myofibroblasts using imaging analysis.

Materials and Methods
Patients

We investigated 101 consecutive patients with bile duct carci-
noma who were surgically treated between January 2004 and 
December 2011 at the Hirosaki University Hospital. We 
obtained informed consent from each patient to use their clini-
cal records and pathology specimens. Of the 101 patients 
enrolled, 36 patients had lymph node metastasis and 4 were 
excluded because they had no regional lymph node involve-
ment; 32 cases were investigated in this study.

Survival data were obtained from hospital medical charts and 
the median observation period was 19 months. The series con-
sisted of 27 men and 5 women with a median age of 71.5 (range: 
52-80) years. About 10 carcinomas were perihilar and 22 were 
located in the distal bile duct. Curative resection and regional 
lymph node dissection were dependent on the location of the pri-
mary tumors. A pancreaticoduodenectomy or pylorus-preserving 
pancreaticoduodenectomy was performed in 22 patients and a 
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combined hepatectomy with a bile duct resection was performed 
in 10 cases. The study protocol was approved by the Committee 
of Ethics at Hirosaki University School of Medicine.

Pathological analysis

All surgically resected specimens were routinely fixed with 10% 
formalin, embedded in paraffin, and stained with hematoxylin-
eosin for pathological evaluation. Metastatic carcinoma cells in 
the lymph node capsule are shown in Figure 1A and B, and meta-
static carcinoma cells invading the lymph node capsule and 
spreading into surrounding adipose tissue can be seen in Figure 
1C and D. To compare the presence of extracapsular lymph node 
invasion with the primary lesion, histologic features of the pri-
mary lesion were assessed in the largest cross-sectional tumor sec-
tion as follows: depth of the invasion (T-grade), histologic type, 
lymphovascular invasion, perineural invasion, mode of the infil-
tration pattern (INF) of tumor, and lymph nodal metastasis. The 
degree of lymphatic, vessel, and perineural invasions was classified 
as follows: 0, no invasion; 1, mild invasion (1 focus at the invasive 
front); 2, moderate invasion (2-3 foci at the invasive front); and 3, 
severe invasion (more than 4 foci at the invasive front). The mode 
of INF was classified into 3 groups: INF-a, a cancer nest showing 
expansive growth and presenting a clear borderline between the 
tumor tissue and stroma; INF-b, intermediate patterns of growth 

and an invasive structure of INF-a and INF-c; and INF-c, scir-
rhous growth with an unclear borderline at the invasive front. 
These data were evaluated according to the General Rules for 
Surgical and Pathological Studies on Cancer of the Biliary Tract8 
with reference to the World Health Organization classification 
and were staged according to the TNM classification of the 
International Union Against Cancer (UICC [Union for 
International Cancer Control]).9

Immunohistochemistry

Using immunohistochemical staining, we investigated the cel-
lular proliferative potential (Ki-67 labeling index) and the 
myofibroblasts (α-SMA [α smooth muscle actin]) density in 
the primary and lymph node metastatic lesions. The immuno-
histochemical procedure was as follows: for a histologic exami-
nation, extrahepatic bile duct carcinoma and lymph node 
specimens were routinely fixed with formalin, embedded in par-
affin, and thin-sectioned (4-μm thick). Sections were mounted 
on saline-coated glass slides and an immunohistochemical 
examination was performed on deparaffinized sections using 
the standard avidin-biotin-peroxidase complex method with an 
automated immunostainer (Benchmark XT; Ventana Medical 
Systems, Tucson, AZ, USA). We selected representative cases of 
primary and lymph node metastatic lesions, which were the 

Figure 1.  (A, B) A negative extracapsular lymph node invasion lesion; the foci of the carcinoma metastasis are within the lymph node capsule: (A) ×100 

and (B) ×200 (hematoxylin-eosin). (C, D) A positive extracapsular lymph node invasion lesion; the foci of the carcinoma metastasis are outside the lymph 

node capsule: (C) ×100 and (D) ×200 (hematoxylin-eosin).
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maximum number of invasive cancer cells in a lesion. The anti-
bodies used were Ki-67 (1:100, clone MIB-1; Dako, Glostrup, 
Denmark) and α-SMA (1:100, clone 1A4; Dako).

