
Abstract. Background/Aim: Surgical resection is the standard
treatment for bile duct cancer. However, even when surgical
resection is possible, the 5-year survival rate is reportedly 25.0-
55.0%. Therefore, bile duct cancer is associated with poor
prognoses. We conducted a clinicopathological investigation,
focusing on the histological phenomenon of tumour budding,
which has previously been reported to be correlated with the
survival of patients with a variety of cancers. Patients and
Methods: To investigate the significance of tumour budding in
distal bile duct cancer, we recruited 65 patients who underwent
pancreatoduodenectomy at our institution between 1995 and
2011. Tumour budding was observed and evaluated using the
‘hot spot method’. The ‘low’ budding group comprised 0-4 cell
clusters and the ‘high’ budding group ≥5 cell clusters.
Additionally, immunostaining was performed in high-budding
areas. Results: Tumour budding and stage were confirmed using
a Cox proportional hazards model as independent prognostic
factors for overall survival (p<0.05) in all patients. There was
a significant association between budding and zinc finger E-box
binding homeobox 1 expression, an endothelial-mesenchymal
transition-induced transcription factor. In stage II cases, the
prognosis was significantly worse in the ‘high’ budding group
compared to that in the ‘low’ budding group. Conclusion: The
budding phenomenon is an independent prognostic factor for
patients with distal bile duct cancer. Understanding the
mechanisms underlying tumour budding in distal bile duct

cancer and its relationship with poor prognoses may be useful
for the development of novel treatments for this disease.

Bile duct cancer (BDC) is a condition associated with a poor
prognosis, for which the standard treatment is surgical
resection. Distal BDC (DBDC) often induces jaundice (1)
and is frequently detected early compared with cancers
arising elsewhere in the biliary tract. However, DBDC is
associated with a poorer prognosis than intrahepatic BDC
(1). Despite a surgical resection rate of ≥90.0% (1, 2), the 5-
year survival rate for DBDC has been reported to be 25.0-
55.0% (1-3). Furthermore, incidences of 5-year postoperative
recurrences have been detected, which further reduce the true
cure rate (3).

In the recent years, the biological malignancy of BDC has
been elucidated through clinicopathological investigations.
Similar to pancreatic cancer, BDC is frequently accompanied
by lymph node metastasis (LNM) (3-5) and neural invasion
(NI) (4, 6), both of which are factors affecting the prognosis,
along with the surgical margin, tumour differentiation (1-3),
invasion depth (4, 7), and curability (1, 2). In DBDC, the
hepatic margin (2) and radial margin (2, 7) are associated
with the prognosis. Radial margin evaluation is characteristic
of the surgical margin and is important in DBDC (2, 7).

The phenomenon of tumour budding or ‘sprouting’ is
histologically defined as a cancer cell cluster that has an
undifferentiated phenotype comprising a single tumour cell
or a cell cluster consisting of four tumour cells or lesser, with
stromal invasive properties in the region of tumour
development and advancement, and has been suggested to
represent the initial phase of alterations for tumour invasion
(8, 9). In some human cancers, budding has been reported to
be strongly associated with epithelial-mesenchymal
transition (EMT) (10-12), a phenomenon in which epithelial
cells undergo morphological changes and become
mesenchymal-like cells. This modification plays a significant
role in cancer cell infiltration and metastasis. Budding and
EMT are regulated by EMT-induced transcription factors. In
the recent years, tumour budding has been linked to
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metastasis and prognosis in colon, gastric, oesophageal,
laryngeal, skin, gallbladder, extrahepatic, ampullary, lung,
and cutaneous squamous cell carcinomas (13-26). Tumour
budding has attracted particular attention with respect to
colon cancer and is important in determining treatment
strategies in the early stages of the disease (27). In the biliary
tract, tumour budding has been reported to correlate with
survival in patients with T2 gallbladder cancer (22).
Moreover, in ampullary cancer, tumour budding has been
reported to be a more significant prognostic factor than other
factors, such as the invasion depth and LNM (24). In
extrahepatic cholangiocarcinoma, tumour budding has been
reported to correlate with invasive clinicopathological
features (23). Thus, the significance of tumour budding in
the biliary tract has been steadily uncovered. 

In this study, we performed a clinicopathological
investigation of surgically resected cases to evaluate the
significance of tumour budding in DBDC.