Evaluation of immunohistochemistry and image 
analysis

We used imaging analysis to investigate the myofibroblast den-
sity in both the primary and lymph node metastatic lesions. 
Images were obtained using an Olympus Microscope BX50 
with a U Plan Apo objective lens (×10; Olympus, Tokyo, Japan) 
and a digital camera DP-70 (Olympus). Using Image J software 
(NIH, Bethesda, MD, USA), the α-SMA positive area was 
binarized to obtain objective data, and the positive area in 1 mm2 
(primary lesion) and 0.25 mm2 (lymph node metastasis lesion) 
sections was calculated (Figure 2A to C). Nucleic immunoreac-
tivities of the tumor were judged as positive for Ki-67. When the 
tumor “hot spot” was identified, the objective was focused (×20) 
and the tumor cells were counted (Ki-67–positive cells/500).

Statistical analysis

Statistical comparisons of the presence of extracapsular lymph 
node invasion or not were analyzed using Pearson χ2 test for 
categorical data and the Mann-Whitney test for continuous 
data. Survival curves were constructed using the Kaplan-Meier 
method, and differences in survival were evaluated using a log-
rank test. The relative prognostic factors were analyzed using the 
Cox proportional hazards regression model. Differences were 

considered to be significant when P < .05. All statistical evalua-
tions were performed using R (http://www.r-project.org).

Results
Clinicopathological f indings

Based on the presence of extracapsular lymph node invasion, 
there were 21 positive cases and 11 negative cases in this study. 
When a single finding of extracapsular lymph node invasion 
was detected, the case was considered positive. The median 
total number of resected lymph nodes was 13 and the median 
number of lymph node metastasis was 2. Furthermore, the 
presence of extracapsular lymph node invasion was 2, and the 
absence was 1.5. The clinicopathological findings pertaining to 
the presence or absence of extracellular lymph node invasion 
are summarized in Table 1. No histologic factors were corre-
lated with the histologic patterns of lymph node metastasis.

Association between histological f indings of the 
lymph node pattern and survival rates

To clarify the prognostic impact of extracapsular lymph node 
invasion, we investigated the prognosis. Survival curves based 
on univariate survival analysis demonstrated an association 
between patients with extracapsular lymph node invasion and a 
poor prognosis (Figure 3A; P = .014) and poor disease-free sur-
vival (Figure 3B; P < .001). To clarify potential prognostic indi-
cators, we analyzed various pathological factors (Table 2). The 
univariate analysis revealed that only extracapsular lymph node 

Figure 2.  Representative case showing the foci of a metastatic lesion. (A) ×100 (hematoxylin-eosin), (B) ×400 (α-SMA staining), and (C) ×400 binarization 

image of α-SMA. α-SMA indicates α smooth muscle actin.

http://www.r-project.org
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invasion was correlated with a poor prognosis (relative risk: 
0.2683; 95% confidence interval, 0.103-0.701; P < .01).

Immunohistochemical analysis

To investigate the association between myofibroblast density 
and extracapsular lymph node invasion, we calculated the per-
centage of α-SMA expression at the invasive front. Furthermore, 
we investigated the association with the cell proliferation rate 
using the Ki-67 labeling index. Positive extracapsular lymph 

node invasion lesions had a higher percentage of α-SMA 
expression than negative (Figure 4A; P < .001) and primary 
lesions (Figure 4B; P < .01). However, there was no significant 
difference in the Ki-67 labeling index between the lymph node 
(Figure 4C; P = .747) and primary lesions (Figure 4D; P = .920).

Discussion
In this study, we clarified the clinicopathological characteris-
tics of extracapsular lymph node invasion. In particular, tumor 
cells that had invaded the lymph node capsule resulted in a 

Table 1.  Clinicopathological features of significance extracapsular LN invasion.

Negative extracapsular 
LN invasion (n = 11)

Positive extracapsular LN 
invasion (n = 21)

P value

Age, y .668

  ≥65 8 17  

  <65 3 4  

Gender .461

  Male 10 17  

  Female 1 4  

Location .425

  Proximal 2 8  

  Distal 9 13  

Depth of invasiona .0829

  T1 or T2 6 5  

  T3 or T4 5 16  

Histologic type .593

  Well-differentiated 2 2  

  Other histologic type 9 19  

Lymphatic invasionb .0529

  ly0 or ly1 7 5  

  ly2 or ly3 4 16  

Venous invasionb .681

  v0 or v1 4 5  

  v2 or v3 7 16  

Perineural invasionb .681

  n0 or n1 3 7  

  n2 or n3 8 14  

INFb 1.00

  a or b 7 11  

  c 4 10  

Abbreviations: INF, infiltration pattern; LN, lymph node.
aDepth of invasion according to the TNM classification.
bLymphatic invasion, venous invasion, perineural invasion, and INF according to the Japanese classification of extrahepatic bile duct carcinoma.
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Figure 3.  Patient prognosis using Kaplan-Meier survival curves. Patients positive for extracapsular LN invasion had a (A) poor disease-free survival 

(P = .014) and (B) poor overall survival (P < .001). LN indicates lymph node.

Table 2.  Univariate analyses of prognostic factors of survival.

Variables Values (%) Univariate 
analyses, P value

Risk ratio 95% confidence 
interval

Extracapsular LN invasion <.01 0.268 0.103–0.701

  Negative 11 (34.3)  

  Positive 21 (65.4)  

Depth of invasiona .276 1.59 0.687–0.3.72

  T1 or T2 11 (34.3)  

  T3 or T4 21 (65.4)  

Histologic type .804 1.13 0.831–7.79

  Well-differentiated   4 (12.5)  

  Other histologic type 28 (87.5)  

Lymphatic invasionb .0891 2.12 0.891–5.02

  ly0 or ly1 12 (37.5)  

  ly2 or ly3 20 (62.5)  

Venous invasionb .776 1.13 0.485–2.64

  v0 or v1 11 (34.3)  

  v2 or v3 21 (65.4)  

Perineural invasionb .992 1.01 0.513–2.97

  n0 or n1   8 (25.0)  

  n2 or n3 24 (75.0)  

INFb .640 1.23 0.513–2.67

  a or b 18 (56.3)  

  c 14 (43.7)  

Abbreviations: INF, infiltration pattern; LN, lymph node.
aDepth of invasion according to the TNM classification.
bLymphatic invasion, venous invasion, perineural invasion, and INF according to the Japanese classification of extrahepatic bile duct carcinoma.
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shorter life expectancy and disease-free survival compared 
with patients who did not have an invading lymph node 
metastasis. Furthermore, there was an increase in the α-SMA 
expression on fibroblasts at the invasive front of extracapsular 
lymph node invasion lesions and in primary lesions. The asso-
ciation between the α-SMA expression ratio of a primary 
lesion and a lymph node metastasis lesion was significantly 
different when comparing positive and negative extracapsular 
lymph node invasion cases. However, no correlation was 
observed between the Ki-67 labeling index of positive and 
negative extracapsular lymph node invasion lesions. This is the 
first report to describe the association between clinicopatho-
logical characteristics of extracapsular lymph node invasion of 
metastatic lymph nodes and α-SMA expression surrounding 
the metastatic cancer cells in extrahepatic bile duct carcinoma. 
Recently, the malignancy of a tumor was not defined in the 
cancer cells itself, but in the ECM. In particular, cancer-asso-
ciated fibroblasts (CAFs) have been noted.10