Patients and Methods

Patients. We retrospectively analysed 65 of 77 patients with DBDC
who underwent pancreaticoduodenectomy at the Department of
Surgery of Kurume University (Kurume, Japan) between 1995 and
2011. Twelve patients with papillary tumours were excluded. The
study protocol was approved by the Institutional Review Board (No.
14096). All the participants provided written informed consent. This
research was conducted in accordance with the 1964 Declaration of
Helsinki and its later amendments.

Evaluation of tumour budding. The specimens removed during
surgery were fixed in 10.0% neutral buffered formalin solution.
Whole tissue sections (5.0 mm thick) were prepared for
haematoxylin and eosin staining. The tissue sections were examined
microscopically and tumour budding was evaluated histologically.

Our evaluation reference was the study published by the
International Tumour Budding Consensus Conference (ITBCC)
2016 (9). After selecting the area with the highest budding activity
at the margins of the tumour, we counted the number of instances
of budding at 200× magnification by applying a method known as
the ‘hot spot method’ (9). Moreover, 0-4 cell clusters were
designated as BD1, 5-9 cell clusters as BD2, and ≥10 cell clusters
as BD3. Of these, BD1 were classified as the ’low’ budding group
(L group; Figure 1A) and BD2 and BD3 were classified as the
‘high’ budding group (H group; Figure 1B). The existing
pathological parameter, ‘poorly differentiated’ was assumed to
indicate five or more clusters. For all 65 cases, a pathologist
conducted a parallel evaluation of budding, and in cases where
budding was difficult to determine (16%), a third pathologist joined
the evaluation and a final decision was reached. 

Immunohistochemistry. As tumour budding is suggested to be
associated with EMT, we studied the expression of vimentin, E-
cadherin, and zinc finger E-box binding homeobox 1 (ZEB 1), an
EMT-induced transcription factor, in regions of high budding activity
(hotspots). We used the fully automated Bond-III system (Leica
Microsystems) and onboard heat-induced antigen retrieval with
epitope retrieval solution 1 for 10 min at 99˚C for vimentin and
epitope retrieval solution 2 for 30 min at 99˚C for E-cadherin and
ZEB1. Five-millimetre-thick sections of formalin-fixed, paraffin-
embedded samples were mounted on glass slides and incubated for
30 min at room temperature with anti-rabbit monoclonal antibodies
against vimentin (clone V9, dilution 1:9, DAKO, Santa Clara, CA,
USA), E-cadherin (clone NCH-384, dilution 1:100, DAKO), and
ZEB1 (clone 6935, dilution 1:200, Bethyl Laboratories, Montgomely,
TX, USA). Subsequently, we incubated the slides for 30 min at room
temperature with the refined polymer detection kit with horseradish
peroxidase-polymer secondary antibody in the Band III automated
system, and used 3.3’-Diaminobenzidine (DAB) as a substrate. To
quantify ZEB1 staining, we followed the protocol described by
Bronsert et al. (28). Granular stains in less than 1% of tumour cell
nuclei were considered as negative, whereas smears stained with 1%
or more in the presence of budding were considered positive.
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Figure 1. Hematoxylin and eosin-stained sample slides from (A) the ‘low’ budding group and (B) the ‘high’ budding group. (×200).



Pathological staging. The clinicopathological characteristics of each
case were evaluated in accordance with the International Union
Against Cancer (UICC) TNM Classification of Malignant Tumours
(8th edition) (29). The hepatic ductal margin (HDM) and radial
margin (RM) were designated in accordance with the general rules
for clinical and pathological studies on cancer of the biliary tract
(7th edition) (30). The RM did not include the cut end of the bile
duct on the duodenal or hepatic side, signifying that the cut end was
perpendicular to the bile duct.

Statistical analyses. The clinicopathological characteristics were
compared between the groups using a chi-square test. The
influence of each factor on the overall survival (OS) was tested
in a univariate analysis using a Cox proportional hazards model.
The significant factors were subjected to a multivariate analysis.
The OS curves were calculated for each group using the Kaplan-
Meier method and compared using a log-rank test. Statistical
analyses were conducted using the JMP® Pro 11 software for
Windows (SAS Institute, Cary, NC, USA). Statistical significance
was set at p<0.05.