Cancer-associated fibroblasts are expressed in the α-SMA, 
generate myofibroblasts, and induce a desmoplastic reaction.11 
Furthermore, they enhance the angiogenesis and biogenesis of 
the ECM. The contraction between cancer cells and CAFs is 

closely associated and leads to the release of cytokines, such as 
transforming growth factor β (TGF-β) and hepatocyte growth 
factor. These cytokines induce the invasive and migratory 
capacity of the cancer cells. Furthermore, there are several fac-
tors that influence the interaction between CAFs and cancer 
cells. For example, cancer cells release platelet-derived growth 
factor that attracts more macrophages, and these macrophages 
produce TGF-β which activates the fibroblast.12 Cancer-
associated fibroblasts stimulate vascular endothelial cells and 
pericytes to produce a growth factor and chemokine, which 
promote the epithelial cells to cancer cells.13,14

In this study, we elucidated cancer malignancy, focusing on 
the histology of a lymph node metastatic lesion. Cancer cells 
that invade the lymph node capsule were indicative of a poor 
prognosis. Furthermore, we focused on the histology of the 
surrounding cancer cells. When focusing on the surrounding 
cancer cells at the invasive edge of extracapsular lymph node 
invasion lesions, a greater desmoplastic reaction was observed 
compared with the absence of such lesions. The desmoplastic 
reaction was induced by the myofibroblasts, and myofibroblasts 
with stained α-SMA were significantly increased in positive 
compared with negative extracapsular lymph node invasion 

Figure 4.  (A, B) The median myofibroblast density and (C, D) Ki-67 labeling index in primary and lymph node metastasis lesions. The association 

between positive and negative extracapsular LN invasion in (A, C) lymph node metastasis and (B, D) primary lesions. LN indicates lymph node.
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lesions. Interestingly, the extracapsular lymph node invasion 
status was not correlated with the proliferation of cancer cells 
based on the Ki-67 labeling index. The same tendency was 
observed for primary lesions; that is, an increased expression of 
CAFs in a lymph node metastasis site was also indicated by 
increasing CAFs in the primary lesion. The desmoplastic 
changes consisted of a proliferation of fibroblasts and collagen 
fibers that were not only found in the primary lesion but also in 
parts of the lymph node metastasis. These changes were 
thought to be associated with an epithelial-mesenchymal tran-
sition that may contribute to the aggressive growth of an inva-
sive cancer. The results of the univariate analysis revealed that 
if cancer cells had invaded the extra capsule of a lymph node 
metastasis site, the prognosis would have been significantly 
poorer. An important clinical issue is that tumor cell invasion 
of the lymph node capsule indicates a malignant potential with 
lymph node metastasis. Another study showed that squamous 
cell carcinoma of the vulva with an extranodal extension of 
lymph node metastases had significantly higher rates of all-
cause mortality, cancer-specific mortality, and recurrence.15 
Our results indicate the same tendency. However, extracapsular 
lymph node involvement in extrahepatic bile duct carcinoma 
has no impact on the survival of patients with surgically treated 
extrahepatic bile duct carcinoma,16 which is inconsistent with 
our results. One reason for this is the differences in the ratio of 
perihilar bile duct cancer and distal bile duct cancer; the pro-
portion of perihilar bile duct cancer was high in the previous 
study, whereas perihilar bile duct cancer was low in this study. 
The prognosis of perihilar bile duct cancer is worse than distal 
bile duct cancer17; hence, there was no significant difference in 
the previous study.

Our present findings should be considered within the limi-
tations of this study. The most important limitation is the small 
number of cases; more cases may be needed to confirm the 
statistical significance detected in this study.

This study clearly showed that tumor cells invading the cap-
sule of a lymph node resulted in an overall shorter life expec-
tancy and disease-free survival compared with patients who 
did not have invading lymph node metastasis. Furthermore, we 

showed that the myofibroblasts surrounding the lesion play an 
important role in its malignant potential and poor prognosis.

Author Contributions
Study conception and design: TY and HK. Acquisition of  
data: TY, KI and KH. Ananysis and interpretation of data:  
TY, KS, TH, HS, YW, SM and HK. Drafting and revision of 
manuscript: TY.

References
	 1.	 Khan SA, Davidson BR, Goldin R, et al. Guidelines for the diagnosis and treat-

ment of cholangiocarcinoma: consensus document. Gut. 2002;51:VI1–VI9.
	 2.	 Ito K, Ito H, Allen PJ, et al. Adequate lymph node assessment for extrahepatic 

bile duct adenocarcinoma. Ann Surg. 2010;251:675–681.
	 3.	 Giannoni E, Bianchini F, Masieri L, et al. Reciprocal activation of prostate can-

cer cells and cancer-associated fibroblasts stimulates epithelial-mesenchymal 
transition and cancer stemness. Cancer Res. 2010;70:6945–6956.

	 4.	 Bissell MJ, Radisky D. Putting tumours in context. Nat Rev Cancer. 2001;1:46–54.
	 5.	 Lin NN, Wang P, Zhao D, Zhang FJ, Yang K, Chen R. Significance of oral can-

cer-associated fibroblasts in angiogenesis, lymphangiogenesis, and tumor 
invasion in oral squamous cell carcinoma. J Oral Pathol Med. 2017;46:21–30.

	 6.	 Luo H, Tu G, Liu Z, Liu M. Cancer-associated fibroblasts: a multifaceted driver 
of breast cancer progression. Cancer Lett. 2015;361:155–163.

	 7.	 Yeung TM, Buskens C, Wang LM, Mortensen NJ, Bodmer WF. Myofibroblast activa-
tion in colorectal cancer lymph node metastases. Br J Cancer. 2013;108:2106–2115.

	 8.	 Japanese Society of Biliary Surgery. General Rules for the Surgical and Pathological 
Studies on Cancer of the Biliary Tract. Tokyo, Japan: Kanehara Shuppan; 2013.

	 9.	 Sobin LH, Gospodarowicz MK, Wittekind C. TNM Classification of Malignant 
Tumors (UICC). 7th ed. New York, NY: Wiler-Liss; 2009.

	10.	 Karagiannis GS, Poutahidis T, Erdman SE, Kirsch R, Riddell RH, Diamandis EP. 
Cancer-associated fibroblasts drive the progression of metastasis through both para-
crine and mechanical pressure on cancer tissue. Mol Cancer Res. 2012;10:1403–1418.

	11.	 Kalluri R, Zeisberg M. Fibroblasts in cancer. Nat Rev Cancer. 2006;6:392–401.
	12.	 Elenbaas B, Weinberg RA. Heterotypic signaling between epithelial tumor cells 

and fibroblasts in carcinoma formation. Exp Cell Res. 2001;264:169–184.
	13.	 Orimo A, Gupta PB, Sgroi DC, et al. Stromal fibroblasts present in invasive 

human breast carcinomas promote tumor growth and angiogenesis through ele-
vated SDF-1/CXCL12 secretion. Cell. 2005;121:335–348.

	14.	 Pietras K, Pahler J, Bergers G, Hanahan D. Functions of paracrine PDGF sig-
naling in the proangiogenic tumor stroma revealed by pharmacological targeting. 
PLoS Med. 2008;5:e19.

	15.	 Luchini C, Nottegar A, Solmi M, et al. Prognostic implications of extranodal 
extension in node-positive squamous cell carcinoma of the vulva: a systematic re-
view and meta-analysis. Surg Oncol. 2016;25:60–65.

	16.	 Noji T, Miyamoto M, Kubota KC, et al. Evaluation of extra capsular lymph node 
involvement in patients with extra-hepatic bile duct cancer. World J Surg Oncol. 
2012;10:106.

	17.	 Ishihara S, Horiguchi A, Miyakawa S, Endo I, Miyazaki M, Takada T. Biliary 
tract cancer registry in Japan from 2008 to 2013. J Hepatobiliary Pancreat Sci. 
2016;23:149–157.