Results

Clinicopathological characteristics. The UICC definition (29)
of T4 disease is ‘a tumour involving the celiac axis, superior
mesenteric artery, common hepatic artery, or portal vein’.
Since cases of arterial invasion are not subjected to surgery
at our institution, only two cases of T4 disease were observed
(i.e., portal vein invasion cases). DBDC patients (n=65) were
classified into the L (n=12) and H (n=53) groups according
to the extent of tumour budding. A photomicrograph of a case
evaluated as high-budding is shown in Figure 2A. Individual
cancer cells invade the interstitium or form vesicular stroma
at the tumour margins. Immunostaining revealed negative E-
cadherin expression (Figure 2B), and a positive signal for
vimentin (Figure 2C). The expression of vimentin varied
depending on the degree of budding; however, the expression
of E-cadherin was clearly lower than that in highly
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Figure 2. A sample slide from (A) the ‘high’ budding group. (B) No signals for E-cadherin were detected. (C) Expression of vimentin was positive.
(D) ZEB1 expression was observed in varying degrees in group H. It was consistent with the corresponding observation in the nuclei of the cells
that exhibited budding. (×400).



differentiated sites in the same tumour. Although ZEB1
expression was evaluated immunohistochemically, it varied
in group H samples. ZEB1 expression was observed in the
nuclei of the cells that exhibited budding (Figure 2D).

We did not observe any significant differences in budding
between the L and H groups of patients in relation to their
clinicopathological characteristics, that is, age, sex,
maximum tumour diameter, lymphatic invasion, RM, and
HDM. In contrast, the invasion depth, LNM, venous/NI,
tumour differentiation, disease stage, and ZEB1 expression
were factors causing significant differences in budding
between the two groups. The H group showed more marked
signs in terms of the invasion depth (p<0.01), LNM
(p<0.01), venous invasion (p<0.01), NI (p<0.05), and ZEB1
(p<0.001) than the L group. ZEB1 expression was not
observed in the L group. The H group was also associated
with a significantly higher proportion of patients with poor
tumour differentiation (p<0.05). There were no cases of
poorly differentiated tubular adenocarcinomas in the L
group. The disease stage was also more advanced in the H
group than in the L group (p<0.05; Table I).

Prognostic factors. Subsequent univariate analyses of
potential prognostic factors for DBDC identified tumour
budding, LNM, RM, ZEB1, and disease stage as statistically
significant (p<0.05). These factors were then used in the
multivariate analysis, and tumour budding and disease stage
were found to be independent prognostic factors (p<0.05;
Table II).

Survival analysis. The OS rates were estimated using the
Kaplan-Meier method. A subsequent comparison of the OS
rate between the H and L groups revealed that patients in the
H group had a significantly poorer prognosis than patients in
the L group (p<0.0022; Figure 3). The survival rate between
the two groups was also examined with respect to the disease
stage. There was only one case of stage I in the L group, and
all 7 cases of stage III were H group cases. Therefore, we
focused on stage II cases and evaluated them. In stage II, the
prognosis in group H was significantly worse than that in
group L (p<0.0051; Figure 4). 

Discussion

Despite a high rate of surgical resection, DBDC is associated
with poor prognosis (1-3). In recent years, the biological
malignancy of DBDC has been elucidated through
clinicopathological investigations. In the present study, we
focused on the histological phenomenon of tumour budding
that has been reported in various types of cancer, and
investigated cases of surgically resected DBDC. We adopted
the ‘hot spot method’ to evaluate tumour budding. Generally,
the methods for evaluating tumour budding can be roughly
divided into two categories. Method [1] is known as the ‘hot
spot method’ in which the most advanced budding site is
selected. Method [2] is the ‘5 high power field method’ or the
‘10 high power field method’, which evaluates the number of
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Table I. Comparison of the clinicopathological characteristics of
patients in the “high” (H; n=53) vs. “low” (L; n=12) budding groups.

Characteristic              H group (n=53)         L group (n=12)      p-Value

Age, mean (y)                   65.9±1.2                    70.8±2.3            0.14
Sex, n (%)                                                                                        
   Male                              39 (73.6)                     8 (66.7)               
   Female                           14 (26.4)                     4 (33.3)             0.63
Tumour size,                    25.0±1.6                    22.2±3.2            0.41
mean (mm)

T-stage, n (%)                                                                                  
   1                                       0 (0.0)                        1 (8.3)                
   2                                     13 (24.5)                     8 (66.7)               
   3                                     38 (71.7)                     3 (25.0)               
   4                                       2 (3.8)                        0 (0.0)              0.0051*
N-stage, n (%)                                                                                 
   0                                     19 (35.8)                    10 (83.3)              
   1                                     28 (52.8)                     2 (16.7)               
   2                                      6 (11.3)                       0 (0.0)              0.0063*
Lymphatic 
invasion, n (%)                                                                               
   Positive                          49 (92.5)                     9 (75.0)               
   Negative                          4 (7.5)                       3 (25.0)             0.0782
Venous invasion, 
n (%)                                                                                               
   Positive                          45 (84.9)                     6 (50.0)               
   Negative                         8 (15.1)                      6 (50.0)             0.0079*
Perineural 
invasion, n (%)                                                                               
   Positive                          50 (94.3)                     9 (75.0)               
   Negative                          3 (5.7)                       3 (25.0)             0.0366*
RM, n (%)                                                                                        
   Positive                            5 (9.4)                        0 (0.0)                
   Negative                        48 (90.6)                  12 (100.0)           0.268
HDM, n (%)                                                                                     
   Positive                           8 (15.1)                       1 (8.3)                
   Negative                        45 (84.9)                    11 (91.6)            0.540
Differentiation†, 
n (%)                                                                                               
   Well                               17 (32.1)                     8 (66.7)               
   Moderate                       24 (45.3)                     4 (33.3)               
   Poor                               12 (22.6)                      0 (0.0)              0.0477*
ZEB1, n (%)                                                                                <0.0001*
   Positive                          40 (75.5)                      0 (0.0)                
   Negative                        13 (24.5)                  12 (100.0)             
Stage, n (%)                                                                                     
   I                                            0                            1 (8.3)                
   IIA                                 19 (35.9)                     9 (75.0)               
   IIB                                 27 (50.9)                     2 (16.7)               
   IIIA                                 5 (9.43)                           0                    
   IIIB                                 2 (3.77)                           0                    
   IV                                         0                                 0                  0.0169*

*p<0.05. †Differentiation of the adenocarcinoma. H: High; HDM:
hepatic ductal margin; L: low; RM: radial margin.



instances of budding in several areas of the sample. With this
method, there is a risk that the biological malignancy of
budding will be underestimated because it is an evaluation
based on the average value. We opted for the former method
to avoid this outcome. In addition, several other studies have
also used this evaluation method (12, 22, 24), and the ‘hot
spot method’ was strongly recommended at ITBCC 2016 (9).
We separated the patients into the L and H groups according
to the extent of tumour budding and compared the
clinicopathological factors between the two groups.

Compared with the L group, the H group was more
advanced in terms of the depth of invasion, LNM,
venous/NI, tumour differentiation, ZEB1, and disease stage.

In oesophageal cancer patients, the tumour diameter,
invasion depth, LNM, lymphatic/venous/NI, and tumour
differentiation have been reported to be significantly
associated with tumour budding (19, 20). In pulmonary
adenocarcinoma patients, LNM, lymphatic/venous invasion,
pleural infiltration, and disease stage have been reported to
be significantly associated with tumour budding (21).
Moreover, in patients with gallbladder cancer, invasion
depth, LNM, and ampullary cancer patients, LNM,
lymphatic/NI, tumour differentiation, and disease stage have
also been reported to be significantly associated with tumour
budding (22, 24). Therefore, it is conceivable that tumour
budding is indicative of higher biological malignancy.
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Table II. Univariate and multivariate analyses of prognostic factors for survival in patients with distal bile duct cancer (n=65).

Variable                                            Patients,                                     Univariate analysis Multivariate analysis
                                                           n (%)
                                                                                                HR (95%CI)                         p-Value                          HR (95%CI) p-Value

Sex                                                                                                                                                                                                                                
   Male                                             47 (72.3)                                  1                                                                                                                           
   Female                                         18 (27.7)                      0.90 (0.45-1.80)                        0.7578                                                                            
BD                                                                                                                                                                                                                                 
   L group†                                      12 (18.5)                                  1                                                                                   1                                      
   H group‡                                      53 (81.5)                      4.48 (1.58-12.7)                        0.0047*                     3.91 (1.15-13.3)                        0.0282*
T-stage                                                                                                                                                                                                                           
   1, 2                                              22 (33.8)                                  1                                                                                                                           
   3, 4                                               43 (66.2)                      1.86 (0.94-3.69)                        0.0741                                                                            
N-stage                                                                                                                                                                                                                          
   0                                                   29 (49.6)                                  1                                                                                   1                                      
   1, 2                                               36 (55.4)                      2.26 (1.20-4.48)                        0.0139*                     1.34 (0.61-2.90)                        0.4645
Lymphatic invasion, n (%)                                                                                                                                                                                          
   Positive                                        58 (89.2)                     2.66 (0.80-16.50)                       0.1228                                                                            
   Negative                                       7 (10.8)                                   1                                                                                                                           
Venous invasion, n (%)                                                                                                                                                                                                
   Positive                                        51 (78.5)                      1.62 (0.73-4.31)                        0.2462                                                                            
   Negative                                      14 (21.5)                                  1                                                                                                                           
Perineural invasion, n (%)                                                                                                                                                                                           
   Positive                                        59 (90.8)                      2.94 (0.90-18.1)                        0.0800                                                                            
   Negative                                         6 (9.2)                                    1                                                                                                                           
RM                                                                                                                                                                                                                                
   Positive                                          5 (7.7)                       5.50 (1.95-15.48)                       0.0012*                     1.71 (0.46-6.35)                        0.465
   Negative                                      60 (92.3)                                  1                                                                                   1                                      
HDM                                                                                                                                                                                                                             
   Positive                                         9 (13.8)                       1.85 (0.79-3.87)                        0.1494                                                                            
   Negative                                      56 (86.2)                                  1                                                                                                                           
Differentiation¶                                                                                                                                                                                                             
   Well                                              25 (38.5)                                  1                                                                                                                           
Moderate, poor                               40 (61.5)                      1.67 (0.86-3.42)                        0.1325                                                                            
ZEB1                                                                                                                                                                                                                             
   Positive                                        40 (61.5)                      2.10 (1.09-4.10)                        0.0264*                     1.14 (0.49-2.64)                        0.7541
   Negative                                      25 (38.5)                                  1                                                                                   1                                      
Stage                                                                                                                                                                                                                             
   I, II                                               58 (89.2)                                  1                                                                                   1                                      
   III                                                  7 (10.8)                      10.64 (3.71-30.5)                    <0.0001*                   6.11 (1.668-22.37)                      0.0063*

*p<0.05. †“Low” budding group. ‡“High” budding group. ¶Differentiation of the adenocarcinoma. BD: Budding; CI: confidence interval; HDM:
hepatic ductal margin; HR: hazard ratio; RM: radial margin.



Moreover, there is a high probability that the histological
phenomenon of tumour budding in patients with DBDC is
responsible for the development of the tumour and its
invasion and/or metastasis to other organs and tissues.

We subsequently analysed the pathological characteristics
related to the prognosis of patients with DBDC. Univariate

analysis identified tumour budding, LNM, RM, ZEB1, and
the disease stage as significant prognostic factors between
the two groups. A multivariate analysis verified that tumour
budding and disease stage were independent prognostic
factors. Tumour budding has been reported to be
significantly associated with OS in various cancer types. It
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Figure 3. Kaplan-Meier curve of overall survival for patients with resected distal bile duct cancer (n=65) in the “low” and “high” budding groups.

Figure 4. Kaplan-Meier curve of overall survival for stage II patients with resected distal bile duct cancer in the “low” and “high” budding groups. 



has been reported that tumour budding is an independent
prognostic factor for Stage II colon cancer (specifically
T3N0M0 patients) (13, 14). Ueno et al. concluded that
tumour budding (<5 instances are visible per high-power
field of view) is a condition for follow-up treatments after
endoscopic therapy for early-stage colon cancer (27). In
pulmonary adenocarcinoma patients with a tumour diameter
≤3.0 cm, tumour budding has been identified as a prognostic
factor, along with LNM, lymphatic/venous invasion, and
pleural infiltration (21). Tumour budding has also been
reported to be significantly associated with the prognosis in
oesophageal cancer patients (19, 20). Specifically, Brown et
al. (19) concluded that tumour budding is an independent
prognostic factor in addition to age (>65 years), LNM, and
disease stage. For gastric cancer patients, the L group had a
significantly longer OS time than the H group (18).
Moreover, it has been reported that in the biliary tract,
tumour budding, invasion depth, LNM, and cut end factors
are significant prognostic factors for ampullary cancer, and
tumour budding was also reported to be a stronger prognostic
factor than invasion depth, LNM (24). Ogino et al. reported
that budding is an independent adverse prognostic factor for
extrahepatic cholangiocarcinoma (23). In view of this and
similar reports in other organs, tumour budding in DBDC is
considered to be closely correlated with prognosis. 

In an analysis of survival involving all 65 patients in our
study, the H group was associated with a significantly
poorer prognosis than the L group. However, due to the
differences in clinicopathological backgrounds between the
two groups, a potential for factors other than tumour
budding to influence survival was observed. Therefore, we
compared the OS rates between the H and L groups in
relation to the disease stage. A significant difference in the
prognosis was observed in stage II cases. Similar trends
have been observed in other types of cancer. Tumour
budding has been reported to be significantly associated
with survival in American Joint Committee on Cancer/UICC
stage II colon cancer (13, 14), T1 oesophageal cancer (20),
and pulmonary adenocarcinoma with a tumour diameter
≤3.0 cm (25). In a study of the invasion depth (T2/T3) in
patients with gallbladder cancer, tumour budding was
reported to be significantly associated with the survival in
T2 cases (22). In view of this, it is highly likely that tumour
budding is more significant in early-stage cancer. 

In recent years, epithelial-mesenchymal transition has been
shown to be involved in the progression of epithelial cancer.
It has been noted that tumour budding could mirror the
morphological changes in epithelial-mesenchymal transition
(10, 11, 16, 23). Tumour budding has also been reported to
be involved in the loss of E-cadherin, a tumour adhesion
factor that activates the WNT signalling pathway and the
breakdown of the extracellular matrix (10). E-cadherin
expression was not detected at the budding sites. ZEB1,

another factor involved in EMT, was observed in the budding
sites to varying degrees, which is in line with previous studies
(28, 31). The known EMT-induced transcription factors Snail,
Slug, ZEB1, and ZEB2 directly inhibit E-cadherin and Twist,
which indirectly regulate the E-cadherin expression. ZEB1 is
known to promote invasion/metastasis in human cancer cells
and has been observed in the pancreatic, breast, urothelial,
uterine body, and colon cancers (28, 32-34). In our study,
ZEB1 expression was higher in the H group than in the L
group during budding, a morphological change caused by
EMT. Hence, ZEB1 may be involved in the budding
phenomenon observed in patients with bile duct cancer.
Although the expression of ZEB1 was predicted to be
associated with the prognosis, based on our univariate
analysis, it was not an independent prognostic factor. This
may be because ZEB1 expression is low in
immunohistochemical staining, making its detection difficult.
Moreover, we only examined sections with high budding
activity; therefore, EMT changes may not necessarily be
observed in these areas. There is also the possibility that
ZEB1 may be involved in the budding phenomenon in DBDC
cases, requiring further studies on the mechanism of budding. 

The UICC stage is the main predictor of prognosis in
DBDC. In our study, we also reported that the prognosis
worsened as the stage progressed, although we were not able
to detect any statistically significant differences. However, the
concept of disease stage did not consider the phenomenon of
tumour budding, which was the focus of this study. 

The phenomenon of tumour budding in DBDC is
frequently accompanied by LNM, vascular/NI, etc., and is
therefore considered to have a high potential for biological
malignancy. Incorporating the stage in our analysis showed
that in Stage II, the prognosis was significantly worse in
group H than in group L. Consequently, patients with tumour
budding have a poorer prognosis even if the disease stage is
relatively early and the biological malignancy is considered
high. In addition, we believe that it is difficult to ascertain
whether budding occurred preoperatively.

As mentioned above, recurrence frequently occurs in cases
of bile duct cancer, even when curative resection is
performed. In this study, 41 of the 65 patients died. As most
postsurgical follow-up sessions were performed at other
facilities, it was not possible to determine the nature of
recurrence and cause of death in all cases. The cause of death
was confirmed in only 11 cases: six cases of recurrent liver
metastasis, three cases of recurrent lung metastasis, two
cases of local recurrence, and one case of recurrent
peritoneal dissemination (overlapping). Although it is
interesting to consider whether there is a difference in the
type of recurrence or metastasis depending on the degree of
budding, such an analysis was not feasible in our study due
to the lack of documentation. We hope to address this topic
in greater detail in the future. 
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In conclusion, we clinically examined the significance of
tumour budding in DBDC cases in this study. During this
evaluation, it was possible to select cases with a poor prognosis
that could not be distinguished by stage alone. Besides, the
budding phenomenon can easily be determined by HE staining,
the fact that this method can be implemented relatively easily
and inexpensively in any facility is also a notable advantage.
The budding phenomenon was an independent prognostic
factor in DBDC cases, and our findings suggest a role for
ZEB1 in this phenomenon. Characterization of the mechanism
of tumour budding can lead to a better understanding of the
pathology of distal bile duct cancer and its poor prognosis,
which may lead to the development of more effective
treatments for distal bile duct cancer. 
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